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Executive Summary

The initial concept of the Sites Reservoir Project was initiated in 1957 by the California Department of
Water Resources and by the U.S. Bureau of Reclamation (Reclamation) in 1964. Over the decades, the
project size and components have been revised and studied to gain a better understanding of the need
and cost.

On August 26, 2010, the Sites Project Authority (Authority) was formed when seven regional entities,
including several local water agencies and counties, executed the Joint Exercise of Powers Authority. The
primary purpose of the Authority, as stated in the agreement, is to pursue the development and
construction of the Sites Reservoir Project, which has long been viewed as an ideal location for
additional off-stream storage to provide direct and real benefits to instream flows, the Delta ecosystem,
and water supply. In 2021, the Authority has 32 regional members.

Most recently, a feasibility study was completed by Reclamation that results in a project cost of roughly
S5 billion. In September 2019, representatives from the Authority Board and Reservoir Committee
began undertaking a value planning process to identify and evaluate additional alternatives that could
make the project more affordable for the project’s participants. This decision was based on ongoing
discussions with permitting agencies, expected project cost, cost per acre-foot, and existing
participation levels. An Ad Hoc Value Planning Workgroup was formed and continued to meet through
April 2020. The workgroup produced the Sites Project Value Planning Alternatives Appraisal Report
(Sites Program Management Team 2020) in April 2020 and recommended that the Authority adopt
Alternative VP7, which was a 1.5-million-acre-foot reservoir and project, with an estimated cost of

$3 billion. The Authority approved moving forward with Alternative VP7.

This report documents the feasibility study engineering effort conducted by Jacobs Engineering for the
conveyance facilities associated with Alternative VP 7. The Authority designated “HC” for conveyance
facilities, being led by Jacobs and “HR” for reservoir facilities being led by AECOM. This report provides:
a brief project description and conveyance facility description, design criteria, and a more detailed
description of the conveyance facilities. The appendices provide 14 supporting technical memoranda
that were generated during this feasibility-level engineering effort, from June 2020 to June 2021. Not all
of these memoranda are referenced in the body of this report. During this effort, 153 design drawings
were generated to a 10 to 15% design, to support the development of a Class IV cost estimate, and the
development of the project environmental impact statement/environmental impact report. The current
total project cost estimate, including construction, mitigation, and other soft costs in 2021 dollars is
$3.9 billion. The HC conveyance drawing set is revision 3, dated April 30, 2021 (Jacobs, 2021a). The Sites
Reservoir Project HC Conveyance Facilities Feasibility Design Basis of Estimate cost report is dated June 2
2021 (Jacobs, 2021b)..
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1.0 Background

The initial concept of the Sites Reservoir Project was initiated in 1957 by the California Department of
Water Resources and by the U.S. Bureau of Reclamation (Reclamation) in 1964. Over the decades, the
project size and components have been revised and studied to gain a better understanding of the need
and cost.

On August 26, 2010, the Sites Project Authority (Authority) was formed when seven regional entities,
including several local water agencies and counties, executed the Joint Exercise of Powers Authority. The
primary purpose of the Authority, as stated in the agreement, is to pursue the development and
construction of the Sites Reservoir Project, which has long been viewed as an ideal location for
additional off-stream storage to provide direct and real benefits to instream flows, the Delta ecosystem,
and water supply. In 2021 the Authority has 32 regional members.

Most recently, a feasibility study was completed by Reclamation that results in a project cost of roughly
S5 billion. In September 2019, representatives from the Authority Board and Reservoir Committee
began undertaking a value planning process to identify and evaluate additional alternatives that could
make the project more affordable for the project’s participants. This decision was based on ongoing
discussions with permitting agencies, expected project cost, cost per acre-foot, and existing
participation levels. An Ad Hoc Value Planning Workgroup was formed and continued to meet through
April 2020. The workgroup produced the “Sites Project Value Planning Alternatives Appraisal Report” in
April 2020 and recommended that the Authority adopt Alternative VP7, which was a 1.5-million-acre-
foot reservoir and project, with an estimated cost of $3 billion. The Authority approved moving forward
with Alternative VP7; the conveyance facilities described in this report reflect the factors and
components of Alternative VP7. Note that a number of related technical memoranda (TM) are provided
as appendices A through M; not all of these appendices are referenced in the body of this report.

1.1 Project Description

The project consists of a large reservoir, ancillary roads, and conveyance facilities. The Authority decided
to segregate the design of these facilities into an HR (Segment H Reservoir) segment that is responsible
for design of the reservoir features, including several dams, inlet/outlet tunnels at Golden Gate Dam, as
well as relocation of roads displaced by the reservoir. The other segment is known as the HC (Segment H
Conveyance) segment and includes improvements to the two existing diversion canals from the
Sacramento River to the Project Area (Tehama-Colusa Canal and Glenn-Colusa Irrigation District Canal),
regulating reservoirs (existing Funks Reservoir and new Terminal Regulating Reservoir), two pumping
generating plants (PGP), large-diameter pipelines from each PGP to Sites Reservoir, and a large-diameter
pipeline to convey water from the Tehama-Colusa Canal (TCC) to the Colusa Basin Drain or Sacramento
River near Dunnigan, California. Detailed descriptions of each facility are provided in the next section. An
overall site plan of the project area is provided in Figure 1.

1.2 General Description of Facilities
Following is a list of the individual new facilities and existing facilities requiring improvements.
e Improvements to the TCC Authority Red Bluff Pumping Plant on the Sacramento River

e Glenn-Colusa Irrigation District (GCID) Canal Improvements upstream of the Terminal Regulating
Reservoir (TRR)
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e TRR-East (Alternative 1)

e TRR-West (Alternative 2)

e TRRPGP

* TRR Pipelines

* Funks Reservoir — Sediment Removal
e  Funks PGP

e Funks Pipelines

e Western Area Power Administration (WAPA) or Pacific Gas and Electric (PG&E) Substation/
Switchyard

* Power Transmission Lines

e Dunnigan Pipeline

e Administration and Operations Building
e Maintenance and Storage Building

e Access Roads
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Figure 1. Project Area Site Plan
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Improvements to the TCC Red Bluff Pumping Plant

The Red Bluff Diversion is located on the Sacramento River in Red Bluff, California. The facility includes a
2,500 cubic feet per second (cfs) capacity 1,180-foot-long fish screen structure, forebay, pumping plant
(current capacity 2,000 cfs), an electrical switchyard, and a 660-foot-long access bridge, canal, and
siphon under Red Bank Creek, to deliver water from the Sacramento River into the TCC and Corning
Canal. This facility was constructed and put into operation in October 2012. The pumping plant was
designed to accommodate the Sites Project and includes space to add two additional 250 cfs pumping
units, bringing the total pumping capacity to 2,500 cfs.

GCID Main Canal Improvements

The GCID Main Canal delivers water from the Sacramento River to water users along its route, from its
diversion point approximately 5 miles northwest of Hamilton City to southeast of the City of Williams.
The canal is a 65-mile unlined earthen channel, with capacity varying from 3,000 cfs at the upstream end
to 300 cfs at the southern terminus, where it spills into the Colusa Basin Drain. Water conveyed by the
canal is pumped by the Hamilton City Main Pump Station into the GCID Main Canal.

Improvements to the GCID Main Canal will include a 3,000 cfs headworks structure just downstream of
the Hamilton City Diversion, two new siphon structures (Willow Creek and Walker Creek), modifications
to an existing railroad siphon at Willows, canal earthwork, and some canal bank gravel road
improvements. The need for replacement of the siphons and railroad crossing will be determined after a
canal hydraulic model is completed, as well as a condition assessment anticipated for early 2021.

TRR

This is a new reservoir that will be hydraulically connected to the GCID Main Canal about three miles
east of Funks Reservoir and just upstream of the Funks Creek Siphon, at milepost 41.3 on the GCID Main
Canal. The footprint of the TRR will be approximately 130 acres, with a storage volume of approximately
600 acre-feet. The TRR will also include gates to control water in and out of the GCID Main Canal. There
are two alternative locations for the TRR: one on the eastern side of the GCID Main Canal (TRR-East) and
one on the western side of the GCID Main Canal (TRR-West).

TRR PGP

This is a PGP that will be used to pump water from the TRR to the Sites Reservoir. This facility will also
include hydroelectric turbines to generate electricity when flow is released from Sites Reservoir to the
TRR and GCID Main Canal. As part of this PGP facility, there will also be an energy-dissipation facility that
will allow releases back to the TRR as backup to the hydroelectric turbine facilities. The pumping plant
will have a capacity of 1,800 cfs; the generating plant will have a capacity of 1,000 cfs.

TRR Pipelines

These are two parallel, 12-foot-diameter pipelines used to convey water between the TRR PGP and the
Sites Reservoir. These pipelines will connect from the piping manifold at TRR PGP to the downstream side
of the proposed 32-foot-diameter tunnel connected to the Site Reservoir inlet/outlet structure. The
approximate length of these pipelines for TRR-East is 4.4 miles (23,200 feet) each. The approximate length
of these pipelines for TRR-West is 2.5 miles (13,000 feet) each. Just downstream of the piping manifold
that connects the TRR pipelines to the inlet/outlet tunnel, there is a 42-inch-diameter environmental
water pipeline that is approximately 2, 550 feet long; it discharges into Funks Creek. This pipeline is not
used for construction purposes, but is a long-term solution to provide water to Funks Creek just
downstream of the proposed Golden Gate Dam.
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Funks Reservoir

Reclamation constructed the Funks Reservoir in the mid-1970s with the intent of providing operational
flexibility for the TCC. There are check structures on the TCC just upstream and downstream of the
reservoir. The TCC is located about 1 mile east of the proposed Sites Reservoir. At the time of
construction, the reservoir had a useable capacity of 1,170 acre-feet between operating levels of 199.5
and 205.2 feet elevation, and 1,080 acre-feet of inactive storage below elevation 199.5 feet, for a total
capacity of 2,250 acre-feet; however, the addition of sediment from Funks Creek and the TCC have likely
reduced the total storage volume. Additionally, a cofferdam will be constructed within Funks Reservoir
to facilitate construction of the TRR pipelines. The resulting storage volume reductions will be offset by
sediment removal and excavation where storage capacity can be regained. The spillway has a capacity of
22,500 cfs. The project will remove accumulated sediment to recapture the design storage volume.
Funks Reservoir is usually dewatered for canal maintenance between the end of December and early
February.

Funks PGP

This is a pumping and generating plant that will be used to pump water from Funks Reservoir to the
Sites Reservoir. This facility will also include hydroelectric turbines to generate electricity when flow is
released from Sites Reservoir to Funks Reservoir and, ultimately, the TCC. There will also be an energy-
dissipation facility as part of this PGP facility that will allow releases back to Funks Reservoir as backup
to the hydroelectric turbine facilities. The pumping plant will have a capacity of 2,100 cfs; the generating
plant will have a capacity of 2,000 cfs.

Funks Pipelines

These are 2 parallel, 12-foot-diameter pipelines used to convey water between the Funks PGP and the
Sites Reservoir. These pipelines will connect from the piping manifold at Funks PGP to the downstream
side of the proposed 32-foot-diameter tunnel connected to the Site Reservoir inlet/outlet structure. The
approximate length of these pipelines are 1 mile(5,200 feet) each.

Dunnigan Pipeline

The Dunnigan Pipeline consists of either a 9-foot-diameter or 10.5-diameter pipeline that will be used to
release water from the TCC to the Sacramento River. The concept is to release flow from Sites Reservoir
to Funks Reservoir, where the flow will then go south about 40 miles to near the end of the TCC. At this
point, flow will be diverted into the Dunnigan Pipeline, where flow will head either to the Colusa Basin
Drain (CBD, which flows to Sacramento River (Alternative 1), or directly to the Sacramento River
(Alternative 2). If the pipeline discharges directly into the Sacramento River, there will be a valve that
will allow a portion of the water to be discharged in the CBD. Alternative 1 consists of a 9-foot-diameter
pipeline that is about 4 miles (20,900 feet) long and discharges into the CBD. Alternative 2 consists of a
10.5-foot-diameter pipeline that is about 9.4 miles (49,500 feet) long and discharges into the
Sacramento River.

WAPA or PG&E Substation/Switchyard

There are 230 kilovolt (kV) electrical transmission lines running near the proposed project area.
Specifically, the WAPA transmission lines run very close to Funks Reservoir in a north-south direction,
with a parallel 230 kV line owned by PG&E a few miles east of the WAPA transmission lines. It is
anticipated that one of these transmission lines will be connected to provide power for the project, as
well as receive generated electrical power from the hydroelectric turbines. Switchyards and substations
will be needed to provide power to both the TRR PGP and Funks PGP.
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Electrical Transmission Lines

Electrical transmission lines will be required to connect the WAPA or PGE 230 kV transmission lines to
the TRR PGP and the Funks PGP.

Administration and Operations Building

At this time, staffing requirements for operating and maintaining the Sites facilities has not been
defined, but an administration and operations building is provided, based on drawings obtained from
Reclamation. This building is anticipated to be next to the Funks PGP.

Maintenance and Storage Building

A building will be required to provide maintenance and storage associated with the project. A drawing
from Reclamation of the building was used in the feasibility design. This building is anticipated to be
next to the Funks PGP.

Access Roads

Access to the proposed TRR-East site would likely be from McDermott Road, which lies adjacent to the
proposed reservoir. Access to the Funks complex (PGP and Reservoir) is currently accomplished using
the O & M road along the TCC. Access to the proposed TRR-West site would come off the access to the
Funks complex. A new access road will be required that allows larger equipment and year-round access.
It is also anticipated that roads will be constructed within the TRR-East or TRR-West and Funks Pipeline
easements, not only to provide access to the pipelines and electrical power transmission lines, but also
to act as a secondary access road to the project facilities. Exhibits and descriptions of access roads are in
the constructability TM in Appendix K.
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2.0 Design Criteria

2.1 General Criteria

The purpose of this section is to provide the currently known design criteria used as the basis for design.
There have been previous studies of these facilities that summarized design criteria, some of which are
applicable to this current project; but, in many cases, the criteria have changed. Given that the design is
in very early stages, these criteria are subject to change as the design progresses.

2.2 Civil — Site Design

The site design for this project will include grading, drainage, site security, and access roads. General
criteria have been established for these features, as summarized in Tables 1 and 1A.

Table 1. Site Civil Design Criteria

Subject Criteria

Coordinate System

Horizontal Datum NADS83, California State Plane Coordinates, Zone 2

Vertical Datum

NAVD 88

Drainage (Site and Roadway)

Depth

Minimum 1 foot

Ditch Drain Slopes

Minimum 0.5 percent

Ditch Side Slopes Maximum 2H:1V

Paved and Unpaved Roads

Cross Slopes Minimum 2 percent

Maximum 4 percent

Grade Maximum 6 percent

Widths 30 foot maximum

24 feet minimum

Fill Slopes Recommended 4:1

Maximum 2:1

Cut Slopes Recommended 4:1

Maximum 2:1

Table 1 will be revisited after the geotechnical field investigation is completed to confirm or revise.
Table 1A provide design criteria for the access roads around and between the facilities. Additional
design criteria will be provided and established for offsite roads based on local agency standards.

Existing topography for this area was provided by the U.S. Bureau of Reclamation and was used in the
previous feasibility study by AECOM. The mapping is set in NAD83 State Plane Coordinate system
California, Zone 2, U.S. survey feet. The vertical datum appears to be NAVD 88, based on a comparison
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of the Funks Reservoir Dam crest elevation with the elevation shown in the original as-built drawings for
the Funks Dam from December 2, 1974 (which are currently assumed to be on NGVD29). We are

proceeding with this design assumption, while awaiting confirmation from Reclamation on the vertical
datum of the contours they provided.

Table 1A. Access Road Criteria

Design Standard Design Criteria Reference
Classification Local/Rural AASHTO GB 5.2
Terrain Rolling
Design Speed (DS) 20 mph AASHTO GB Table 5-1
Design Vehicle WB-65
Maximum Grade 11% AASHTO GB Table 5-2
Min. Stopping Sight Distance 115 AASHTO GB Table 5-3

Min. K Values

7 (Crest) 17 (Sag)

AASHTO GB Table 5-3

Min. Horizontal Radius Curve

107' (w/Normal Crown)

AASHTO GB Table 3-13

Cross Slope 2% Min - 6% Max AASHTO GB 5.2.1.6
Foreslopes 4:1 recommended AASHTO GB 5.2.2.8.3
Clear Zone 7-10 ft RDG Table 3-1

Roadway Dimensions

24" wide with 4:1 slopes

Roadway Dimensions

30' wide with 2:1 slopes

Additional width provided for barrier
protection

Pavement Section

Aggregate Base (depth TBD)

Civil — Pipeline Design

This section describes the criteria for the transmission main pipelines, including Funks, TRR, and
Dunnigan pipelines. Initially, pipe types being considered included: 1) reinforced-concrete cylinder pipe
— American Water Works Association (AWWA) Standard C300-16, and AWWA M9-3™ edition; and 2)
welded-steel pipe (WSP) AWWA C200-05 and AWWA M11-4™" edition. Based on experience, the
application for this pipe and discussions with pipe manufactures for both reinforced-concrete cylinder
pipe and WSP, the pipe anticipated for use on this project is WSP. Appendix A contains detailed design
criteria for the transmission pipelines using WSP.

Consideration will be given on a case-by-case basis to determine if road crossings will require special
backfill requirements such as controlled low strength material. Loading calculations will be provided in
later phases of design to determine the required backfill material.

Mechanical Design

To be Added in Future Design Phases — see later sections for specific criteria for Funks and TRR.
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Structural Design

The structures described in this document will be designed in accordance with the current governing
codes and standards applicable to the construction of buildings, structures, and appurtenances in the
State of California. Detailed design criteria for each facility will be further developed in future design

phases following field investigations and facility design refinement.

Reinforced-concrete Hydraulic Structures

Hydraulic structures will be designed in accordance with ACI 350, using the alternate service load
method or the strength method with durability factors.

Miscellaneous Concrete Structures

Miscellaneous, non-hydraulic, concrete structures, including building slabs and foundations, will be
designed in accordance with ACI 318.

Structural Steel

Structural steel will be designed in accordance with the latest edition of the American Institute of Steel
Construction (AISC) Steel Construction Manual and the AISC Specification for Structural Steel Buildings.
Design will use either the allowable stress design method or the load and resistance factor design.
Structural steel bolted connections shall be designed in accordance with the Research Council on
Structural Connections Specification for Structural Joints Using High-Strength Bolts.

Masonry Structures

Masonry structures shall be designed in accordance with the latest edition of The Masonry Society
Building Code Requirements and Specifications for Masonry Structures (TMS 402). Design shall use
either the allowable stress design method or the load and resistance factor design method.

Loads

Table 2 shows the structural loads.

Table 2. Structural Loads

Subject Criteria
Gravity
Dead Weight of structure and permanent equipment
Floor Live Superimposed uniform or concentrated loads
Roof Live 20 psf minimum
Conform to ASCE 7, Chapter 4 except: Process Areas — 200 psf
Electrical Rooms — 300 psf
Where significant, use the actual weights of equipment
Wind
Power Generating Facilities: Risk Category IlI
Conform to ASCE 7, Chapter 26-30: Basic Wind Speed (ASCE 7-16 3 second gust) 99 MPH
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Table 2. Structural Loads

Subject

Criteria

Exposure Category C

All other facilities:

Conform to ASCE 7, Chapter 26-30:

Risk Category Il

Basic Wind Speed (ASCE 7-16 3 second gust) 93 MPH

Exposure Category C

Earthquake

Conform to following references:

CBC Chapter 16

ASCE 7 Chapters 11-23

Power Generating Facilities: Risk Category lll
All other facilities: Risk Category |l

Project Geotechnical and Seismicity Report (to be published)

Hydrodynamic Loads — ACI 350.3, Seismic Design of Liquid
Containing Concrete Structures and ASCE 7-16 Chapter 15

Other

Vehicle

AASHTO HS-20 Truck and Caltrans P13 permit vehicle

Railroad Live Load

Cooper E80

Lateral Earth Pressures

Conform to criteria listed in the project geotechnical report (to
be published)

Flood Protection

Design for 100-year frequency flood levels, including debris

Load Combinations

Conform to ASCE 7 Chapter 2 for service and strength level
combinations

psf = pounds per square foot

Materials

Table 3 shows the structural materials and properties.

Table 3. Structural Materials and Property

Material

Property

Structural concrete

F'c = 4,500 psi at 28 days, normal weight

Reinforcing steel

ASTM A615, Grade 60, F, = 60 kilopounds per square inch (ksi)

Reinforcing steel to be welded

ASTM A706, Grade 60, F, = 60 ksi

Masonry

Concrete masonry units (CMU)

TMS 6-13, 1.4.B.2, F'c = 2,000 psi

Mortar

ASTM C270, F'c = 1,800 psi

Grout

ASTM C476, F'c = 2,000 psi
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Table 3. Structural Materials and Property

Material

Property

Structural Steel

Steel plates, shapes except
W-shapes, and bars

ASTM A572 Gr. 50, F, = 50 ksi or ASTM A36, F, = 36 ksi

W-shapes and WT-shapes

ASTM A992, (Fy = 50 ksi)

Rectangular (and square) hollow
structural sections (HSS)

ASTM A500 Grade C, F, = 50 ksi

Round hollow structural sections
(HSS)

ASTM A500 Grade C, Fy = 46 ksi

Steel pipe

ASTM A53, Grade B, F, = 35 ksi

Steel pipe for sleeves and piles

API Specification for Pipeline 5L, PSI2; sleeve grade 52; piles grade 65

Stainless Steel

Bars and shapes

ASTM A276, AISI Type 304L, F, = 25 ksi

Plate

ASTM A167, AISI Type 304L, F, = 25 ksi

Bolts and Rods

High-strength steel bolts

ASTM A325, Type 1 bolts with A563 nuts

Steel bolts

ASTM A307, Grade B or A36

Anchor rods

ASTM F1554, Grades 36, 55, and 105 (hooked, headed, or threaded and
nutted) as appropriate for application or ASTM A36 (threaded rods
either plain or upset ends)

Stainless steel bolts

ASTM F593, AISI Type 304, Condition CW

Post-tensioning bars

ASTM A722, 150 ksi ultimate stress

Concrete-adhesive anchors

Stainless Steel Hilti or equal

Concrete-grouted anchors

Galvanized

Grating

Grating for pedestrian loads

Galvanized steel

Grating vehicular loads

Galvanized steel

Fiberglass grating

Molded or pultruded fiberglass

Handrail and guardrail

Galvanized steel

Electrical Design

Table 4 summarizes electrical design criteria.

Table 4. Electrical Design Criteria

Subject Criteria Comments
Utilization e  Motor control for large pump motors — For large pump motors on variable-
Voltage 13,800 volts (V) speed drives, motor voltage will be
e  Motors for large pump motors — TBD determined by equipment supplier
as best suited for the motor\drive
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Table 4. Electrical Design Criteria

Voltage Motor
Control

following features:

e Input section for isolation, short-circuit, and
overload protection

e 24-pulse or higher isolation transformer

e  Motor protection relay

Subject Criteria Comments
e Motors 1 horsepower (HP) to 400 HP — 480V | equipment selection. Voltage will be
- Fractional HP motors — 120V, 208V, 480V, as | Sélected in the range of 4160V to
required 13,800V.

e HVAC-120V, 208V, 480V, as required
e Convenience Loads — 120V
e Lighting — 120, 208V, as required

Medium- Metal-Clad Switchgear, 15kV, 3,000A maximum.

Voltage Standards: Institution of Electrical and Electronics

Switchgear Engineers, Inc. (IEEE) C37.20.2.

Medium- Voltage source, variable-speed drive, with the Variable-speed drive allows pump to

operate more efficiently, provides
near unity power factor on the line
side of the drive, and allows the
motor voltage to be different than
the line voltage for better
coordination of motor and drive
equipment selection.

General Requirements

An electrical building is planned to house electrical equipment for distribution, motor control, and hydro
generation. The similarity between the Funks and TRR PGPs will allow for similarity in the general
arrangement of the electrical building and electrical equipment. Consistency between the designs of
these facilities will be accommodated to the extent possible. Electrical equipment will be specified that
complies with National Electrical Manufacturers Association and American National Standards Institute
(ANSI)\IEEE standards. UL-listed or label equipment, or equipment label or listed by a Nationally
Recognized Testing Laboratory, will be specified where equipment with the required ratings can be
provided in accordance with their respective safety standards.

Electrical power will be received from the substation at 13.8kV by two separate lineups of switchgear.
The switchgear will distribute at this voltage for motor control, and connection of the hydro generation,
and will be stepped down for low-voltage use. Three-phase 480V and 208/120V power will be provide
for ancillary equipment.

Medium-voltage Switchgear

Two lineups of indoor, metal-clad, switchgear will divide power distribution as evenly as possible
between the medium-voltage loads. A main-tie-main bus arrangement will be provided to isolate
medium- and low-voltage buses and reduce the effect of a bus fault, feeder fault, or switchgear failure
on the operation of equipment. A remote operating panel will be provided to allow operator control of
circuit breakers. Arc-resistance switchgear and arc-flash energy hazard reduction techniques will be

evaluated.

Medium-voltage, Variable-speed Drives and Motor Protection

Variable-speed drives will be provided for large induction motors. An input section, with disconnect
switch and fused vacuum contactor or circuit breaker, will be specified to provide isolation from the
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medium-voltage switchgear without having to rack out a switchgear circuit breaker. Each drive will be a
fully integrated system, capable of controlling medium-voltage power at its input and operating the
driven equipment from the local control interface without external programmable devices. Each drive
will have its own short-circuit and overload protection. Drives will be provided with a separate low-
voltage power for ventilation and control. Line side harmonics will be mitigated with a 24-pulse or
higher isolation transformer, which is standard for drives connected to 8,000-horsepower and higher
motors.

Variable-speed drives for large motors can be provided with air or water cooling. Air-cooled drives
typically require large air-conditioning systems to remove heat from the drive out of the building. Air-
cooled technology is recommended to reduce cost and complexity of drive maintenance.

Motor protection will be provided by a separate motor protection relay (MPR) integrated into the drive
system. The MPR will allow current- and temperature-based motor protections to be provided,
independent of the variable-speed drive control. The MPR will provide connections for motor stator,
motor bearing, and pump bearing temperature sensors, as well as for current transformers to measure
phase, ground, and differential current.

Standby Power

Depending on operational requirements, standby uninterruptible power supplies and/or standby
generation will be provided to maintain operation of plant control, communications, and ancillary
equipment. Because of the size of the pumping units, no backup generation is planned for pumping
facilities.

2.3 Red Bluff Diversion Improvements

The Red Bluff Diversion Pumping Plant that currently pumps water into the TCC has a capacity of 2,000
cfs. A portion of this flow also is diverted to the Corning Canal. It is anticipated that additional flow
beyond the 2,000 cfs will be required to convey flow to Funks Reservoir and, ultimately, Site Reservoir.
The current design involves adding two 250 cfs pumps to match the existing seven 250 cfs pumps. The
existing pumping plant also includes two 125-cfs pumps. This will increase the capacity from 2,000 to
2,500 cfs.

Improvements will include the two pumps and motors, discharge piping, electrical switchgear, and
instrumentation and control to program pump operation.

2.4 GCID Main Canal Improvements

GCID recently gave the design team a preliminary list of improvements resulting from the plan to use
the GCID Main Canal to convey water for the Sites Project. These improvements include:

e Construct new Main Canal headgate structure
e Increase capacity of railroad bridge near Willows
* Increase capacity of the Walker Creek siphon and Willow Creek siphon near Willows

e Add earthwork to various sections of the GCID Main Canal where freeboard is less than 2.5 feet
under full flow conditions (see Drawings for locations and quantities)

e Addition of aggregate base to top of canal bank roads in various areas (see Drawings for
locations)
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It should be noted that replacement of the two siphons and railroad bridge is not confirmed.
Determination of whether these existing structures will need to be replaced depends on the results of a
canal hydraulic modeling task to determine if the structure present hydraulic limitations. Assuming the
structures are not capacity limiters, then a condition assessment is expected in early 2021 to determine
if replacement is needed for structural integrity reasons.

Criteria presented in this section for other Sites specific facilities mostly apply to these GCID
improvements, but all criteria will be defined once additional design information about GCID facilities is
obtained.

2.5 Funks Area

Funks Reservoir

The existing Funks Reservoir is a regulating reservoir on the TCC. The reservoir will be used as a source
of water to pump to and receive discharged water from Sites Reservoir. The Funks Reservoir water
surface elevation (WSE) is controlled by a check structure (#16) where the TCC enters the reservoir and a
check structure (#17) where the TCC leaves the Sites Reservoir. Therefore, the reservoir operational
WSE can only vary slightly from the TCC, especially since the reservoir contains no irrigation specific
turnouts. The reservoir WSE typically ranges from 200 to 205 feet, although the preferred operating
range is 202 to 204 feet. The minimum WSE in the reservoir is 198 feet, in order to flow south in the TCC
while providing the head required for downstream turnouts.

The initial volume of the Funks Reservoir is approximately 2,200 acre-feet, but only about 1,100 acre-
feet is useable storage within the TCC operating range. Based on review of bathymetry data collected in
September 2020, pre-construction topography from Reclamation, and aerial photos, sediment has
deposited in the reservoir predominately on the eastern side, which has reduced the total storage.
Improvements to Funks will include reshaping the shoreline of the reservoir to accommodate the Funks
PGP (expected to be located on the western shore), performing excavation to construct the PGP
approach channel, constructing a cofferdam in support of the TRR pipeline construction, excavating and
filling to place the TRR pipelines across the north side of the reservoir, and removing sediment. The
excavation and sediment removal are anticipated to restore the original capacity of Funks Reservoir and
offset the loss in capacity caused by the cofferdam construction. Excavation will proceed to an elevation
of approximately 197 feet in the reservoir and 185.5 feet near the proposed PGP on the western side.
No excavation will occur within the cultural areas identified on the eastern side of Funks Reservoir. The
excavation and reshaping of the reservoir bottom is necessary to allow the large flow to and from the
PGP to be unimpeded. As the design progresses, additional information will determine the minimum
reservoir depth near the Funks PGP.

The cofferdam needed to construct the TRR pipelines in the northern portion of Funks Reservoir will be
constructed using earthfill material excavated from the bottom of the reservoir. A geomembrane liner
on the upstream slope in combination with limited jet grouting (if needed) will be used to limit seepage
through the cofferdam. The slopes of the earthfill cofferdam will be 3H:1V, consistent with US Bureau of
Reclamation’s recommendations described in the Reclamation Design Standards Manual (2012) for
slopes with a geosynthetic liner.

An additional benefit of placing the PGP on the western side is providing better circulation of flow in the
reservoir, given the canal inflow and outflow are on the eastern side of reservoir. This design also uses
the currently unusable storage volume below elevation 198 feet. Although the useable storage will not
change, adding the PGP will allow almost all of the reservoir to have circulation due to the PGP since the
PGP inlet floor elevation is near the bottom of the reservoir.
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Funks Pumping Generating Plant

General Information

Table 5 overviews the components of the Funks area.

Table 5. Funks Area

Subject Criteria

Flows
Pumping Plant 2,100 cfs
Generating Plant 1,000 cfs
Energy Dissipation 1,000 cfs

Consideration was given to using a single unit to provide both pumping and generation versus having
separate units. As part of this analysis, a comparison of the units at the Gianelli PGP at San Luis
Reservoir, which contain single units to pump and generate, versus the proposed Sites Project which
recommends using separate pumps and generating turbines. This comparison is summarized ina TM
contained in Appendix B.

Mechanical Design

Table 6 details the mechanical design of the pumping design components.

Table 6. Funks Pumping Unit

Subject Criteria

Operational Criteria

Pumping Plant 2,100 cfs

Pumps, Motors, and Ancillary Equipment

Number of Pumping Units 13 (12 duty + 1 standby)

Capacity at Rated Point 175 cfs @ 320 feet

Static Head, Maximum 298 feet

Static Head, Minimum 135 feet

Rated Pump Efficiency 89 percent

Pump Type and Configuration Vertical Mixed Flow, Multi-Stage

Pump Shaft Lubrication Shaft-enclosing Tube with External water-flush, or Oil-drip
System

Pump Shaft Seal Packing

Pump Materials

Discharge Head Fabricated Steel, Epoxy Lined & Coated
Column Fabricated Steel, Epoxy Lined & Coated
Shaft 17-4 PH Stainless Steel
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Table 6. Funks Pumping Unit

Subject

Criteria

Impellers

Silicon Bronze or Stainless Steel

Bowls

Cast or Ductile Iron

Impeller Wear Rings

Bronze

Bowl Wear Rings

Stainless Steel

Lineshaft Bearings

Water-Flush: Synthetic Rubber
Qil-Drip: Bronze

Motor
Size 8,000 horsepower
Type Induction, Vertical Solid Shaft, High Thrust

Nominal Speed

505 rotations per minute (rpm)

Voltage

4,000V or 13,200V

Enclosure

WPII

Ambient Rating

50 degrees Celsius

Non-Reverse Ratchet

No

Insulated Bearings and Shaft Grounding

Yes

Drive Type

Adjustable Speed Drives

Valves and Accessories

Large Isolation Valves

Butterfly, Class 250B, per AWWA C504

Small Isolation Valves

Ball, Bronze or Stainless Steel

Large Check Valves

Tilting Disc w/Hydraulic Damper

Small Check Valves

Swing, Bronze

Air Valves

Cast or Ductile Iron with Stainless Steel Trim

Table 7 details the mechanical design of the generating unit components.

Table 7. Funks Generating Units

Subject

Criteria

Operational Criteria

Generating Flow

2,000 cfs (2 @ 1,000 cfs each)

Turbines
Type of Units Francis Turbine
Head, Maximum 289.5 feet
Head, Minimum 125.4 feet
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Table 7. Funks Generating Units

Subject Criteria

Capacity at Rated Point 1,000 cfs 1,000 cfs

Head, Rated 255.9 feet 190.3 feet

Operational Head, Maximum 319 feet 238 feet

Operational Head, Minimum 153.5 feet 114 feet

Rated Turbine Output 20 megawatts (MW) 14.5 MW

Speed 360 rpm 300 rpm
Generator

Nominal Speed 360 rpm 300 rpm

Voltage 13.8 kV 13.8 kV
Valves and Accessories

Turbine Isolation Valves 78” Ball, Hydraulic Operator

Structural Design

The structures within the PGPs will be designed to support and access the mechanical, electrical, and
control equipment. The pumping generating plants include the following significant structures:

e Pump Station
e Turbine Generator Building

e Energy-Dissipation Valve Structure

Pump Station

The concrete pump station structure will support the pumps at the edge of the reservoir. Walls will be
designed to support the retained soil and interior water pressure. The pump station will be designed
with specific attention given to pump vibration. The pump station will be sized to create a fundamental
baseline frequency rate that provides at least 20% frequency separation from the pumps to avoid
resonance. A trash rack will be installed at the front of the wet well to prevent debris from entering the
wet well. The trash rack will be designed for a maximum head differential of 3 feet. Bulkhead slots will
be provided at each wet well to allow bulkheads to be installed and isolate pumps bays for
maintenance. The roof of the pump station adjacent to the bulkheads will be designed for crane
outrigger loads. The pump station electrical equipment will be housed in a building constructed over the
pump station unit intakes. The electrical building will be constructed with solid grouted concrete
masonry unit (CMU) walls. Lateral support of the electrical building will be provided by metal roof
decking and CMU shear walls. Wall and roof insulation will be provided to meet the governing design
codes and associated energy usage criteria.

Turbine Generator Building

The concrete turbine generator building will house the Francis turbine, generator, draft tube, turbine
inlet valve, associated piping appurtenances, and mechanical and electrical equipment. The turbine will
discharge into a draft tube prior to exiting into the reservoir. Consideration will be given for providing
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access for future maintenance and removal (via temporary crane and removable roof sections) of all
major pieces of equipment. The at grade portion of the turbine generator building roof will be designed
for pedestrian live loads and will be bollard protected from vehicular traffic.

The majority of the building will be below grade and will retain soil on three sides and water on the
fourth side. However, a small aboveground portion will be provided for access to the stairway. The
aboveground portion of the building will consist of concrete walls to match the adjacent energy-
dissipation structure. The building is assumed to be without personnel and will provide only minimal
ventilation and heating to suit the housed equipment. Unit control will be possible from local panels in
the turbine generator buildings, but primary control is assumed to be remote.

Energy-Dissipation Valve Structure

The concrete energy-dissipation valve structure includes a stilling basin and fixed-cone valve to dissipate
energy before water enters the reservoir. Spray will be controlled at the fixed-cone valves by including
hoods with the valves. The geometry of the stilling basin is sized in accordance with Hydraulic Design of
Stilling Basins and Energy Dissipators (A.). Peterka, USBR, 1984). The end of the structure will include a
concrete roof designed to support vehicle traffic loads to provide access to the adjacent pump station
bulkheads and trash racks.

Electrical Design

All electrical equipment for the pumping units, as well as lower-voltage auxiliary power, will be placed
inside a building. The objective is to place this building as close to the pumping units to provide shorter
conductor lengths to the pumps. Having the motor control equipment and starters close to the pumping
units also allows quick access for operational reasons.

Pipeline

The Funks dual 12-foot-inner-diameter (ID) welded-steel pipelines connect to the 23-foot Sites
Inlet/outlet tunnels, via a transition manifold, which includes isolation valves. From the connection, the
pipelines generally run east in parallel with the TRR dual pipelines. After curving around Funks Creek and
hilly areas, the Funks pipelines run south, deviating from the TRR pipelines alignment, to the Funks
Pumping Generating Plant. The total length of the pipeline alignment is approximately 1 mile.

Administration and Operations Building

The administration and operations building contains the offices, control and communications rooms,
and restrooms required to operate the project facilities. The building will be constructed with CMU walls
and designed in accordance with the California Building Code. Finalization of the floorplan and color
scheme for this building will be addressed in future design phases.

Maintenance and Storage Building

The maintenance and storage building include space for equipment storage and maintenance rooms to
support the project facilities. The building will be constructed with CMU walls and designed in
accordance with the California Building Code. Finalization of the floorplan and color scheme for this
building will be addressed in future design phases.
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2.6 TRR Area

TRR-East Reservoir

The TRR-East reservoir will be constructed using earthen embankments around the perimeter of the
reservoir, connected hydraulically to the existing GCID Canal. These embankments are generally
founded on materials identified as soft clays and potentially liquefiable granular soils. Based on these
adverse soils and a high likelihood that the reservoir falls under regulation of the Division of Safety of
Dams, ground improvement in the form of cement deep soil mixing is anticipated to be required below
the embankment to key into the more competent materials. These berms are anticipated to be
constructed using material excavated within the TRR-East reservoir footprint and the TRR-East pipeline
excavation between the GCID Canal and the TCC.

The GCID Canal is the conveyance source of water for the TRR-East and its PGP to pump water into Sites
Reservoir. The GCID Canal is also the primary conveyance for releases of water from Sites Reservoir
through the PGP and into the TRR-East. The GCID Canal operational ranges, capacities, and other
operational constraints and considerations are the primary factors in the design criteria for the TRR.

Access between the east and west sides of the GCID Canal adjacent to the TRR will be over a new bridge
between the TRR embankment near the gate structures and the west side of the GCID Canal. The bridge
is anticipated to consist of a precast concrete span between the banks of the GCID with concrete
abutments founded on piles that penetrate into the stiffer material below the surface to provide
stability.

The reach of the GCID Main Canal that is adjacent to TRR is delineated upstream by a check structure
that is approximately 6 miles upstream of the location of TRR and is delineated downstream by a check
structure adjacent to the southern end of the TRR (this check structure is at the siphon under Funks
Creek). Within this reach of the GCID Main Canal, adjacent to TRR, the operating level (the WSE) within
the canal, typically ranges from 123.0 to 123.2 feet in the summer, and typically goes no lower than
121.8 feet in the winter. The maximum design WSE is 124.0 feet, and the lowest WSE corresponds to a
drained condition in the canal during the winter shutdown (January to February). The bottom of the
canal is approximately elevation 112.7 feet, and the canal embankment crests range from about
elevation 128 to 130 feet. The maximum flow capacity of the GCID Main Canal is understood to be
approximately 1,800 cfs.

The TRR PGP is sized to correspond to the 1,800 cfs maximum capacity of the GCID Main Canal. A design
criterion for the project is the ability to capture and store water from the GCID Main Canal in the TRR in
the event the TRR PGP shuts down unexpectedly. That is, when the TRR PGP shuts down, terminating
pumping from the TRR and GCID Main Canal (at rates up to 1,800 cfs), continuing flows from the GCID
Main Canal will either be accommodated by the TRR or continue down the GCID Main Canal. The TRR is
intended to accommodate (capture) those flows because that quantity/flow of water would otherwise
not be used or captured downstream of this location. The GCID Main Canal can be operated to shut off
these flows, but doing so takes at least 2 to 3 hours. Therefore, the corresponding design criterion for
the TRR is to be able to accommodate inflows of up to 1,800 cfs, for up to 4 hours. This corresponds to a
storage capacity (for these inflows alone) of approximately 600 acre-feet which the storage volume used
for design of the TRR.

Additional storage capacity within the TRR requires either additional plan-area size (for hydraulic needs
within this same elevation range within the TRR) or accommodation either above or below this elevation
range, depending on the hydraulic constraints.
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The spillway design will also consider the flow from the GCID Canal plus the flow from the Sites pipeline.
The spillway will be located at the southernmost corner of the TRR-East and discharge into Funks Creek.

TRR-West Reservoir

The TRR-West reservoir will be connected hydraulically to the existing GCID Canal and constructed via
primarily mass excavation. Hydraulic connection of TRR-West to the GCID Canal will occur through the
inlet/outlet canal facilities located adjacent to the west of the GCID Canal. The inlet/out canal facilitates
will flow through several check structures into the main and extension reservoirs to the west. The main
and extension reservoirs will be independently located relative to a pair of assumed underground
natural gas pipelines and overhead transmission lines running north-south through the site. The two
reservoirs will be connected hydraulically by a tunnel passing underneath the buried pipelines. The
subsurface materials in this area are assumed to consist primarily of fine-grained deposits and
Pleistocene clays, so that extensive ground improvement would not likely be required, as compared to
TRR-East.

The GCID Canal is the conveyance source of water for the TRR-West and its PGP to pump water into
Sites Reservoir. The GCID Canal is also the primary conveyance for releases of water from Sites Reservoir
through the PGP and into the TRR-West reservoir. The GCID Canal operational ranges, capacities, and
other constraints and considerations are the primary factors in the design criteria for the TRR.

Access to the TRR-West area will need to be constructed from either the TCC to the West or the
property north of the Main reservoir. Access roads will also be constructed, surrounding and in between
the Main and Extension reservoirs of TRR-West.

The reach of the GCID Main Canal that is adjacent to the TRR-West inlet/outlet canal facilities is
delineated by check structures that are approximately 6 miles upstream and 1 mile downstream (this
check structure is at the siphon under Funks Creek) of the inlet/outlet connection. Within this reach of
the GCID Canal, adjacent to TRR-West inlet/outlet facilities, the operating level or WSE within the canal
typically ranges from 123.0 to 123.2 feet in the summer, and goes no lower than 121.8 feet in the
winter. The maximum design WSE is 124 feet, and the lowest WSE corresponds to a drained condition in
the canal during the winter shutdown (January to February). The bottom of the canal is at elevation
112.7 feet, and the canal embankment crests range from about elevation 128 to 130 feet. The maximum
flow capacity of the GCID Canal is understood to be approximately 1,800 cfs.

The TRR-West PGP is sized to correspond similarly to the TRR-East PGP, with a maximum capacity of
1,800 cfs. A design criterion for the project is the ability to capture and store water from the GCID Canal
in the TRR-West if the TRR-West PGP shuts down unexpectedly. That is, when the TRR-West PGP shuts
down, terminating pumping from the TRR-West reservoirs and GCID Canal (at rates up to 1,800 cfs),
then continuing flows from the GCID Canal will either be accommodated by the TRR-West or continue
down the GCID Canal. The TRR-West is intended to accommodate (capture) those flows because that
quantity/flow of water would otherwise not be used or captured downstream of this location. The GCID
Canal can be operated to shut off these flows, but doing so takes at least 2 to 3 hours. Therefore, the
corresponding design criterion for the TRR is to be able to accommodate inflows of up to 1,800 cfs, for
up to 4 hours. This corresponds to a storage capacity (for these inflows alone) of approximately

600 acre-feet, which is the storage volume used for design of the TRR.

Additional storage capacity within the TRR-West requires either additional plan-area size (for hydraulic
needs within this same elevation range within the TRR-West) or accommodation either above or below
this elevation range, depending on the hydraulic constraints.

2-14 REPORT | HC Feasibility Study Report_June_2021.Docx 6/22/2021



TRR Pumping Generating Plants

General Information

Table 8 overviews the components of the Funks area.

Table 8. TRR Area

Subject Criteria
Pumping Plant 2,100 cfs flow
Generating Plant 1,000 cfs flow
Energy Dissipation 1,000 cfs flow

Mechanical Design

Table 9 details the components of the pumping units.

Table 9. TRR Pumping Units

Subject Criteria

Operational Criteria

Pumping Plant 1,800 cfs

Pumps, Motors, and Ancillary Equipment

Number of Pumping Units 13 (12 duty + 1 standby)

Capacity at Rated Point 150 cfs @ 420 feet

Static Head, Maximum 379 feet

Static Head, Minimum 216 feet

Rated Pump Efficiency 88 percent

Pump Type and Configuration Vertical Mixed Flow, Multi-Stage

Pump Shaft Lubrication Shaft-enclosing Tube with External Water-flush, or Qil-drip System
Pump Shaft Seal Packing

Pump Materials

Discharge Head Fabricated Steel, Epoxy Lined & Coated
Column Fabricated Steel, Epoxy Lined &Coated
Shaft 17-4 PH Stainless Steel

Impellers Silicon Bronze or Stainless Steel

Bowls Cast or Ductile Iron

Impeller Wear Rings Bronze

Bowl Wear Rings Stainless Steel

Lineshaft Bearings Water-Flush: Synthetic rubber

Oil-Drip: Bronze
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Table 9. TRR Pumping Units

Subject Criteria
Motor
Size 9,000 hp
Type Induction, Vertical Solid Shaft, High Thrust

Nominal Speed

590 rpm

Voltage

4,000V or 13,200V

Enclosure

WPII

Ambient Rating

50 degrees Celsius

Non-Reverse Ratchet

No

Insulated Bearings and Shaft Grounding

Yes

Drive Type

Adjustable Speed Drive

Valves and Accessories

Large Isolation Valves

Butterfly, Class 250B per AWWA C504

Small Isolation Valves

Ball, Bronze or Stainless Steel

Large Check Valves

Tilting Disc w/Hydraulic Damper

Small Check Valves

Swing, Bronze

Air Valves

Cast or Ductile Iron with Stainless Steel Trim

Table 10 details the components of the generating units.

Table 10. TRR Generating Units

Subject

Criteria

Operational Criteria

Generating Flow

1,000 cfs (2 @ 500 cfs each)

Turbines
Type of Units Francis Turbine
Head, Maximum 370.1 feet
Head, Minimum 206.5 feet
Capacity at Rated Point 500 cfs
Head, Rated 290 feet
Operational Head, Maximum 330.7 feet
Operational Head, Minimum 211.8 feet
Rated Turbine Output 11.5 MW
Speed 514 rpm
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Table 10. TRR Generating Units

Subject Criteria
Generator
Nominal Speed 514.3
Voltage 13.8 kV

Valves and Accessories

Turbine Isolation Valves 60-inch Ball, Hydraulic Operator

Structural Design

The structures within the PGPs will be designed to support and access the mechanical, electrical, and
control equipment. The PGPs include the following significant structures:

®  Pump Station
e Turbine Generator Building

e Energy-Dissipation Valve Structure

Pump Station

The concrete pump station structure will support the pumps at the edge of the reservoir. Walls will be
designed to support the retained soil and interior water pressure. The pump station will be designed
with specific attention given to pump vibration. The pump station will be sized to create a fundamental
baseline frequency rate that provides at least 20% frequency separation from the pumps to avoid
resonance. A trash rack will be installed at the front of the wet well to prevent debris from entering the
wet well. The trash rack will be designed for a maximum head differential of 3 feet. Bulkhead slots will
be provided at each wet well to allow bulkheads to be installed and isolate pumps bays for
maintenance. The roof of the pump station adjacent to the bulkheads will be designed for crane
outrigger loads. The pump station electrical equipment will be housed in a building constructed over the
pump station unit intakes. The electrical building will be constructed with solid grouted CMU walls.
Lateral support of the electrical building will be provided by metal roof decking and CMU shear walls.
Wall and roof insulation will be provided to meet the governing design codes and associated energy
usage criteria.

Turbine Generator Building

The concrete turbine generator building will house the Francis turbine, generator, draft tube, turbine
inlet valve, associated piping appurtenances, and mechanical and electrical equipment. The turbine will
discharge into a draft tube prior to exiting into the reservoir. Consideration will be given for providing
access for future maintenance and removal (via temporary crane and removable roof sections) of all
major pieces of equipment. The at grade portion of the turbine generator building roof will be designed
for pedestrian live loads and will be bollard protected from vehicular traffic.

The majority of the building will be below grade and will retain soil on three sides and water on the
fourth side. However, a small aboveground portion will be provided for access to the stairway. The
aboveground portion of the building will consist of concrete walls to match the adjacent energy-
dissipation structure. The building is assumed to be without personnel and will provide only minimal
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ventilation and heating to suit the housed equipment. Unit control will be possible from local panels in
the turbine generator buildings, but primary control is assumed to be remote.

Energy-Dissipation Valve Structure

The concrete energy-dissipation valve structure includes a stilling basin and fixed-cone valve to dissipate
energy before water enters the reservoir. Spray will be controlled at the fixed-cone valves by including
hoods with the valves. The geometry of the stilling basin is sized in accordance with the Bureau of
Reclamation’s Hydraulic Design of Stilling Basins and Energy Dissipators (A.). Peterka, USBR, 1984). The
end of the structure will include a concrete roof designed to support vehicle traffic loads to provide
access to the adjacent pump station bulkheads and trash racks.

Electrical Design

All electrical equipment for the pumping units, as well as lower-voltage auxiliary power will be placed
inside a building. The objective is to place this building as close to the pumping units to provide shorter
conductor lengths to the pumps. Having the motor control equipment and starters close to the pumping
units also allows quick access for operational reasons.

Pipeline

The TRR dual 12-foot-ID, welded-steel pipelines connect to the 32-foot-diameter Sites Reservoir
intlet/outlet tunnel, via a transition manifold, which includes isolation valves. From the connection, the
pipelines generally run east in parallel to the Funks dual pipelines. After curving around Funks Creek and
hilly areas, the TRR pipelines cross across the top portions of the Funks Reservoir under the waterline. A
cofferdam is anticipated to be constructed within Funks Reservoir to create the working area for
construction of the pipelines in Funks. Northeast of Funks Reservoir, the pipelines then cross the TCC by
means of a trenchless crossing. East of the TCC, the pipelines continue to run east, parallel to a drainage
canal to the GCID Main Canal. The pipelines cross this GCID Main Canal via trenchless methods before
entering the TRR pumping generating plant.

Environmental Pipeline

The Environmental 42-inch-diameter, welded-steel pipeline branches off from the north TRR pipeline.

2.7 Dunnigan Pipeline

The Dunnigan Pipeline design will be in accordance with the requirements in Appendix A as previously
referenced. The pipeline is anticipated to be gravity flow with the following WSE assumptions used for
calculating the pipe diameter.

e TCC atinlet structure — 160 feet
e Qutlet structure at CBD — 32 feet
e Qutfall structure at Sacramento River — 40 feet

Energy dissipation using fixed-cone valves and stilling basins will be required at the downstream end of
the pipeline. Spray will be controlled at the fixed-cone valves by including hoods with the valves. The
geometry of the stilling basins is sized in accordance with the Bureau of Reclamation’s Hydraulic Design
of Stilling Basins and Energy Dissipators (A.). Peterka, USBR, 1984).
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2.8 Electrical Supply

Point of Interconnection

The Preliminary 230kV Schematic Plan depicts the point of interconnection (POI) looping in and then
back out of the new TRR substation (see Section 3). The TRR substation will then connect to the new
Funks substation. This interconnection configuration is subject to approval by the Transmission Operator
and the system operator, California Independent System Operator.

The POI, transmission and substation design criteria, dependent on the POI option, will incorporate the
following references:

e California General Order 95, Rules for Overhead Electric Line Construction
e WAPA Service and Generation Interconnection Requirements

e PG&E Interconnection Requirements

e PG&E Substation Design Criteria

e PG&E and WAPA Transmission Line Design Criteria

The latest edition and addenda of the following publications, as applicable, will be incorporated in the
design specifications codes and standards sections.

e ANSI

e |EEE

e Association of Edison llluminating Companies

e Transmission Interconnections Handbook

e North America Electric Reliability Corporation Standards
e National Fire Protection Agency 70 National Electric Code

e National Electrical Safety Code (ANSI C2)
Transmission Lines

Codes and Standards

In addition to the POI requirements, transmissions lines will be designed in accordance with the latest
edition and addenda of the following publications, as applicable, which will be incorporated in the design
specifications.

e C(California Building Code 2016, Title 24 Vol. 2

e ASCE-113, Substation Structure Design Guide

e ASCE/SEl 7-05, Minimum Design Loads for Buildings and Other Structures
e ANSI/AISC 41-10, Seismic Provisions for Structural Steel Buildings

Substations

The transmission operating voltage of 230 kV will be stepped down via transformer, to the 13.8 kV
operating voltage of the turbine generators and the pump motors at each new pumping site. The
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proposed substations will use two 100 megavolt-ampere (MVA) transformers to step down the voltage.
The transformers will be three winding, to reduce nominal current ratings below 3,000 amperes and
minimize short-circuit levels to comply with Arc Flash requirements in accordance with Occupational
Safety and Health Administration regulations. This configuration will allow two independent, double-
ended 13.8 kV switchgear lineups to reliably connect the motors and generators to the transmission
system.

The substation design will include that the primary safety equipment, including breakers and utility
grade relays, to disconnect the interconnection facilities immediately upon a fault detection on the
230 kV transmission system and the 13.8 kV pumping station systems, to minimize potential loss of life
and property. When operating in the generation mode, the facility will automatically trip offline
(disconnect from the transmission system) when the relays detect that power has been interrupted on
the transmission line into the substation. Transmission line-protective equipment will perform one of
the following, as stated anticipated to be in the Interconnection Agreement:

1. Automatically clear a fault and restore power.

2. Rapidly isolate only the faulted section so that the 230 kV system affected by any outage is
minimized.

The protection system will be designed with sufficient redundancy such that the failure of any one
component will permit the substations to be safely and reliably isolated from the transmission system
under fault conditions. Fiberoptic cable will be used for communication protection between each
pumping station and the POI.

The substations will include a control enclosure containing power, control, relaying, monitoring and
communications. The control enclosure will contain redundant, protective relays and supervisory
control and data acquisition (SCADA)/remote telemetry units for transmitting information. The control
enclosure will be designed to meet the Bulk Power Protection Criteria of the North America Electric
Reliability Corporation Standards, as well Federal Energy Regulatory Commission or Transmission
Operator (TO)/California Independent Service Operators (CAISO)-specific requirements.

The TO has standardized their protection requirements; however, system variables will impact the
protection requirements, such as generator size and type, number of generators, fault duties, line
characteristics (such as, voltage, impedance, and ampacity) and pre-existing protection schemes. For
example, high-speed fault clearing may or may not be required to minimize equipment damage and
potential impact to system stability.

2.9 Rights-of-way and Easements

Pipelines

Rights-of-way (ROWs) and/or permanent easements (PE) will be required for long-term operation and
maintenance of the large-diameter pipelines. In addition, a temporary construction easement (TCE) will
be required during initial construction. Following construction, the TCE will no longer be needed and the
ROW or PE will be used if repairs are required. Careful consideration must be given to provide widths of
PE and TCE that are balanced between what is optimally needed for construction versus the cost of
obtaining easements.

Exhibits have been developed to depict the preliminary proposed easements. However, these exhibits
have not been thoroughly vetted and are not included at this time.
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Transmission Lines

For the interconnect between Funks and TRR-East or TRR-West, the transmission lines are anticipated to
be located parallel and within the same easement as the pipelines. Up to four 230 kV transmission lines
are required for the project: two for the source supply to either Funks or TRR-East or TRR-West
(depending on the option), and two for the Funks-to-TRR-East or -TRR-West substations. The two,
looped, source circuits will be installed on a set of common double-circuit, steel monopole structures
(Figure 2) and have their own easement requirement where they are not parallel to any pipeline. The
two Funks-to-TRR circuits will be installed on their own common set of double-circuit, steel monopole
structures (Figures 3, 4, and 5) within the pipeline easement.

In the sections where four circuits are required, specifically, for the approximately 1 mile between the
existing WAPA 230 kV lines and the Funks substation (the WAPA option) or for the approximately

1.7 miles between the existing PG&E 230 kV lines and TRR-East Substation (the PG&E option), the
routing and ROW have not been fully established. The ROW will depend on the substation locations, the
substation orientation for ingress and egress of the transmission lines, and the physical location of the
POI. The transmission lines may be located on a common ROW or on separate ROWs.
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Figure 2. Double-Circuit Source Transmission Poles
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Routing the transmission lines within the 100-foot-wide corridor running parallel to the TRR pipeline
ROW is the design team’s intent for: the approximately 2.9-mile-long section of the 230 kV Funks-to-
TRR-East transmission lines between the existing WAPA 230 kV lines and TRR-East (under the WAPA
option), the approximately 2.2-mile-long section of the 230 kV Funks-to-TRR transmission lines between
the existing PG&E 230 kV lines and Funks (under the PG&E option), or the approximately 1.5-mile-long
section of the 230 kV Funks-to-TRR-West transmission lines (under the PG&E option), where just one
double-circuit line is required. The width of the corridor has been estimated based on a suitable edge
distance of the lines to the northerly edge of the ROW, as required for trees, future buildings, wire
blowout events occurring during strong wind conditions, and transmission line installation and
maintenance; the width estimate is also based on suitable edge distance to the southerly edge of the
ROW, as required for pipeline equipment access, worker safety, and foundational stability during water
pipeline trenching operations. The structures will be spaced to reduce impacts on farming/grazing lands.
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Figure 3. Funks TRR-East or Funks TRR-West Interconnect for PG&E Option between Existing WAPA
and PG&E Corridors
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3.0 Description of Facilities

This section describes the proposed facilities where applicable. In most instances, the descriptions in this
section are more clearly understand by looking at the drawings associated with this deliverable (revision
3 drawings, dated April 30, 2021, are in a separate file).

3.1 Red Bluff Diversion

The Red Bluff Diversion is an existing facility that will require minimal improvements because provisions
were made during original design and construction to add the two required pumps.

3.2 GCID Main Canal Improvements

Following are general descriptions of improvements required for GCID facilities. Main Canal Headgate
Structure

The existing headgate structure will be left in place to continue to serve as a bridge between County
Road 203 and County Road 205. The existing headgate structure will continue to operate during
construction of the new headgate structure, and diversion activities will continue throughout
construction. The existing headgate will not be adequate for proposed winter operation during high
river flows because of the large head-drop (decrease of water elevation) across the structure during high
river levels. A new headgate structure will be constructed upstream of the existing structure. The new
headgate structure will include eight automated gates. The water level and flow control functions will
involve operating conditions that would result in water surface drops across the head gate of between 3
and 15 feet. The canal reach immediately downstream of the new head gate structure will be lined with
concrete for approximately 35 feet to prevent erosion resulting from the turbulent flow conditions.

A temporary bypass channel will need to be created around the new headgates location to allow
continued flow to downstream users while the structure is being constructed. The details of this bypass
channel location will be developed in the next phase of work.

Railroad Siphon

The California Northern Railroad siphon at mile 26.6, near Willows, does not meet design and operation
criteria for the Sites Project; the siphon will need to be replaced. The existing railroad siphon structure
was built in the early 1900s and includes five 7.25-foot by 6-foot barrels. At maximum existing flows of
approximately 2,000 cfs, the head loss across the railroad siphon, resulting from high flow velocity and
poor entrance and exit transitions, reduces upstream canal freeboard to marginal conditions. The
structure’s age, hydraulic capacity restrictions, and use as a major transportation link lead to the
recommendation for its replacement. The new structure will consist of five barrels to approximately
match the existing dimensions with improved entrance and exit transitions. The structure will be sized
to support the design railroad live load.

The proposed replacement of the railroad siphon would require coordination and planning with railroad
operators. Construction restrictions may exist regarding minimizing interference with regular railroad
operations. To the extent possible, replacement of the railroad siphon would take place during periods of
lowest train traffic, and railroad shutdown time would be minimized.
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Walker Creek Siphon and Willow Creek Siphon

The Walker Creek and Willow Creek siphons located near Willows do not meet design and operation
criteria for the Sites Project; the siphons will need to be replaced. The existing siphons are a compilation
of two construction projects. There are four siphon barrels presumably constructed in the early 1900s and
two barrels added as an addition in the mid-1970s. At maximum existing flows of approximately 2,000 cfs,
the head loss across the siphons reduces upstream canal freeboard to marginal conditions. The
structures’ age and hydraulic capacity restrictions lead to the recommendation for replacement. The new
siphons will consist of five 10-foot-wide by 8.5-foot-tall barrels.

The proposed replacement of the siphons will require a canal bypass during construction and will need to
be coordinated with the creek crossings. Environmental restrictions and creek flows may present
challenges for the canal bypass.

3.3 Funks Area

Pumping Generating Plants

The PGPs will consist of the pumping plant, hydro-generating turbine(s), and the energy-dissipation
structure.

Pumping Station

The pumping station will consist of 13 pumps in a single row, with 6 pumps feeding into one 12-foot-
diameter pipe, 6 pumps feeding into the other pipe, and the final pump as a standby pump that feeds
into either pipe. The pumps were sized in consultation with a pump manufacturer. Because of the large
head fluctuation in the Sites Reservoir levels and resulting pumping heads, all pumps are currently
anticipated to have a variable-speed drive to adjust to the variable pumping heads, while staying within
the pump operating range and efficiency. A TM was prepared to provide comparison of using adjustable
speed drives versus only constant speed drives for this pumping plant. This TM can be found in
Appendix C.

Generating Turbines

The hydro turbines at Funks have been initially designed in consultation with a manufacturer. The
manufacturer determined that the wide range of generating head, in relation to the overall design head,
prevents selection of a single turbine that covers the full range. The conceptual design is two turbines of
a similar size, but with different speeds to use different design heads to cover the full range, with at
least one unit and an overlapping unit, to have two functioning units in the middle head range.

The two generating units will be a 20 MW turbine (1,000 cfs at 255-foot head) and a 14.5 MW turbine
(1,000 cfs at 190-foot head). The turbines are anticipated to be vertical Francis style. The draft tube
discharge will need to be submerged, so the turbines will be in an underground structure with a roof.

Energy Dissipation

The energy-dissipation structure has been initially designed in consultation with a manufacturer. The
manufacturer determined that a single 60-inch-diameter, fixed-cone valve with a hood will provide
approximately 1,000 cfs discharge over the full range of head differential resulting from fluctuating
reservoir levels. There will be a 60-inch-diameter, fixed-cone valve on each of the two 12-foot-diameter
pipes, for a total of two 60-inch-diameter, fixed-cone valves and a total flow of 2,000 cfs.
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Electrical

An electrical building will house most of the electrical equipment to protect it from the elements. The
building size is about 50 feet wide by 280 feet in length. This building will be placed on top of the
pumping unit intakes to save space and be close to the pumping units. The electrical building will be
constructed with solid grouted CMU walls. CMU walls were selected to provide a durable vandal
resistant exterior wall surface.

Reservoir

Improvements to the Funks Reservoir are anticipated to include removal of sediment build-up, as
discussed previously. Regrading of the reservoir bottom near the proposed Funks PGP will also be
necessary to provide a clear path of water to and from the PGP.

Pipeline

Preliminary hydraulic analysis indicates that two 12-foot-ID pipelines will be used to convey water
between Funks and Sites Reservoir in both directions. The total length of the pipeline alignment is about
1 mile.

The two pipelines will connect two 23-foot-diameter inlet/outlet tunnels to the Site Reservoir, using
large-diameter piping manifold. The design proposes to have the two Funks pipelines connect to one of
the inlet/outlet tunnels.

34 TRR Area

Pumping Generating Plants

The PGPs will consist of the pumping plant, hydro-generating turbines, and the energy-dissipation
structure.

Pumping Station

The PGPs will consist of the pumping station, hydro-generating turbine(s), and the energy-dissipation
structure. The pumping station will consist of 13 pumps in a single row, with 6 pumps feeding into one
12-foot-diameter pipe, 6 pumps feeding into the other pipe, and the final pump as a standby pump that
feeds into either pipe. The pumps were sized in consultation with a pump manufacturer. Because of the
large head fluctuation in the Sites Reservoir levels and resulting pumping heads, all pumps are currently
anticipated to have a variable-frequency drive to adjust to the variable pumping heads while staying
within the pump operating range and efficiency. A TM was prepared to provide comparison of using
adjustable speed drives versus only constant speed drives for this pumping plant. This TM can be found
in Appendix C.

Generating Turbines

The hydro turbines at TRR have been initially designed in consultation with a manufacturer. The
manufacturer determined that a single 11.5 MW turbine (500 cfs at 290-foot head) on each 12-foot-ID
pipe will work under the variable head conditions. The turbines are anticipated to be vertical Francis
style. The draft tube discharge will need to be submerged, so the turbines will be in an underground
structure with a roof.
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Energy Dissipation

The energy-dissipation structure has been initially designed in consultation with a manufacturer. The
manufacturer determined that a single 60-inch-diameter, fixed-cone valve with a hood will provide
approximately 500 cfs discharge over the full range of head differential, resulting from fluctuating
reservoir levels. There will be a 60-inch-diameter, fixed-cone valve on each of the two 12-foot-ID pipes,
for a total of two 60-inch-diameter, fixed-cone valves and a total flow of 1,000 cfs.

Electrical

An electrical building will house most of the electrical equipment to protect it from the elements. The
building size is about 50 feet wide by 280 feet in length. This building will be placed on top of the
pumping unit intakes to save space and be close to the pumping units. The electrical building will be
constructed with solid grouted CMU walls. CMU walls were selected to provide a durable vandal
resistant exterior wall surface.

Reservoir

This is an entirely new reservoir that is currently sited adjacent to the GCID Main Canal just north of
Funks Creek. The reservoir volume is anticipated to be about 600 acre-feet to accommodate about 4
hours of an 1,800 cfs canal flow from GCID if there is a shutdown and a place needed to store the water.

Pipeline

Preliminary hydraulic analysis indicates that two 12-foot-ID pipelines will be used to convey water
between TRR and Sites Reservaoir, in both directions. The total length of the pipeline alighment is about
4.5 miles.

The two pipelines will connect to the 32-foot-diameter inlet/outlet tunnel to the Site Reservoir, using
large-diameter piping manifold. It is proposed to have the two Funks pipelines connect to the other
tunnel that is not connected to the Funks pipelines.

3.5 Administration/Operation and Maintenance/Storage Buildings

An administration and operation building, and a maintenance and storage building will be placed slightly
northwest of the Funks PGP.

3.6 Dunnigan Pipeline

The Dunnigan Pipeline connects to the intake structure on the TCC. The Dunnigan Pipeline downstream
termination point has two alternatives. Alternative A goes from the TCC to the CBD. Alternative B goes
from TCC to the Sacramento River. Either of these pipelines will flow at 1,000 cfs and be based on
gravity head from the TCC. Once the pipeline leaves the intake structure, it heads east, crossing and
then paralleling Bird Creek. Soon after reaching Bird Creek, the pipeline will be tunneled under
Interstate 5 and then Highway 99 and a railroad. The pipeline continues to head east along Bird Creek to
the CBD. The 9-foot pipeline would end at this drain per and outlet structure. If the pipeline is to
continue, it would cross the drain, head north, and then head east along rice fields to the Sacramento
River. The pipeline will cross over Highway 45 and a levee and into the river through an outfall structure.

The proposed length of Alternative A alignment is about 4 miles. Preliminary calculations show a 9-foot
(108-inch) ID, with 2 tunneled crossings (I-5 and 99W/RR) that require 10.5-foot (126-inch) casings. The
total length of pipeline is 20,000 feet, with 300-foot and 250-foot tunneled crossings. Two 60-inch-
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diameter, fixed-cone valves, spaced 16 feet apart, will be placed at the discharge stilling basin to
dissipate energy and adjust the flow.

The proposed length of the Alternative B alignment is about 10 miles. Preliminary calculations show a
10.5-foot (126-inch) ID, with 3 tunneled crossings (I-5, 99W/RR, and CBD) that require 12-foot (144-inch)
casings. The total length of pipeline is 51,600 feet, with 300-, 250-, and 250-foot tunneled crossings. A
portion of the flow will discharge to the CBD with one 36-inch-diameter fixed-cone valve and stilling
basin. The pipeline will ultimately terminate at the Sacramento River outlet structure.

Both of these alighments are shown in the drawings, under separate cover.

A third alternative pipeline alignment known as the Harrington Pipeline (located about 8 miles north of
Dunnigan Pipeline) from the TCC to the CBD was studied and summarized in a TM located in Appendix D.
The TM recommends keeping the Dunnigan Pipeline to convey water back to the Sacramento River. The
TM was presented to the Sites Ad Hoc Operations and Engineering Work Group on August 11, 2020 and
they decided that the Harrington Pipeline was not a viable alternative.

The structures associated with the Dunnigan Pipeline include the following intake and discharge
structures.

e TCC Intake Structure
e (CBD Outlet Structure

e Sacramento River Outfall Structure

TCC Intake Structure

The intake structure will be used to divert water from the existing concrete lined TCC into the Dunnigan
Pipeline. The intake structure will be a concrete structure that supports the control gates and associated
gate operators. A concrete bridge deck will provide vehicle access across the top of the structure. Stop
log slots will be provided upstream and downstream to isolate the control gates for maintenance.

Colusa Basin Drain Outlet Structure

The outlet structure for option A includes a stilling basin and two fixed-cone valves to dissipate energy
before water enters the existing CBD canal. The outlet structure for option 2 includes a stilling basin and
one fixed-cone valve to dissipate energy before water enters the existing CBD canal. The geometry of
the stilling basin used in either option is sized in accordance with the Bureau of Reclamation’s Hydraulic
Design of Stilling Basins and Energy Dissipators and valves will include hoods to control spray.

Sacramento River Outlet Structure

The pipeline will terminate in an energy dissipating structure. The energy dissipating structure will be
located on the west side of the Sacramento River levee and will discharge water through the levee to
the River with ten 36-inch-diameter pipes. The structure on the west side of the levee will be located
such that it is outside the area of influent of the levee slope. The ten 36-inch-diameter pipelines is based
on the United States Army Corp of Engineers not allowing penetrations through the levee below the

high water level. The outlet structure discharge into the Sacramento River will include a vertical drop
exclusion barrier, based on interpretation of NOAA Fisheries design guidelines, to prevent the passage of
anadromous fish into the pipeline. The minimum vertical drop will be 10-feet at the top of the levee
onto rip rap extending to the River. Refinement of this structure design and coordination with the Army
Corp of Engineers will be completed in the next design phase if this option is selected.
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3.7 Electrical Supply

Point of Interconnection

The POI for the project will require that an Application for Interconnection Request be submitted and
processed under the CAISO Interconnection Process. The location of the POI to either the WAPA or
PG&E 230-kV transmission lines will depend on the results of a system impact study (SIS), which will be
required to be performed by the independent system operator of the transmission system, CAISO.

The interconnection application process includes that the project enters into a SIS agreement, which
requires the project to compensate CAISO for its actual costs to undertake the SIS. CAISO will include in
the agreement a non-binding estimate of the cost and a timeframe for completing the SIS. The SIS
report will state the results of the power flow, short-circuit, and stability analyses, and will provide the
requirements or potential impediments to the requested POI, including a preliminary indication of the
cost and length of time necessary to correct any problems identified in the SIS. The SIS report will also
provide a preliminary list of facilities required to be upgraded to accommodate the supply of power to
the project.

The application process then entails CAISO performing a facilities study (FS). The Project will enter into a
FS agreement, which requires the project to compensate CAISO for its actual costs to perform the FS.
CAISO will include in the agreement a non-binding estimate of the cost and timeframe for completing
the FS. Upon completion of the FS, CAISO will provide the FS report. The report will specify the
estimated cost of the equipment, engineering, procurement, and construction work needed to
implement the conclusions of the SIS. The FS report will also identify the electrical switching
configuration of the connection equipment, including: the transformer, switchgear, meters, and other
station equipment. The report shall include a +/- 20 percent cost estimate of facilities necessary for the
interconnection, and an estimate of the time required to complete the construction and installation of
such facilities.

The application process then entails the project entering into the Interconnection Agreement, (IA). The
IA will require that the actual costs associated with the equipment, environmental, engineering,
procurement, construction, and any other work needed to accomplish the interconnection be payable
by the project. The IA will specify the interconnection and network facilities that will be required to
interconnect the project.

The California Independent System Operator interconnection procedures place applications into groups,
known as clusters, for projects that are interconnecting in the same area to be studied together.

This process will begin when the turbine and generator system designs become more developed, which
is expected to be in the summer of 2022.

Transmission Lines

A POl to a high-voltage electric transmission line will be required for the project. Interconnecting to the
transmission system is necessary to provide for the supply of power to operate the large-horsepower
pumps at the Funks PGP, and the PGP located at either TRR-East or TRR-West. In addition, the
interconnection to the transmission system will allow Funks PGP and the TRR PGP to send energy
produced to the transmission system during the periods when they are using their turbines/generators.

Several existing high-voltage transmission lines are in the vicinity of the project; all of these lines run
north to south. These transmission lines include two 230 kV lines owned and operated by WAPA, and
four 230 kV lines owned and operated by PG&E. WAPA and PG&E are defined as the TOs of their
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respective high-voltage transmission lines. Each of these lines is a potential POI source for the project.
The Transmission Agency of Northern California, (TANC), owns a 500-kV, high-voltage transmission line
that runs parallels to the WAPA lines; however, this transmission line is not considered to be a potential
POI for the project.

See Figures 6 and 7 for schematic sketches showing the WAPA and PG&E alternative POl arrangements,
and the required transmission line lengths to the proposed Funks and TRR-East or -West substations.
Under either alternative POI, the power will be delivered to the project via looped (two circuits) 230 kV
to the supply power for the pumps. The looped circuits would also receive power from the Funks PGP
and TRR PGP when their turbine/generators are operating. The looped circuits are typically installed on
double-circuit steel monopole structures (poles), as shown earlier in Figure 2. The poles would be
approximately 100 to 150 feet high and supported atop reinforced-concrete foundations that are
augured and designed in accordance with the results of the geotechnical investigation. The conductor
size will be designed to match or be larger than the existing conductor size of the transmission line,
which will be interconnected via the loop. One or two fiberoptic cables can be used as shield wire, the
size of which will be determined by fault current requirements and TO telecommunication
requirements.

In addition to the loop POI design, there will be two additional 230 kV transmission line radial taps
installed between the Funks and TRR substations. The transmission line structures for these lines will be
double-circuit, steel monopole structures, as shown in Figure 4. The poles would be approximately 100
to 150 feet high and supported atop reinforced-concrete foundations that are designed in accordance
with the results of the geotechnical investigation. The conductor size is estimated to be 795 kcmil
aluminum conductor steel reinforced (ACSR). In some sections of the transmission line; the double-
circuit, monopole tap lines may share a common ROW with the double-circuit, monopole looped circuits
(see Section 2.9).

The configuration of the transmission lines will depend on the selected POI, which is described in the
following subsections.

WAPA POI Option

This option proposes to loop the existing WAPA 230 kV Keswick-O’Banion transmission line into and out
of the Funks substation, as shown schematically on Figure 6. The length of the looped, double-circuit,
steel monopole line will be approximately 1 mile, in a generally westerly direction to Funks. Two new,
three-pole, single-circuit structures will be cut into the existing transmission line; the existing wires
between these two structures will be removed. The new conductors in the first spans toward Funks will
be installed low on the poles to achieve the proper clearances as they cross under the existing TANC 500
kV transmission line to two, new, double-pole, single-circuit (or one, new, double-pole, double-circuit)
steel H-Frame structures. Minimum phase-to-phase and phase-to-ground clearances will be in
accordance with WAPA and TANC standards, and the State of California Public Utility Commission Rules
for Overhead Electric Line Construction. Conductors will match or exceed the conductor size of the
existing WAPA line.

6/22/2021 REPORT | HC Feasibility Study Report_June_2021.Docx 3-7



3-8

l— 1.0 mi i 1.2 mi i

NEW 230kV LINE
TO WAPA (NORTH LINE)

NEW 230kv UNE

1.7 mi

TO COLUSA
SUBSTATION

|

FUNKS/TRR <<
NEW 230KV UNE — |
FUNKS /TRR “\
o
N

NEW 230KV UNE
TO WAPA (SOUTH UNE)

EXISITNG WAPA 230kV KESWICK—O'BANION LINE
EXISITNG WAPA 230kV OLINDA—Q'BANION LINE

EXISITNG TANC 500kV LINE
EXISITNG PG&E 230kV LINE
EXISITNG PG&E 230kV LINE
EXISITNG PG&E 230kV LINE
EXISITNG PG&E 230kV LINE

TO SITES

RESERVOIR 1.1 mi 3.9 mi

Figure 6. Schematic of WAPA POI Option
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Figure 7. Schematic of PG&E POI Option

Two, new, 230 kV, radial lines will also be constructed between the Funks and TRR substations, on
double-circuit, steel, monopole structures, for a length of approximately 3.9 miles. H-Frame

construction will be used at the crossings below the TANC 500 kV Line, the two WAPA 230 kV lines, and
the four PG&E lines.

Although the structures between Funks and TRR will be designed to accommodate two 230 kV circuits, it
is possible that only one circuit will be initially installed. The conductor will be 795 kcmil ACSR.

6/22/2021 REPORT | HC Feasibility Study Report_June_2021.Docx 3-9



PG&E POI Option

This option proposes to loop one of the existing PG&E 230 kV transmission lines into and out of the TRR
substation, as shown schematically on Figure 7. The looped, double-circuit, steel monopole line will be
approximately 1.7 miles, in a generally easterly direction to TRR-East or approximately 0.7 mile to TRR-
West. Two, new, monopole-pole, single-circuit structures will be cut into the existing transmission line;
and the existing wires between these two structures will be removed. Conductors will match or exceed
the conductor size of the existing PG&E line.

Two new 230 kV radial lines will also be constructed between the TRR and Funks substations, on
double-circuit, steel monopole structures, for a length of approximately 3.9 miles to TRR-West and
approximately 1.5 miles to TRR-West. Single- or double-circuit, steel, H-Frame pole construction will be
used at the crossings below the existing TANC 500 kV Line, the two WAPA 230 kV lines, and the four
PG&E lines, to achieve proper minimum phase-to-phase and phase-to-ground clearances, in accordance
with WAPA and TANC standards, and the State of California Public Utility Commission Rules for Overhead
Electric Line Construction.

Although the structures between Funks and TRR will be designed to accommodate two 230 kV circuits, it
is possible that only one circuit will be initially installed. The conductor will be 795 kcmil ACSR.
Substations

Each pumping/hydroelectric generator substation at the TRR and Funks Reservoir will have a new 230 kV
to 13.8 kV substation. The substations will service a net pumping energy demand, estimated at 80 MVA
at Funks and 90 MVA at the TRR site, totaling 170 MVA of demand load.

In terms of generation, estimates indicate that Funks Reservoir will have a net generating capacity of
38.3 MVA and that TRR will have a net generating capacity of 25.6 MVA. The project’s total net
generating capacity to the grid is estimated to be 63.9 MVA.

The project estimated pumping energy requirements and power generation are summarized as shown
in Tables 11 and 12.

Table 11. Project Pumping Summary

Total Pumping
Transformer Power @ 0.85
Net Pumping Power | Other Auxiliary and T Line Total Pumping Power Factor (PF)
Site (MW) Loads (MW) Losses (MW) Power (MW) (MVA)
Funks 67.1 1 0.1 68.2 80.2
TRR 75.4 1 0.1 76.5 90.0
Total 142.4 144.7 170.2
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Table 12. Project Generating Summary

Transformer Total Power
Net Generating Other Auxiliary and T Line Total Power Generation @ 0.85
Site Power (MW) Loads (MW) Losses (MW) Generation (MW) PF (MVA)
Funks 334 1 0.1 34.5 38.3
TRR 219 1 0.1 23.0 25.6
Total 55.3 57.5 63.9

The substations will be designed to for the total pumping power requirements (import) or total
generation requirements (export).

3.8 Site Civil and Roadway Improvements
Site Civil
Funks Area

The proposed Funks PGP site is located in Colusa County, on the northwestern side of the existing Funks
Reservoir. Access is provided to both the southern and northern ends of the site, as described in the
roadway improvement section.

Asphalt concrete-paved, onsite, vehicular access will be provided between the proposed PGP and
substation, with facility spacing to accommodate an operational crane with outriggers extended. Asphalt
concrete-paved, onsite parking and vehicular access will also be provided at the two buildings on site,
the maintenance and storage building, and the administrative and operations building. Additional gravel
parking will be provided near the pumping generating plant.

The proposed substation and overall site will be enclosed by a security fence (6-foot-tall, chain-link
fabric with 1-foot of three-strand barbed wire on top) with 30-foot-wide, double-swing access gates on
the southern and northwestern sides. The switchyard will have internal gates as well as one external
gate to accommodate access requirements.

Site drainage will be conveyed offsite directly into the Funks Reservoir via gentle swales or overland
flow. Offsite stormwater runoff will be collected on the western side of the site in a ditch and conveyed
around the site and into the Funks Reservoir.

The proposed Funks PGP site is in a Federal Emergency Management Agency (FEMA) Area of Minimal
Flood Hazard, Zone X.

TRR Area

The proposed TRR is located in Colusa County, north of the GCID Main Canal and just West of
McDermott Road. The site will be accessed via a maximum 30-foot-wide asphalt concrete, paved road
from McDermott Road. Paved parking will be provided near the pumping generating plant.

Vehicular access will be provided inside the proposed switchyard, as well as to the pumping generating
plant and inlet and outlet structures, with facility spacing to accommodate an operational crane with
outriggers extended. The proposed switchyard and overall site will be fenced with 7-foot chain-link
fence and access gates on the southern and eastern sides.
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Site drainage will be conveyed offsite to the existing GCID Main Canal or directly into the TRR via gentle
swales or overland flow.

The proposed TRR site is located within a designated FEMA Special Flood Hazard Areas, Zone A, Without
Based Flood Elevation. A base flood elevation will need to be determined prior to project approval.

Roadway Improvements

Funks Area

The Funks PGP site will be accessed via a 30-foot-wide asphalt, concrete-paved road from Maxwell Sites
road to the south. Existing gravel and roads will be improved to be 30 feet wide with asphalt concrete
surfacing for the southern access; these will be relocated through the PGP site. A 30-foot-wide gravel
bypass road may be provided to the west of the site. On the northern side of the site, the existing dirt
road will be improved to be a 30-foot-wide gravel road that will follow the existing road alignment until
it reaches the TRR pipeline. At that location, a new 30-foot-wide access road will be built alongside the
Funks and TRR pipelines to the connection with the Sites tunnels.

Most of the road is within a FEMA Area of Minimal Flood Hazard, Zone X, but a portion of the existing
gravel road to the northwest of the PGP site and adjacent to the existing creek is located within a FEMA
Special Hazard Flood Area without Base Flood Elevation, Zone A. This portion may need to be raised if
all-season access from that direction will be required.

TRR Area

The TRR and site improvements will be accessed via the existing McDermott Road. No roadway
improvements are anticipated on existing roads.

3.9 Summary of Other Analysis

Additional analysis was conducted for the Sites Project as follows and found in Appendices to this
report:

e Utilizing proposed pipeline and other facilities to convey emergency drawdown of Sites
Reservoir (Appendix E)

e Option to provide 10 cfs of base flow to the head of Funks Creek (Appendix F)

e Evaluation of potential hydroelectric revenue (Appendix G)
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4.0 Acronyms and Abbreviations

ACSR
AISC
ANSI
Authority
CAISO
CBC

cfs

CcMU
FEMA

FS

PF

PG&E

PGP

POI
Reclamation
ROW

rpom

SIS

TANC

TCC

6/22/2021

aluminum conductor steel reinforced
American Institute of Steel Construction
American National Standards Institute
Sites Project Authority

California Independent System Operator
California Building Code

cubic foot per second

concrete masonry unit

Federal Emergency Management Agency
facilities study

Glenn-Colusa Irrigation District
Interconnection Agreement

inner diameter

Institution of Electrical and Electronics Engineers, Inc.
Joint Powers Authority

kilopounds per square inch

kilovolt

motor protection relay

millivolt-ampere

megawatt

permanent easement

power factor

Pacific Gas & Electric

Pumping Generating Plant

point of interconnection

U.S. Bureau of Reclamation

right-of-way

rotation per minute

system impact study

Transmission Agency of Northern California

Tehama-Colusa Canal
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TCE
TO
TRR

WAPA
WSE
WSP

temporary construction easement
Transmission Operator

Terminal Regulating Reservoir

volt

Western Area Power Administration
water surface elevation

welded-steel pipe
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Transmission Pipelines Design Criteria

Subject

Criteria

Comments/Reason

Survey and Mapping

Horizontal Drawing Scale

1 inch = 200 feet (ft)

Vertical Drawing Scale

1linch =20 ft

Photo Plans 0.2-ft pixel resolution at 50 scale
Contours 2 ft minor
10 ft major

Pipeline Sizing/Hydraulics

Maximum Velocity
(normal)

10 ft per second

Maximum Velocity
(emergency)

35 ft per second

Largest Standard Pipe

12-foot inside diameter

This is largest common pipe to be
transported as fabricated. Larger
pieces are considered special and
excluded from this requirement.

Head Loss

Dynamic head determined using Hazen-
Williams value of:

Cuw = 120 (high friction case)

Chw = 145 (low friction case)

Pipe Inside Diameter

Varies

Pressure Considerations

Working Pressure = varies

Design Pressure = varies

Applies for design of the pipeline fittings,
specials, and appurtenances

Maximum Surge = not to exceed 1.33 times the
design pressure

Test Pressure = not to exceed 1.25 times the
design pressure

Drawings

Hydraulic profile(s) will be included in the
drawings.

Horizontal Alignment

References

American Water Works Association (AWWA).
Concrete Pressure Pipe (M9) 3" Edition.
American Water Works Association (AWWA).
Steel Pipe — A Guide for Design and Installation
(M11) 5t Edition.

Drawing Layout

Stationing will be shown on the drawings.
Northing/Easting will be shown at horizontal
points of intersection (HPIs).

Locations of appurtenances shown on the
drawings.
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Transmission Pipelines Design Criteria

Subject

Criteria

Comments/Reason

Horizontal Bends

Combine horizontal and vertical angle points
wherever possible and call out as “Combined
Bend” in the plan view.

Bends less than or equal to 3.75° or %”
maximum pullout can be made with standard
joint deflection in the field at the joints that fall
on either side of the HPI.

Larger bends than standard joint deflections
can be made using a beveled end joint on either
side of the location of the HPI. Maximum bevel
at any joint not to exceed 5°.

Bends greater than 5° are made using
fabricated elbows.

Horizontal curves are identified on the
drawings.

Vertical Alignment

References

American Water Works Association (AWWA).
Concrete Pressure Pipe (M9) 3™ Edition.
American Water Works Association (AWWA).
Steel Pipe — A Guide for Design and Installation
(M11) 5% Edition.

Drawing Layout

Minimal slopes shown in ft/ft between vertical
points of intersection (VPIs). VPI elevations
control actual slope. Minimum slope = 0.001
ft/ft or 0.1%. Avoid flat (0% slope) reaches.
Surface slopes greater than 10% may require
trench cutoff walls.

Minimum cover over pipe is 6 ft unless
otherwise approved.

Pipe stationing and centerline elevations will be
shown at VPlIs.

Utility Crossings

Maintain a minimum clearance (as coordinated
with utility owner) between utilities crossing
the water pipeline to be identified in future
submittals.

Vertical Bends and
Curves

Combine horizontal and vertical angle points
wherever possible and call out as combined
point of intersection in the plan view.

Bends less than or equal to 5° can be made with
standard joint deflection in the field at the
joints that fall on either side of the HPI.

Larger bends than standard joint deflections
can be made using a beveled end joint on either
side of the location of the VPI. Maximum bevel
at any joint not to exceed 5°.
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Transmission Pipelines Design Criteria

Subject

Criteria

Comments/Reason

Bends greater than 5° are made using
fabricated elbows.

Pipe Material

References

For steel coil, refer to American Society for
Testing and Materials (ASTM) A1018/A1018M
for specification of structural steel.

For steel plate, refer to ASTM A516/A516M for
specification of structural steel.

American Society of Civil Engineers. Steel
Penstock Design Manual of Practice (MOP) 79.
American Water Works Association (AWWA).
C200-05.

Material

In accordance with AWWA C200:

Coils: ASTM A1018/A1018M Structural Steel
Grade 36, Type 2 Modified

1. Manganese: 1.5% maximum

2. Aluminum: 0.02% minimum

3. Phosphorus: 0.025% maximum

4. Sulphur: 0.015% maximum
Plate: ASTM A516/A516M Grade 65
Yield strength: 42 kilopounds per square inch
(ksi), minimum
Tensile strength: 63 ksi, minimum
Maximum measured yield strength 85% of
measured tensile strength
Min Elongation: 21% in 2-in gauge length
Carbon equivalent (CE) <0.45

Fully killed, fine-grained practice, continuous
cast

Toughness: 25 ft-lbs at 30°F for pipe wall
thickness 7/16 in or above, per Charpy Test

Minimum Wall Thickness

See Pipe Structural Section.

Standard Barrel Length

40 ft maximum.

Pipe Structural Section

References

AWWA M11 5t Edition.
AWWA C200-05.
ASCE MOP No. 79 — Steel Penstocks.

Procedure (see brief
procedures below)

1. Minimum handling
2. Hoop stress (Barlow)

3. External loading (Spangler, soil buckling,
highway, railroad, construction, and
vacuum)

4. Longitudinal stress

6/22/2021
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Transmission Pipelines Design Criteria

Subject

Criteria

Comments/Reason

5. Biaxial stress
6. Collapse (Stewart’s)
7. Mitered bend wall thickness

Internal Pressure

Values determined using pump station
hydraulic analysis and system surge analysis.

Factory Test Pressure

In accordance with AWWA C200 5.3.

(1) Minimum Handling

thickness = D/240

(2) Hoop Stress

Barlow formula

P=2tS/D, where S = the allowable hoop stress as
described in the right-hand column. AWWA
M11 §4.1.

(3) External Loading
Spangler
Soil Buckling

Deadload (DL): based on actual unit weight of
backfill material. AWWA M11 §6.4.

Live load (LL): based on HS-20 highway loads
and E-80 railroad loads, per AWWA M11
Chapter 6.

Construction loading per AWWA M11 Chapter 6
using extreme external LL from a large loader.

AWWA M11 §6.8. Pipe is required to withstand
full vacuum in the soil buckling analysis.

External load combinations applied for
determining soil buckling are as follows:

1. DL+ LL (Construction)

2. DL + LL (HS-20)

3. DL+ LL (E-80)

4. DL + PV (Internal Vacuum Pressure)

(4) Longitudinal Stresses

Evaluate for the following two conditions:
1) warm weather temperature installation; 2)
bulkhead stresses.

Pipe wall and joint selection must be consistent
with the condition that proves to be the limiting
case.

For longitudinal joint stresses, joint efficiencies
are:

e = 0.45 (single-welded lap)

e = 0.55 (double-welded lap)

e = 0.70 (butt weld, no radiographic test [RT])
e = 0.85 (butt weld, partial RT)

e = 1.00 (butt weld, full RT)

AWWA C206 for guidance on welding
procedures.
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Transmission Pipelines Design Criteria

Subject

Criteria

Comments/Reason

Warm Weather
Installation

Warm weather installation allowable working
longitudinal stress is the lesser of:

1. Tensile strength divided by 2.4, or
2. Yield strength divided by 1.5, or

3. The lesser of the above multiplied by the
joint efficiency to obtain the allowable
working longitudinal stress

The allowable working longitudinal stress has to
be greater than the longitudinal stress as
calculated per AWWA M11, Chapter 8. The
temperature stress is divided by the thermal
load stress multiplier to calculate the
longitudinal stress.

Bulkhead Stresses

Allowable working longitudinal stress is the
lesser of tensile strength divided by 2.4, yield
strength divided by 1.5, or allowable hoop
stress multiplied by the joint efficiency.

The allowable working longitudinal stress has to
be greater than the bulkhead stress, which is
50% of the hoop stress.

(5) Biaxial Stress

Cold Weather
Installation

Cold weather installation allowable working
biaxial stress is the lesser of yield strength
divided by 1.5, or tensile strength, divided by
2.4. The lesser of the above two values is
multiplied by the joint efficiency of the spiral
weld.

The allowable working biaxial stress has to be
greater than the Von Mises Biaxial Stress as
directed by ASCE Manual 79, Chapter 3.

The temperature stress is divided by the
thermal load stress multiplier to calculate the
longitudinal stress and the biaxial stress.

Spiral Weld Joint Efficiency = 0.85

(6) Collapse

Stewart’s Formula:

Collapsing pressure determined using AWWA
M11 §4.4.

Stewart’s Formula only applies in locations
listed in the column to the right and if negative
pressures are calculated from the surge analysis
at those locations.

(7) Mitered Bends

Thickness of mitered bends determined using
procedure in AWWA M11 Chapter 9.

Soil Loads

In accordance with depth per unit soil weights
from geotechnical reports (to be published).

Thrust Forces for Bends
and Valves

AWWA M11 Chapter 13.
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Transmission Pipelines Design Criteria

Subject

Criteria

Comments/Reason

Pipe Joints

References

AWWA C200-05.
AWWA C207.
AWWA C208.
AWWA C219.

American Society of Mechanical Engineers
(ASME) Boiler and Pressure Vessel Code (BPVC)
Section VIII, Division 1, Part 2.

ASME 16.5 and ASME 16.47.

Joint Types

The standard field joint is single-welded lap.
Other welded joints include double-welded lap,
butt joint welds, and butt strap welds.

Flanged joints or restrained flexible joints may
be used at connections as described below.
Strength of welded joint efficiency as stated in
AWW M11.

Butt strap welds have the same joint efficiency
as a double-welded lap joints.

Special Joints

Flexible-type pipe coupling with harness
restraints per modified AWWA M11 and AWWA
C219.

Flexible-type couplings configured as a
dismantling joint in accordance with AWWA
C219. Provide with suitable thrust restraining
capability.
Insulating joints depend on soil corrosivity.
Generally, provide insulating joints at:

e Connections to pump stations

e Between pipe in low-resistivity soils

and pipe in high-resistivity soils
e Upon entering and/or exiting vaults

e Connections to electrically grounded
equipment (valves) within vaults

Use flanged joints as follows:

e Flanged joints are used at combination
air-release vacuums (CARVs), blowoffs,
and other locations as needed

e ASME B16.5 and ASME B16.47, class
150 or class 300, bolted flanges for
pipe where appropriate

Use restrained flexible joints as follows:

e Restrained flexible joints are used
downstream of the blowoff riser pipe
and blowoff pump well
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Transmission Pipelines Design Criteria

Subject

Criteria

Comments/Reason

Thrust Restraint

Do not use unrestrained joint system unless it
has been verified that no forces must be
restrained at a particular joint.

Use full force (PA) as basis for thrust design.
Flexible couplings: anchor each side of coupling
for resultant axial thrust force.

Fittings: for fully restrained pipeline consider
longitudinal force as described in AWW M11.
Restrained Dismantling Joint: anchor each side
of coupling across the joint for resultant axial
thrust force.

Elbows, Tees, Wyes,
Bends

Comply with AWWA C208.

Minimum radius = 2.5 times pipe outer
diameter, unless designed for smaller radius per
AWWA C208.

Use elbows as follows:
e 2-piece (0° to 22.5° deflection angle)
e 3-piece (22.5° to 45° deflection angle)
e 4-piece (45° to 67.5° deflection angle)
e 5-piece (67.5° to 90° deflection angle)

Nozzles, Dished Heads,
and Test Heads

Design in accordance with ASME BPVC, Section
VIII, Division 1.

Pipeline Testing

References

AWWA C206.
AWWA M11.
ASME BPVC, Section IX.

American Welding Society (AWS) D1.1 for field
welds.

Hydrotesting

AWWA M11 Chapter 12.

Test pressure not to exceed 125% of the
conservative design pressure.

Hydrostatic testing required for the main
pipeline and includes the blowoff isolation
valve, CARV, and related appurtenances.
Maximum filling velocity not to exceed 1.0 feet
per second, with calculated based on the full
area of pipe.

Hydrotesting of the blowoff piping and related
appurtenances downstream of the blowoff
isolation valve will not be required.

Pipe with welded joints and flange joints to
have zero allowable leakage.
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Transmission Pipelines Design Criteria

Subject Criteria Comments/Reason
Field-welded Joint Test in accordance with ASME BPVC Section IX
Testing for shop welds and AWS D1.1 for field welds.

Field Single-Welded Lap Joints:

Visual inspection of 100% of welds plus 100%
full circumference liquid penetrant (PT) or
magnetic particle (MT) test on single lap welds.
Field Double-Welded Lap Joints and Butt Strap
Joints:

Visual inspection of 100% of welds plus test
double-welded lap joints and butt strap joints
by pressurizing welds to 40 pounds per square
inch and painting welds with soap solution. In
addition, perform 100% full circumference PT or
MT test on double-lap welds and butt strap
joints.

Field Butt Joint Joints:

Visual inspection of 100% of welds plus full
circumference spot RT test on butt joint welds.

Protective Coatings and Linings

References AWWA C209
AWWA C214
AWWA C216
AWWA C222.
Pipe Coating Tape Coating System per AWWA C217, AWWA

C216, AWWA C214 and AWWA C209.
Polyurethane Coating System per AWWA C222
except as modified herein:

Self-priming, plural component, 100 percent
solids, polyurethane, suitable for burial or
immersion, and the product of one of the
following approved manufacturers:

e  Futura Coatings (Protec Il), Hazelwood,
Missouri.

e Chemline (Chemthane 2261/2265), St
Louis, Missouri.

Pipe Lining Cement Mortar Lining per AWWA C205.
Velocity from 0 to 15 feet per seconds (fps)
meets requirements for cement mortar lining.

Velocities greater than 15 fps are polyurethane
lined per AWWA C222.

Pipe Fittings Coat buried connections, flanges, and any other
irregular shapes with petrolatum or wax tape
per AWWA C217. Use filler to create a smooth
regular surface before applying petrolatum or
wax tape.
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Transmission Pipelines Design Criteria

Subject Criteria Comments/Reason

Coat buried welded joints with heat-shrinkable
sleeves per AWWA C216.

Wax tape coat buried accessways, per AWWA
C217.

Pipeline Appurtenances

References AWWA M11, 5t Edition.
ASME BPVC, Section VIII, Division 1.

General No above ground pipeline appurtenances shall
be constructed within Jurisdictional Waters of
the United States or non-jurisdictional wetland.

Manway Access Accessways are provided every 2000 feet +/- These criteria are based on the
Accessways are provided within 20 ft of vertical | desire of Sites JPA to have access
bends at the top of pipeline slopes that are manways. However, it is to be
greater than 12 percent grade. determined whether Sites wants

Accessways not associated with CARV vaults are | 3CC€SS manways or not.

buried.

Accessways are combined with CARV vaults
where possible to reduce number of buried
access manways.

Mainline accessways are minimum 30-in
diameter with a blind flange top access.
Accessway outlets are designed per AWWA
M11.

Pipeline Isolation Valves | There are no mainline isolation valves on the
pipeline except where required for operations.

Combination Air Valves Design air valves for the following conditions:

(Air/Vacuum Release) e To evacuate air during pipeline filling

at a filling velocity of 1 fps.

e To allow air to enter during pipeline
draining at rates defined in the Blowoff
operations sequence.

e To meet the requirements defined by
surge analysis.

e To allow air to enter to prevent
vacuum conditions during a 24-in
diameter rupture.

* |ntermediate air valves, as described in
AWWA M-51 to release air at locations
other than highpoints will not be
installed.

Sizing the CARV is based on the following
additional criteria:

e Maximum differential pressure across
the CARV during pipe draining or
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Transmission Pipelines Design Criteria

Subject Criteria Comments/Reason
emergency pipeline rupture as
recommended by valve manufacturer.

e Maximum differential pressure across
the CARV during filling as
recommended by valve manufacturer.

e Minimum seating pressure above
CARV orifice as recommended by valve
manufacturer.

Blowoff Assemblies Design flow for blowoffs are based on the
smallest of:

e Resulting flow if the maximum velocity
in the main pipeline during draining is
2 ft/s

e Resulting flow based on the discharge
drainage channel not exceeding a
maximum allowable downstream
discharge capacity equal to the
channel’s 2-year storm event

e Resulting flow if the maximum velocity
in the blowoff piping is 12 ft/s

Every low point within the system is designed
with a blowoff.

Minimum cover above blowoff piping is 2.5 ft.
Blowoff piping minimum slope from pump well
is 1%.

Earthwork and Trench

Site Preparation Construction activities will not be allowed
outside of designated work limits as shown on
the drawings.

Trench Method of excavation to be determined during
final design using recommendations presented
in the applicable geotechnical report(s).
Requirements within levee prisms and berms
will be determined in later stages of design
following discussion with U.S. Army Corps of
Engineers and Divisions of Safety of Dams.
Minimum trench width:

e When controlled low strength material
(CLSM) is used for pipe zone material,
minimum trench width is the pipe
outer diameter plus 12 in clear
(horizontally) on each side (typical).

e When granular fill is used for pipe zone
material, minimum trench width is the
pipe outer diameter plus 18 in clear
(horizontally) on each side (typical).
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Transmission Pipelines Design Criteria

Subject

Criteria

Comments/Reason

Groundwater

Groundwater is expected to be encountered
mostly at drainage crossings.

Pipe Bedding Material

CLSM or a well-graded granular material to be
used as bedding material.

In areas where CLSM is required for pipe zone
material, CLSM will be required as bedding
material. The water pipeline will be supported
beneath the haunches with sand bags or native
material when CLSM is used.

In areas requiring over excavation for trench
stabilization, use a suitable foundation
stabilization prior to placing bedding material.

Requirements within levee prisms and berms
will be determined in later stages of design
following discussion with U.S. Army Corps of
Engineers and Divisions of Safety of Dams.

Pipe Zone Material

The pipe zone is defined as the area from the
bottom of the pipe bedding to a minimum of 12
inches above the top of pipe, including the full
width of the trench.

CLSM or a well-graded granular material is used
as backfill within the pipe zone unless
otherwise specified in applicable geotechnical
report(s) or hydrologic/scour report(s).

CLSM is used as backfill from the bottom of the
pipe bedding to a minimum of pipe springline.
Requirements within levee prisms and berms
will be determined in later stages of design
following discussion with U.S. Army Corps of
Engineers and Divisions of Safety of Dams.

Trench Zone

The trench zone is from the top of the pipe
zone to the bottom of the specified surface
restoration, including the full width of the
trench.

Native or imported soil, loam, or other material
suitable for use as backfill and is required to
meet the requirements of applicable permits.
Marking tape is required to be installed in the
center of the trench 1 ft above the top of the
pipe at the pipe centerline.

Requirements within levee prisms and berms
will be determined in later stages of design
following discussion with U.S. Army Corps of
Engineers and Divisions of Safety of Dams.
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Transmission Pipelines Design Criteria

Subject

Criteria

Comments/Reason

Minimum Depth of
Pipeline

Generally minimum bury depth is 6 ft.

Some locations, including drainage crossings,
road crossings, and utility crossings may require
an increased minimum bury depth.

See Vertical Alignment criteria for minimum
bury depths.

Disposal of
Excess Trench Material

Contractor to submit excavation and disposal
plans per the specifications.

Finished Grading

Restore site to pre-construction conditions; no
enclosed depressions allowed and no
alterations to existing drainage ways allowed.
Restoration is required to meet the
requirements of applicable permits.

Revegetation
Requirements

Revegetate per local jurisdictional standards,
and applicable permit requirements.

Trenchless Crossings

References

CI/ASCE 36-01, Standard Construction
Guidelines for Microtunneling.

ASCE 27-00, Standard Practice for Design of
Precast Concrete Pipe for Jacking in Trenchless
Construction.

Borings and Sampling

A minimum of two soil borings should be
completed at each trenchless crossing: one
located at the launching pit/shaft and one at
the receiving pit/shaft. The need for additional
borings should be evaluated based on
geotechnical recommendations.

Continuous standard penetration test sampling
should extend from at least 10 ft above to 10 ft
below the proposed pipeline zone. Provide a 5

ft minimum sample interval at all other depths

within the borehole.

CI/ASCE 36-01, Standard
Construction Guidelines for
Microtunneling, suggests that a
typical average final boring
spacing should be on the order of
300 ft. Larger or smaller spacing
may be appropriate depending
on geologic variability and
uncertainties remaining after
initial phase borings are
completed.

Piezometers

Piezometers should be installed on borings
where ground water is expected. Consult
geotechnical engineer regarding piezometers in
saturated, clayey soils.

Groundwater levels and level
fluctuations with time and
seasonal precipitation and
stream level changes are
important to determine.
Piezometers are monitored at a
regular interval (at least bi-
monthly) during the design phase
such that at least 6 months of
monitoring may be reported.

A-12

REPORT | HC Feasibility Study Report_June_2021.Docx

6/22/2021



Transmission Pipelines Design Criteria

Subject

Criteria

Comments/Reason

Permeability

Slug testing is completed within installed
piezometers to indicate ground mass
permeability.

Ground mass permeability is very
important for proper design and
management of shafts, launch
and reception portals and
trenchless construction.

Groundwater Quality

Water samples are properly taken and sent to
an analytical laboratory to test for pH,
corrosiveness, and dissolved methane,
hydrogen sulfide, or volatile organic compounds
(VOCs).

Corrosivity data is needed for
casing and pipeline design. Extent
of dissolved methane, hydrogen
sulfide and VOCs will provide an
indication on tunnel classification
as non-gassy, potentially gassy,
or gassy per Occupational Safety
and Health Administration
(OSHA) regulations.

Laboratory Testing
of Soil Samples

At a minimum, representative granular samples
are tested to determine grain size distribution
and distribution of fines if over 10%.
Representative cohesive samples are tested to
determine water content, Atterberg Limits, and
Unconfined Compressive Strength.

The need for additional testing will be based on
initial findings and recommendations from
geotechnical engineer.

Laboratory test data is needed to
help with soil unified soil
classification system
classifications and to provide
data for assessment of soil mass
groutability, slurry penetration
into ground mass, frac-out risk,
overload factors, convergence,
and Tunnelman’s Ground
Classifications.

Settlement Trough and
Potential Impacts

A settlement trough analysis is completed in
accordance with

New & O'Reilly, 1992 or an equivalent method.
Risk of damage is assessed for the resulting
settlement predictions.

Settlement trough analyses are
made for volume losses that are
achievable and reasonable for
the trenchless method selected.
If greater than acceptable
settlements and damage risk
results, more restrictive
trenchless methods can be
specified to reduce settlement
trough volumes or ground
improvement or compensation
grouting methods can be
specified to isolate the facilities
of concern from the ground
movement zone.
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Transmission Pipelines Design Criteria

Subject

Criteria

Comments/Reason

Heave and Frac-Out

Calculations and assessments are completed to
determine risk of heave damage or frac-out
(hydraulic fracturing) from excessive slurry
pressures, excavation chamber air pressures or
contact grouting pressures associated with
directional drilling or microtunneling
operations.

A high slurry pressure during
directional drilling or
microtunneling can result in frac-
out and flow of bentonite or
polymer slurry into Fountain
Creek. Excess slurry or contact
ground pressures could result in
unacceptable heave to the
freeway pavement or railroad
tracks.

Control of Water
and Face Stability

An assessment is made on feasibility and
potential impacts of dewatering of shaft or
shaft and trenchless zones. This assessment
considers the potential consequences of severe
face instability and ground loss resulting in
sinkholes. If dewatering is unlikely to reduce
face instability risk, specifications will require a
trenchless method with active face support
such as achievable with microtunneling.

Trenchless methods might
include directional drilling, open-
face pipe jacking or
microtunneling. Open-face
tunneling would require
dewatering to lower
groundwater levels to below the
tunnel zone. A dewatering
viability assessment considers
cost, difficulty of dewatering
interfaces between low and high
permeability ground, and
potential impacts of dewatering
such as water supply well
disruptions, migration of
contaminated groundwater or
drawdown-settlement.

Shaft Flooding

A construction phase maximum possible flood
level is determined. If one or more shafts are
located within the flood zone, measures to
minimize the risk of shaft and tunnel flooding
are designed or specified (such as higher shaft
top elevations, and temporary berms around
shaft rims).

Surface flooding of shafts or
tunnels can have catastrophic
impacts on health and safety and
tunneling equipment resulting in
high impact costs and major
delays.

Drive Length
and Jacking Force

If pipe jacking or microtunneling is selected, a
jacking force analysis is completed to help
determine viable drive lengths and any
requirements involving intermediate jacking
stations. The analysis should use the Bennett-
Cording method or similar.

Drive length should be evaluated
by final designer to determine if a
single drive pipe jack or
microtunnel is adequate of if
intermediate jacking stations are
needed.

GDR and Geotechnical
Baseline Report (GBR)

The initial phase site investigation (SI) work is
be presented in a geotechnical data report
(GDR) prepared in accordance with
Underground Technology Research Council
(UTRC), 1997. Essex, R.J. (ed.). Geotechnical
Baseline Reports (GBRs) for Underground
Construction — Suggested Guidelines and
Practices. Reston: American Society of Civil

Proper preparation of a GDR and
GBR that are consistent with the
specifications and other contract
documents on risk sharing is
critically important for trenchless
construction. The GBR is
prepared by the engineer and not
the Sl firm responsible for the
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Transmission Pipelines Design Criteria

Subject

Criteria

Comments/Reason

Engineers. During final design a GBR is prepared
by the final design team. The GBR is also
prepared in accordance with UTRC, 2006.

GDR. Final design will incorporate
baseline parameters (such as
boulders, ground type quantities,
and maximum groundwater
levels).

Specifications

Specifications are prepared with a proper
balance between performance and prescriptive
wording for the risks involved. Trenchless
specifications are likely to cover the following:

e Auger boring, tunneling or
microtunneling

e  Workshaft excavation and construction
e Ground support systems
e  Control of water

e Ground improvement (grouting) at
portals and critical zones (might also
include compensation grouting below
freeway or railroad tracks)

e Contact grouting of initial casing

e  Carrier pipe installation and backfilling
with low density cellular grout

e Geotechnical instrumentation and
monitoring for protection of adjacent
property

Performance specifications allow
the most contractor flexibility
and ingenuity and possibly the
best price, but in a low-bid
environment may result in
excessive risk taking and a high
change of construction problems
from use of inappropriate
equipment or methods. Fully
prescription specifications
essentially tell the contractor
what to do and result in too
much risk for the owner and
engineer. Generally, a balance
between performance and
prescriptive requirements will
result in more equitable bidding
and risk sharing.

Generally, more specifications on
specific topics are preferable to
fewer specifications covering
multiple topics. Better
specification clarity and
conciseness is achievable with
this approach.

Drawings Trenchless and trenchless monitoring details Final structural design of the

will be provided during final design. Details will | carrier pipe will be conducted

include minimum grout and lubrication port during final design and follow

requirements for casing pipe, carrier pipe industry standards. Drawings for

blocking and annular space requirements, shaft | the casing or carrier pipe may not

portal ground improvement, compensation show final structural design

grouting or ground improvement below depending on pipe type. A good

roadways and railroads (if required) and guideline for division of

geotechnical instrumentation details. responsibility and level of detail
in design and submittals is given
in ASCE 27-00, Standard Practice
for Design of Precast Concrete
Pipe for Jacking in Trenchless
Construction.
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Figure 26. Crack Through Guardrail Wall and
Spalled Concrete

Figure 27. Crack Through Guardrail Wall

Figure 28. Crack at Western Side of Inlet Figure 29. Crack at Eastern Side of Inlet
2.0 Conclusion

The overall condition of the siphons can be defined as good to satisfactory. However, Railroad Siphon included
localized areas in poor condition above grade. Deficiencies were noted at each facility. The deficiencies
observed appear to be items that can be addressed through future maintenance projects and do not pose an
immediate risk to the siphons. Implementing maintenance repair projects will help to preserve the structures’
integrity and extend their useful service life.

Walker Creek Siphon and Willow Creek Siphon do not have any immediate maintenance service needs.
Therefore, we believe that they have a long useful service life. Railroad Siphon has localized above grade
deficiencies that could benefit from maintenance activities. The above grade deficiencies which would benefit
from maintenance would fall into the railroad’s jurisdiction and are somewhat independent on the ability of the
siphon to convey water. Given the minor degradation observed at the below grade components of the Railroad
Siphon, we would conclude that the below grade components that convey water would have a long useful
service life.

This TM provides the results of the preliminary visual condition assessment. While a service life prediction is
beyond the scope of a visual assessment, should the need arise, additional analysis could be performed to
define a predicted service life of the structures. A service life analysis would consider decisions concerning the
end of service life related to safety, serviceability, functionality, and economic considerations. To make service
life predictions, information is required on the present condition of concrete and reinforcement, concrete
material properties, rates of degradation, past and future loading, structural analysis, and definition of the end
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of life. Based on remaining life predictions, economic decisions can be made on whether a structure should be
repaired, rehabilitated, or replaced.

The service life prediction would need to define the quantity of data to be accumulated, laboratory testing
procedures, desired accuracy of the predictions, and available budget for the predictive effort. Performing a
service life prediction is an in-depth numerical analysis that uses input parameters, based on field data,
laboratory testing, and environmental effects, to extrapolate the time from the present state to the condition
constituting the end of service life. Theoretical models should be developed in addition to empirical models to
give realistic predictions of the remaining service life.

3.0 Citations
ACI