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7.0 DESIGN OPTIONS

Section 7.0 describes the Design Options, formerly referred to as System Alternatives, considered for
the TWE Project. System Alternatives 1, 2 and 3, were initially suggested by TransWest in the
TransWest Express Transmission Project ROW Application SF 299 (Amended from December 2008)
January 2010 (TWE 2010b). TransWest amended the Preliminary ROW Application SF 299 to
eliminate System Alternative 1 from further consideration in August 2012. System Alternatives 2 and
3 are recommended by TransWest for inclusion in the FEIS and from here on are referred to as
Design Options 2 and 3.

e Section 7.1 provides an overview of Design Options 2 and 3.

e Section 7.2 describes the design options according to the conditions under which each design
option would meet the TWE Project purpose and need and the options’ specific components
and design characteristics.

e Section 7.3 discusses how the design options would differ from the proposed TWE Project
with respect to construction, operation, and maintenance practices.

e Section 7.4 provides a comparison of the design options to the proposed TWE Project.

7.1 Overview of Design Options

Design Option 2 — Design Option 2 would be an alternative system configuration, which would
replace the proposed TWE Project (Map Exhibit 6). This alternative would entail TransWest
constructing and operating a 3,000 MW, 600 kV DC transmission line approximately 375 miles in
length, from the Northern Terminal to a new AC/DC converter station near the existing IPP
Substation near Delta, Utah. From the new AC/DC converter station in Utah, a single circuit 1,500
MW, 500 kV AC transmission line, approximately 350 miles in length, would be constructed to one
of the existing substations in the Eldorado Valley, south of Boulder City, Nevada (Marketplace Hub).
Near the halfway point of the southern segment (AC segment), a 500 kV Series Compensation Station
would also be constructed.

Design Option 3 — Design Option 3 would be a phased approach to building and operating the
proposed TWE Project (Map Exhibit 7). This phased approach would entail construction of a 3,000
MW, £600 kV DC transmission line approximately 375 miles in length between the location of the
proposed Northern Terminal to the IPP substation near Delta, Utah and operated initially as a 1,500
MW, 500 kV AC transmission system. For AC operation, the initial phase of this design option would
require 500/345 kV substation connections near the IPP line in Millard County, Utah and construction
of a 500 kV series compensation station near the halfway point of the northern segment. Full
development of the TWE Project using this phased build out approach would involve constructing the
remaining portion of the 3,000 MW, +600 kV DC line from IPP to the Southern Terminal, south of
Boulder City, Nevada and converting operations to a DC system.
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7.2 Design Options’ Purpose and Need and Design Characteristics

7.2.1 Design Option 2 — DC from Wyoming to IPP, AC from IPP to
Marketplace Hub

Design Option 2 would meet the TWE Project’s stated objectives only if transmission capacity
becomes available and can be utilized to transmit energy delivered by the TWE Project from Delta,
Utah to Southern California. Under this design option, the delivery of energy to markets in the Desert
Southwest region would be through both the new 1,500 MW, 500 kV transmission line and through
the existing 2,400 MW, 500 kV DC transmission system, IPP’s ‘Southern Transmission System’
(STS), between Delta, Utah and Adelanto, California. Because capacity is not currently available on
the STS, Design Option 2 does not currently meet the TWE Project’s purpose and need. Should
capacity become available in the future, TransWest would only consider implementing this design
option under the conditions that sufficient capacity, approximately 1,500 MW, was commercially
available to transmit energy delivered by the TWE Project to California; and that TransWest is able to
establish commercial interconnection agreements with the utility owning and operating the IPP
transmission line (currently Los Angeles Department of Water and Power [LADWP]). TransWest
will provide the lead agencies with notice if a decision is made to implement Design Option 2.

Design Option 2 would replace the proposed TWE Project. This alternative would entail a 3,000 MW,
+600 kV DC transmission line approximately 375 miles in length, from the Northern Terminal to a
new AC/DC converter station near the existing IPP substation near Delta, Utah. From the new
AC/DC converter station in Utah, a single circuit 1,500 MW, 500 kV AC transmission line,
approximately 350 miles in length, would be constructed to one of the existing substations in the
Eldorado Valley, south of Boulder City, Nevada (Marketplace Hub). See Map Exhibit 6.

Design Option 2 would entail the following specific facilities and actions:

1. Construction of the Northern Terminal and ground electrode system (identical facilities to the
proposed TWE Project);

2. Construction of a new AC/DC converter station and an adjacent 500/345 kV AC substation
near the IPP in Millard County, Utah;

3. Construction of a ground electrode system within 50 miles of Delta, Utah;

4. Construction of a double circuit 345 kV AC line between the new 500/345 kV AC Substation
near IPP to the existing IPP 345 kV AC substation adjacent to the existing IPP AC/DC
converter station. The length of the double circuit 345 kV AC connection is estimated to be
less than five miles;

5. Construction of a +600 kV DC transmission line, approximately 375 miles long, from the
Northern Terminal to the new AC/DC converter station and associated 500/345 kV substation
near IPP (northern segment, similar to proposed TWE Project);

6. Construction of a single circuit, 1,500 MW, 500 kV AC line from the new 500/345 kV AC
substation near IPP to one of the existing Marketplace Hub substations in the Eldorado
Valley (southern segment); and

7. Construction of a series compensation station (similar to a small 500 kV substation) adjacent
to the 500 kV AC transmission line, near the halfway point in the 500 kV AC line southern
segment.
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Compared to the proposed TWE Project, Design Option 2 would: 1) replace the £600 kV DC
transmission line with a single circuit 500 kV AC line, from near IPP in Millard County, Utah to one
of the existing Marketplace Hub substations in Clark County, Nevada; 2) eliminate the Southern
Terminal and ground electrode system in Clark County, Nevada and replace these facilities with
similar facilities near IPP in Millard County, Utah; 3) construct additional new facilities, including a
500/345 kV AC substation, a double circuit 345 kV transmission line, less than five miles in length,
and a 500 kV series compensation station, near the halfway point in the 500 kV AC line.

Design Option 2 would require both a 500 kV single circuit AC configuration and a 345 kV double
circuit AC configuration. Design Option 2 would require a single circuit 500 kV configuration and
structures, similar to the structure design shown in Figures 21 and 22. The 500 kV single circuit
configuration would require three sets of conductor bundles, one steel shield wire, and one OPGW.
The components for the 500 kV structures including foundations, guys, anchors, conductors,
insulators, and associated hardware, overhead shield (ground) wires, and grounding rods, would be
similar to those described for the +600 kV DC transmission line.

One double circuit 345 kV transmission line would be required for Design Options 2 and 3. The 345
kV double circuit structures would be either self-supporting steel lattice towers or single shaft tubular
steel poles. Figure 22 shows a typical steel pole design. The 345 kV double circuit configuration
would require six sets of conductor bundles, one steel shield wire, and one OPGW. The components
for the 345 kV structures including foundations, conductors, insulators, and associated hardware,
overhead shield (ground) wires, and grounding rods, would be similar to those described for the +600
kV DC transmission line.

Map Exhibit 8 depicts the siting areas for the Design Option 2 AC/DC converter station, 500/345 kV
AC substation, ground electrode system, double circuit 345 kV connector line and the 500 kV series
compensation station. The substation would be located on one of the two parcels shown on the map.
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7.2.2 Design Option 3 — Phased Build Out

Similar to Design Option 2, this Design Option would meet the TWE Project’s stated objectives only
if transmission capacity becomes available and can be utilized to transmit energy delivered by the
TWE Project from Delta, Utah to Southern California. This initial delivery of energy to markets in the
Desert Southwest region would be through the existing 2,400 MW, 500 kV DC transmission system,
and IPP’s STS. This design option would meet the TWE Project’s objectives and is considered
feasible, however, it is more costly than building out the full system as a single non-phased project
and would only be required if the demand for Wyoming resources in the Desert Southwest proves to
be slower in development than expected. Construction of the line between Utah and Nevada, the
Southern Terminal and completion of the Northern Terminal would be phased, however, to occur at
some point in the future when market demands warrant converting the line’s operation from 1,500
MW to 3,000 MW.

Should capacity become available, TransWest would only consider implementing this design option
under the condition that sufficient capacity, approximately 1,500 MW, was commercially available to
transmit energy delivered by the TWE Project to California; and that TransWest is able to establish
commercial interconnection agreements with the utility owning and operating the IPP transmission
line (currently LADWP). A market analysis would also need to be completed with results showing a
phased approach to be commercially beneficial. TransWest will provide the lead agencies with notice
if a decision is made to implement Design Option 3.

Design Option 3 is similar to the proposed TWE Project, except the project would be built and
operated in phases. This phased approach would entail construction of a 3,000 MW, +600 kV DC
transmission line approximately 375 miles in length between the location of the proposed Northern
Terminal to the IPP substation near Delta, Utah and operated initially as a 1,500 MW, 500 kV AC
transmission system. For AC operation, the initial phase of this design option would require 500/345
kV substation connections near the IPP in Millard County, Utah and construction of a 500 kV Series
Compensation Station near the halfway point of the northern segment. Full development of the TWE
Project using this phased build out approach would involve constructing the remaining portion of the
3,000 MW, £600 kV DC line from IPP to the Southern Terminal, south of Boulder City, Nevada and
converting operations to a DC system (see Map Exhibit 7).

The TWE Project would be energized in phases. Phase 1 would entail the following:

1. Construction of the 500 kV substation portion of the Northern Terminal. The adjacent
AC/DC converter station in Wyoming would be built in Phase 2;

2. Construction of a 500/345 kV AC substation in the vicinity of the existing IPP 345 kV
substation near Delta, Utah;

3. Construction of a single circuit 500 kV AC line from the Northern Terminal near Sinclair,
Wyoming to the new 500/345 kV AC substation near IPP (northern line segment). The single
circuit 500 kV AC line would be designed to operate at both 500 kV AC and £600 kV DC for
easy conversion to £600 kV DC operation;

4. Construction of a 500 kV series compensation station near the halfway point of the 500 kV
AC northern line segment;
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5. Construction of a double circuit 345 kV transmission line connecting the new 500/345 kV
AC substation to the existing IPP 345 kV substation. The length of the double circuit 345 kV
AC connection is estimated to be less than five miles; and

6. Energization of Phase 1 of Design Option 3 as a 1,500 MW, 500 kV AC system.
Phase 2 would entail the following:

1. Construction of the AC/DC converter station portion of the Northern Terminal in Wyoming
and construction of the entire Southern Terminal in Nevada;

2. Construction of the ground electrodes for both the Northern and Southern Terminals (see
Map Exhibits 4 and 5);

3. Construction of the 600 kV DC transmission line between IPP and the Southern Terminal
(southern line segment);

4. Removal of the connection to the IPP substation at Delta, Utah and connecting the Phase 1
500 kV AC line (constructed during Phase 1, designed for conversion to +600 kV DC and
operated at 500 kV AC during Phase 1) to the Phase 2 £600 kV DC line between Delta, Utah
and the Southern Terminal;

5. Convert the operation of the TWE Project to a 3,000 MW, £600 kV DC system;

6. Decommission the 500/345 kV AC substation at IPP;

7. Decommission the double circuit 345 kV transmission line at IPP; and

8. Decommission the series compensation station on the 500 kV AC northern line segment.

Design Option 3 would utilize the same transmission corridor as the proposed TWE Project.
Construction of the Northern Terminal in Wyoming would occur in phases. Phase 1 would require the
construction of the AC substation portion of the Northern Terminal complex. In Phase 2, the AC/DC
converter station portion of the Northern Terminal complex would be constructed adjacent to the 500
kV AC substation constructed in Phase 1, completing the Northern Terminal. The AC operation of the
northern line segment would require the construction of a 500/345 kV substation near IPP. Upon
conversion of the line to DC operations, this 500/345 kV substation would be decommissioned along
with the double circuit 345 kV line. The 500 kV AC line constructed in Phase 1 from Wyoming to
Utah (northern line segment) would be designed and constructed as a DC line to a criteria that would
enable it to be initially operated at 500 kV AC and then converted from 500 kV AC operation to £600
kV DC operation. No further changes to the transmission line would be required to convert the line
from AC to DC operation. AC operation of the northern line segment would require the construction
of a 500 kV series compensation station near the halfway point of this segment. Upon conversion of
the line to DC operations, this 500 kV series compensation station would be decommissioned.

Phase 1 of Design Option 3 would require a single circuit 500 kV AC configuration designed and
constructed to meet the +600 kV DC criteria. The typical Phase 1 single circuit 500 kV AC structures
would be similar in appearance to those shown in Figures 21 and 22. The single circuit 500 kV AC
configuration would require three sets of conductor bundles, one steel shield wire, and one OPGW.
The conversion from 500 kV AC to +600 kv DC would not require physical changes to the structure
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or wire system constructed in Phase 1 as one of the three conductor bundle sets would be de-
energized and left in place.

Phase 1 of Design Option 3 would also require one 345 kV double circuit transmission line. The 345
kV double circuit structures would be either self-supporting steel lattice towers or single shaft tubular
steel poles. Figure 22 shows a typical steel pole design. The 345 kV double circuit configurations
would require six sets of conductor bundles, one steel shield wire, and one OPGW. The components
for the 345 kV structures including foundations, conductors, insulators, and associated hardware,
overhead shield (ground) wires, and grounding rods, would be similar to those described for the +600
kV DC transmission line.

Map Exhibit 9 depicts the siting areas for the Design Option 3 components, including the 500/345 kV
AC substation, double circuit 345 kV connector lines and the 500 kV series compensation station.

7.3 Construction, Operation and Maintenance Activities of Design
Options

The construction, operation, and maintenance activities described for the proposed TWE Project
would be very similar for most aspects of the design options. Applicant-committed environmental
mitigation measures would also apply to these alternatives. This section discusses key differences
between the design options and the proposed TWE Project.

PLAN OF DEVELOPMENT PAGE 7-12






TransWest Express Transmission Project

7.3.1 Design Option Construction Activities, Workforce and Equipment
Requirements

The construction activities, workforce and equipment requirements for the transmission line and
terminals would be very similar or the same for the design options as described for the proposed TWE
Project in Section 5.8. Construction of each substation or series compensation station would require
approximately 135 personnel. The construction activities, workforce and equipment requirements for
the substations and series compensation stations for Design Options 2 and 3 would be approximately
as shown in Table 13. Special construction methods and Applicant-committed environmental
mitigation measures would apply to these alternatives, as presented in Section 5.7.

TABLE 13 ESTIMATED PERSONNEL AND EQUIPMENT FOR DESIGN OPTION
SUBSTATIONS

ACTIVITY PEOPLE  QUANTITY AND TYPE OF EQUIPMENT TRACK OR RUBBER TIRE
Survey Crew 4 2 Pickup trucks Rubber
2 Office trailers Rubber
Site Management Crew 8-10 3 Pickups Rubber
4 Generators Rubber
4 Scrapers Rubber
2 Dozers (ripper) Track
2 Motor graders Rubber
2 Roller compactors Rubber
2 Excavators Either
giit/(?l Ia\(;(\)/ﬁ(logr?;m - 20-25 4 Dump trucks Rubber
3 Water trucks Rubber
1 Mechanics truck Rubber
1 Fuel truck Rubber
2 Pickup trucks Rubber
6 Carry alls Rubber
1 Pickup truck Rubber
1 Boom truck Rubber
2 Carry alls Rubber
Fence Installation Crew 10-15 1 Backhoe Either
1 Concrete truck Rubber
1 Reel stand truck Rubber
2 Bobcats Either
2 Hole diggers Either
Eiltjziarl)lg]t?onr: E(r)g\:\ilngs 20-25 2 Boom trucks Rubber
1 Excavator Either
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ACTIVITY PEOPLE  QUANTITY AND TYPE OF EQUIPMENT TRACK OR RUBBER TIRE
3 Concrete trucks Rubber
1 Dump truck Rubber
1 Roller compactor Rubber
2 Plate compactors -
1 Backhoe Either
2 Bobcats Either
1 Mechanics truck Rubber
1 Fuel truck Rubber
1 Water truck Rubber
2 Pickup trucks Rubber
4 Carry alls Rubber
2 Trenchers Either
2 Dozers (ripper) Track
2 Roller compactors Rubber
2 Plate compactors -
2 Excavators Either
1 Boom truck Rubber
Cable Trench, 3 Pickup trucks Rubber
Conduit's, and Station 10-12 2 Flatbed trucks Rubber
Grounding Crew 4 Carry alls Rubber
1 Air compressor Rubber
1 Backhoe Either
1 Mechanics truck Rubber
1 Fuel truck Rubber
1 Dump truck Rubber
1 Reel stand truck Rubber
2 Cranes, RT Either
2 High capacity cranes Either
Steel Structure and Bus 4 Boom trucks Either
Installation Crew, - -
Control BL_JiIdings 1624 6 Manlifts Either
Construction Crew, 4 Welder trucks Rubber
Equipment Assembly
and Erection Crew 2 Carry alls Rubber
3 Pickup trucks Rubber
2 Flatbed trucks Rubber
PLAN OF DEVELOPMENT PAGE 7-15
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ACTIVITY PEOPLE  QUANTITY AND TYPE OF EQUIPMENT TRACK OR RUBBER TIRE
1 Mechanics truck Rubber
4 Vans Rubber
2 Flatbed trucks Rubber
2 Boom trucks Rubber
4 Manlifts Either
3 Wire pullers-small Rubber
2 Reel stand trucks/trailers Rubber
4 Vans Rubber

C‘?r_‘tr()' Building and 16.20 4 Pickup trucks Rubber

Wiring Crew 2 Carry alls Rubber
1 Splicing van Rubber
2 Concrete trucks Rubber
1 Bobcat Either
1 Trencher Either
2 Plate compactors -

The above table reflects estimated personnel requirements, which may reach as high as 135 for each substation or series compensation
station construction, including maintenance, management, and quality control personnel.

7.3.2 Design Option Construction Schedules

The conceptual construction schedule for the transmission line for Design Option 2 would employ a
three spread approach very similar to the schedule presented for the proposed TWE Project in Section
5.8.1 and shown on Figure 18. For Design Option 2, the conceptual construction schedules shown in
Figure 18 would need to be increased by approximately ten weeks to accommodate the additional
work required for installing an AC transmission line in place of a DC transmission line.

The conceptual construction schedule for the transmission lines for Design Option 3 follows a phased
approach and is shown on Figure 25. The conceptual construction schedule shown on Figure 25
would be used for both Phase 1 and Phase 2 of Design Option 3.

The construction schedules for the terminal, ground electrodes, substations and series compensation
stations for Design Options 2 and 3 would differ from the proposed TWE Project, as illustrated on
Figures 23 and 24.

7.3.3 Induced Currents on Adjacent Facilities

Unlike the proposed TWE Project 600 kV DC transmission line, which presents no risk of inducing
currents line due to the static nature of the DC electrical and magnetic fields, AC transmission
systems can induce currents. Mitigation measures for AC inductive currents would be implemented as
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necessary for the AC portions of Design Options 2 and 3.! Mitigation measures would be
incorporated into the siting of the AC transmission line ROWSs, as well as through transmission line
design and operation measures. Measures to mitigate induced current impacts on pipelines, railroads
and other land uses are described in Section 6.2.2. .

' The proposed TWE Project includes short sections of AC transmission lines to connect between the terminals
and existing and planned AC transmission systems. Potential impacts from AC induced currents on these
system interconnection lines would be mitigated, if necessary.
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7.4

Comparison of Proposed TWE Project to Design Options

Table 14 provides a comparison summary of Design Options 2 and 3 to the proposed TWE Project.

TABLE 14 COMPARISON OF PROPOSED TWE PROJECT TO DESIGN OPTIONS
COMPARISON PROPOSED TWE
EACTORS PROJECT DESIGN OPTION 2 DESIGN OPTION 3
Phased Approach
Two terminal £600 kV DC
. transmission line between WY Phase 1 — Two terminal 500 kV
;I;\;vr?s-iirsngzgﬁl Iﬁzogeliv\ce[;ﬁ and IPP system near Delta, AC (x600 kV DC) line between
TWE Project . . UT. WY and IPP near Delta, UT.
. . WY and NV with potential
Configuration

interconnection to IPP
system near Delta, UT.

Two terminal single circuit 500
kV AC transmission line
between Delta, UT and NV.

Phase 2 — proposed TWE
Project. Involves building DC
line from IPP to Marketplace and
two AC/DC converter stations.

Contingencies for

Capacity available in the future

Capacity available in the future
on IPP STS to serve Desert
Southwest.

Desian Options N/A on IPP STS to serve Desert
gnop Southwest. The need for transmission
capacity requires a phased
implementation.
Future available capacity on the
Future available capacity on IPP STS is uncertain. Currently,
Current Status of . pact all of the TWE Project’s 3,000
the IPP STS is uncertain. o
System N/A MW of capacity is needed by the
Contingencies and projected in-service date.
) . Therefore, the status of
Design Options Design Option 2 is uncertain
gnop ' It is unlikely Design Option 3 will
be pursued.
As part of the EIS

Routing Alternatives

preparation, the BLM and
Western have established
four regions for the TWE
Project route. Each region
has a distinct set of Route
Alternatives.

The TWE Project route region
and all Route Alternatives for
each region all apply to Design
Option 2.

The TWE Project route region
and all Route Alternatives for
each region all apply to Design
Option 3.

3,000 MW Phase 1 - 1,500 MW between
S e Canaci 3,000 MW between WY and UT WY and UT
! Pty between WY and NV 1,500 MW Phase 2 - 3,000 MW between
between UT and NV WY and NV
Guyed or self-supporting Guyed or self-supporting lattice

Typical Transmission
Line Towers Used

Guyed or self-supporting
lattice towers holding up
two conductor bundles for
entire Project.

lattice towers holding up two
conductor bundles between
WY and Delta, UT.

Guyed or self-supporting
lattice towers holding up three
conductor bundles between
Delta, UT and NV.

towers holding up three
conductor bundles between WY
and Delta, UT.

Guyed or self-supporting lattice

towers holding up two conductor
bundles between Delta, UT and

NV.
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COMPARISON PROPOSED TWE
FACTORS PROJECT DESIGN OPTION 2 DESIGN OPTION 3
Nprthgrn Terminal near Northern Terminal same as Phase 1 - no AC/DC Converter
Sinclair, WY.

Terminals - AC/DC
Converter Stations

Southern Terminal at
Marketplace Hub near
Boulder City, NV.

proposed TWE Project.

Southern Terminal near the
IPP near Delta, UT.

Stations

Phase 2 - Same as proposed
TWE Project.

TWE Project
Interconnections

Northern Terminal will
interconnect with existing
230 kV line and one (two
total) 500 kV circuit of the
Energy Gateway West and
Energy Gateway South
projects.

Southern Terminal will
interconnect with the
existing 500 kV AC
substations (up to 4 total)
at the Marketplace Hub
near Boulder City, NV.

Potential interconnection
with IPP system near
Delta, UT.

Same as proposed TWE
Project for Northern Terminal.

Southern Terminal would be
located near Delta, UT and
would be interconnected to the
IPP transmission system, and
the TWE Project 500 kV AC
line.

The TWE Project 500 kV AC
line would interconnect with
one of the existing 500 kV AC
substations at the Marketplace
Hub near Boulder City, NV.

Phase 1 — The TWE Project 500
kV AC line would interconnect
with the existing 230 kV line and
the 500 kV Energy Gateway
West and Energy Gateway
South lines in WY and with the
IPP Substation near Delta, UT.

Phase 2 — same as the
proposed TWE Project.

Related Structures
and Facilities

Fiber optic network
communications system.
Two ground electrode
facilities near terminals.

Same as the proposed TWE
Project, however, ground
electrode facility would be
within 50 miles of the Southern
Terminal near IPP Substation,
Delta, UT.

Phase 1 — Fiber optic network
communications system
between WY and NV. No ground
electrode.

Phase 2 - Same as proposed
TWE Project.
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