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EXECUTIVE SUMMARY

The Western Area Power Administration
Desert Southwest Region’s
Facilities Historic Context Statement

Western Area Power Administration (Western), an agency within the Department of Energy (DOE),
markets and delivers electricity power to 15 states in the western United States through a network of
high-tension transmission lines and substations. Western’s Desert Southwest (DSW) region operates
approximately 140 transmission lines over 3,322 miles in length and 125 substations and/or pumping
plants Arizona, California, Nevada, and New Mexico.

The DSW region performs routine maintenance and repair on its transmission power systems, and at
times decommissions and rebuilds facilities to meet obligations to electric power producers and
consumers. Under Sections 106 and 110 of the National Historic Preservation Act (NHPA) of 1966, as
amended, Western is required to identify historic properties and consider the effects of its undertakings
on them. The identification of historic properties involves the evaluation of resources for listing in the
National Register of Historic Places (NRHP) in terms of their historic context—relevant geographical
area, the history of associated historical themes or subjects, and within a historical and contemporary
time frame. The on-going nature of maintenance and repair activities, and the absence of clearly defined
historic contexts or criteria for evaluating the significance of transmission-related structures, prompted
the need for a broad-scale historical context study that addresses the DSW region’s facilities.

The temporal boundaries of this context statement encompass two important periods that reflect the
following and are described later on in this document:

B The Federal Reclamation Program, the Rise of Public Electricity and Development Along the Colorado
River in the Arizona, California, and Nevada (1902-1945), and

m Postwar Utility Development Supporting the Growth of the Southwest (1946-1994).

The period of significance for power system was determined based on the critical years of construction
and initial service. Western recommends evaluation of its transmission power systems as historic
districts under Criterion A (event) and Criterion C (engineering or design) (36 CFR §60.4). Contributing
historic era archaeological properties may exist; whereby assessment under Criterion D (information
value) is appropriate for assessing information value pertaining to demographics of the
occupants/laborers and quality of life. In addition, Western recommends evaluation of associated
property types as individually eligible properties, as well as contributing properties a transmission power
systems historic district eligibility under Criteria A, Cand D. No evidence was found to support eligibility
of these systems or associated property types under Criterion B (association with significant persons).

DSW'’s long term goal is to develop a strategy for the management of historically significant transmission
power systems within its region and potentially minimize the need for case-by-case assessments of
effects upon those systems as required under Section 106. As a starting point, the DSW region presents
this historic context, intended as guidance to the DSW’s cultural resource staff and cultural resource
contractors with regard to evaluating DSW’s transmission power systems.
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Chapter 1

Introduction

The evaluation of properties for NRHP eligibility involves an assessment of the significance of a property
in terms of the history of the relevant geographical area, the history of associated historical themes or
subjects, and within a historical and contemporary time frame—in other words, its context. According to
the Secretary of the Interior’s Standards and Guidelines for Preservation Planning (48 FR 44716), “A historic
context is an organizational format that groups information about related historic properties, based on a
theme, geographic limits and chronological period.” The goal of the historic context is to inform the
preservation planning process, and to “identify, evaluate, register and treat the full range of properties
representing each historic context, rather than only one or two types of properties”. The current
document places DSW region’s facilities in their historic context; defines structures and equipment
types; specific facilities in each system; identifies character defining features and property types; and
provides guidelines for evaluating these facilities for potential inclusion in the NRHP.

Purpose and Need

Western markets and delivers this power to 15 states in the western United States through a network of
high-tension transmission lines and substations. The DSW region markets electricity power produced
primarily at hydroelectric power plants operated by the Bureau of Reclamation (Reclamation) at
Hoover, Parker and Davis dams and markets power from hydroelectric projects in Reclamation’s Upper
Colorado regions and the federal portion of power generated at Navajo Generating Station near Page,
Arizona. The DSW region operates approximately 140 transmission lines totaling over 3,322 miles in
length and 125 substations and/or pumping plants in Arizona, California, Nevada, and New Mexico (DSW
GIS 2013; Figure 1-1)

The DSW region performs routine maintenance and repair of existing transmission lines and other
facilities, and at times decommissions and rebuilds facilities in order to meet its obligations to electric
power producers and consumers. Under Sections 106 and 110 of the National Historic Preservation Act
(NHPA) of 1966, as amended, Western is required to identify historic properties by evaluating its
resources for NRHP listing and to consider the effects of its undertakings on them. Western’s owned and
operated facilities are best understood in terms of their historic contexts.

The DSW region began a system-wide historical evaluation of its facilities in 2000. The on-going nature
of maintenance and construction activities, and the absence of clearly defined contexts or criteria for
evaluating the historical significance of transmission-related structures, prompted the need for a broad-
scale historical evaluation study that addresses Western’s facilities in the DSW region. Draft context
studies were prepared by Associated Cultural Resources Experts (ACRE) (Beedle et al. 2007) and Aspen
Environmental Group (Aspen) (Aspen 2013) who subcontract part of the work to Logan Simpson Design
(LSD); however, these studies were not completed. This document is an edited and reformatted version
of Aspen’s 2013 draft by Western.

This document provides the broader regional and national context of federal and state development of
electricity in the American Southwest, control of the water resources of the Colorado River, and the role
of Western in helping to provide power to industrial, commercial, and residential customers in its DSW
region. Development of federal electrical transmission in the Desert Southwest occurred within larger
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regional and national contexts of settlement, water resource development, and technological
advancement and involved legislation, policy and management on both the federal and state levels.
Those transmission power system projects were construction efforts by the Bureau of Reclamation
(Reclamation) and individual states to develop the Colorado River water resources for irrigation and
power generation; beginning in 1928. In 1977, Western assumed management of these systems and
provides over fifty percent of the electrical energy consumed within its service region. The following
historic context is presented to situate the development of DSW’s transmission power systems within
the broader regional and national context of federal and state control of the water resources of the
Colorado River, thereby allowing for evaluation of these systems as individual historic districts or as
individually contributing properties. As documented in the following narrative, DSW’s transmission
power systems are associated with significant themes in American history relating to: The Federal
Reclamation Program, the Rise of Public Electricity and Development Along the Colorado River in
Arizona, California, and Nevada (1902-1945), Early Hydroelectric Power Development by Reclamation
(1903-1920), Early Reclamation Development along the Colorado River (1920-1932), Impact of the Great
Depression on Utility Development (1932-1938), New Deal-Era Development on the Colorado River
(1934-1942), Wartime Reclamation Efforts on the Colorado River (1938-1945), Postwar Reclamation,
Development Supporting the Growth of the Southwest (1946-1977), and The Shifting Power Landscape
in the Late 20th Century (1965-1994).

Data Sources Consulted

Data was derived from four primary sources: the existing historic context completed in 2007 by ACRE
(Beedle et al. 2007), a 1995 listing of the DSW region’s transmission lines and substations, Geographic
Information System (GIS) data on the DSW region’s transmission lines and substations from July 2013,
and an Excel spreadsheet containing more current information on the DSW region’s transmission lines.
These sources are discussed in more detail below.

Draft Historic Context Document (Beedle et al. 2007)

The Beedle et al. (2007) document focused on evaluating individual transmission facilities within the
Western’s DSW region by state, by applying the NRHP criteria for significance and aspects of integrity for
each facility. The draft report was submitted to Western in 2004. ACRE became part of TEC Inc. in
August 2005, and the draft context was completed in August 2007.

The 2007 draft document included extensive research in primary and secondary source materials in
Western’s archives and records in Phoenix, Arizona and Lakewood, Colorado. Additional information
was gathered from Reclamation’s records in the National Archives in Denver, the Denver Public Library,
and general and engineering libraries of the University of Colorado at Boulder. The Denver Public Library
and the University of Colorado libraries were consulted for information concerning the history of
electrical development in national and state contexts, and for information concerning technological
evolution of equipment used in transmission lines and related facilities. Technological information was
also provided by personnel of Reclamation’s Salt River Project, the Tennessee Valley Authority, and the
Historic American Engineering Record (National Park Service) in Denver, San Francisco, and Washington,
D.C.

Beedle et al. (2007) found information concerning the general history of electrical development in the
United States in a number of published sources, including publications of the Bureau of the Census and
the Federal Power Commission. Information about electrical development in statewide contexts was
less readily available and varied in extent and quality among the five states. Beedle et al. (2007) found
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that most of the transmission lines and substations were constructed as elements of Reclamation’s
projects, and that specific information about original construction and alteration of many facilities was
available in the National Archives. However, Reclamation’s records are not consistent in the types or
depth of information reported, and the utility of these reports for current purposes varies from year to
year and from project to project. In general, ACRE found earlier records (1924-50) more detailed than
later ones. Also, during the late 1950s and early 1960s, power operations, maintenance, and
construction of transmission lines were consolidated in transmission divisions or power operations and
marketing centers, and thereafter project histories seldom discuss power features in detail. Finally, not
all Reclamation’s projects in the west had power components, and not all of Western’s projects with
power components in California, Nevada and New Mexico are administered by the DSW regional office
in Phoenix, Arizona.

Accordingly, searches of Reclamation’s records were directed at documents most likely to vyield
information useful for identifying and evaluating transmission lines and related facilities (Beedle et al.
(2007). There are two major National Archive sources of information concerning Western’s facilities. The
first is Project Reports 115-66-J0693. This is a series of project reports and other documents from the
Reclamation Engineering Research Center, 1910-1955. Power records for most projects are not included
in the materials archived in this group. The second is Record Group 115 Bureau Project Histories. These
are project histories compiled by Reclamation during and after construction of the projects. Some
histories have updated versions in later years. These technical sources often do not have identified
authors, have lengthy titles and publishing authorities, and have titles and publishing authorities similar
to other sources used herein.

Field survey and property documentation were not within the scope of ACRE’s work. Documentary
sources and the personal knowledge of Western’s maintenance personnel provided for descriptions of
most transmission lines and related facilities and for recommendations concerning the eligibility of lines
and facilities for listing in the NRHP. This document assesses the integrity of transmission lines and
facilities on the basis of available information concerning changes or additions to the lines or facilities;
field verification of integrity evaluations was not performed as part of this investigation. However, a small
number of transmission lines and substations were recorded during other investigations, the results of
which were incorporated in the ACRE document.

Beedle et al (2007) excluded some transmission lines and other facilities from NRHP eligibility due to
lack of exceptional significance, integrity, or important historical associations. The authors noted that
without current and detailed property information, only properties 50 years old or older that retained
integrity, and historical associations are considered for NRHP listing. Therefore, Beedle et al. (2007)
provides a list of potentially eligible properties, and concludes that formal recommendations of eligibility
may require additional archival and field investigation.

DSW Lines and Substation Listing from 1995

Western'’s internal document titled, DSW Lines and Substation Listing from 1995, is a 48-page summary
document that provides information in table format organized by power system. Summary statements
are provided and include total mileage, voltage, types of conductor, and types of structures for each
system and for the Phoenix, Arizona area. This document also includes tables with information on
transmission lines, switchyards, and substations in each of the DSW’s power systems. Transmission line
information includes: facility name, Feature Identification (FID), line section, and subsection, owner,
state, type, voltage, ground (Gnd), conductor, pole type, service date, comments, and mileage.
Substation information includes: name, voltage, number of units, Kilovolt Amperes (Kva), Western
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Table 1-1. Example of DSW’s GIS Data
Available for Transmission Lines.

Category Example Data
NAME1 115-Bouse Hills-Harcuvar
NAME2

FID1 BHP-HCR

FID2

TYPE TRANSMISSION
KV1_DSGN 115KV

KV1_OPR 115KV

KV2_DSGN

KV2_OPR

NAME3

FID3

SEGMENT Bouse Hills-Harcuvar
KVv3_DSGN

KV3_OPR

VIDEO

DRAWING

SOURCE

OWNER

MAINT

FLD_OFFICE

COMMENT

EDITOR Weisbender
EDIT_DATE 11-23-2009

NAME

LENGTH_FT 544.49800000000005
LENGTH_M 165.96299999999999
TYPE_NEW Transmission
MAXIMO

LENGTH_MI 21.818000000000001
LENGTH_ KM  35.112000000000002
Project Central Arizona Power System
Miles 0

Source: Western DSW GIS July 2013.

capacity, connection phase, type, regulation, number
spare, and transformer remarks. Many abbreviations
are used and most are not explained. This document
does not provide information on substation
dimensions or any additional components, such as
switches or busses. This information is used for
maintenance purposes rather than for inventory or
describing the history of these structures. Prior to
mid-2000 the location of facilities identified in
Western’s DSW region records was roughly to the
nearest quarter section (Steve Tromly, personal
communication, September 18, 2013).

DSW'’s GIS Information July 2013

Western’s DSW region’s GIS database includes
location information for approximately 160
transmission lines and 125 substations shown in an
overview map of the entire DSW system (Figure 1-1)
and individual maps of each system. Location data in
the DSW GIS is relatively accurate; however, Light
Detection and Ranging (LIDAR) mapping data
completed in 2013 will soon be added to the
database for accurate location information.
Geospatial information for at least nine transmission
lines and eight substations mentioned in other
sources was not available. When these facilities were
found in other data sets, Heffner (2013)
approximated their locations using Google Earth and
plotted them on the relevant maps. These locations
should be considered approximate.

Additional information about each facility was also
provided. Table 1-1 provides an example of the
information found in the GIS database. This
information varies by facility. In most cases, the mile-
age provided for transmission lines in this document
matches closely with those listed in Beedle et al.
(2007). However, the GIS dataset does not contain

information on structure and conductor type or date of construction. There are some inconsistencies in
terms of transmission line and substation names as well as differences in terms of which particular
system a transmission line or substation belongs. The July 2013 dataset is designed for maintenance
staff use as opposed to use as an inventory or history of these structures. Accuracy of location
information will greatly improve as a result of the LIDAR studies become available (Stephen Tromly,

personal communication September 18, 2013).
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DSW Transmission Line Miles and Wood Poles 2013

Data from an Excel spreadsheet with detailed information about DSW transmission lines, containing
three subfolders was also used; titled, DSW T-Lines Inventory, Transmission Line Miles, and Transmission
Lines Associated with Breakers/Switches. This information is presented in tabular format in Chapter 3.

Current Document

This document includes research using primary and secondary source materials in Western’s DSW region
archives and records and at the Arizona State University Library in Phoenix, Arizona. Information
concerning the general history of electrical development in the United States was found in a number of
published sources, such as Men and Volts: The Story of General Electric (Hammond 1941), The Making of
the Electrical Age; From The Telegraph to Automation (Sharlin 1964), and Empires of Light: Edison, Tesla,
Westinghouse, and the Race to Electrify the World (Jonnes 2003). Project websites and research reports
from Reclamation provided historical background on major Reclamation projects such as the Boulder
Canyon and Parker-Davis Projects. Additionally, these sources were used to provide statistics on power
generating facilities, such as Hoover Dam.

Technical information on facility components came from various published guidelines and manuals such
as, Transmission Line Design Manual (Farr 1980), Substation Structure Design Guide (Kempner 2008), and
The Lineman’s and Cableman’s Handbook (Shoemaker and Mack 2002). The Occupational Health and
Safety Administration online glossary of substation components, descriptions of substation functions,
and images of substation components was particularly useful. Key terms are included in a separate
glossary in this document. Individuals who greatly contributed to the writing and research of this
document are Sarah Heffner, PhD (Aspen), Elizabeth A. Bagwell, PhD (Aspen), Helena Ruter (LSD), Greta
Rayle (LSD), Kathryn Leonard (LSD), and Greg Brown (LSD).

Limitations of the study

Differences in some terminology and in transmission line and substation details exist both internally in the
existing historical evaluation, and between the existing historical evaluation, the GIS data, and the 1995
inventory from Western. These differences are a reflection of the changing nature of the grid and
naming conventions within Western. Typically a line is referred to by start and end points as noted by
substations or taps. However, sometimes a substation is built between the start and end point and the
line is referred to by some using the new substation and other by the original start and end point. The
excel spread sheet also presents differing information on Western facilities, particularly transmission
lines. Information such as transmission line mileage, construction date, structure type, and conductor
type, differs among these various documents. The Beedle et al. (2007) document provides few
definitions of terms and uses the terms substations, taps, and switchyards interchangeably. In contrast,
this document includes taps and switchyards as components of substations. Field survey and property
documentation were not part of the scope of the context development. Consequently, documentary
sources are used as the bases for descriptions of most transmission lines and related facilities. Slight
differences exist between facility components. Chapter 4 is not intended as an exhaustive inventory of
every possible component of a substation; rather it is designed to give the reader a general sense of the
function of substations and typical substation components. Certain substations have additional facilities,
such as microwave towers, service buildings, warehouses, or water tanks, which do not directly relate to
the function of the substation itself, but are rather auxiliary features.
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Western DSW Region Facilities Discussed

Facilities discussed in this historic context primarily include transmission lines and substations owned,
operated and maintained by Western, including those that reside in substations owned by others. Other
facilities are mentioned as part of a transmission power system and include dams, pumping plants,
communication sites, transformer circuits not owned or managed by Western, and non-Western owned
substations and transmission lines. The majority of the dams and pumping plants are owned by
Reclamation. Some transmission lines and substations are owned by public utilities, such as Arizona
Public Service (APS). However, in order to place DSW region facilities in the larger historical context of
the entire system, these other facilities, are discussed.

Presentation of Materials and Document Organization

The document consists of an executive summary, table of contents, a list of acronyms, seven chapters, a
bibliography, and a glossary. This document conforms to accepted professional report standards
analogous to American Antiquity publication guidelines. References and figure and table captions follow
formatting guidelines outlined in the American Antiquity Style Guide.

Tables are used to provide a variety of information on system components, including transmission lines
and substations, as well as other facilities such as pumping plants and transformer circuits not owned by
Western, but they are mentioned to provide a full understanding of the system. A few substations that
are not owned or managed by Western are also included in these discussions because they are
connected to a particular system, but they too are not owned or managed by Western. Various kinds of
information are presented in these tables depending on the type of facility. For example, transmission
line tables have categories for FID, date of construction, miles, capacity, circuit/frequency, structure
details, conductor/wire, and insulator. Figures include line drawings from the Beedle et al. (2007)
document, publicly available images of structure and equipment types from online sources, publicly
available historical photographs from the Library of Congress website, and photographs of transmission
line structures from cultural resources technical reports.

Chapter 2 is Part 1 of the historic context that explores Reclamation projects within the context of
various historical events, including the Great Depression, World War 1l, and post-war developments such
as the creation of the Department of Energy in 1977. This chapter also discusses the history and
evolution of the seven projects for which the DSW region operates and maintains transmission facilities —
Boulder Canyon, Parker-Davis, Colorado River Storage, Colorado River Front Work and Levee, Intertie,
Central Arizona, and Colorado River Basin Salinity Control Projects.

Chapter 3 is Part 2 of the historic context that provides a detailed discussion of facilities in each of the
seven DSW power systems described above. These facilities include transmission lines and substations,
as well as dams, pumping plants, and transformer circuits, that while not under the purview of Western
management, still play an integral role in these systems. Transmission line details including date of
construction, mileage, structure type, conductor/wire, and insulator, are presented in tabular format.
Substation details including date of construction, voltage, and components present (e.g., switchyard,
transformer, busses; switches) is also presented in tabular format.

Chapter 4 is Part 3 of the historic context that introduces the technology and design standards of the
transmission system and standard types of structures used by Reclamation and Western in the
construction of transmission facilities. These include pole, conductor, insulator, and wire types used for
transmission lines, and a description of the functions and components of substations. This chapter also
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discusses how efforts by Reclamation personnel to make substations more visually appealing and less
intrusive upon the landscape affected future substation designs.

Chapter 5 is Part 4 of the historic context that presents various property types associated with
transmission power systems and their character defining features.

Chapter 6 provides general guidelines for evaluating the NRHP eligibility of properties managed by DSW.
This includes discussion on assessing DSW’s transmission power systems as historic districts with
associated property types, as well assessing individually contributing properties, within specific criteria
considerations for evaluating the significance and integrity of each property type.

Chapter 7 provides management considerations for future NRHP evaluations of DSW Region’s
transmission power systems.
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Chapter 2

Statement of Context Part 1: DSW Region’s Transmission
Power Systems

The following sections provide historic contexts for the development of the DSW’s transmission power
systems within the broader regional and national context of federal and state control of the water
resources of the Colorado River, thereby allowing for the evaluation of the systems and their
components for listing in the NRHP.

TEMPORAL CONTEXT

The temporal boundaries of this context statement encompass two related but largely sequential
periods of development that collectively span the period from 1902, beginning with the signing of the
National Reclamation Act through 1994, marking the completion of the Central Arizona Project. These
two important periods reflect the following and are described later on in this document:

B The Federal Reclamation Program, the Rise of Public Electricity and Development Along the Colorado
River in the Arizona, California, and Nevada (1902-1945), and

m Postwar Utility Development Supporting the Growth of the Southwest (1946-1994)

Periods of significance for each transmission power system are discussed in Chapters 2 and 6. Several
associated property types occur during both development periods yet demonstrate specific associations
within the temporal period through design and, in some cases, technology. Other resources, such as
those associated with the development of the Intertie Power System exist only within one temporal
period, despite an overall association.

GEOGRAPHIC CONTEXT

The DSW'’s transmission power system extends through or into portions of four western states, with
resources located in incorporated cities as well as unincorporated public and private, Federal and Tribal
lands. While some resource types are essentially “nodes,” with a single address, others, notably
transmission lines, extend for hundreds of miles crossing multiple jurisdictions and one or more states.
As a result, the geographic scope of resources potentially eligible for NRHP listing is:

The State of Arizona
Including State, Federal, Tribal, City and County geopolitical subdivisions in the following counties:
Apache, Cochise, Coconino, La Paz, Maricopa, Mohave, Navajo, Pima, Pinal, Yavapai, and Yuma

The State of California

Including Federal, Tribal, City and County geopolitical subdivisions in the following counties:
Imperial, Riverside, and San Bernardino
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The State of New Mexico
Including Federal and Tribal geopolitical subdivisions in the following county:
San Juan

The State of Nevada
Including Federal, City and County geopolitical subdivisions in the following county:
Clark

HISTORIC CONTEXT

The Federal Reclamation Program, the Rise of Public Electricity, and Development
along the Colorado River in Arizona, California, and Nevada (1902-1945)

Settlement in the arid regions west of the 100th meridian required a steady and dependable supply of
water, both for irrigation of agricultural crops and for industrial and domestic use, especially in cities. In
1878, John Wesley Powell, then Director of the U.S. Geological Survey (USGS) for the Rocky Mountain
Region, sent a report to the Department of the Interior (DOI) that delineated a settlement plan based on
topography and river basins rather than the traditional square-mile land-disposal grid system that had
been established for settlers practicing agriculture in more temperate areas under Thomas Jefferson’s
Land Ordinance of 1785. Powell’s plan would provide water to the greatest number of settlers by means
of small, private, independent irrigation cooperatives working together to ensure an adequate water
supply (Powell 1962).

However, private companies that promoted these early irrigation projects often lacked sufficient
knowledge or funding to build substantial and reliable dams and canals. Additionally, a series of
droughts in the southwest in the 1890s left many farmers within private irrigation networks without
water, and by 1900, over 90 percent of private irrigation firms faced bankruptcy due to water shortages
(Robinson 1979:9). Furthermore, at the turn of the 20th century there was an increasing belief that the
Federal government should take action to improve access to water in the West. Congressional
representatives from western states, such as Francis G. Newlands of Nevada, proposed legislation that
would enable the Federal government to undertake large-scale reclamation projects which would both
ensure water for existing western settlers as well as open arid desert lands for further settlement (James
1917). This push for federal involvement in reclamation was set against the background of a larger social
and political movement in late nineteenth and early 20th century America which became known as
Progressivism.

During the Progressive Era, government regulation was increasingly viewed as a positive force in curbing
the excessive power of big business and also as a source of protection for natural resources in the public
domain, or conservation. Private interests who had speculatively acquired large parcels of land along
waterways to ensure water rights and thusly capture future rising prices were seen by many as
antithetical to the dreams of the small-scale American farmer (James 1917). Conservationists saw a
federal reclamation law as “the first step in the evolution of progressive programs that would ensure the
availability of resources for future generations” (Robinson 1979:10).

In June 1902, President Theodore Roosevelt, signed the National Reclamation Act, legislation written and
sponsored by Congressman Francis Newlands (Morris 2001:115). The Reclamation Act of 1902
authorized the Secretary of the Interior to construct irrigation projects in 16 western states and
territories located west of the 100th Meridian. The Reclamation Service (later renamed the Bureau of
Reclamation [Reclamation] in 1923) was organized within the United States Geological Survey (USGS) to
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construct these projects. The Secretary of the Interior authorized the first five Reclamation projects in
1903, which included projects on the Milk River in Montana, the Salt River in Arizona, the North Platte
River in Nebraska and Wyoming, as well as the Newlands project in Nevada, and the Uncompahgre
project in Colorado (Dunbar 1983:52). In order to carry out construction of the large-scale dam
infrastructure, Reclamation constructed steam generating power plants at Uncompahgre, in Colorado,
and along the Salt River, in Arizona. The power generated at these plants was used to move water, mix
cement, and power trams and other machinery (Linenberger 2002). Although initially built solely to
support the development of irrigation projects, it later became apparent that Reclamation could profit
from the electrical power generated by these facilities by providing it to consumers. In 1906, Congress
passed the Town Sites and Power Development Act, which authorized Reclamation to sell excess power
generated at their facilities to local companies and towns (Linenberger 2002; Townsites and Power
Development Act 1906). Preference was given to municipalities, so long as the sale did not interfere with
power needs of the irrigation works (Linenberger 2002; Townsites and Power Development Act 1906). The
profits earned by Reclamation, from sale of surplus power was intended to would help defray the high
costs associated with the construction and maintenance of their irrigation systems.

Early Hydroelectric Power Development by Reclamation

While initial Reclamation power plants were steam operated, the agency quickly turned to hydroelectric
power. Reclamation commenced construction of its first hydroelectric generating station built in 1903
(Linenberger 2002). The second Reclamation hydroelectric power plant was constructed at the Minidoka
project on the Snake River in Idaho; the purpose of the power plant was to provide the energy necessary
to pump irrigation water to above-grade lands on the south side of the river (Mead 1932). Both of these
power plants began operation in 1909, and Reclamation quickly found that even during the peak
summer demand, surplus power was available for sale. Even larger quantities of power were available
for sale during the off-seasons (Linenberger 2002). In many cases energy was provided to rural
cooperatives of farmers who were also receiving irrigation waters. Between 1903 and 1907 Reclamation
authorized 22 projects all within the western half of the United States, of which ten would have power
generating capabilities when completed (Table 2-1).

Public utility development across the country grew at a much slower rate than private utility
development. Initially a large number of small private companies would organize to provide power to
local markets; however, a single system of infrastructure gradually began to dominate a local market,
creating what historian Jay Brigham has called “natural monopolies” (Brigham 1998). This was
predominantly due to the fact that in order to gain efficiency and cost effectiveness a utility company
needed to cover broader areas versus having singular coverage areas at different locations. Whereas
Progressives viewed these new monopolies with concern fearing that the private market would charge
excessive rates to local consumers, the private utility industry argued that consolidation of
infrastructure improved service and brought down rates (Funigiello 1973). Progressives sought to
balance the private utility networks with public utilities in order to ensure competition which they felt
would keep rates lower for consumers, although opinions differed on how to accomplish this parity.
Three primary factions arose —those who felt that government regulation would be sufficient to
guarantee favorable rates; those who sought to have the government become more involved in creating
new utilities; and those who believed that utilities writ large should be under public ownership. Initially
utility regulation was deferred to state governments; however, this resulted in very limited oversight of
private utilities. In 1915, Congress authorized an investigation of the private utility industry and found
that 18 companies controlled 51 percent of electricity generated, thereby heightening Progressives’
fears and speculation of the adverse effects of private utility market consolidation (Brigham 1998).
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Table 2-1. Reclamation Projects Authorized, 1903-1907

Authorization Electric Transmission

Project State(s) Date Generation Facilities
Milk River MT 1903 No No
Salt River AZ 1903 Yes Yes
North Platte (Sweetwater) NE, WY 1903 Yes Yes
Newlands (Truckee-Carson) NV 1903 Yes No
Uncompahgre (Gunnison) co 1903 No No
Shoshone WY 1904 Yes Yesa
Minidoka ID 1904 Yes Yes
Belle Fourche SD 1904 No —
Buford-Trenton ND 1904 No —
Lower Yellowstone MT, ND 1904 No —
Yuma AZ, CA 1904 Yes Yes
Boise ID 1905 Yes Yes
Klamath OR, CA 1905 No —
Rio Grande NM, TX 1905 Yes No
Umatilla OR 1905 No No
Yakima WA 1905b Yes Yes
Huntley MT 1905 No —
Okanogan WA 1905 No —
Strawberry Valley ut 1905 Yes Yes
Carlsbad NM 1905¢ No —
Sun River MT 1906 No No
Orland CA 1907 No —

a = Substations only. b= continued through 1970. ¢ = modified in 1935 and 1972.
Source: Linenberger 2002

As advancements in transmission line technology made the possibility of connecting long distance lines
between dam sites and cities plausible, private utilities began looking for ways to capitalize on
hydroelectric power. This led to a spur of development in the first decades of the 20th century (Table 2-2).
The specter of extensive private hydroelectric development was of concern to many conservationists
and progressives who, like President Theodore Roosevelt, felt that rivers should be developed for the
greatest possible public good and saw the growing public development of hydroelectric power as such a
benefit. Concerns over the lack of general oversight of private hydroelectric development led Congress
to enact the Federal Power Act which President Woodrow Wilson signed into law in 1920. The act
established the Federal Water Power Commission to license, tax, and regulate the hydroelectric power
industry. Approved projects would be issued a 50-year permit and pay an annual permitting fee (Brigham
1998). Although the role of the private sector in hydroelectric generation had now been codified by law,
many progressives and conservationists still saw a role for the government in constructing new
reclamation projects which could both irrigate private lands and provide electricity.
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Table 2-2. Major Transmission Lines Constructed to Convey Hydroelectric Power in the United States,
by Owner, 1901-1915

Owner Voltage  Year Power  Termini Length
Appalachian Power Co. 88 kv 1912 Hydro New River — Roanoke, VA 75 mi
Au Sable Electric Co. 110 kv 1906 Hydro Croton — Grand Rapids & Muskegon, Ml 35mi
72 kV 1906 Hydro Rogers Dam — Muskegon, Ml 66 mi
140 kV 1912 Hydro Au Sable — Battle Creek, Ml 245 mi
Colorado Power Co. 100 kv 1909 Hydro Glenwood - Denver, CO 152 mi
Connecticut River Transmission Co. 120 kV 1914 Hydro Shelburne Falls - Millbury, MA 60 mi
Georgia Railway & Power Co. 110 kv 1912 Hydro Tallulah Falls — Atlanta, GA 170 mi
Great Falls Power Co. 102 kv 1910 Hydro Great Falls — Anaconda, MT 150 mi
Great Western Power Co. 100 kv 1909 Hydro Big Bend — Oakland, CA 154 mi
Los Angeles Aqueduct 100 kv 1914 Hydro San Francisco - Los Angeles, CA 47 mi
Mississippi River Power Co. 110 kv 1913 Hydro Keokuk, IA - St. Louis, MO 144 mi
Montana Co. 70 kV 1901 Hydro Canyon Ferry Dam - Butte, MT 100 mi
Northern Power Co. 80 kV Unknown  Hydro Hannawa Falls — Pottsdam, NY 60 mi
Pacific Gas & Electric Co. 125 kv 1913 Hydro Drum - Cordelia, CA 110 mi
Pacific Light & Power Co. 150 kV 1913 Hydro Bear Creek — Los Angeles, CA 241 mi
Pennsylvania Water & Power Co. 70 kV 1910 Hydro Holtwood, PA — Baltimore, MD 40 mi
Sierra Electric Power Co. 110 kv Unknown  Hydro Mill Creek — Oakland, CA Unknown
Sierra & San Francisco Power Co. 104 kV 1910 Hydro Stanislaus — San Francisco, CA 138 mi
Southern California Edison Co. 75 kV 1907 Hydro Kern River — Los Angeles, CA 117 mi
Southern Power Co. 100 kv 1909 Hydro Great Falls, SC — Durham, NC 210 mi
Southern Sierra Power Co. 140 kv 1915 Hydro Bishop — San Bernardino, CA 239 mi
Tennessee Power Co. 120 kv 1914 Hydro Cleveland, OH — Nashville, TN 140 mi
Utah Power & Light Co. 130 kv 1914 Hydro Grace, ID - Salt Lake City, UT 135 mi
West Pennsylvania Traction & 125 kv 1914 Hydro Cheat Haven - Butler, PA 106 mi
Water Power Co.
Yadkin River Power Co. 100 kv 1912 Hydro Blewitts Falls — Lumberton, NC 96 mi

Source: Brittain 1977

Early Reclamation Development along the Colorado River

Although Reclamation had constructed the Laguna Dam on the lower Colorado River in 1904 to support
irrigation efforts in Yuma, Arizona, a number of floods subsequently impacted the lower Colorado River
region inundating southern California’s Imperial Valley and threatening the agricultural productivity of
the region. Millions of dollars were spent in constructing levees to hold back flood waters. However, these
efforts represented largely stop-gap measures and a broader river management program was not in
place during this time. Also during the early 20th century, the Colorado River Basin began to experience
population growth, particularly in southern California. Leaders began to seek higher amounts of
consistent water flow for both agricultural and urban development, and the rising population also led to
increasing demand for reliable power sources in California. Officials began looking to the nearby
Colorado River as a potential solution (United States Bureau of Reclamation 1946). In 1920, Congress
passed the Kincaid Act to authorize a study of Colorado River regulation; the resulting study, known as
the Fall-Davis Report, was issued in 1922 (Moody 1925; Kleinsorge 1941). The report recommended the
construction of a large upstream dam on the Colorado near Black Canyon, which could provide both
flood control and the potential for hydroelectric power. Additionally the findings recommended the
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construction of a canal system to provide water to the Imperial and Coachella Valleys of California to
serve increasing agricultural needs (Moody 1925). Given competing water and power demands of states
bordering the Colorado River, the matter of rights of use became increasingly tense (United States
Bureau of Reclamation 1946).

In 1922, representatives from the seven Colorado River Basin states including Arizona, California,
Colorado, New Mexico, Nevada, Utah, and Wyoming met in Santa Fe, New Mexico to discuss rights to
the waters of the Colorado River. The resulting apportionment agreement between these states became
known as the Colorado River Compact and divided the larger Colorado River Basin into upper and lower
divisions with a dividing point at Lee’s Ferry, just south of the Utah-Arizona border. The upper basin
states included Colorado, New Mexico, Utah, and Wyoming, while the lower basin states included
Arizona, California, and Nevada. Water rights between the upper and lower basins were apportioned
equally at 7.5 million acre feet per year, with additional one million acre feet for the lower basin states
derived from tributaries of the Colorado River (United State Bureau of Reclamation 1946). The water
rights of individual states the compact provided would be negotiated in subsequent basin agreements.
Representatives from each state signed the compact, and state legislatures were to ratify the compact
before being approved by the United States Congress. Six of the seven state legislatures were willing to
ratify the compact. However, the state of Arizona refused to ratify the compact due to politicians’
persistent concerns over California’s water usage (Mann 1963).

Despite Arizona’s refusal to sign the compact, the United States Congress pursued development of a
reclamation project on the Colorado River, as recommended by the Fall-Davis report. Congressional
legislators Phil D. Swing and Hiram Johnson of California proposed bills to create a multi-purpose dam
along the Colorado River in 1922, 1924, and 1926 (United States Bureau of Reclamation 1946). The other
states of the Colorado River Basin also sought to move forward with the compact and in 1928 the upper
basin states ratified the compact. Congress passed the Boulder Canyon Act (Swing-Johnson bill) in 1928
which authorized the construction of the multi-purpose Boulder Canyon Dam on the Colorado River
near Black or Boulder Canyon as well as a canal (All-American Canal) to traverse American soil between
the Colorado River and the Imperial and Coachella Valleys in California. The Swing-Johnson bill’s
provision that the compact would become legal with only six of the seven basin states ratification,
allowed for execution of the compact without Arizona’s approval (Linenberger 2002).

The Boulder Canyon Act was labeled a comprehensive reclamation project which allowed for flood
control, the development of hydroelectric power, and large-scale irrigation works. This stood in contrast
to previous Reclamation projects where the central focus of development had been on irrigation with
power as a byproduct (Linenberger 2002). Representatives from southern California were anxious to
enter into utility contracts with Reclamation for energy derived from the project’s planned hydroelectric
power plant. In October 1928, prior to the December passage of the Boulder Canyon Act, the Los Angeles
Bureau of Power and Light wrote a paper to the Congressional Colorado River Commission providing
population and growth statistics for the Los Angeles area, underscoring the existence of infrastructure,
and stating that the company would be willing to purchase any available electricity generated by the
proposed power plant (Los Angeles Bureau of Power and Light 1928). Following passage of the act,
Reclamation negotiated leases with the City of Los Angeles, the Southern California Edison Company,
and the Metropolitan Water District of Southern California (United States Bureau of Reclamation 1946).
Per the terms of the Colorado River Compact, Reclamation allocated 18 percent of electrical power
generation to each of lower basin states; however, as Arizona had not yet signed the Colorado River
Compact and Nevada did not yet have the need for power, California was allowed to absorb the
additional 36 percent of power until Arizona or Nevada were capable of taking their allotments.
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The Boulder Canyon Project

The Boulder Canyon Project Act was authorized in December 21, 1928. President Herbert Hoover
authorized funding for the Boulder Canyon Project in July 1930, nine months following the U.S. stock
market crash in late 1929. The project was expedited primarily to provide a source of labor for
unemployed workers. Contracts for construction were awarded at the end of 1930 and construction
began in 1931 with the excavation for the dam structure (Simonds and Storey 2009). The site of the dam
structure in Boulder Canyon is roughly 30 miles southeast of Las Vegas, Nevada. Initially referred to as
Boulder Dam, during its planning and construction, the finished dam would be renamed Hoover Dam as
an homage to the President. As there was no existing infrastructure at the location, Reclamation was
required to build a labor camp for construction workers. The government laid out a formal town site
that became known as Boulder City, six miles to the west of the dam. At the peak during dam
construction, Boulder City would boast housing and facilities for some 5,000 workers and their families.
The State of Nevada constructed a highway to link Las Vegas and Boulder City in order to more easily
ship supplies to the construction site (Simonds and Storey 2009). Excavation for the U-shaped
powerhouse on the south side of the dam began in 1933 when the excavations for the dam foundation
were completed (United States Bureau of Reclamation 1946). Until the powerhouse could be
constructed, an outside power supply was needed. Reclamation thusly entered into a contract with the
Southern Sierras Power Company and Nevada-California Power Company to construct a 222-mile
transmission line between San Bernardino California and Boulder City which would transmit power to
the dam and adjacent town. Upon completion of the generating station, the new transmission infra-
structure would subsequently be used to transmit power from the Boulder Dam power plant to south-
ern Calfornia (Simonds and Storey 2009).

Reclamation promptly set about to defuse potential criticism on the costliness of dam construction,
noting that leases from hydroelectric power would re-pay the costs of the Boulder Canyon Project. The
costs for the construction of previous reclamation projects had been financed through the sale of public
lands, and the financial returns of hydroelectric power generation had not been previously tested by the
agency (Linenberger 2002). A 1932 article in The Reclamation Era noted that “...power development is
becoming one of the most important factors in the economic feasibility of Federal irrigation projects”
(McLellan 1932:90). The article further specified that contracts entered into for the power generated at
Boulder Canyon would repay the entire costs of development with a rate of 4 percent interest per year
over the 50-year contract period estimated at $7,000,000 annually (McLellan 1932:90). In addition to
the new arguments for the potential profitability of the hydroelectric systems public opinion on the
acceptability of government intervention into the utility industry was also swayed by the arrival of the
Great Depression and the desire for government sponsored employment programs, which large-scale
Reclamation construction projects could provide.

Impact of the Great Depression on Utility Development

After President Franklin D. Roosevelt’s 1932 election, Reclamation projects became a cornerstone of his
New Deal legislation, a program largely aimed at providing work for the unemployed. One New Deal
effort was the 1933 creation of the Tennessee Valley Authority to develop infrastructure in economically
depressed areas in Tennessee that had been previously neglected by private utility firms (Funigiello
1973). Many members of Congress had continued concern about the growing concentration of the
private utility industry as by 1932 three private holding companies owned one half of the nationwide
utility industry. Therefore, in addition to authorizing the construction of new reclamation projects,
President Roosevelt signed the Public Utility Holding Company Act of 1935 which sought to further
regulate the monopolies that controlled the private utility industry. The regulations called for private
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utility companies to limit their operations to one state or if maintaining interstate operations, divest
themselves from other non-utility industries. The Act represented a response to the concentration of
utilities in the hands of a small number of holding companies which had no actual role in the delivery of
electricity to end users and often avoided state or federal utility regulations (Linenberger 2002).

The Public Utility Holding Company Act gave the Federal Power Commission regulatory authority over
interstate sale and transmission of power and created single integrated power systems to serve specific
geographic regions (Brigham 1998; Hirsh 2002). While regulating private industry, the administration
increased investment in the development of federal Reclamation projects. Under a series of
congressional acts, President Roosevelt authorized the construction of fifteen reclamation projects
during the period between 1933 and 1938 (Ickes and Page 1941). The majority of these projects were
largely for irrigation purposes; however, six projects included hydropower generation as a component.

New Deal-Era Development on the Colorado River

Parker Dam on the Colorado River represents one such Roosevelt-era project, the construction of which
began in 1934. The stated intent of the dam construction was to convey water to the Metropolitan
Water District in California, as well as to provide an additional means of power production from the
Colorado River (Ickes and Page 1941). The Parker Dam and associated power plant are located on the
Colorado River 155 miles to the south of Boulder Dam. The project has the notoriety of having one of
the most unusual construction beginnings in Reclamation history. Due to the State of Arizona’s
continued concern regarding California’s water use and concomitant objection to Colorado River
reclamation projects, Arizona governor Benjamin Moeur declared martial law, ordering the Arizona
National Guard to take possession of the Arizona side of the proposed dam location, thereby impeding
construction (Linenberger 1997). Although construction on the dam site was halted by Secretary of the
Interior Harold Ickes, construction of an adjacent work camp proceeded. The United States appealed to
the Supreme Court to halt Arizona’s activities and the Court issued an injunction in February of 1935,
which was overturned in April of that year. Ultimately the issue was resolved by Congress’ passage of
the Rivers and Harbors Bill in 1935 which authorized construction of the Parker Dam, a federal action
which superseded any state level protest. President Roosevelt signed the bill, which allowed con-
struction on the dam to resume in October of 1935 (Linenberger 1997). Reclamation began constructing
the foundations of a power plant in 1938 but postponed the construction until there was sufficient
demand for power from neighboring states.

Arizona entered into a severe drought in the late 1930s, which not only limited water but also the
source of electricity generated from hydroelectric facilities on the Salt River. To exacerbate matters, this
decline in power generation also occurred during a time of considerable population expansion in the
Phoenix metropolitan area. In 1940 the federal government authorized the construction of temporary
transmission lines to divert power from Hoover Dam, via Parker Dam, to Phoenix, Tucson, Sacaton, and
to the Gila project until the Parker power plant was finished (Mann 1963; Ickes and Page 1941). As part
of its evaluation of Arizona’s need for emergency relief, the Federal Power Commission conducted a
study of the utility industry in Arizona in 1942. The study found that, in addition to inadequate power
resources, Arizonan’s paid the third highest utility rates in the country, which stood in contrast to the
arguments made by private utility companies against federal hydroelectric development on the
Colorado River. The study helped somewhat to sway public opinion on federal hydroelectric power
development in a favorable direction as Arizonan’s began to see the public power as a possible avenue
to bring down utility rates and ensure reliable energy. Additionally, increasing power demands related
to wartime manufacturing and postwar population growth, also bolstered Arizonans favorable view of
the Colorado River as an additional power sources (Mann 1963).
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Wartime Reclamation Efforts on the Colorado River

As early as 1938, President Roosevelt authorized the creation of the National Defense Power Committee
and requested that the Federal Power Commission investigate the country’s existing utility
infrastructure to assess potential wartime capacity. The National Defense Power Committee’s task was
to integrate the existing utility networks and expand hydropower and steam-power generating plants
(Linenberger 2002). The Boulder Dam project is one such example of this infrastructure improvement
mission. In 1937, five power generators were in place at the Boulder Dam. By the middle of 1941, an
additional four plants had been constructed, which increased the generating capacity from 500,000 to
704,800 kilowatts (McClellan 1932; Reclamation Era 1941). Wartime industries were drawn to areas
where water and power were in large supply. The nearby Boulder Dam allowed the establishment of
facilities such as the Basic Magnesium Plant and the U.S. Army Air Corps training school and gunnery
range (Linenberger 2002). These new facilities resulted in a larger demand for power production at
Boulder Dam. A December 1941 article in The Reclamation Era noted that although a tenth generator had
come online at Boulder Dam and two additional generators were under construction “...these will not be
adequate to meet the demands of the present airplane, shipyard and mineral processing plants in the
California-Arizona-Nevada area” (The Reclamation Era 1941c:326). By 1943, the Basic Magnesium Plant
was using one quarter of all of the electricity produced at Boulder Canyon (The Reclamation Era 1941a;
Linenberger 2002). A thirteenth generator was proposed specifically to meet the Plant’s needs. Hoover
Dam provided additional electricity to shipping yards, aircraft manufacturers, and an aluminum plant in
the Los Angeles area, as well as to rubber and aluminum plants in Phoenix (The Reclamation Era 1941c).

Reclamation began the construction of the Parker Dam Power Plant in 1940. It was anticipated that
three 30,000 kilowatt generating units would be completed by 1942, with the potential to add an
additional unit. A transmission line was constructed between Parker Dam and the Gila Project, to
provide energy to Yuma. In 1941, in anticipation of the Parker Dam Power Plant completion,
Reclamation was constructing transmission lines from Phoenix to Tucson, from Phoenix to Sacaton, and
from the Imperial Dam to Blaisdell, Arizona (The Reclamation Era 1941a). Although the Metropolitan
Water District of California had provided the impetus for the development of the Parker Dam,
Reclamation had existing contracts with the District for obtaining power from Boulder Dam, and
deemed that allotment sufficient (Linenberger 2002). Arizona had not yet ratified the Colorado River
Compact, and private utility firms, including the Salt River Valley Water User’s Association and the
Central Arizona Light and Power Company, were able to negotiate contracts with Reclamation to obtain
power from Parker Dam (Mann 1963).

Reclamation predicted that, even with the improvements to the Boulder Dam power generation system
and the impending completion of the Parker power generating system, demands spurred by
southwestern metropolis’ growing population and burgeoning military-industrial complex would
outstrip capacity. In 1941, Harold Ickes, the Secretary of the Department of the Interior, called for a one-
third increase of the nation’s power generating capabilities in order to meet wartime pressures
(Linenberger 2002). The Federal Power Commission estimated that the states of California, Nevada, and
Arizona could face shortages of more than a half million kilowatts between 1941 and 1947. The needs of
southern California were considered especially acute. In response to these predicted shortfalls, in 1941
Congress authorized 55,000,000 from the 1942 Interior Department Appropriation Act for the
construction of the Bulls head (Davis) Dam (The Reclamation Era 1941b). The 1942 Act broadly called for
a 56 billion-dollar investment in energy production across the nation, in order to meet the goals of the
Interior Department (Linenberger 2002). Money was provided for improvements to the Boulder and
Parker dams, and construction of the Davis Dam between the two existing dams. Construction of four
generating units and accommodation for a fifth to be constructed in the future was also proposed.
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Transmission lines were to be constructed to connect to substations in Phoenix, Tucson, Yuma, and the
Gila Project in Arizona, as well as the Imperial and Coachella valleys in southern California. The proposed
transmission system would tie into the Parker Dam system (The Reclamation Era 1941b). Initial
construction efforts began in 1942, but the project was put on hold by the War Production Board, who
determined that its construction was not a top national priority. Construction on the project did not
resume until 1946, after the conclusion of the war; initial power deliveries began in 1951, and the
project was finally completed in 1953 (United States Bureau of Reclamation 1961). The completion of
Davis Dam represented the last major multi-purpose dam on the Lower Colorado River; in the years to
follow, hydroelectric development would be focused upon the upper Colorado River.

In the years spanning the initial construction effort of Davis Dam in 1942 and the resumption of
construction in 1946, the State of Arizona officially signed the Colorado River Compact and thusly
became a fully vested party with rights to the power and water of the Colorado River. As early as 1941,
Arizona Governor Sydney Osborn began to lobby for the creation of a water and power authority that
could negotiate contracts with Reclamation for resources from the Colorado River. In 1942, armed with
the Federal Power Commission's study of Arizona’s utility industry, Governor Osborn approached the
Arizona legislature to push for the ratification of the Colorado River Compact. Osborn argued that the
private utility companies in the state had sought to maintain control of all access to electrical power in
order to achieve higher profits at the expense of the general public. In so doing, the companies had
usurped the State's rights to electricity generated from the substations along the Colorado River (Mann
1963).

In 1944, the Arizona legislature ratified the Colorado River Compact. A separate bill was written to
create a state contracting and regulating agency, with a special concession to the Salt River Valley Water
Users Association and the Central Arizona Light and Power Company to provide for maintenance of the
existing contracts they had negotiated with Reclamation. The bill passed and the Arizona Power
Authority was created. This agency could negotiate with Reclamation to receive power generated from
the Colorado River, develop transmission infrastructure and sell the power through wholesale contracts.
As conceived, the agency would also create an interconnecting grid to facilitate a more equal
distribution of power generated by the various power-producing organizations throughout the state
(Mann 1963). In 1945, the agency signed a contract with Reclamation, which allowed Arizona to draw its
full share of electricity from Hoover Dam. The State first began receiving power in 1951 from Davis Dam
(Mann 1963). In 1952, two generators were constructed at Hoover Dam thereby enabling Arizona to
receive its negotiated power deliveries.

Postwar Reclamation Development Supporting the Growth of the Southwest (1946-
1994)

The southwest portion of the United States experienced phenomenal growth during World War |,
largely spurred by increased federal spending on military installations and resource production facilities.
Population and economic growth continued in the years immediately following the war, and the states
in the Colorado River Basin continued to be concerned about long-term water and power needs and
sought to meet these challenges by brokering new agreements for water and power rights with
Reclamation, as well as through promotion of large-scale construction efforts. Reclamation, in turn,
sought ways to improve the management of water and generation and distribution of power via seven
power systems.
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Parker-Davis and Colorado River Storage Projects

In 1948, the states of Arizona, Colorado, Utah, Wyoming, and New Mexico signed the Upper Colorado
River Basin Compact, which allocated water among the five states. As only a small part of Arizona was
located within the Upper Colorado River Basin, the state’s allocation of 50,000 acre feet of water was
relatively modest. The Parker-Davis Project was created when the Parker Dam and Davis Dam projects
were consolidated on May 28, 1954 (Linenberger 1997:10). This multipurpose water resource
development and management project was designed to tame the Colorado River and harness its power.
The project also provided flood control, water for municipal and industrial uses, recreational
opportunities, and wildlife conservation.

The Upper Colorado River Commission issued a series of pamphlets in 1955 publicizing the importance
of the Compact and calling for the development of hydroelectric dams under the proposed Colorado
River Storage Project (CRSP). One such pamphlet notes that, although the lower basin states had
succeeded in bringing about extensive development through dam projects on the lower Colorado,
“...development there [the upper basin] was retarded and eventually brought to a virtual standstill
because of lack of agreement among the Upper Basin states on the diversion of the waters of the
Colorado river and its tributaries and apportionment among them of their share as a group in the
beneficial use of those waters” (Upper Colorado River Commission 1955).

In 1950, a study by Reclamation recommended four potential dam projects on the upper Colorado River:
Glen Canyon, Echo Park, Flaming Gorge, and Navajo (Upper Colorado River Commission 1955). The 1956
Colorado River Storage Act authorized the previously recommended Glen Canyon on the Colorado River,
Flaming Gorge on the Green River, and Navajo on the San Juan River, and a fourth project, Curecanti
(later re-named the Wayne Aspinall unit) on the Gunnison River (United States Department of the
Interior 1981). A federal power market survey completed in 1958 for the CRSP reported that electrical
demand had increased by roughly 11.4 percent between 1945 and 1955. While the region, including
both hydro and fuel power, had the capability of producing 3.6 million kilowatts of power, by 1955
demand had outstripped the energy supply. Additionally, the lack of interconnected power transmission
placed a dangerous level of stress on individual systems during peak load periods (Federal Power
Commission 1958).

In October 1956, work began on the Glen Canyon Dam, the first of the Colorado River Storage projects
Opponents to the dam voiced concern over the environmental consequences of constructing such a
large-scale structure, which would impound the waters of the Colorado River and inundate scenic Glen
Canyon. The canyon had been considered a potential dam site as early as 1916 when E. C. La Rue of the
United States Geological Survey looked at two potential locations for dams on the upper Colorado. After
World War Il, Reclamation undertook a large-scale survey of potential dam sites throughout the country
and recommended Glen Canyon as one of 134 potential sites (Rogers 2006).

Once constructed, Glen Canyon Dam was 700 feet tall, and the largest of the four CRSP dams. It was
expected to generate enough hydroelectric power to help finance the construction costs of the other
three dams. The remote location of the dam site required construction of highways and housing, and
the townsite of Page was established on the Arizona side of the river to fulfill the needs of workers and
their families. The town, named for Reclamation Commissioner John C. Page, reached a population of
6,000 by 1961. The dam was completed in 1963 and the first of eight planned power generators came
on line in 1964; the last generator became operable in 1966 (The Reclamation Era 1963; United States
Department of the Interior 1968).
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Power generation was a fundamental objective of the original planning for the Glen Canyon, Flaming
Gorge, and Curecanti projects. The hydroelectric power from these dams was intended to be fed into a
new interconnected transmission system of some 2,000 miles constructed as part of the CRSP. These
new lines would tie into an existing 4,700 miles of federal transmission lines which, in turn, would
connect to 7,200 miles of private or preference user lines (The Reclamation Era 1963). The goal of this
integrated transmission system was to ensure that regional and seasonal energy needs could be met
(Federal Power Commission 1958). The high-voltage transmission system of the CRSP delivered power to
a market area which included the states of Arizona, Colorado, Nebraska, Nevada, New Mexico, Utah,
and Wyoming (Verburg 2008).

The Navajo project of the CRSP was established as an irrigation and water regulation project that would
meet the obligations of the Secretary of the Interior to provide water to the Navajo Nation (Linenberger
2002). In 1959, Navajo Tribal Chairman Paul Jones wrote an article in the Utah Historical Quarterly
discussing the importance of the proposed Navajo Indian Irrigation Project (which was approved by
Congress in 1962) which would make 115,000 acres of irrigable land from the Navajo Unit of the CRSP
available for farming and livestock raising. As conceived, the land would be available in 90-acre parcels,
although Jones emphasized that 120-acre units would afford tribal members the possibility of greater
success (Jones 1959). Jones recounted the federal government’s failed attempts to convert Navajos to
farming including their forced relocation to the Bosque Redondo in New Mexico in the 1860s and the
1945 voluntary resettlement program to the Colorado River Indian reservation, which already was a
recipient of water from federal projects. Indeed, by 1967, only 67 of the 149 Navajo and Hopi families
who moved to the Colorado River Indian reservation remained. Jones argued that, unlike these previous
attempts to introduce an agricultural economy to the Navajo, the Navajo Indian Irrigation Project would
find success through developing agricultural infrastructure within the Navajo homeland. Navajos would
be provided the necessary training and an adequate amount of land to grow crops in an arid climate. In
addition to watering crops, Jones foresaw the project as also providing enough water to increase sheep
herding on the reservation from roughly 5,000 units to more than 400,000 units (Jones 1959). The
Navajo Dam was dedicated in September of 1962, and provided water to the 110,000-acre Navajo Indian
Irrigation Project (The Reclamation Era 1963). Ultimately, the Glen Canyon Dam would provide power to
portions of the Navajo reservation through transmission systems in Chinle and Kayenta (Glaser 2009).

Colorado River Front Work and Levee System

In addition to the large-scale reclamation projects that were constructed to provide water and power to
the southwest, Reclamation was also charged with management of the Colorado River as a natural
resource. As such, Reclamation’s activities included functional maintenance in the form of river channel
stabilization, but also grew to take on management of the river as an environmental resource. Power
production associated with these goals was supportive in nature and was not intended for commercial
consumption.

Prior to the creation of the Boulder, Davis, and Parker regulating dams, the Colorado River channel was
vulnerable to shifting alignments as a result of flooding during years of heavy rains. Additionally, silt
deposits within the river and canal alignments impeded irrigation. Extensive amounts of money were
spent for the construction and maintenance of river levees; an estimated 10 million dollars was expended
between 1906 and 1924 (Krug 1946). The United States Congress gave initial approval for a Colorado
River Front Work and Levee System (CRFWLS) in 1925, which was to extend between Lee’s Ferry on the
upper Colorado and the international boundary with Mexico. The completion of Hoover and Parker
dams assisted with general flood regulation of the Colorado, but it did not improve the silt conditions.
The 1925 law authorized funds to reimburse Reclamation for its prior efforts in levee work and to
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receive $35,000 annually for the ongoing operation and maintenance costs of the CRFWLS. The budget
was revised to $100,000 annually in 1927. In 1940, the project was amended to focus on the stretch of
channel between Hoover Dam and the Yuma Project (Bickell 1999). In June of 1946, Congress outlined
the formal scope for CRFWLS construction activities and created 10 management areas consisting of the
Mohave, Topock Gorge, Havasu, Parker, Palo Verde, Cibola, Imperial, Laguna, Yuma, and Limotrophe
divisions. The systematic management of these divisions began with Reclamation contracts for a
dredging machine in 1947 (Bickell 1999). The machine, named the Colorado, began work within the
Mohave Division in 1949. Due to the intense level of operation, Reclamation purchased an additional
dredging machine, the “Little Colorado” in 1957. In addition to dredging the main river, Reclamation also
undertook the dredging of small lakes that would serve as recreational reservoirs (Bickell 1999).

The Imperial Division of the CRFWLS project was subject to high levels of silt that could not be managed
by a single dredging machine. Reclamation authorized the development of the Senator Wash Dam and
Regulating Reservoir in 1963, which would be used to regulate water levels and flush high levels of
sediment downstream (Bickell 1999). The CRFWLS Project is located 18 miles northeast of Yuma, and its
features include an earthen dam, dikes, a spillway, outlet works, pumping-generating plant, and
switchyard (United States Department of the Interior 1981). The pumping-generating plant has six
generators with both intake and output capabilities and is the one unit within the network that requires
operating power to be transmitted directly from a substation. Construction on the plant was completed
in 1966. A roughly 18-mile transmission line carries 69 kV of power from the Gila Substation, of the
Parker-Davis system, to the Senator Wash substation and pumping plant passing through the Army Tap,
Laguna Dredge, and Laguna Dredge Tap substations (United States Department of the Interior 1981).
The work of the CRFWLS is ongoing to improve water flow for irrigation purposes in southern Arizona
and California.

Pacific Northwest—Pacific Southwest Intertie

Reclamation began to make efforts on a formal interconnected transmission system with the lower and
upper Colorado River Storage projects. Recognizing that government power production would have
seasonal peak demands and subsequent excess energy capabilities, as early as 1935 Reclamation began
to study the potential of an interconnected system spanning the Bonneville Power agency of the
Columbia River Basin and California. However a formal study was not completed by Reclamation until
1949 when the agency examined the possibility of an intertie between Central Valley Project of
California and the Bonneville System (Linenberger 2002). Because the southwestern states had
particularly high demands for energy during hot summer months, and the Pacific Northwest had high
demands in the winter, these regions were ultimately considered ideal for a potential intertie project
(Linenberger 2002).

In 1961, President John F. Kennedy authorized Secretary of the Interior Stewart Udall to create a plan for
an intertie that would develop regional power pools to be drawn on during peak load demands. Udall
submitted a formal plan for the intertie system to Congress in 1964, and it was approved that same
year. An article in the August 1965 issue of The Reclamation Era touted the project as the “biggest single
electrical transmission project ever undertaken in this country” (Dominy 1965). The undertaking was in
fact not only large, but also complicated, as it required interconnecting both public and private power
systems. The project was projected to connect electric systems between Vancouver, Canada;
Washington; Oregon; California; Nevada; and Arizona (Dominy 1965).

As planned, the intertie system was composed of short alternating current lines and two large-scale
direct current lines. Reclamation completed three of the proposed alternating current lines in the late
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1960s but, due to lack of funding, the intertie system was not constructed as originally conceived and
instead private utility firms began to develop additional lines (Linenberger 2002). As constructed, the
transmission lines of the intertie originate at the Washington/Oregon border and branch into California
and Nevada. The Nevada line continues to Hoover Dam, where it is then routed into Arizona. Although
the constructed intertie is located only within these three states, the energy is routed to a power grid
that provides power to eleven states in the western United States (Linenberger 2002).

Central Arizona Project

When the State of Arizona ratified the Colorado River Compact in 1944, the contract specified that
Arizona would qualify for the delivery of 2.8M acre feet of water from the Colorado River per year
(Mann 1963). One of the first actions of the state was to create the Central Arizona Project (CAP), an
expansive network of canals to provide irrigation water to central and southern Arizona (Kenney 2009).
In 1944, Arizona allocated $200,000 to Reclamation for a study of the state’s water resources and to
assess the potential for a new reclamation project (Gookin 1949). The report issued by Reclamation in
1949 recommended that water be routed from Lake Havasu to provide for 640,000 acres of agricultural
land currently unable to maintain consistent production due to a lack of adequate water supply (Gookin
1949). A hydroelectric component was proposed for the project to help defray construction costs and to
supply additional power to the northwestern portion of the state. Reclamation proposed a new dam at
Bridge Canyon, south of Grand Canyon National Park. This dam would provide the hydroelectric power
needed to pump the water from Lake Havasu south to central Arizona, and would also provide the
region with an additional source of power (Mann 1963). An additional dam was proposed at Marble
Canyon, above Grand Canyon, as were dams on the Little Colorado River and the Salt River System. A
series of congressional bills to authorize the CAP were proposed and defeated between 1949 and 1952.
In 1953, the State of Arizona sued the State of California in the United States Supreme Court, claiming
that the amount of water withdrawals California took from the Colorado River exceeded the negotiated
limit. The court case continued in litigation for a decade, during which time all proposed development
on the Colorado halted (Mann 1963; Zuniga 2000).

The Supreme Court issued a decision on the Arizona v. California case in 1963 and validated Arizona’s
claim to 2.8 million acre feet of Colorado River water, excluding any water produced by the Gila River
(Zuniga 2000). These rights were, however, superseded by prior treaties with Native American tribes and
with Mexico. With this formal court decision, the State of Arizona once again began to push for CAP
legislation, including plans for the Bridge Canyon and Marble Canyon dams. However, the proximity of
the proposed dams to the Grand Canyon created controversy, and congressional legislators from other
states proved unwilling to tackle the unpopular proposal (Zuniga 2000). In 1967, Arizona legislators
proposed a bill that removed the two dams from the project and instead proposed a coal-fired plant be
used to power the pumps necessary for the water conveyance system to operate. Wayne Aspinall,
Colorado Congressman and chair of the House Interior Committee, who had authority to reject any
Reclamation proposal, had concerns over how the CAP might impact future water needs of Colorado.
Apsinall blocked the bill and instead proposed legislation for the Colorado River Basin Project (CRBP)
which although including the CAP- also made provisions for a Central Utah Project and a number of
projects for Western Colorado (Zuniga 2000).

The CAP was authorized under the CRBP in 1968; however, construction did not begin until 1973.
Construction was preceded by the creation of the Central Arizona Water Conservation District,
comprised of representatives from Maricopa, Pinal, and Pima Counties who would negotiate to allocate
CAP water. Construction on the CAP began in the middle of 1973 with excavation for the foundations of
the Havasu Pumping Plant, one of four pumping plants on the Hayden-Rhodes division of the project. By
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1985, a 173-mile aqueduct was completed that extended to the Phoenix area (Zuniga 2000). The Fannin-
McFarland Division included a pumping plant at the Gila River Siphon and a 57-mile aqueduct that was
completed in 1987. The third division, the Tucson Division, included nine pumping plants and a 37-mile
aqueduct. It was completed in 1993 (Zuniga 2000). In addition to providing water for municipal areas in
Maricopa, Pima, and Pinal counties, twenty percent of the total water derived from the CAP was set
aside for five Native American tribes: the Ak-Chin Indian Community, the Gila River Indian Community,
the Tohono O’odham Nation, the Salt River Pima-Maricopa Indian Community, and the Fort McDowell
Yavapai Nation (Department of the Interior 1976).* During the next 30 years the CAP would be invoked
in the settlement of water rights for the five abovementioned tribes, as well as the San Carlos Apache
Tribe and Yavapai-Prescott Indian Tribe.

The power necessary for the CAP’s extensive system of pumping plants and aqueducts came from the
Navajo Steam Generating Plant near Page, Arizona. The plant, constructed in 1969 on Navajo Nation
land, is jointly owned by Reclamation, Salt River Project, Los Angeles Department of Water and Power,
Arizona Public Service Company, Nevada Power, and Tucson Electric Power. The coal-fired plant sources
its fuels from a mine at Kayenta on the Navajo Nation and draws water as a coolant from nearby Lake
Powell. In addition to providing power for the operation of the CAP, the Navajo Generating Plant’s
power is distributed to customers in Arizona, California, and Nevada. Construction of the three
generators was completed in 1976 (Salt River Project n.d.).

Colorado River Basin Salinity Control Project

In 1944, the United States signed a treaty with Mexico to distribute water from the Colorado River,
Tijuana River, and the Rio Grande. The treaty guaranteed an allotment of 1.5M acre feet to be delivered
from the Colorado River to Mexico annually (Krug 1946). The United States began to deliver treaty water
in 1950 after the construction of the Morelos Dam in Mexico. The treaty did not possess any stipulations
regarding water quality, and much of the water delivered to Mexico came from irrigation returns or
releases from storm flows (Bickell 1999a). The salinity levels stayed within an acceptable level of 100 parts
per million in the years between 1950 and 1961.

The Wellton-Mohawk Irrigation and Drainage District, located in the Yuma area, was created by the Gila
Reauthorization Act of 1947. The system was completed in 1952 and, beginning in 1961, the district
began discharging excess irrigation water into the Colorado River below the Imperial Dam. The saline
content of these waters was very high, in the range of 6,000 parts per million. Water deliveries to
Mexico reached 1,500 parts per million by 1962. In conjunction with the addition of the highly saline
water, the United States began to reserve more water behind Lake Mead in anticipation of the
completion of Glen Canyon Dam and the development of Lake Powell (Nathanson 1978). Glen Canyon
Dam was completed in 1963, and the average flow of water in the lower reaches of the Colorado River
dropped by more than half between 1961 and 1971. This exacerbated the condensation of saline in the
lower Colorado. In the latter part of 1961, the Mexican government began to call on the United States to
remediate the water quality issues.

In 1965, the United States entered into a five year agreement with Mexico that included a proposal to
construct a drainage conduit for the Wellton-Mohawk Irrigation District. This conduit would either

' The Orme Dam was proposed as part of the CAP and was to be constructed at the confluence of the Salt and

Verde rivers to create a water reservoir for the CAP system. The proposed dam site and associated reservoir
would have flooded much of the Fort McDowell Yavapai Nation. In 1976, the tribe voted against the proposed
dam and spent five years in highly vocal and public opposition until the Secretary of the Interior dropped the
dam from CAP planning.
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bypass Morelos Dam or would be placed above the dam with the drainage diluted with stored water.
Construction of additional drainage wells was also proposed as a remedy to the salinity issue. However,
as late as 1971 the United States had made very limited progress in reducing the saline levels in the
water delivered to Mexico (Nathanson 1978). As a result, the Mexican government pushed for new
water rights negotiations to remedy the situation. This brought about a second agreement in 1973 in
which the United States agreed to construct a desalinization plant near Yuma (United States Department
of the Interior 1973). The agreement also had a provision to construct a Wellton-Mohawk outlet, which
would transport discharged water directly to the Gulf of California. The new agreement stated that the
water delivered to Mexico upstream from the Morelas Dam could have no more than 115 parts per
million of saline. The United States passed the Colorado River Basin Salinity Control Project (CRBSCP) as
authorizing legislation to this agreement in 1974 (Nathanson 1978). In addition to the funding for
infrastructure, Reclamation also authorized monies to be used for fish and wildlife mitigation in the form
of clean drinking water and habitat restoration projects managed through the desalinization program.

In 1971, Reclamation established a test facility prior to construction of the desalinization plant. By 1975,
a number of independent contractors had constructed additional testing units, predominantly to test
new technologies in anticipation of a potential award of contract. Reclamation selected a firm for
construction of phase | of the plant in 1978, and additional contracts were awarded in 1982 and 1985.
The plant was sited four miles west of Yuma, near the existing Yucca Power Plant, which was owned by
the Arizona Public Service Company (United States Department of the Interior 1981). The desalinization
plant was unofficially named the Yucca site before being formally named the Yuma Desalting Plant.
A substation was constructed at the site of the plant which was completed in 1983 as the Desalter
substation. A 3.9-mile 161-kV transmission line was constructed between Knob Substation and the
Desalter substation at the desalting plant in 1982. The plant went online in 1992, but did not operate at
full capacity. Subsequent to the plant’s completion, higher levels of water flow in the Colorado, as well
as the construction of the bypass channel to the gulf, lowered the salinity of the water and eliminated
the need for the plant’s operation. However, in anticipation of future needs, the plan has remained in
continuous use as a research laboratory (Bickell 1999a).

In the early 1970s, while continuing to negotiate water quality agreements with the United States,
Mexico began to install pumping wells near its border with Arizona. The pumps had a capacity to draw
320,000 acre feet of water per year (Bickell 1999a). The United States grew concerned that these wells
would put a draw on the flow of water in the Yuma Valley, and Reclamation responded in the mid-1970s
by building pumping wells on the Arizona side of the border. The wells on Yuma Mesa were completed
by 1979 and were put into operation in 1981. These wells were used to pump water for delivery to the
Colorado River through a pipeline and served to guarantee water resources on the United States side of
the border (Bickell 1999a). Reclamation constructed electrical transmission infrastructure, including four
substations and three transmission lines between 1978 and 1983 to support the well pumps. Two
34.5-kV lines were constructed between the Wellfield substation in San Luis, less than a mile from the
U.S. and Mexico border, and the Sonora substation between 1978 and 1982. Additionally, a 69-kV
transmission line was constructed between the Gila Substation and the Sonora substation in 1983.

The Shifting Power Landscape in the Late 20th Century

America’s energy consumption grew along with the growth of the postwar economy during the years
spanning 1945 and 1965. The utility industry continued to create power generating systems and
interconnected transmission systems, which helped to increase efficiency and keep energy rates low.
However, although, inflation began to rise during the late 1960s and early 1970s, utility producers did
not raise their prices. Instead, utilities continued to invest money in creating new power generating
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systems, in the same manner as which they had done in the past (Hyman 1983). However, events would
occur in the late 1960s and 1970s that had significant impacts to the utility industry and would result in
changes to the private and public industries.

In the summer of 1965, the northeast United States experienced a large-scale blackout that interrupted
power service for days. The blackout highlighted the problem of reliance upon the existing
interconnected — and vulnerable — power infrastructure. In addition, new environmental legislation of
the late 1960s pressured utility companies to both comply with emission standards and undertake
beautification of systems. Concomitant with these capital improvement pressures, the United States
experienced the oil embargo of 1973, related to the United States support of Israel during its conflict
with the Arab states of Egypt and Syria, which dramatically raised fuel prices for the country (Hyman
1983; Western Area Power Administration 2002). Following his inauguration in 1977, President Carter
pronounced the energy crisis as the “moral equivalent to war” (Western Area Power Administration
2002:12). Carter’s plan to address the crisis was to consolidate the more than 50 federal energy
oversight agencies within a single bureau. This bureau, the Department of Energy, would oversee
development of the nation’s critical energy infrastructure (Western Area Power Administration 2002).

Reclamation retained responsibility for marketing electricity generated by their Western United States
power plants, as well as those built by the Army Corps of Engineers (USACE), until 1977. That year,
Congress created the DOE, which effectively shifted energy marketing and transmission
responsibilities from Reclamation to five regional marketing authorities — the Bonneville Power
Administration, Southeastern Power Administration, Southwestern Power Administration, Western Area
Power Administration and Alaska Power Administration. Each power administration was assigned a
geographical area in which it would operate and maintain existing federal transmission facilities and be
responsible for construction and operation of future federal facilities, as needed.

Western was assigned responsibility to market and transmit power generated by the coal-fired Navajo
power plant in Arizona and 49 hydroelectric power plants operated by Reclamation, the USACE, and the
International Boundary and Water Commission.

The agency appointed its first administrator, Robert McPhail, in 1978. In the years following its
establishment, Western gradually assumed responsibility for most federal transmission lines and related
facilities in its 15-state service area. By the late 1980s, Western operated more than 16,000 miles of
transmission lines and more than 240 substations (Western Area Power Administration 2002:2-6). Of
these, 135 transmission lines totaling nearly 3,590 miles, 96 substations, and 90 community facilities are
part of the DSW Region, throughout portions of Arizona, California, New Mexico and Nevada.
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Chapter 3

Statement of Context Part 2: DSW Region’s Transmission
Power Systems

The seven DSW Region’s Transmission Power Systems are: 1) Boulder Canyon, 2) Parker-Davis, 3)
Colorado River Storage, 4) Colorado River Front Work and Levee, 5) Intertie, 6) Central Arizona, and 7)
Colorado River Basin Salinity Control. These systems deliver electrical power generated by one or more of
the following dams: Davis, Glen Canyon, Hoover, New Waddell, Parker, and Senator Wash.

The following information is provided for each transmission line: mileage, location, date of construction,
manufacturer, function, phases of construction, any modifications, portions owned or maintained by
Western, and current NRHP status. Further details of the systems, such as the type structures, structure
dimensions, circuit, voltage, conductor type, line type, and insulator types, are provided in table format.

For each substation the following information is provided: date of construction, manufacturer, function,
general location, dimensions, main components, phases of construction and expansion, purpose of
additional construction, the removal or replacement of any facilities, the parts of the station Western
owns or maintains, and current NRHP status. Substation names, date(s) of construction, capacity, and
facility components are presented in table format. The names of facilities (e.g., dams, substations) are
spelled out while transmission lines are listed by FID. System components are described in terms of
function — water control and distribution, power transmission, power conversion and distribution — and
listed alphabetically.

The following types of facilities are not discussed in detail — pumping plants, communication facilities,
and transformer circuits. Facilities of great historical significance, such as the Hoover Dam or those that
relate to other system components, such as pumping plants powered by a substation, are not
considered part of this historic context, but are briefly discussed as they relate to the transmission
power system. The level of detail for each system varies depending upon the information available on
that system. Length of transmission lines should be regarded as approximate until LIDAR data is added
to the GIS database. Although additions to these systems continue overtime, the periods of significance
were determined based on the critical years during which construction occurred in direct response to
national or local needs for these systems.

Boulder Canyon Power System (Period of Significance 1930-1952)

Mission, Customers, and Location

The Boulder Canyon Project Act, authorized in December 21, 1928, allowed for construction of the
Hoover Dam and the All-American Canal System in southern California (Simonds 1995: 9). Power is
generated from the Hoover Dam located on the Arizona-Nevada border, seven miles northeast of
Boulder City, Nevada, and distributed to municipalities in Arizona, California, and Nevada through a series
of substations and transmission lines (Figure 3-1).

The Boulder Canyon Power System, is a multipurpose water resource development and management
project designed to harness the power of the Colorado River. The project also provides flood control,
storage and delivery of water for reclamation and other beneficial uses, outdoor recreational
opportunities, and fish and wildlife habitat.
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The Boulder Canyon Power System provides a dependable water supply toirrigate more than two
million acres of land in southern California and southwestern Arizona, and over 400,000 acres in Mexico.
This system also supplies water for more than 20 million people and numerous industries in southern
Nevada, Arizona, and southern California for municipal, industrial and other domestic uses. The Hoover
Dam generates, on average, four billion kilowatt-hours of hydroelectric energy annually (BOR 2012).

Power System Components

Summary of System Components

The Boulder Canyon Power System is comprised of the Hoover Dam, 15 transformer circuits, 8 main
transmission lines totaling 95.31 miles, and 10 substations. These facilities are located in a relatively
small geographic area adjacent to, and immediately downstream of Hoover Dam along the Colorado
River.

Water Control and Distribution

Power Generation

Hoover Dam. Hoover Dam is located about seven miles northeast of Boulder City, Nevada, and about 35
miles southeast of Las Vegas, Nevada, and provides the primary source of power to Boulder Canyon
Power System facilities. Situated on the Arizona-Nevada border, the dam and reservoir are in Mohave
County, Arizona, and Clark County, Nevada. The Hoover Dam was constructed as part of the Boulder
Canyon Project Act, signed into law by President Coolidge on December 21, 1928 (Simonds 1995: 9). The
Boulder Canyon Project Act authorized $165 million for construction of a dam in Boulder or Black
Canyon and the All-American Canal to connect the Imperial and Coachella Valleys with the Colorado
River (Simonds 1995: 9). Because of its importance in history, the Hoover Dam is a registered National
Historic Landmark (NHL), an American Civil Engineering Landmark, and the central feature of the Hoover
Dam National Historic District. It was listed in the NRHP in 1985 (Feller 1985).

The dam impounds the Colorado River at a point in Black Canyon on the border between Nevada and
Arizona, creating a reservoir 582 ft deep at the dam with a capacity of 30.5 million acre feet of water.
The dam structure is 727 ft from bedrock to crest, 660 ft thick at the base, 45 ft wide at the crest, and
1,282 ft long on the arched crest. The dam was constructed using approximately 3.25 million cubic yards
of concrete which were poured into a series of columns raised systematically to form the monolithic
arch structure (Feller 1985; Simonds 1995: 26). The first bucket of concrete was placed in the dam on
June 6, 1933 (Simonds 1995: 27).

Associated dam components include a U-shaped power plant at the base of the dam, four intake towers
upstream from the dam, spillway gate structures on the Nevada and Arizona sides, a 150-ton cableway,
penstock outlet gate structures downstream from the dam, and spillway outlet structures downstream
from the penstock outlet gates (HAER 2002a). Additionally, there are about 30 miles of tunnels and pipes
within the canyon walls.
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Hoover Dam Power Plant began initial operations in late 1936, but the last generating unit was not
installed until 1952. The power plant consists of 17 units with a capacity of 1344.8—-MVA and two
additional 2,400-kV units used to supply power to the dam and power plant (Simonds 1995: 45). Hoover
Dam had the largest installed generating capacity of any hydroelectric plant in the world from 1942 until
the Grand Coulee Dam Power Plants came on line in the early 1960s.

Four 395-foot-tall intake towers (two downstream, two upstream) control the flow of water to the
canyon-wall, tunnel-plug outlet works, and power plant turbines, and provide for the release of stored
water under normal conditions (Feller 1985; Simmonds 1995: 32). Each tower is made of an inner
concrete barrel, 30 ft in diameter and supported by 12 concrete buttresses extending outward from the
inner barrel (Simonds 1995: 32) (Figures 3-2 and 3-3).

Four large diversion tunnels, two on either side of the canyon, were constructed to drain the dam site
for construction. These tunnels were 50 ft in diameter, lined with 3 ft of concrete, and reached a
combined length of 15,946 ft (Feller 1985). After dam completion, the upper portions of the diversion
tunnels were sealed and the lower portions were left open. The two inner tunnels now contain 30-foot-
diameter steel pipes (penstocks) which connect the intake towers to the power plant and outlet works
(BOR 2009). The downstream portion of the outer tunnels are used for spillway outlets. Heavy steel
gates weighing about 3 million pounds are used to seal the inlets of the two outer (penstock) tunnels,
while two 50- to 35-foot stoney gates are used to seal the outlets of the two inner (spillway) tunnels
(BOR 2009). Two 41-foot-diameter inclined tunnels connect the two upstream intake towers to the
inner diversion tunnels. These inclined tunnels are connected to the power plant turbines by four
21-foot penstock tunnels (Feller 1985). A 1,580-foot-long, 150-ton cableway was used to transport
materials to the canyon floor (Simonds 1995: 15).

Figure 3-2. Hoover Dam Overview 1 (Rothstein 1940) Figure 3-3. Hoover Dam Overview 2 (Adams
1941)

Power Transmission

Transformer Circuits

Western transmission facilities at Hoover Dam originate at the outlet side of current transformers on the
roofs of the Arizona and Nevada sides of the power plant. Fifteen transformer circuits were constructed
between 1936 and 1952 between the power plant roofs and six federal substations on the Nevada side
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of Black Canyon (Table 3-1). Western’s records indicate that at least seven of these circuits remain in
operation by Western to carry power to three of the Hoover Dam switchyards, whence the current is
carried to the Mead Substation. All of the Hoover Dam switchyards were removed from primary
switching and control functions following construction of Mead Substation beginning in 1968, and one
Hoover Dam switchyard was entirely removed. The circuits consist primarily of steel take-off structures
on the power-plant roof, rim towers at the edge of vertical drops above the power plant, and standard
transmission towers that carry conductors to the switchyards. The Hoover Dam Transformer Circuits are
contributing elements of the Hoover Dam Historic District and National Historical Landmark (Feller
1985).

Table 3-1. Hoover Dam Transformer Circuits.

Circuit Completion
Number Source Substation End Capacity Date
1 A9 Nevada State 69 kV 1951
2 A-8 SCE2138-kV 138 kv 1937
3 A-1/A-2 Los Angeles 287.5kV 1940
4 N-1/N-2 Log Angeles 287.5kV 1936
5 N-3/N-4 Log Angeles 287.5kV 1936
6 N-5/N-6 MWD?® 230 kV 1938
7 N-7 MWD 230 kV 1943
8 A-7 SCE 230-kV 230 kV 1938
9 A-6 SCE 230-kV 230 kV 1938
10 A-5 SCE 230-kV 230 kV 1942
11 A4 Arizona-Nevada 230 kv 1952
12 A-3 Arizona-Nevada 230 kV 1952
13 A9 Nevada State and Kingman 69 kV 1938
14 N-8 MWD 230 kV 1961
15 N-1/N-2 Nevada State 69 kV Post-1952
T2 na MWD and 230 kV 1951

Arizona-Nevada

Note: Adapted from Beedle et al. 2007; na = not available.
aSouthern California Edison.
b Metropolitan Water District.

Transmission Lines

There are 8 main transmission lines in the Boulder Canyon Power System — Hoover-Mead 1-8, and each
is comprised of two or three sections. The total length of these transmission lines is 95.31 miles (Table
3-2).

HVR-MED 1. This 230-kV transmission line extends from the Metropolitan Water District Substation
(MWD) Substation at Hoover Dam to Mead Substation. It is comprised of two sections totaling 8.51
miles in length.

Section 1, MED-BTP, is 4.32 miles long and was constructed in 1951 as the northernmost reach of the
Davis-Hoover 230-kV transmission line, which effectively first tied the Hoover Dam power system to that
of the Davis Dam/Parker Davis Project. In 1976, two existing 0.5 in steel 7-strand overhead ground wires
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were removed and two new Government-furnished 7 No. 7 AWG Alumoweld overhead ground wires
were installed.

Section 2, BTP-HVR, is 4.19 miles long and was constructed in multiple stages from 1941 to 1942. This
section was constructed in 1942 as a portion of the Hoover-Basic South (No. 2) transmission line. Two
transmission lines, the Hoover-Basic North and Hoover-Basic South, were constructed to bring power
from the MWD Substation at Hoover Dam to the Basic Magnesium plant in Henderson, Nevada. The
Basic Magnesium plant was constructed in 1941 to produce large amounts of magnesium, a critical war
material used for strengthening alloys and as a component in incendiary bombs and anti-tank weapons.
In 1949, Reclamation purchased the lines from the War Assets Administration for $3.8 million. In 1951,
Reclamation assumed control and operation of the transmission lines and Basic Substation from the
Colorado River Commission of Nevada, which had leased the entire water and electrical system for BMI
since September 1947.

In early 1951, the Basic South line was connected at Basic Tap near Boulder City with a 230-kV line to
Davis Dam, thus providing the means for Nevada to obtain its Davis Dam power. In January 1952, the
Basic South line was relocated from the MWD Substation to the Arizona-Nevada (A-N or States)
Substation. The line segment from the second tower on the outgoing side of the MWD Substation (0S2)
to the third tower was removed. A new connection was established between a new tower on the
outgoing side of the A-N Substation and the third tower of the original Basic South line. The original OS2
tower was replaced with an angled-steel tower, which became part of the permanent 230-kV tie
between the MWD and A-N substations. In 2005, the originating end of the Basic South line (now the
BTP-HVR section of HVR-MED 1) was again relocated to the MWD Substation to allow construction of the
Hoover Dam Bypass Project. This segment was determined eligible for nomination to the NRHP under
Criterion A, and a portion of this line is a contributing element of the Hoover Dam Historic
District/National Historical Landmark.

HVR-MED 2. This 230-kV line extends from the Southern California Edison (SCE) 230-kV Substation to
the Mead Substation. It is comprised of two sections totaling 16.41 miles in length.

Section 1, HVR-MED, is 15.7 miles long and was constructed from 1936 to 1939. It extends from the SCE
230-kV substation at Hoover Dam to a point west of Mead Substation. This section was a portion of the
SCE Hoover-Chino No. 1 transmission line, also known as the SCE North line. In response to anticipated
growth in demand, SCE began construction of a second line before the first line was energized. The
second 220-kV line (SCE South Line or Hoover-Chino No. 2) was completed in November 1941. A portion
of the SCE North line is a contributing element of the Hoover Dam Historic District/National Historic
Landmark.

Section 2, HVR-MED, is 0.71 miles long and was constructed in 1991 under contract with Western. It
connects the southwestern end of Section 1 and Mead Substation. This section serves to divert current
from the original SCE transmission line to Mead Substation for switching and metering, then return cur-
rent to the SCE line at the same location.

HVR-MED 3. This 230-kV line extends from the SCE 230-kV Substation to the Mead Substation. It is
comprised of two sections totaling 16.33 miles in length.

Section 1, HVR-MED, is 15.7 miles long and was constructed in 1941. It extends from the SCE 230-kV
Substation at Hoover Dam to a point west of Mead Substation. This section was constructed as part of
the SCE Chino-Hoover No. 2 transmission line, also called the SCE South line. The physical nature and
history of this line are discussed under HVR-MED 2 above. A portion of this line is a contributing element
of the Hoover Dam Historic District and National Historical Landmark.
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Section 2, HVR-MED, is 0.63 miles long and was constructed in 1991 under contract with Western. It
connects the Mead Substation to the southwestern end of Section 1. The line serves to divert current
from the original SCE transmission line to Mead Substation for switching and metering, then return
current to the SCE line at the same location.

HVR-MED 4. This 230-kV line extends from the MWD Substation to the Mead Substation. It is comprised
of two sections totaling 8.87 miles in length.

Section 1, HVR-MED, is 8.6 miles long and was constructed from 1935 to 1937 by the MWD of Southern
California. It extends from the MWD Substation at Hoover Dam to a point just east of Mead Substation.
This section was part of the MWD #1 or MWD West line. The MWD of Southern California was one of
the major contractors for Hoover Dam power, primarily for use in constructing and operating water
delivery systems from the Colorado River to southern California. MWD completed a second 230-kV
transmission line in 1961 (now Section 1 of HVR-MED 6) in preparation for MWD’s absorption of all
power from generating unit N-7. These transmission lines are unchanged except for replacement of the
original conductors, installation of line dampeners and bird guards, and attachment of connecting lines
to Mead Substation.

Section 2, HVR-MED, is 0.27 miles long and was constructed in 1988. It connects the southern end of
Section 1 with the east side of Mead Substation.

HVR-MED 5. This 230-kV line extends from the MWD Substation to the Mead Substation. It is comprised
of two sections totaling 8.88 miles.

Section 1, HVR-MED, is 8.6 miles long and was constructed from 1935 to 1937 by the MWD as part of
the MWD #1 or MWD West line. This section extends from the MWD switchyard at Hoover Dam to a
point immediately east of Mead Substation. This section is nearly identical in physical form to Section 1
of Hoover-Mead No. 4 discussed above, and the history of the MWD #1 line is discussed above. A
portion of this line is a contributing element of the Hoover Dam Historic District and National Historical
Landmark.

Section 2, HVR-MED, is 0.28 miles long and was constructed in 1988. It connects the southern edge of
Section 1 with the east side of Mead Substation.

HVR-MED 6-8. These three 230-kV lines extend from the Los Angeles Substation at Hoover Dam to a
point west of Mead Substation. HVR-MED 6 totals 12.49 miles in length, HVR-MED 7 12.19 miles in length,
and HVR-MED 8 11.63 miles in length. Each of these main lines is comprised of three sections with
similar construction histories. Therefore, HVR-MED 6-8 are discussed together below.

Section 1 of each line was built in 1936 and consists of the transformer circuits between the Hoover
Dam Power Plant and the Los Angeles Substation. Section 1 of HVR-MED 6 is 0.43 miles. Section 1 of HVR-
MED 7 is 0.26 miles long and Section 1 of HVR-MED 8 is 0.29 miles long. These transmission line sections
were determined contributing elements of the Hoover Dam Historic District and National Historic
Landmark.

Section 2 of each line corresponds to portions of the Los Angeles Bureau of Power and Light’s (LABPL)
Boulder transmission lines Nos. 1 (HVR-MED 6), 2 (HVR-MED 7), and 3 (HVR-MED 8). Section 2 of HVR-
MED 6 was constructed in 1936 and is 10.55 miles long, Section 2 of HVR-MED 7 was also constructed in
1936 and is 10.5 miles long, while Section 2 of HVR-MED 8 was constructed from 1939 to 1940 and is 10
miles long. These lines run parallel to each other from Hoover Dam to the Mead Substation. These
sections incorporated a number of different design innovations — tubular copper conductors, overhead
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ground wires and copper rods buried under the circuits and attached to each tower, and specially
designed single-circuit steel towers — to allow for the long distance transmission of high voltage which
had not been attempted at the time of their construction. Beginning in 1970, portions of these lines in
southern Nevada and southern California were converted to 500-kV transmission and interconnected as
part of the Western grid system. All three of these lines continued to transmit power from Hoover Dam
at 287.5-kV until the mid-1990s, when the lines were converted to more conventional 230-kV
transmission. By that time, all of the lines were connected to Mead Substation, and most of the control
and switching functions of the Los Angeles Substation at Hoover Dam had been moved to either the
Mead Substation or the Western regional center in Phoenix. Minor changes have occurred to the towers
of these lines, including installation of bird guards, new conductors, and replacement of some insulators.
More extensive changes occurred in 2005 to all three lines west of Hoover Dam switchyards to
accommodate reconstruction of Highway 93 for the Hoover Dam Bypass Project, including relocating
some towers and replacing some towers with steel monopole structures.

Section 3 of each line consists of a steel-towered connecting line to the Mead Substation, all of which
were placed in operation in 1994. Section 3 of HVR-MED 6 is 1.51 miles long, Section 3 of HVR-MED 7 is
1.43 miles long, and Section 3 of HVR-MED 8 is 1.34 miles long.

3-9



DSW Region’s Facilities Historic Context Statement
CHAPTER 3. STATEMENT OF CONTEXT PART 2: DSW REGION’S TRANSMISSION POWER SYSTEMS

Table 3-2. Transmission Lines — Boulder Canyon Power System

Circuit/
Name FIDa DOC® Miles Capacity Frequency Structure Details Conductor/Wire Insulator
Hoover-Mead 1 HVR-MED 1
Mead-Boulder City Tap BTP-HVR 1951 432 230kV  Single-circuit Type — Lattice steel w/narrow waist 7 no. 7 Alumoweld overhead Porcelain, 10" (24)
Base - 32 sq ft Height — 109 ft 2 in ground wires
Crossmembers - 65 ft long
Boulder City Tap-Hoover BTP-HVR 1941-1942 419 230kV  na Type — A-frame, metal-wedge CU 500 conductors na
Base — 27 sq ftat base, 125 ft high
Height — 25 ft Panel — 25 ft high
Standard battered segment — 50 or 60 ft
high Bridge/crossmember - 5 ft high, 50
ft long Groundwire extensions — 20 ft
high
Hoover-Mead 2 HVR-MED 2
Section 1 HVR-MED 1936-1939 15.7 230kV  na Type — Lattice steel, A-frame, metal 605 conductors na
wedge, metal-waisted
Base - 27 sq ftat base, 125 ft high
Square leg segment — to 25 ft high
Square vertical panel — 25 ft high
Standard battered segment — 50 or 60 ft
high Bridge/crossmember - 5 ft high, 50 ft
long Groundwire extensions — 20 ft high
Section 2 HVR-MED 1991 071 230kv  na Type — Steel 954 MCM ASCR conductors na
Hoover-Mead 3 HVR-MED 3
Section 1 HVR-MED 1936-1939 157 230kV  na Type — Lattice steel, A-frame, metal 605 conductors na
wedge, metal-waisted Base — 27 sq ftat
base, to 125 ft high Square leg segment
—to 25 ft high Square vertical panel — 25
ft high Standard battered segment — 50
or 60 ft high Bridge/crossmember - 5 ft
high, 50 ft long Groundwire extensions —
20 ft high
Section 2 HVR-MED 1991 0.63 230kV  na Type - Na 954 MCM ACSR conductors na
Hoover-Mead 4 HVR-MED 4
Section 1 HVR-MED 1935-37 86  230kV  na Type - Steel, A-frame, metal wedge 795 conductors na
Section 2 HVR-MED 1988 027 230kV  na Type -na 954 MCM ASCR conductors na
Hoover-Mead 5 HVR-MED 5
Section 1 HVR-MED 1935-37 86  230kV  na Type - Steel, A-frame, metal wedge 795 conductor na

3-10



DSW Region’s Facilities Historic Context Statement
CHAPTER 3. STATEMENT OF CONTEXT PART 2: DSW REGION’S TRANSMISSION POWER SYSTEMS

Table 3-2. Transmission Lines — Boulder Canyon Power System

Circuit/
Name FIDa DOC® Miles Capacity Frequency Structure Details Conductor/Wire Insulator
Section 2 HVR-MED 1988 028 230kV  na Type -na HH512 conductor na
Hoover-Mead 6 HVR-MED 6
Section 1 HVR-MED 1961 0.43 230kV  na Type - Steel HH512 conductor na
Section 2 HVR-MED 1936 10.55 230kv  Single-circuit Type — Steel, narrow waist, base rotated HH512 conductor Porcelain, 10" (24)
45 degrees from direction of line
Base - 32 sq ftat base
Height — 109 ft 2 in
Crossmembers - 65 ft long
Groundwire extensions — 20 ft high
Section 3 HVR-MED 1994 151 230kv  na Type - Steel 1272 conductor na
Hoover-Mead 7 HVR-MED 7
Section 1 HVR-MED 1936 026 230kV  na Type - Steel HH512 conductor na
Section 2 HVR-MED 1936 105 230kv  Single-circuit Type — Steel, narrow waist, base rotated ~ HH512 conductor Porcelain, 10" (24)
45 degrees from direction of line
Base - 32 sq ftat base
Height — 109 ft 2 in
Crossmembers - 65 ft long
Groundwire extensions — 20 ft high
Section 3 HVR-MED 1994 143 230kv  na Type - Steel 1272 conductor na
Hoover-Mead 8 HVR-MED 8
Section 1 HVR-MED 1936 029 230kV  na Type - Steel HH512 conductor na
Section 2 HVR-MED 1939-40 10 230kV  Single-circuit Type — Steel, narrow waist, base rotated ~ HH512 conductor Porcelain, 10" (24)
45 degrees from direction of line
Base - 32 sq ftat base
Height — 109 ft 2 in
Crossmembers - 65 ft long
Groundwire extensions — 20 ft high
Section 3 HVR-MED 1994 134 230kv  na Type - Steel 1272 conductor na

Note: Adapted from Beedle et al. 2007; Western 1995; na = not available.

aFacility identification number.

bDate of construction.
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Power Conversion and Distribution

Substations

There are ten substations in the Boulder Canyon System that were constructed between 1935 and 1952
(Table 3-3).

Arizona-Nevada (A-N). The Arizona-Nevada Substation was demolished in 2005 to accommodate
realignment of U.S. Highway 93 at the approach to the new bridge over Black Canyon. After
demolishment, the space was converted to a parking lot for visitors. The Arizona-Nevada Substation was
the most southwestern of the six original substations located on the Nevada side of Hoover Dam and
was constructed from 1950 to 1952. It was constructed by excavating into the northwest-facing slope of
the Black Canyon and included a 230-kV switchyard. The substation also contained a lower concrete
service building that housed circuit breakers and control equipment as well as an upper concrete deck
that contained bus structures, oil circuit breakers, disconnect switches, capacitors, and oil tanks (HAER
2002: 2:2).

Basic Tap/Boulder City Tap (BTP). The Basic Tap Substation was constructed in 1942 by the Bureau of
Reclamation to provide power to Boulder City. The Basic Tap Substation (also later called the Boulder
City Tap Substation) was a tap on the BTP-HVR 230-kV line which provided power to the Basic
Magnesium Plant. The Basic Magnesium Plant is described in more detail under the BTP-HVR section of
the HVR-MED 1 transmission line above. The Basic Tap/Boulder City Tap Substation consists of two
primary equipment areas separated by an estimated 75 ft of open, graveled pad within the enclosure.
The western area includes lattice steel bus structures, two sets of 230-kV disconnect switches, two wave
traps suspended from bus structures, three oil circuit breakers with adjacent disconnect switches, and a
small metal storage or communication building in the extreme southwest corner of the switchyard. The
eastern area includes a large 230- to 69-kV transformer beneath a lattice steel bus structure, a flat-
roofed concrete block control building, and a second lattice steel bus structure that supports surge
arresters, circuit breakers, and line monitoring equipment. To the immediate northwest of these lattice
steel bus structures is a wide railroad track that was used to move transformers from rail cars to the
active transformer positions within the bus structure (Schweigert 2005:2).

The substation was substantially altered at least twice. The original context indicates the substation was
originally a 160 ft x 145 ft rectangular facility at the southern end of the current facility. This map
includes revisions up to February 1956. It also suggests that by 1991, the substation area was expanded
to its current configuration, the 230/69-kV transformer was moved to its current position, and a small
69-kV switch structure was built at the northeast end of the site. In 1991, expansion or busses and
switch structures were planned in the northeastern end of the facility; some of these planned features
were built but others do not currently exist. In particular, the relay house in the northeastern portion of
the substation, but the small metal building that currently exists in the western portion of the facility
was not anticipated. The Basic South transmission line was removed at some point after 1991. Western
substantially rebuilt the Basic/Boulder City Tap Substation in 1994,

Hoover-States Substation (HVR). The Hoover-States Substation was constructed by Reclamation in 1937.
It consists of 11 transformers operating at the following voltages: 13.60-, 16.50-, 138-, 230-, and 287.50-
kV (Western 1995). This substation consisted of a high voltage switching station. Further information on
the components of the Hoover-States Substation was not available. The operation and maintenance of
Hoover-States Substation were contracted to SCE and the Los Angeles Department of Water and Power
(LADWP) for 50 years. The contract terminated May 31, 1987. On December 21, 1979, Reclamation
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transferred ownership of the physical property to Western. On June 1, 1987, Western became
responsible for the O&M replacement and financial obligation of the switchyard facilities. Western
substation data from 1995 indicates that the Hoover-States Substation is comprised of 11 switchyards —
01 is the Los Angeles Switchyard, 04 is the Arizona States Switchyard, 06 is the SCE Switchyard, and 09 is
the MWD Switchyard. Numbers 01-03 have 287.5- and 16.5-kV generating capacity, 04-10 have 230- and
16.5-kV generating capacity, and number 12 has 138- and 13.6-kV generating capacity. Recent GIS data
for the Boulder Canyon Power System shows three substations that are named Hoover Dam 1-3 (HVR
1-3). It is unclear whether or not these correspond to the Hoover-States Substation described in the
ACRE document and Western 1995 data (Beedle et al. 2007). However, Hoover Dam 1 is located where
the Los Angeles Substation was historically located, Hoover Dam 2 is located where the MWD Substation
was historically located, and Hoover Dam 3 is located where the Arizona-Nevada Substation was
originally located (but later torn down) (DSW GIS 2013).

Kingman Tap (Marketplace [MKT]). The Kingman Tap was constructed in 1938 by Citizens Utility
Company (CUC) of Kingman, Arizona, to provide Hoover Dam electricity to Kingman and surrounding
areas of Arizona. It is the only Hoover Dam Substation located on the Arizona side of the Black Canyon.
The tap or substation consists of a switchyard, a small, metal bus structure, three 69-kV oil circuit
breakers, disconnect switches, and metering and control equipment and a flat-roofed, metal-frame
building. CUC provided and installed its own switching equipment, but Reclamation later installed other
government-owned metering and relaying equipment in the facility. The substation received Hoover
Dam electricity by means of a tap located on the third steel tower on the 69-kV Circuit 13, which also
provided electricity to the Pioche/State of Nevada Switchyard. The 69-kV output from Hoover Dam was
eliminated about 1970, when Mead Substation assumed control of most switching operations at Hoover
Dam (but not the switching operations of Kingman Switchyard). Most of the length of Circuit 13 was
then attached to a Southern Nevada Power Company transmission line near the Pioche/State of Nevada
Substation, and that company began providing power to the Kingman Substation. According to Historic
American Buildings Survey (HABS) and the Historic American Engineering Record (HAER) documentation
from 2002, the bus structure and all major equipment in the substation have been replaced (2002b).
The Kingman Tap is a contributing element of the Hoover Dam Historic District and National Historic
Landmark.

Lincoln County Power District No. 1 Substation. The Lincoln County Power District No. 1 Substation is
located in Lincoln County, Nevada. Construction started in September 1937. The exact location of this
substation was unavailable. The Lincoln County Power District No. 1 Substation received power from the
Nevada States/Pioche Substation. Further information on this substation was not available.

Los Angeles Substation. Although not owned or manged by Western, the Los Angeles Substation was
constructed from 1935 to 1940, by Reclamation and the LABPL. It was the first and largest of the six
major federal substations at Hoover Dam and provided electricity at the highest voltages ever
transmitted over long distances. It consists of a switchyard, a concrete oil house on the south end and at
a lower level than the main substation deck, so that the roof of the oil house forms the southern part of
the substation equipment area. The oil house was used for storage and purification of oil used in the
massive oil circuit breakers in the yard. The oil house includes an oil pump, an oil storage tank, a carbon
dioxide fire control system, and an office/workroom. The main area of the substation includes a bus
system, oil circuit breakers, disconnect switches, lightning arresters, and other equipment (Figure 3-4.).
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The Los Angeles Substation was
constructed in two stages. The first
stage of construction (1935-1936)
connected the first two Hoover
Dam generating units and the first
two 287.5/275-kV transmission
lines built from Los Angeles. Initial
stage of construction involved
building four bays that
accommodated two power lines
to Los Angeles. Each line from the
powerhouse handled the output
of one transformer bank, and each
transformer bank handled the
output of two generators
operating in parallel. The second
stage of construction (1939-1940)
connected the third 287.5/275-kV

' : transmission line to Los Angeles.
Figure 3-4. Los Angeles Substation (Dobson-Brown 2001) This stage involved the extension

of the southern end of the
switchyard bays to handle the output of generating Units A-1, A-2 and temporarily handle the output of
N-5. As part of this extension, new ail circuit breakers were constructed for the two new bays, as well as
an overhead bus system, oil circuit breakers, and disconnecting switches.

Transmission at voltages as high as 287.5-kV had not been attempted previously and required the
construction of specially designed equipment including: impulse-type oil circuit breakers manufactured by
General Electric and designed to interrupt 5,000 amp at 287 kV in less than three cycles or 0.11 seconds;
lightning arresters secured to the base by a spring column and with a circular shield arrangement around
the top; and Bowie disconnecting switches and Westinghouse high-speed de-ion oil circuit breakers which
were designed to interrupt 2,500,000 kVA in less than three cycles.

Most of the functions of the Los Angeles Substation became obsolete or redundant when Mead
Substation, which is part of the Intertie Power System and located in Clark County, Nevada, was
completed in the 1970s. The original 287.5-kV circuits were converted to 230-kV transmission, and by
1999, the circuits simply passed through the switchyard en route to Mead Substation.

Metropolitan Water District Substation (MWD). The MWD Substation was constructed from 1937 to
1943 by Reclamation, and was the second largest federal substation at Hoover Dam. This substation is
not owned or managed by Western. The substation provided power for expansion of irrigation and
municipal water supplies in California during and after World War Il. In addition, it delivered electricity
to the Hoover-Basic Magnesium North and South transmission lines which provided high-voltage
electricity essential for operation of Basic Magnesium, Inc.’s magnesium production plant near Las
Vegas during WWII. The MWD Substation is located between the Los Angeles Substation and U.S.
Highway 93. The substation includes a 5-bay switchyard surrounded by a chain-link fence with massive
steel bus structures supported by 24 lattice steel towers. Each bay includes disconnecting switches, an
oil circuit breaker, a line circuit selector switch, a second oil circuit breaker, and a disconnecting switch.
Current transformers provide appropriate current to equipment, carrier current equipment, and
lightning arresters.
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The MWD Substation was constructed in two stages. The first stage of construction (1937-1938) allowed
for the provision of power to a 230-kV transmission line to southern California, where the power was
intended primarily for construction and operation of the Colorado River Aqueduct. This initial stage of
construction involved building two bays, the control table tunnel, tower footings, 230-kV, 1,200 oil
circuit breakers, concrete switchyard foundation, and disconnecting switches and buses.

The second stage of construction (1941-1943) involved an extension of the substation to accommodate
transmission lines to the Basic Magnesium plant, and to handle power from Hoover Dam generator unit
N-7, which was then under construction. As part of this extension, three additional bays were
constructed, five new sets of 230-kV oil circuit breakers were completed, and the 230-kV transmission
line was moved from its original rack location to a location in the No. 4 bay of the switchyard. The Basic
Magnesium north line was tied into a permanent location at the former MWD line location, and after
testing this line was energized on June 14, 1942. The Basic Magnesium south line was tied into the rack
at the No. 3 bay on August 30, 1942.

Various alterations and additions occurred to the MWD Substation in the 1950s and 1960s. In February
1951, the Basic South line was relocated from the MWD Substation to the new A-N Substation. At the
same time, the MWD 230-kV transmission line was again relocated to switchyard Bay No. 1, and the
Basic North line was relocated to Bay No. 4. In 1961, MWD took delivery of all power from Hoover Dam
generating unit N-7 to feed its second 230-kV transmission line to southern California which was installed
in Bay No. 2 of the switchyard.

In 1952, the CT1 tie circuit between the MWD and SCE 230-kV substations was relocated from the east
side to the west side of the MWD substation to provide a more flexible operating arrangement for
planned use of generating units by the MWD and SCE substations. Relocation of the tie circuit included
installation of instrument transformers, disconnecting switches, and bus tie-downs in the southwest
corner of the MWD Substation; relocation of the double gates at the southwest end of the substation;
installation of new conduits between the control conduit tunnel and the new equipment, and extension
of the ground mat.

N2A. N2A Substation was constructed in 1949. The facility contains one 66-kV transformer and one
34.5-kV transformer as well as 17.25- and 4.6-kV taps (Western 1995).

Nevada States/Pioche. The Nevada States/Pioche Substation is not owned or managed by Western. It was
constructed from 1937 to 1952 by Reclamation and was the smallest of the six major federal substations
at Hoover Dam.

The substation was constructed as the principal point at which Nevada’s allocation of power from
Hoover Dam could be delivered to utility companies serving the state. Power from the switchyard initially
helped expand the mining industry of the state, and later provided electricity to the growing gaming,
residential, and military economy of the Las Vegas Valley.

The Nevada States/Pioche Substation is 254ft-0 in x 86 ft -6 in and located to the northwest of the SCE
138-kV Substation. The substation is comprised of a switchyard with two connected but distinctly
different areas. The northern or original area of the switchyard includes a variety of 69-kV current and
metering transformers, disconnect switches, oil and other circuit breakers, capacitor banks, lightning
arresters, and control and metering systems. The southern area includes banks of larger oil circuit
breakers and disconnecting switches that are newer than the equipment in the northern section.

The Nevada States/Pioche Substation was built in several stages. The first stage of construction (1937-
1938) was geared to provide power to the Lincoln County Power District No. 1 Substation for their 69-kV
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transmission line to Pioche and other mining and residential sites in Nevada. This initial stage of
construction involved the completion of a 111 ft by 86 ft 6 in switchyard, oil circuit breakers,
disconnecting switches, power transformers, and seven steel towers that would bring power from
Transformer Circuit 13 to the substation, were completed.

Various alterations and additions were made to the Nevada States/Pioche Substation from the late
1930s to the 1970s. In 1938, the Needles Gas and Electric Company (later, the California Pacific Utilities
Company) installed its own equipment in the Pioche/Nevada State Substation to provide 69-kV current
to a transmission line serving Searchlight and Nelson, Nevada, and Needles, California. In 1940, the
Southern Nevada Power Company constructed a 69-kV transmission line from Las Vegas to the Nevada
States/Pioche Substation. To accommodate this line, pole structures, switching equipment, metering
equipment, and additional control conduits were installed in the switchyard in late 1940 and early 1941.
From 1947 to 1948, Reclamation expanded the substation to accommodate a new transmission line to
Boulder City which required the installation of further additional equipment. From 1951 to 1952, the
Nevada States/Pioche Substation underwent further expansion when generating unit A-9 was installed to
accommodate one incoming 69-kV transformer circuit (Circuit No. 1) and two outgoing 69-kV
transmission lines of the Southern Nevada Power Company. The 143 ft expansion of the Nevada States/
Pioche Substation, required the installation of several new pieces of equipment and substantial changes
to existing switchyard to accommodate the new circuit and lines.

Control of switching and other functions of the Nevada States/Pioche Substation were assumed by the
Mead Substation around 1970, and most of the transmission lines that originated at the Nevada States/
Pioche Substation now originate from the Mead Substation. Transformer Circuit No. 1 is no longer
connected to the substation and is no longer energized. The western end of Transformer Circuit 13 was
moved to the southern end of the switchyard to form a direct connection with a Southern Nevada
Power Company line; which provides 69-kV service to CUC’s Kingman Tap (HAER 2002b).

Southern California Edison 138-kV Substation (SCE 138 kV). The Southern California Edison 138-kV
Substation is not owned or managed by Western. It was constructed from 1936 to 1937 by the Southern
Sierras Power Company (later absorbed into the California Electric Power [CEP] Company) and was built
to replace the Southern Sierras Power Company substation that had provided electricity for construction
of the dam. The new substation would reverse the direction of service, sending Hoover Dam power to
San Bernardino, California. After the Southern Sierras Power Company was absorbed by the California
Electric Power Company soon after substation construction began in 1936, the SCE 138-kV Substation
was known as the CEP Substation. In 1964, the CEP Company became part of the SCE Company and
thereafter it was known by its present name.

The SCE 138-kV Substation was the second of the six major federal substations at Hoover Dam and is
located to the north of the Los Angeles Substation. It consists of a switchyard with a deck that has a
relatively small steel bus system supported by 12 steel towers, a single transfer switch, and a single set
of disconnect switches, oil circuit breakers, and lightning arresters. An oil and relay control house is in a
lower level of the southwest corner of the switchyard area, so that the roof of the building forms part of
the switchyard equipment deck.

Little change has occurred to the substation since its initial construction in 1936 and 1937, though in the
1970s, as a result of the completion of the Mead Substation, the incoming transformer circuit and out-
going transmission line were removed.

Southern California Edison 230-kV Substation (SCE 230-kV). The SCE 230-kV Substation is not owned or
managed by Western. It was constructed from 1938 to 1939 by SCE. The SCE 230-kV substation provided
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electricity during World War Il to power Douglas, Vultee, and Northrup aircraft plants, the Long Beach
Naval Shipyard, military bases, and major steel and aluminum production plants. Electricity provided by
this switchyard and the SCE North and South Transmission Lines was also very important in the post-war
agricultural and municipal development of California.

The SCE 230-kV Substation is located south of U.S. Highway 93, to the south of the MWD Substation.
The Substation consists of a switchyard with two main levels. The main level contains the primary bus
system, oil circuit breakers, selector switches, capacitor tower, and five take-off structures. A narrower
level along the south side of the switchyard houses two receiving bus towers, three disconnect switches,
a 12,000-gallon oil storage tank, and the foundation for a second capacitor tower. The lower service build-
ing has two levels that house a battery and battery charger room, an oil storage tank, a pump room, a
relay control room, a storage room, and a stairwell to the main equipment deck.

Two phases of expansion occurred to the SCE 230-kV Substation. The first phase took place from late
1940-1941 and was designed to accommodate a second 230-kV transmission line. Equipment in this
expansion was similar to the original installation (e.g., 230-kV, 600-ampere oil circuit breakers). A second
expansion of equipment began almost immediately to accommodate reception of power from
generating unit A-5. This involved the erection of additional steel structures and oil circuit breakers, as
well as the construction of Transformer Circuit No. 10. Alterations were made to the SCE 230-kV
Substation from 1969 to 1970, in preparation for transfer of control functions to Mead Substation and
included installation of current transformers, coupling capacitor potential devices, line traps, and control
equipment in the switchyard and the battery oil houses, and installation of an air conditioner in the
battery oil house. The large oil circuit breakers were replaced in 1959 or 1960, and batteries and the
battery charger were removed from the battery and oil house beneath the northern part of the
switchyard.
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Table 3-3. Substations — Boulder Canyon Power System

Possible Components — P/Uc
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g |E|lgl&|S||8]8 3/3|3|%
o <) = = = = > (3] = c
= " 5 < = ® = o ) g =] o [} = .
Capacity g 8| 5 % 2|2 8|8 g ST ||| 2|2
Name FID? DOCP Size k) |a|da|c|a5|6|a|&|S|38|&|5|8|8|=|86
Arizona-Nevada A-N 1950-52 282 x 156 ft 230 P{P|U|P|P|UJU|P|P|U|JU|P|U]|]U]/|FP
(switchyard)
Basic Tap/Boulder City Tap BTP 1942 232 ft4in (southeast); | 69,230 | P | P | P | P PlU|JU|lUJU|U|U]|P|P|FPe
147 ft 11 in (northeast);
184 1t 5 in (northwest),
154 1t 3 in (southwest)
Hoover States HVR 1937 na 1360, | P | U|P|U|lU|JU|U|JU|JU|JU|lU|JU|JU|U]|U
16.50,
138, 230
287.50
Kingman na 1938 Built on concrete 69 P|/P|U|lP|P|UJUJU|JU|JUJlU|JU|U|P]|U
slab 39.6 ft x 65 ft
Lincoln County Power District No. 1 na 1937 na na ugjuvujuvujuvujuvjuvjuvujuvjujuvujuvulujujujlu
Los Angeles na 1935-40 450 x 222 ft 2875 (P |P|P|P|P|P|J]U|JUJUJU|IP|U]JU|JU]|U
(switchyard) 275¢
Metropolitan Water District MWD 1937-43 325 ftx 170 ft 230 P|{P|P|P|{P|PJlUJUlU|IU|JU|JU|JU]JU/|U
N2A N2A 1949 na 66,345 U|U|P|U|JU|JU|JUJUJU|JU|U]JU]|JU]|U/]U
Nevada States/Pioche na 1937-52 254 ftx 86 ft 6in 69 P{U|P|P|P|P|U|P|JUJUJU|U|U]|P]|Pn
Southern California Edison 138-kV SCE 138-kV | 1936-37 110ftx 95t 3in 138 P{UJU|P|{P|PJ]UJU|JU|U|P|U|P|]U]|U
(switchyard)
Southern California Edison 230-kV SCE 230-kV | 1938-39 158 ftx 225 ft 230 P(P|P|P|P|UJU|P|U|JU|P|P|P]|P|P
(switchyard)

Note: Adapted from Beedle et al. 2007; Western 1995; na = not available.

aFgcility identification number.
bDate of construction.

¢P = Present; U = Unavailable.
d40il tanks.

eWave traps.

fOriginal 287.5 kV circuits converted to 230 kV transmission in 1970s.

9Taps.

"Control table tunnel, control conduit tunnel, conduits, carrier current equipment.

i0il storage tank, battery, battery charger room, pump room, line traps.
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Parker-Davis Power System (Period of Significance 1934 - 1954)

Mission, Customers, and Location

The Parker-Davis Project is a multipurpose water resource development and management project
designed to tame the Colorado River and harness its power. The project also provides flood control,
water for municipal and industrial uses, recreational opportunities, and wildlife conservation. It is
comprised of Parker Dam and Power Plant, Lake Havasu Reservoir, and several transmission lines and
substations. Parker Dam spans the Colorado River just below the mouth of the Bill Williams River
(Linenberger 1997: 2-3). The Davis Dam Project comprised the Davis Dam and Power Plant and Lake
Mohave Reservoir located on the Colorado River between Arizona and Nevada, and several transmission
lines and substations (Linenberger 1997: 10).

High voltage substations located near the Parker and Davis Power Plants provide takeoff points for a
system of transmission lines and substations interconnecting the Parker, Davis, and Hoover Power
Plants. This system extends to load centers in central and southern Arizona, southern Nevada, and
southern California (Linenberger 1997: 12). The dams and power plants of the Parker-Davis Project are
operated and maintained by Reclamation, while the transmission system is operated and maintained by
Western. The Parker-Davis Power System provides firm electric service to 26 municipalities,
cooperatives, federal and state agencies, and irrigation districts, in Nevada, Arizona, and California (BOR
2011c).

Power System Components

Summary of System Components

The Parker-Davis Power System (Figure 3-5) is the largest of Western’s DSW region’s transmission power
systems with numerous transmission lines, substations, and pumping plants. The GIS data indicates the
total length of these lines at 1,558 miles (DSW GIS 2013).

Water Control and Distribution

The Parker and Davis Dams provide the primary sources of power to Parker-Davis Power System facilities
and although not owned or managed by Western, they are discussed here as part of the Parker-Davis
System.

Power Generation

Parker Dam. Parker Dam (Figure 3-6) spans the Colorado River just below the mouth of the Bill Williams
River and is 155 miles downstream of Hoover Dam and 88 miles downstream of Davis Dam (Linenberger
1997: 2). The dam was constructed from 1934 to 1943 by Six Companies, Inc., and J. F. Shea Company,
Inc. (Linenberger 1997: 12, 14, 21).
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The dam has a structural height of 320 ft, a crest length of 856 ft, a crest width of 39 ft, and a base width
of 100 ft. Only 85 ft of the dam extend above the river bed, making Parker Dam the “deepest dam in the
world.” To reach bedrock for the foundation, 1,700,000 cubic yards of riverfill were excavated. The dam
itself was built with 380,000 cubic yards of concrete (BOR 2009g; Linenberger 1997: 10). Parker Dam’s
reservoir, Lake Havasu, has a total
capacity of 646,200 acre feet (BOR
2009g).

Associated dam components in-
clude five penstock gates, four pen-
stock tunnels, and a power plant
building with four hydrogenating
units (BOR 2009f; Linenberger 1997:
10). Four penstock tunnels convey
water from the Colorado River from
the forebay at the California side of
the dam to turbines in the power
plant  building  (BOR  2009f;
Linenberger 1997: 10). Each
penstock tunnel has a capacity of
5,575 cubic feet per second (BOR
2009f; Linenberger 1997:10). A
maximum flow of 22,000 cubic ft of water goes through the dam per second, yielding a unit flow of
5,500 cubic ft per second. The power plant has a capacity of 120,000 kW (BOR 2009f) (Figure 3-14).

4

Figure 3-6. Parker Dam (Lowe 1998).

Davis Dam. Davis Dam spans the Colorado River in Pyramid Canyon along the Arizona-Nevada border. It
is 67 miles downstream from Hoover Dam and 88 miles upstream from Parker Dam (BOR 2009h;
Linenberger 1997: 10-11). The dam was constructed from 1942 to 1951 by the Utah Construction
Company (Linenberger 1997: 1997: 26, 32).

Davis Dam rises 200 ft above the lowest point of its foundation and 140 ft above the level of the river. It
has a crest length of 1600 ft, a top width of 50 ft, and a base width of 1400 ft. It was constructed with
over 3,642,000 cubic yards of earth and rockfill. Approximately 600,000 cubic yards of concrete and 23
million pounds of reinforcing steel were placed in the spillway, power plant, and other dam structures.
Davis Dam’s reservoir, Lake Mohave, has a total storage capacity of 1,818,300 acre feet (BOR 2009h).

Associated dam components include a concrete spillway, intake structures (penstock tunnels), and a
power plant. The five penstock tunnels deliver water from the forebay to the power plant (BOR 2009h).
The power plant has five generators and a nameplate capacity of 255,000 mW (BOR 2013b) (Figure 3-7).

3-23



DSW Region’s Facilities Historic Context Statement
CHAPTER 3. STATEMENT OF CONTEXT PART 2: DSW REGION’S TRANSMISSION POWER SYSTEMS

Pumping Plants

Three pumping plants are associated with the Parker-
Davis Power System — Wellton-Mohawk Pumping Plants
1-3.

Wellton-Mohawk Pumping Plants 1-3 (WM PP1-PP3).
Wellton-Mohawk Pumping Plants 1-3 are located on the
Wellton-Mohawk Canal about 20 miles east and
southeast of Yuma. The pumping plants are located
approximately 5 miles apart on the canal, in series, with
a combined lift of approximately 170 ft. Each pumping
plant has an associated electrical substation, which are
described in the section on Power Conversion and
Distribution. The pumping plants are elements of the
Gila Project, which diverts water from the Colorado to
irrigate portions of southwestern Arizona.

Power Transmission
Transmission Lines

There are 48 main transmission lines totaling over
1600 miles in length in the Parker-Davis Power System
(Tables 3-4).

Figure 3-7. Davis Dam (O’Rear 1972).

COL-SGR. This 115-kV transmission line extends from
Coolidge Substation to ED-2 Substation, ED-4 Substation, ED-5 Substation, and the Saguaro Substation. It
is comprised of two sections totaling 35.90 miles in length. In 1963, this line became the COL-SIG-ED2 line.
The COL-SGR line was upgraded: the three existing 336.4 MCM, 26/7 ACSR conductors were removed
and replaced by three new 795 MCM, Type 16, ACSR/SD conductors. In 1964, several poles were
relocated to accommodate roadway changes.

Section 1, COL-ED21, is comprised of two subsections totaling 12.20 miles in length. In 1964, four
structures were relocated slightly to allow construction of a second 115-kV transmission line from
Coolidge Substation to the ED-4 Substation. At that time, the old line was slightly reconfigured with a 75-
foot-tall pole structure at the new Signal Substation, and the line entered and then exited the substation
enroute to ED-2 Substation. The old segment between Coolidge and ED2 became known variously as the
Coolidge-Signal-ED2 line or the Coolidge-ED2 No. 1 line. The new line became part of the Coolidge-
Saguaro line, also called the Coolidge-ED2 No. 2 line. Current GIS data for Western DSW Region’s power
systems indicates that this line is 9.52 miles long (DSW GIS 2013).

Section 2, COL-ED22, was put into service in 1965 and was built on wood H-frame structures with 795
conductor. It was formerly part of the Coolidge-Saguaro transmission line that was sectionalized at ED-2.
Conflicting information is provided with regard to the length of this section of the COL-SGR transmission
line. According to Beedle et al. (2007:6-6) and transmission line data from Western (Western 1995:8)
this section is 23.70 mi long. However, GIS data indicates that this section is 8.22 miles long (DSW GIS
2013).
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COL-SUD 1. Current GIS data for Western DSW Region power systems shows this as a 230-kV
transmission extending from Coolidge Substation to Sundance Substation. It is 1.87 miles in length (DSW
GIS 2013).

COL-SUD 2. Current GIS data for Western DSW Region power systems shows this as a 230-kV
transmission extending from Coolidge Substation to Sundance Substation. It is 8.51 miles in length (DSW
GIS 2013).

COL-ED5. This 115-kV transmission line extends from Coolidge Substation to Electrical District 5
Substation and is 30.70 miles long. It was constructed in 1949 by Vyne Brothers Electric Company to
provide service to small, local areas. It was placed in service in 1950 and is owned by Western.

DAD-COL. This 230-kV transmission line extends from Davis Substation to Coolidge Substation and is
comprised of three sections totaling approximately 290 miles in length. The entire line was constructed
between 1950 and 1951. When the Mesa Substation was demolished in 1992, the lines terminating
there were moved to Pinnacle and Rogers Substations.

Section 1, DAD-PRS, extends from Davis Substation to Prescott Substation and is comprised of three
subsections totaling 142.45 miles in length. It was constructed from 1950 to 1951 by U.S.B.A.
Companies, which consisted of Stolte Inc., United Concrete Pipe Corporation, Arizona Sand and Rock
Company, and Ralph A. Bell.

Section 2, PRS-MESA, was originally approximately 74 miles long. It was constructed between 1949 and
1951 by U.S.B.A. Companies. J and J Construction Company strung the lines. The southern terminus of
the line was later moved from Mesa Substation to Pinnacle Peak Substation, and the line was renamed
PRS-PPK. Pinnacle Peak Substation was constructed in 1964. Approximately 0.6 miles of new single-circuit
line was constructed to tie Pinnacle Peak to Mesa Substation. Current data on Western DSW Region
transmission lines show the PRS-PPK line as being broken into two segments — PRS-GPK and GPK-PPK —
which together total 74.9 miles.

Section 3, MESA-COL, was constructed from 1950 to 1951 and extended the DAD-PRS-MESA 230-kV line
southeastward to the Coolidge Substation. Steel towers for the line were installed by the Mark Cockrill
Contracting Company and the line was strung by J and J Construction Company. The line originally
terminated at Mesa Substation, but when Mesa was demolished in 1992 and Rogers Substation was
constructed, Rogers became the northern terminus for the line. The new line, RGS-COL, is approximately
40 miles long.

DAD-MED. This 230-kV transmission line extends from Davis Dam 230-kV Substation to Mead Substation
and is approximately 60 miles long. It was constructed from 1949 to 1951 and comprised most of the
Davis-Hoover (DAD-HVR) transmission line, which connected the generating and transmission systems of
the Boulder Canyon Project at Hoover Dam with those of the Davis Dam and eventually the Parker-Davis
Project. The DAD-HVR transmission line extended from a substation at Davis Dam to the Boulder City
Tab Substation, where the DAD-HVR Line tapped into Hoover-Basic South Transmission Line, a 230-kV
line that had been built in 1941-42 primarily to carry power to the Basic Magnesium, Inc. magnesium
production plant in Henderson, Nevada.

In the late 1960s or early 1970s, switching and control of the DAD-HVR transmission line was assumed by
the new Mead Substation southwest of Boulder City. The approximately 64-mile DAD-HVR line was then
broken into segments. These include the HVR-MED transmission line, also called the HVR-MED No. 1
line, from the Arizona-Nevada Switchyard at Hoover Dam, through the Basic Tap/Boulder City Tap
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Substation, to Mead Substation, and the approximately 60-mile DAD-MED transmission line between
the Mead Substation and the Davis Dam Substation.

DAD-MKT. This 69-kV transmission line is approximately 28 miles long and extends from the Davis Dam
69-kV Substation to the Mohave Electric Kingman Tap Substation (MKT) located 1.5 miles northwest of
Kingman, Arizona. It was constructed in 1947 by Donovan, Incorporated, to provide power to CUC at
Kingman. A portion of the Davis-Kingman line was realigned in 2000 in order to remove it from the State
Route 68 highway corridor improvements made by the Arizona Department of Transportation.

DAD-PAD 1. This 230-kV transmission line extends from the Davis Dam 230-kV Substation in Mohave
County, Arizona, southward approximately 70 miles across Mohave and La Paz Counties to the Parker
Dam 230-kV Substation in California. Structures and foundations were constructed between 1948 and
1950 by Charles J. Dorfman. The lines were strung in 1951 by Malcolm W. Larson.

DME-WML. Current GIS data for Western DSW Region power systems shows this as a 161-kV
transmission line extending from Dome Substation to the Wellton-Mohawk Ligurta Substation. It is
11.48 miles long (DSW GIS 2013).

ED2-ED4. Current GIS data for Western DSW Region power systems shows this as a 115-kV transmission
line extending from Electrical District 2 Substation to Electrical District 4 Substation. It is 9.43 miles long
(DSW GIS 2013).

ED4-SGR. Current GIS data for Western DSW Region power systems shows this as a 115-kV transmission
line extending from Electrical District 4 Substation to the Arizona Public Service Company (APS) Saguaro
steam generating station. It is 16.98 miles long (DSW GIS 2013).

ED5-SGR. Current GIS data for Western DSW Region power systems shows this as a 115-kV transmission
line extending from Electrical District 5 Substation to Saguaro Substation. It is 9.43 miles long (DSW GIS
2013).

ED5-TTT. Current GIS data for Western DSW Region power systems shows this as a 230-kV transmission
line extending from the Electrical District 5 Substation to the Test Track Substation. It is 22.97 miles long
(DSW GIS 2013).

GLA-DRP4. This 161-kV transmission line extends from Gila Substation in Arizona to the Drop No. 4
Substation. It is comprised of two sections totaling 48.8 miles in length. The line was constructed in 1943
by Fritz Zieberth and Parker Dam Project line crews. It connected the federal Parker Dam Project
electrical system with that of the Imperial Irrigation System — which operated five small hydroelectric
generating stations at drop points on the All-American Canal. Though this line is described in the ACRE
document (Beedle et al. 2007: 6-16, 7-11) and listed in Western transmission line data from 1995 (Western
1995: 9), only one section of the line, GLA-KNB, is listed in GIS data for Western DSW Region power
systems (DSW GIS 2013). Section 1, GLA-KNB, is 20.2 miles in length. Section 2, KNB-DRP4, is 28.6 miles
in length. Between 1960 and 1970, various structures were replaced, moved, or altered to accommo-
date roadway changes.

GLA-WMS. This 161-kV transmission line extends from Gila Substation to the Wellton-Mohawk
Substation and was constructed in 1951 by Trans-Electric Company. The original line was approximately
13 miles long from the Gila Substation to the Wellton-Mohawk Substation, and was supported on HS,
3AB, 3A, 3AT, and 3T double-circuit structures. At the close of 1965, major portions of the GLA-WMS line
east of the Gila Substation were moved. In 1981, the Wellton-Mohawk Ligurta Substation was
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constructed west of the three Wellton-Mohawk Pumping Plants, and the GLA-WMS line was rerouted to
the new substation.

GLA-YUT. This 34.5-kV transmission line extends from Gila Substation to Yuma Tap Substation and is
9.80 miles in length. It was constructed in 1943 by R. N. Campsey Construction Company to provide
power to the Arizona Edison Company and California Electric Power Company from the Parker Dam Power
Plant by way of the Parker-Gila (Parker-Blaisdell) transmission line. The line also enabled the Parker Dam
Project to buy surplus power from the Siphon Drop Power Plant on the All-American Canal.

Various alterations and additions occurred to the line between 1948 and 1984. In June 1948, J andJ
Construction Company added six pole structures, strung 266,800-circular mil, ACSR conductor along the
entire line, and No. 4/0 AWG aluminum cable conductor along 1.7 miles of the line. In 1966, structures
4-15 through 4-18 were realigned. Modifications to the line in 1971 included changing structure 6-2
from a 45 ft to a 50 ft H structure. At Structure 12-11 one guy was modified to provide clearance over
access to a parking lot at the request of the property owner. On the Gila—Yuma Mesa Irrigation District
section of the GLA-YUT line, the 4-kV circuit was removed between Structure No. 5-11 and the YMID tap
at Structure 6-1. On May 15, 1984 the City of Yuma requested that Western relocate two structures (7-3
and 7-4) on the Gila-Yuma 34.5-kV transmission line to accommodate the City’s plans to expand 24th
street. Additionally, structures 8-9 through 8-11 and structures 9-7 through 9-13 on the line were
replaced and all hardware was changed between structures 8-9 to 9-13.

GTH-MCIL. This 230-kV transmission line extends from the Griffith Substation to McConnico Substation. It
was constructed in 1999 and is about 8 miles long. This line is described by Beedle et al. (2013) as part of
the Griffith Energy Project, a merchant plant that sells energy on the open market. Western constructed
transmission lines that connected the plant to the Parker-Davis system and the Pacific Northwest—Pacific
Southwest Intertie (Beedle et al. 2007:6-91).

GTH-PCK. This 230-kV transmission line extends from the Griffith Substation to the Peacock Substation.
It was constructed in 1999 and is 30.25 miles long. This line is described in the ACRE document as being
part of the Griffith Energy Project, a merchant plant that sells energy on the open market. Western con-
structed transmission lines that connected the plant to the Parker-Davis system and the Pacific Northwest—
Pacific Southwest Intertie (Beedle et al. 2007:6-91).

GSP-HKT. This 69-kV transmission line extends from a tap on a Nevada Power Company line located
northeast of the Goldstrike (Hacienda) Casino/Motel, continues eastward across Lake Mead
immediately to the northeast of Hoover Dam, and terminates at CUC’s Kingman Substation to the
southeast of Hoover Dam. It is 3.40 miles long and was constructed by the Southern Sierras Power
Company — later called the California Electric Power Corporation — at an unspecified date. Most of this
transmission line was constructed as a portion of the Southern Sierras Power Company line that
provided electricity for construction of Hoover Dam and as Hoover Dam Transformer Circuit 13, which
initially transmitted power from the Arizona side of the Hoover Dam Power Plant to the Nevada State
Substation. This line does not appear in current GIS data for Western DSW Region systems (DSW
GIS: 2013).

The Southern Sierras Power Company constructed a 222-mile single-circuit line supported on steel lat-
tice H-frame and A-frame structures from a substation near San Bernardino to a substation near the
dam site. The transmission line and substation near the dam construction site were built in late 1930
and 1931, and power was first transmitted for construction uses on June 27, 1931. Transmission of
electricity through this line for dam construction ceased on November 1, 1936, when the power supply
was changed to the first station service generator (N-0) in the Hoover Dam Power Plant. The Southern
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Sierras/Nevada-California Substation was constructed in late 1936 and 1937, and transformer circuit No.
2 was also constructed at that time to bring power to the substation from generating unit A-8. The
substation and transmission line were placed in commercial operation on August 16, 1937.

The Southern Sierras/CEP 138-kV transmission line remained in operation until the early 1990s, when it
became obsolete as a result of power routing through Mead Substation. Portions of the transmission
line were dismantled, but the transmission towers between the Gold Strike Inn and the Hoover
Substation complex were left in place and modified for use by the Nevada Power Company to carry
69-kV current to Transformer Circuit No. 13 and the Kingman Substation on the Arizona side of Black
Canyon. In 2000, Nevada Power Company constructed a transmission line from Mead Substation to the
western terminus of the remaining segment of the Southern Sierras/CEP line (the western terminus of
the GSP-HKT line).

Transformer Circuit No. 13 was one of 15 circuits — short transmission lines — that carried electricity
from transformers on the roof of the Hoover Dam Power Plant to the six substations on the Nevada side
of Black Canyon. Transformer Circuit No. 13 carried 69-kV current from Bank Y on the roof of the Arizona
side of the power plant to the Nevada State Substation located above the Nevada rim of the canyon. The
seven steel towers for Circuit No. 13 were completed on March 11, 1938, and the substation began
providing power to the Pioche transmission line in July 1938 (Bureau of Reclamation 1938: 218). In
following years, the Nevada State Substation also served transmission lines to Las Vegas, Boulder City,
and other markets.

In 1951, a portion of this line occupied part of the route needed for Circuit 12 (which would carry
current to the Arizona-Nevada Substation then under construction). To make room for Circuit 12, Bank Y
transformers that supplied power to Circuit 13 were moved to the extreme south end of the Arizona
Power Plant roof. Double-circuit takeoff and rim tower structures were built to handle Circuit 13 and the
new Circuit 1, which also would carry power to the Nevada State Substation. The takeoff structure for
old Circuit 13 was removed from the power plant roof to the third tower on the line near the Kingman
Substation, and two new towers were built to connect the new rim tower to the tower near the
Kingman Substation.

Mead Substation, located southwest of Boulder City, Nevada, began replacing the functions of the Hoover
Dam substations in the late 1970s, leading to a removal of some transmission lines from Hoover
substations. With the abandonment of the Nevada State Substation about 1990, the function of Circuit
13 was reversed: it thereafter carried current from Nevada Power Company facilities in Nevada to CUC’s
Kingman Substation on the east side of Hoover Dam. One tower at the original western end of Circuit 13
was moved to facilitate a bypass of the Nevada State Substation and connection with the easternmost
existing tower of the Southern Sierras/CEP Transmission Line. None of the towers were removed on the
Arizona side of Black Canyon, but the transmission line terminated there with connecting conductors
between the third tower from the Arizona side of the power plant and the Kingman Substation.

HVR-BAS. This 230-kV transmission line extends from the Hoover Dam to the Basic Substation and is
comprised of three sections totaling 15 miles in length. It was constructed in 1942 and was originally
part of the Hoover Dam Project; the date at which it became part of the Parker-Davis Project was
unavailable. In 1996, Western upgraded the structures, reconductored, installed fiber optic overhead
ground wire, and new insulators.

LIB-AGF. This 230-kV transmission line extends from Liberty Substation to the Agua Fria Substation in
Peoria, Arizona. It is not owned or managed by Western. This line was placed into service on June 25,
1969. Further information on this line was not available.
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LIB-COL. This 69- and 230-kV transmission line extends from Liberty Substation to Coolidge Substation
and is comprised of three sections totaling approximately 82 miles in length. The line was placed into
service in 1987 and is owned by Western..

LIB-PAD 1. Current GIS data for Western DSW Region power systems shows a 230-kV transmission line
extending from an area approximately 21 miles northeast of the Harcuvar Substation to the Hassayampa
Tap Substation (DSW GIS 2013). This line parallels the LIB-PAD 2 line described below for 113.43 miles.
Further information on this line was not available.

LIB-PAD 2. This transmission line extends from the Liberty Substation to the Parker Substation. It was
originally constructed in 1983 as a 161-kV line and was 118 miles long. The line was entirely rebuilt in
1985 as a 230-kV line and is comprised of seven sections totaling 237.72 miles in length.

LIB-PHX. This 230-kV transmission line extends from the Liberty Substation to the Phoenix Substation. It
was constructed in 1992 and is 22.10 miles long.

LOB-PHX. Current GIS data for Western DSW Region power systems shows this as a 230-kV transmission
line, as 20.0 miles in length, extending from the Lone Butte Substation to the Phoenix Substation
constructed in 1987.

LIB-ORM. Current GIS data for Western DSW Region power systems shows this as a 230-kV transmission
extending from Agua Fria, California, to White Tanks, Arizona, and then to the Orme Substation in
Mariposa County, Arizona. It is approximately 19.0 miles in length (DSW GIS 2013).

LIB-SUD. Current GIS data for Western DSW Region power systems shows this as a 230-kV transmission
extending from the Liberty Substation to Sundance Substation. It is comprised of three sections totaling
59.57 miles in length.

MAR-TTT. Current GIS data for Western DSW Region power systems shows this as a 69-kV transmission
line extending from the Maricopa Substation to the Test Track Substation. It is 0.14 miles long.

MED-BAS. This 230-kV transmission line extends from Mead Substation to Basic Substation and is 12.76
miles long. It was constructed in 1969. According to the ACRE document, a 0.5-mile and 0.7-mile section
were removed from this line at an unspecified date (Beedle et al. 2007: 8-39).

ORA-BIA. This transmission line was placed in service on December 16, 1964. Further information on
this line was not available and current GIS data for Western DSW Region power systems does not show
the location of this line (DSW GIS 2013).

PAD-GLA. Current GIS data for Western DSW Region power systems shows this as a 161-kV transmission
line extending from the Kofa Substation to the Gila Substation and then to the Wellton Substation. It is
14.77 miles in length.

PAD-GLA (No. 1 and No. 2). Both the PAD-GLA No.1 and 2 are referred to as PAD-GLA, separately and
collectively. PAD-GLA No. 1. This 161-kV transmission line extends from Parker Substation to Gila
Substation and is comprised of three sections totaling 116.5 miles in length. It was constructed in 1940
by Dwight Chapin, Jr., to provide electricity to Reclamation’s Gila Project and also to connect, by means
of the GLA-DRP4 ling, to a hydroelectric power plant on the All American Canal in California. Through the
Gila Substation, this line also provided (and continues to provide) federal hydroelectric power to other
commercial customers in the Yuma area. The PAD-GLA No. 1 Transmission Line was a critical element of
the Gila Project, because the line provided electricity to operate pumping stations on the Gila Project
(and also on the Yuma Project). The PAD-GLA No. 1 line was initially known as the Parker-Blaisdell line,
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because the line terminated at Blaisdell, Arizona, at Reclamation’s Gila Project. By 1942, the southern
terminal of the transmission line was known as Gila (rather than Blaisdell). The GLA-DRP4 transmission
line was delayed due to lack of access across Indian lands, but the Gila and Drop No. 4 substations were
built under temporary conditions due to wartime shortages of materials. The PAD-GLA line was energized
on July 30, 1943, and the GLA-DRP4 line was energized the next day.

The line was originally constructed on wood-pole, H-frame structures using 300 mcm copper conductor.
In 1960, the line was rerouted near Quartzite to allow for highway expansion and a section of the line
extending from Parker Dam to the Bouse Substation was reconductored using 477 MCM conductor. In
1972, X-bracing was added to 30 structures, and defective or weathered original poles were replaced
between Structure 45-5 and Structure 80-3. In 1998, the majority of the wood poles were replaced with
steel structures.

PAD-GLA No. 2. This 161-kV transmission line extends from Parker Dam to the Gila Substation. It was
constructed from 1949 to 1950 to transmit power from the Parker and Davis Dams to irrigation systems
in Arizona and California near Yuma. Beedle et al. (2007) describes this line as being comprised of three
sections (PAD-BLY 1, BLY-KNB, and GLA-KNB). A 161-kV GLA-KNB line is described earlier in this
document as a section of the GLA-DRP4 line and is 20.2 miles long (Beedle et al. 2007:7-7 to 7-12). Only
PAD-BLY 1 and BLY-KNB are described below.

Section 1, PAD-BLY 1, is 64.6 miles long and was constructed in 1950 by J and J Construction Company.
Various alterations occurred to this line from 1951 to 1986 and are described below. In 1951, seven
crossarms and nine insulators were replaced under routine maintenance. In 1969, Structure 61-3 was
relocated to Station 3195+63 and a new 60-foot wood-pole structure was constructed at Station
3190-70. The original structure 61-3 had washed out. The east conductor was raised 13 ft on the Blythe
takeoff tower and 10 ft on the adjacent 3T structure. The east static wire was removed between the 3T
structure and the steel tower. Fifteen insulators and a 24-in extension link were added on the 3T
structure to support the east phase jumper.

In 1970, pole racks were removed in the vicinity of Structures 40-2, 18-1, and 27-1 on the transmission
line right-of-way. Aerial markers were installed on the overhead ground wire in the span between
Structure 3-6 and Structure 3-7 at the Colorado River crossing of the transmission line. Violent
windstorms destroyed Structures 27-6, 27-7 and 53-3 on August 10, 1970, and Structures 92-2 through
92-8 and 93-1 on August 28, 1970. Emergency replacements and repairs in each incident restored
service with minimum interruptions to the facilities.

In 1972 Structure 9-2 was relocated approximately 100 ft north along the line and was changed from a
65-foot HS to a 70-foot HS structure for convenience of the landowner. At 3T Structure 8-5, guy anchors
were reset, and one anchor rod extension was added. Poles at Structure 20/5 were replaced. Structure
9/3 on the transmission line was relocated for a highway-widening project in 1975.

On September 1, 1976, the transmission line relayed on a permanent fault when structures 53-3 and
53-4 were demolished by high winds, and the two structures were later replaced. On December 14, 1976
the overhead ground wire at Parker was removed for stringing the DAD-PAD No. 2 line above the PAD-
BLY 1 line. To permit stringing of the new DAD-PAD No. 2 transmission line, the overhead ground wires
were temporarily lowered on the PAD-BLY transmission line between structure 0-1 and the powerhouse.

In 1977, 957 poles were inspected and treated. The overhead ground wires were restrung between
Parker Substation and structure 0/1 on the PAD-BLY line. In 1986, three wood HS type structures (9/6,
10/1 and 10/2) were relocated per the request of Arizona’s Department of Transportation for road
widening of State Route 95 in the Parker area.
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Section 2, BLY-KNB, is 64.4 miles long and was constructed from 1949 to 1950 by J and J Construction
Company. Various alternations were made to the line following completion of construction. In 1972, in
an effort to increase reliability in the older 161-kV lines, X-braces were added to strategic poles. In 1990,
wood pole structures were replaced with lightweight steel structures.

PAD-BLY 2. This 161-kV transmission line is approximately 64 miles long and extends from Parker
Substation to Blythe Substation. It was constructed from 1969 to 1970 by Interstate Electric Company.

PAD-GNE. This 230-kV transmission line extends from the Parker Dam 230-kV Substation to Gene,
California, where the line interconnects with the 230-kV transmission system of the MWD of Southern
California. The line was constructed from 1946 to 1947 by Reclamation personnel.

PAD-HAV. Current GIS data for Western DSW Region power systems shows this as a 230-kV transmission
line, 2.29 miles in length, extending from the Parker 230-kV Substation to the Havasu Pumping Plant
(DSW GIS 2013).

PAD-PNT. This 69-kV transmission line extends from the Parker Dam to the Planet Tap Substation. It is
7.10 miles long and was constructed in 1943 for the single purpose of providing power to the Bagdad
Copper Corporation operation.

PHX-TUC No. 1. This 115-kV transmission line extended from the Phoenix Substation to the Tucson
Substation. It was constructed from 1941 to 1943 by the Larson Construction Company as an element of
the Davis Dam Project to help alleviate a severe power shortage in the Tucson area (which arose because
of low water for generation in the Salt River system and growing demand for electricity in the Phoenix
and Tucson areas). It was comprised of multiple sections and subsections totaling approximately 124
miles in length but was moved, segmented and rebuilt. No dates were available for these actions. Only
one section of this line — COL-TUC — is in Western's GIS database for their Western DSW Region power
systems (DSW GIS 2013).

Section 1, PHX-COL, was put into service on May 31, 1943, and was a tie between the PAD-PHX line and
the DAD-COL line. The exact mileage of this line was unavailable.

Section 2, COL-TUC, is comprised of two subsections totaling 69.8 miles in length.

Subsection 1, COL-ORA, is 44.7 miles long and extends from Coolidge Substation to Oracle Substation.
Substantial changes in material and design have occurred to this line since its original construction in
1942. In February 1951, about a 0.75-mile section of this line was removed, and the line was attached to
the new Coolidge Substation. A new line was constructed from the old Coolidge Substation to the new
Coolidge Substation. This work was part of the program of getting the new Coolidge Substation ready for
full operation and tying the Davis-Mesa-Coolidge 230-kV line into the 115-kV system. In 1987, the COL-
ORA line was identified as requiring substantial repair. Tucson Electric Power Company has apparently
rebuilt a 5-mile segment of the line prior to 1987, and the company was scheduled to rebuild an
additional 5-mile segment by 1992. In 1998, Western conducted an extensive pole-replacement project
on this line.

Subsection 2, ORA-TUC, is 25.1 miles long and was constructed in 1942. This line has undergone
substantial changes since its original construction. In May 1970, approximately 8 miles of overhead
static wire were insulated on the line to help eliminate TV interference in the Tucson area. During
September 1981, structure No. 24-10 of this line was replaced with a steel structure capable of
supporting Western’s transmission line and two additional lines for Tucson Electric Power, Co (TEP)
ownership. About 6 miles of the line, from structure No. 22-1 near Rillito Substation northerly to
structure No. 16-8 at the site of TEP’s future La Canada Substation, was removed and rebuilt by Tucson
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Electric Power Co. during 1984. TEP rebuilt this section of the line with double-circuit steel poles, so that
the structures could carry a TEP 138-kV circuit in addition to Western’s 115-kV line.

In February 1987, Western recommended the relocation of structure No. 14-7 on the line and observed
additional structures that needed modification due to the excavation of the drainage-way by the
developer. Structure 14-7 was moved west 80 ft by constructing a new 75-foot HS structure and
removing the old structure. An X-brace was added to structure 14-8, and all existing poles at structure
15-3 were replaced with 65-foot poles. At structure 15-4 existing poles were replaced with one 65-foot
pole and one 60-foot pole. Wishbone-type, wood pole structures Nos. 22-8 through 22-14 were
relocated and replaced with four self-supporting steel pole structures during 1987. The city of Tucson
widened the intersection of Fairview Ave and Wetmore Road during 1988. Part of the line, supported on
wood poles with wishbone—type construction, was relocated in 1989.

PHX-TUC No. 2. This 115-kV transmission line extends from the Phoenix Substation to an area about 3
miles west of the Tucson Substation. It was constructed from 1947 to 1949 by J and J Construction
Company. It is comprised of multiple sections and subsections totaling 122.5 miles in length.

Section 1, PHX-ED5 is comprised of two subsections totaling 77.7 miles in length. Subsection 1, PHX-
MAR, is 40.5 miles long and extends from the Phoenix Substation to the Maricopa Substation.

Subsection 2, MAR-ED5, is 37.2 miles long and was further segmented into the MAR-CAG and CAG-ED5
lines. In 1961, the CAG-EDS5 line was divided into the CAG-EMP and EMP-ED5 lines. This line was
recommended for substantial repair in 1987. The section of line from Maricopa-Casa Grande was
connected to the new APS section of the new 115-kV main bus at Maricopa on January 27, 1966. Section
2, ED5-TUC, is 44.8 miles long and was constructed in 1949.

RGS-COL. This 230-kV transmission line extends from Rogers Substation near Mesa, Arizona, about
39.90 miles southeastward to the Coolidge Substation. It was constructed from 1950 to 1951. Towers
were built by the Mark Cockrill Contracting Company and the lines were strung by J and J Construction
Company. The line originally terminated at the Mesa Substation, but in 1992 that substation was
demolished and the Rogers Substation was constructed; the latter substation now serves as the
northern terminus for the transmission line.

SGR-ED5. This 115-kV transmission line extends from Arizona Public Service Company’s Saguaro steam
generating plant to the ED5 Substation and is 18 miles long. The line was constructed in 1954.

SGR-ORA. This 115-kV transmission line extends from the APS Saguaro steam generating plant 19.00
miles eastward to the Oracle Substation. The line was constructed in 1954.

SGR-TUC. This 115-kV transmission line extends from the APS Saguaro steam generating plant to the
Tucson Substation. The line is comprised of two sections totaling 35.40 miles in length.

Section 1, SGR-MRN, is 11.70 miles long and was constructed in two phases: the southern 5.95 miles of
the segment were constructed from 1948 to 49 as part of the PHX-TUC No. 2 line, and the northern 5.75
miles of the segment were constructed from 1953 to 1954 to connect the then new Saguaro Steam
Plant with the PHX-TUC No. 2 line (which thereafter was known as the PHX-SGR and SGR-TUC lines). The
segments of the old PHX-TUC No. 2 line were constructed with wood pole H-frame structures and
336,400 MCM ACSR conductors. The 5.75-mile segment had 795 MCM ACSR conductors, and steel
structures adjacent to the Saguaro Steam Plant in addition to wood pole H-frame structures in the
remainder of the line. All of the conductors on the SGR-MRN line were replaced with 795 MCM ACSR
cables in 1984.
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Section 2, MRN-TUC, is 23.70 miles long and was constructed from 1948 to 1949 as part of the PHX-TUC
No. 2 line.

SPT-TOP Nos. 1,2 These transmission lines extend from the South Point Substation to Topock
Substation. They were constructed in 2000 by Mustang Line Contractors, Inc. One of these lines is
230-kV and 13.5 miles long and one is 69-kV and 0.5 miles long. These transmission lines are described
in the ACRE document as being part of the South Point Transmission Project, a merchant plant that sells
energy on the open market. Western constructed transmission lines that connected the plant to the
Parker-Davis system (Beedle et al. 2007: 6-92).

TTT-SGR. Current GIS data for Western DSW Region power systems shows this as a 230-kV transmission
line extending from the Test Track Substation to APS's Saguaro steam generating station. It is comprised
of three sections totaling 35.57 miles in length.

TUC-APE. This 115-kV transmission line extends from the Tucson Substation to the Apache Substation. It
is comprised of three sections totaling 79.70 miles in length. This transmission line was constructed from
1950 to 1951 by R. B. Stovall as an element of the Davis Dam Project to extend the 115-kV transmission
system from the Tucson Substation to the Cochise Substation (and the line was initially known as the
Tucson-Cochise line).

WMS-WML. This 34.5-kV transmission line extends from the Wellton Mohawk 2 Substation to the Wellton-
Mohawk 1 Substation and is 4.9 miles long. It was constructed in 1951 by Trans-Electric Company.

WMS-WM3. This 34.5-kV transmission line extends from the Wellton Mohawk 2 Substation to the
Wellton-Mohawk Pumping Plant No. 3. and is 3.5 miles long. It was constructed in 1951 by Trans-Electric
Company. This line was an extension of the Gila-Wellton Mohawk 34.5-kV transmission line, which
terminated at the Wellton Mohawk Substation, located adjacent to Pumping Plant No. 2. In 1956, the
Gila-Wellton Mohawk Transmission Line was reconductored for 161-kV current, and later the
161/34.5/4.16-kV transformers were moved from the Gila Substation to Pumping Plant No. 2 to relieve a
voltage sag problem resulting from current draw by the pumping plants. The date the transformers were
moved was not available. Power to Pumping Plant No. 1 and Pumping Plant No. 3 was then distributed
from Pumping Plant No. 2.
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Table 3-4. Transmission Lines — Parker-Davis Power System

Name FID2 DOCP Miles  Capacity F?égcuuézcy Structure Details Conductor/Wire Insulator
Agua Fria—White LIB-ORM 1968 10.00 230kvV  na Type - na na na
Tanks—Orme
Base-Henderson, 1,2 BAS-HEN1 2002 0.09 230kV  na Type — Steel 795 ACSR
&3
BAS-HEN2 2002 0.09 230kV  na Type — Steel 795 ACSR
BAS-HEN3 2005 0.09 230kV  na Type - Steel 795 ACSR
Coolidge—Saguaro COL-SGR
Coolidge-Electrical COL-ED21
District 2, No. 1
Coolidge-Signal COL-SIG 1954 7.90 115kV  na Type — Wood, H-frame 795 MCM, Type 16, ACSR/SD na
conductors
Signal-Electrical SIG-ED2 1954 4.30 115kV  na Type — Wood, H-frame 795 MCM, Type 16, ACSR/SD na
District 2 conductors
Coolidge-Electrical COL-ED22 1965 2370  115kV  na Type — Wood, H-frame 795 MCM, Type 16, ACSR/SD na
District 2, No. 2 conductors
Coolidge—Electrical  COL-ED5 1949 30.70  115kV  Single-circuit/ Type — Wood, H-frame; specific types 336.4 MCM ACSR conductor na
District 5 60-Hz include: HS, HA, HTR, HSB
Coolidge-Sundance  COL-SUD No.1 2002 1038  230kV  na Type — Steel 954 ACSR na
No. 1
Coolidge-Sundance = COL-SUD No.2 2002 9.80 230kV  na Type - Steel 954 ACSR na
No. 2
Davis-Coolidge DAD-COL
Davis-Prescott DAD-PRS
Davis-Hilltop DAD-HLT 1950-51 3450 230kV  Three-phase, Type — Steel; specific types include: SL, 795 MCM ACSR conductor/ na

single-circuit

SAL, TAL, SM, SAM, TL, TAM, STRL,

STRM, TM
Height - 60-80 ft

0.5" high-strength steel wires (2)
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Table 3-4. Transmission Lines — Parker-Davis Power System

Circuit/
Name FID2 DOCP Miles  Capacity Frequency Structure Details Conductor/Wire Insulator
Hilltop—Round HLT-RVL 1950-51  37.97 230kV  Three-phase, Type — Steel; specific types include: SL, 795 MCM ACSR conductor/ na
Valley single-circuit SAL, TAL, SM, SAM, TL, TAM, STRL, 0.5" high-strength steel wires (2)
STRM, TM
Height — 60-80 ft
Round Valley- RVL-PRS 1950-51  69.98 230kV  Three-phase, Type — Steel; specific types include: SL, 795 MCM ACSR conductor/0.5” na
Prescott single-circuit SAL, TAL, SM, SAM, TL, TAM, STRL, high-strength steel wires (2)
STRM, TM
Height — 60-80 ft
Prescott-Mesa PRS-MESA 1949-51 7400 230kV  Three-phase, Type — Steel; specific types include: 795 MCM ACSR conductor/0.5” na
single-circuit SL, SM high-strength steel wires (2)
Height - 60-80 ft
MESA-Coolidge MESA-COL 1950-51  40.00 230kV  Three-phase, Type — Steel; specific types include: 795 MCM ACSR conductor/0.5” na
single-circuit SL, TL high-strength steel wires (2)
Height - 50 ft, 60 ft, 80 ft
Davis-McConnico DAD-MCI 2002 27.5 230 kv Type — Steel 795 ACSR na
Davis-Mead DAD-MED 1949-51  60.00 230kV  Single-circuit Type — Steel towers, narrow-waist with 795 ACSR (3); also listed as 666 10" porcelain (24)
base rotated 45 degrees to line direction. ACSS
Specific types include: SL, SAL, SM,
SAM, TL, TAL, TAM, STRL, STRM
Bases - 32 ft square
Height — 109 ft 2 in
Crossmembers - 65 ft long
Davis—MEC Kingman DAD-MKT 1947, 28.00 69kV Three-phase, Type — Two- and three-pole wood 2/0 AW.G. ACSR conductor/3-wire, Cap and pin, ball
Tap portion single-circuit structures. Specific types include: HS, 5/16" galvanized steel strand and socket, 10"
realigned HA, HTR, HSWT, 3A, 3AB, 3T, 3DE ground wires, 3/8” steel overhead  diameter with 534"
2000 ground wires spacing
Davis-Parker No. 1 DAD-PAD 1 1948-51  70.00 230kV  Three-phase, Type — Lattice steel; specific types 795 ACSR conductor/0.5” na
single-circuit include: SL, SAL, TL, STRL galvanized, high-strength steel
overhead ground wires
Dome Tap—Wellton DME-WML 1948 1148 161kV  na Type — Wood 477 ACSR na
Mohawk Ligurta
Electrical District 2— ED2-ED4 1948 9.43 115kV  na Type — Wood 795 ACSR na

Electrical District 4
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Table 3-4. Transmission Lines — Parker-Davis Power System

Circuit/
Name FID2 DOCP Miles  Capacity Frequency Structure Details Conductor/Wire Insulator
Electrical District 4— ED4-SGR na 9.01 115kV  na Type - na na na
Saguaro
Electrical District 5- ED5-SGRNo.1 1948 16.98 115kV  na Type — Wood 795 ACSR na
Saguaro No. 1
Electrical District 5—- ED5-TTT na 2297  230kv na Type —na na na
Test Track (exist.)
20.74
(prop.)
Gila-Drop No. 4 GLA-DRP4
Gila-Knob GLA-KNB 1943 2020 161kV  na Type - Steel 1272 ACSR conductor na
Knob-Drop No. 4 KNB-DRP4 1943 2860 161kV  na Type — Wood, H-frame CU 300 conductor na
Gila-Wellton- GLA-WMS 1951 13.00 161kV  Three-phase, Type — Wood, H-frame 397 MCM ACSR conductor/ na
Mohawk double-circuit, 3/8" galvanized, high-strength steel
60 Hz overhead ground wires (2)
Gila-Yuma Tap GLA-YUT 1943 9.80 345kV  Three-phase, Type — Wood pole; specific types include: 266, 477, 800 circular mil ACSR; na
single-circuit SS, SD, ST, STR, SA, SAT, 3A, 3T 3/0 AWG hard-drawn stranded
copper; 3/0 AWG copper equivalent
copperweld copper conductors
Gold Strike Tap- GSP-HKT 1938 3.40 69 kV Three-phase, Type — Lattice steel, H-rame and A-frame ~ 4/0 ACSR and 336.4 ACSR Jeffrey-Dewitt
Hoover Kingman Tap single-circuit, Crossarms — 34 ft length, 52 ft above conductor suspension
60 Hz ground insulation units
Griffith-McConnico  GTH-MCI 1999 8.00 230kV  na Type — Steel 1272 ACSR conductor (bundled); na
fiber optics in one overhead ground
wire
Griffith-Peacock GTH-PCK 1999 3025 230kv  na Type — Steel 1272 ACSR conductor (bundled); na
fiber optics in one overhead ground
wire
Hoover-Basic HVR-BAS
Hoover-Amargosa HVR-AMR 1942 1283  230kV  na Type — Steel CU 500 conductor na
Amargosa—Clark Tie E AMR-CLKE 1942 2.08 230kV  na Type — Steel CU 500 conductor na
Clark Tie E-Basic E CLKE-BASE 1942 0.09 230kV  na Type — Steel CU 500 conductor na
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Table 3-4. Transmission Lines — Parker-Davis Power System

Circuit/
Name FID2 DOCP Miles  Capacity Frequency Structure Details Conductor/Wire Insulator
Kofa-Gila-Wellton PAD-GLA na 1477  161kvVv  na Type —na na na
Liberty—Agua Fria LIB-AGF 1969 na 230kV  na Type —na na na
Liberty-Coolidge LIB-COL
Section 1 na 1987 46.00 230kv  Three-phase, Type — Steel, concrete 954 MCM ACSR, 45/7 conductors  na
double-circuit, (6)/0.5" diameter high-strength
60 Hz steel, 7-strand overhead ground
wires
Section 2 na 1987 9.00 230/69 kV Three-phase, Type — Steel, concrete 230-kV circuits: na
60 Hz, 69-kV (1) 954 MCM ACSR, 45/7 conductor
and 230-kV (2) (6)
circuits 69-kV circuits:
336.4 MCM ACSR, 26/7 (3)
High-strength steel, 7-strand
overhead ground wires
Section 3 na 1987 27.00 230kv  Three-phase, Type — Wood pole with steel or concrete 954 MCM ACSR. 45/7 conductor ~ na
60 Hz angles and deadend structures (3)/3/8" diameter, high-strength
steel, 7-strand overhead ground
wire
Liberty-Parker 1 LIB-PAD 1 1985 11343  230kV  na Type —na na na
Liberty-Parker 2 LIB-PAD 2
Liberty-Hassayampa Tap  LIB-HAT 1985 12.80  230kV  Three-phase, Type — Steel and lattice 1272 MCM ACSR 54/19 conductor/ na
single-circuit, 3/8" diameter, high-strength steel, 7-
60 Hz wire overhead ground wire for steel
pole part of line
Hassayampa Tap- HAT-HCR 1985 5410 230kV  Three-phase, Type — Steel and lattice 1272 MCM ACSR 54/19 conductor/ na
Harcuvar single-circuit, 3/8" diameter, high-strength steel, 7-
60 Hz wire overhead ground wire for steel
pole part of line
Harcuvar-Parker HCR-PAD 1985 46.10 230kV  Three-phase, Type — Steel and lattice 1272 MCM ACSR 54/19 conductor/ na

single-circuit,
60 Hz

3/8" diameter, high-strength steel, 7-
wire overhead ground wire for steel
pole part of line
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Table 3-4. Transmission Lines — Parker-Davis Power System

Circuit/
Name FID2 DOCP Miles  Capacity Frequency Structure Details Conductor/Wire Insulator
Liberty-Buckeye LIB-BKE 1985 12.42  230kV  Three-phase, Type — Steel and lattice 1272 MCM ACSR 54/19 conductor/ na
double-circuit, 3/8" diameter, high-strength steel, 7-
60 Hz wire overhead ground wire for steel
pole part of line
Buckeye—Eagle Eye BKE-EGL 1985 5320 230kv  Three-phase, Type — Steel and lattice 1272 MCM ACSR 54/19 conductor/ na
single-circuit, 3/8" diameter, high-strength steel, 7-
60 Hz wire overhead ground wire for steel
pole part of line
Eagle Eye-Parker 2 EGL-PAD 2 1985 59.10 230kv  Three-phase, Type — Lattice steel 1272 MCM ACSR 54/19 conductor/ na
single-circuit, 3/8" diameter, high-strength steel, 7-
60 Hz wire overhead ground wire for steel
pole part of line
Liberty-Phoenix LIB-PHX 1992 2210 230kv  na Type — Steel 954 conductor na
Liberty-Sundance LIB-SUD
Liberty-Sundance LIB-SUD na 2545 230kv  na Type -na na na
Liberty-Lone Butte LIB-LOB 1987 38.5 230kV  na Type - Steel 954 ACSR na
Phoenix-Test Track PHX-TTT na 3346 230kv  na Type -na na na
Lone Butte—-Phoenix LOB-PHX 1987 20.0 230kV  na Type — Steel 954 ACSR na
Maricopa—-Test Track MAR-TTT na 0.14 69 kv na Type —na na na
Mead-Basic MED-BAS 1969 12,76 230kV  Three-phase, Type — Single pole, lattice steel 1272 MCM ACSR 45/7 conductor  na
double-circuit, (3)/0.5" diameter, high-strength
60 Hz steel, 7-strand overhead ground
wires
Oracle-BIA ORA-BIA 1964 na na na Type - na na na
Parker-Gila No. 1 PAD-GLA 1
Parker-Bouse No. 1 PAD-BSE 1 1940 18.70  161kV  Three-phase, Type — Wood-pole, H-frame, steel 300 MCM conductor na
single-circuit,
60 Hz
Parker-Bouse No. 2 PAD-BSE 2 1940 3.90 161 kv Three-phase, Type — Wood-pole, H-frame, steel 477 MCM conductor na
single-circuit,
60 Hz
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Table 3-4. Transmission Lines — Parker-Davis Power System

Circuit/
Name FID2 DOCP Miles  Capacity Frequency Structure Details Conductor/Wire Insulator
Bouse-Gila BSE-GLA 1940 9390 161kv  Three-phase, Type — Wood-pole, H-frame, steel 300 MCM conductor na
single-circuit,
60 Hz
Parker-Gila No. 2 PAD-GLA No. 2
Parker-Blythe No. 1 PAD-BLY No.1 1950 6460 161kv  na Type — Wood-pole, H-frame 477 MCM ACSR and 300 MCM na
copper conductor
Blythe-Knob BLY-KNB 1949-50 6440 161kV  na Type — Wood pole, H-frame, steel; specific 477 MCM ACSR conductor, 300 na
types include: HS, HT, 3A, 3T, HTR, HST ~ MCM copper anaconda type 1782R
Tower height — 50-75 ft cables/3/8" diameter, high-strength
galvanized steel overhead ground
wires
Parker-Blythe No.2 PAD-BLYNo.2 1969-70  64.00 161kV  Three-phase, Type — Wood pole, H-frame na na
single-circuit
Parker-Gene PAD-GNE 1946-47  1.70 230kV  na Type — Steel; specific types include: 795 MCM conductor na
SL, TL
Parker—Havasu PAD-HAV 1986 2.29 230kV  na Type - steel 1272 ACSR na
Pump
Parker—Planet Tap PAD-PNT 1943 7.10 69 kV na Type — Wood, H-frame #2 copper conductor na
Tower height — 40-50 ft
Phoenix-Tucson PHX-TUC No. 1
No. 1
Phoenix-Coolidge PHX-COL 1943 na 115kV  na Type — Wood, steel; specific types include: ~ 4/0 copper conductor/3/8" 7-wire na
HS, HST, HT, HA, HTR, 3A, 3AB, 3AT,  high-strength steel overhead
3T, 3DE, SWT, WS, WT, SA, SAT ground wires
Coolidge-Tucson COL-TUC
Coolidge-Oracle COL-ORA 1942 4470 115kV  na Type — Wood, steel; specific types include: ~ 4/0 copper conductor/3/8" 7-wire na
HS, HST, HT, HA, HTR, 3A, 3AB, 3AT,  high-strength steel overhead
3T, 3DE, SWT, WS, WT, SA, SAT ground wires
Oracle-Tucson ORA-TUC 1942 25.10 115kV  na Type — Wood, steel; specific types include: ~ 4/0 copper conductor/3/8" 7-wire na

HS, HST, HT, HA, HTR, 3A, 3AB, 3AT,
3T, 3DE, SWT, WS, WT, SA, SAT

high-strength steel overhead
ground wires
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Table 3-4. Transmission Lines — Parker-Davis Power System

Circuit/
Name FID2 DOCP Miles  Capacity Frequency Structure Details Conductor/Wire Insulator
Phoenix-Tucson PHX-TUC No. 2
No. 2
Phoenix-Electrical PHX-ED5
District 5
Phoenix-Maricopa PHX-MAR 1947-49 405 115kV  Three-phase, Type — Wood H-frame, lattice steel 336.4 MCM ACSR and 954 MCM  na
single- and ACSR conductor
double-circuit,
60 Hz
Maricopa-Electrical MAR-ED5
District 5
Maricopa—Casa MAR-CAG 1947-49  na 115kV  Three-phase, Type — Wood H-frame, lattice steel 336.4 MCM ACSR conductor na
Grande single- and
double-circuit,
60 Hz
Casa Grande- CAG-ED5
Electrical District 5
Casa Grande- CAG-EMP 1947-49  na 115kV  Three-phase, Type — Wood H-frame, lattice steel 336.4 MCM ACSR conductor na
Empire single- and
double-circuit,
60 Hz
CAG-EMP 2012 17.2 115 kV Type - steel 1272 ACSS
Empire-Electrical EMP-ED5 1947-49  na 115kV  Three-phase, Type — Wood H-frame, lattice steel 336.4 MCM ACSR conductor na
District 5 single- and
double-circuit,
60 Hz
Electrical District 5- ED5-TUC 1949 4480 115kV  Three-phase, Type — Wood H-frame na na
Tucson single- and
double-circuit,
60 Hz
Rogers-Coolidge RGS-COL 1950-51  39.90 230kV  Three-phase, Type — Steel; specific types include: 795 or 1272 ACSR conductor/0.5"  na

single-circuit

SL, TL
Tower height; 50-, 60-, 80-foot

steel cable overhead ground wire

2
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Table 3-4. Transmission Lines — Parker-Davis Power System

Circuit/
Name FID2 DOCP Miles  Capacity Frequency Structure Details Conductor/Wire Insulator
Saguaro—Electrical SGR-ED5 1954 18.00  115kV  Three-phase, Type — Wood and steel, H-frame 795 MCM ACSR/3/8" 7-wire high- ~ na
District 5 single-circuit, strength steel-strand overhead
60 Hz ground wires (2)
Saguaro-Oracle SGR-ORA 1954 19.00 115kV  Three-phase, Type — Wood and steel, H-frame 795 MCM ACSR/3/8" 7-wire high- ~ na
single-circuit, strength steel-strand overhead
60 Hz ground wires (2)
South Point-Topock SPT-TOP Nos. 2000 1400 230kv  na Type - Steel 1272 MCM; 1590 ACSR na
Nos. 1,2 1,2 (13.5 mi);
69 kV (0.5
mi)
Test Track-Saguaro  TTT-SGR
Casa Grande-Test Track CAG-TTT 2002 1501 230kVv  na Type - steel 1272 ACSR na
Empire-Electrical EMP-ED5 na 0.03 230kV  na Type —na na na
District 5
Electrical District 5-Saguaro ED5-SGR na 2068 230kv  na Type —na na na
Tucson-Apache TUC-APE
Tucson-No Gales TUC-NGL 1950-51 2050 115kV  na Type — Wood H-frame, lattice steel, 795 MCM ACSR conductor/3/8” na
single steel poles; specific types include:  galvanized high-strength steel
WS, WT, SA, SAT, HS, HA, HTR, HSB,  strand overhead ground wires,
3A, 3AB, 3AT, 3T, 3TX, 3DE, 4BT 5/16" galvanized steel-strand
ground wirese
No Gales-Adams NGL-ADA 1950-51 4220 115kV  na Type — Wood H-frame, lattice steel, single 795 MCM ACSR conductor/3/8” na
steel poles; specific types include: WS,  galvanized high-strength steel
WT, SA, SAT, HS, HA, HTR, HSB, 3A, strand overhead ground wires,
3AB, 3AT, 3T, 3TX, 3DE, 4BT 5/16" galvanized steel-strand
ground wires¢
Adams-Apache ADA-APE 1950-51  17.00 115kV  na Type — Wood H-frame, lattice steel, single 795 MCM ACSR conductor/3/8” na
steel poles; specific types include: WS, galvanized high-strength steel
WT, SA, SAT, HS, HA, HTR, HSB, 3A, strand overhead ground wires,
3AB, 3AT, 3T, 3TX, 3DE, 4BT 5/16" galvanized steel-strand
ground wires®
Wellton Mohawk-  WMS-WM1 1951 4.90 115kV  Three-phase, Type - Single wood poles; specific types  336.4 or 477 MCM ACSR na

Wellton Mohawk
No. 1

single-circuit,
60 Hz

include: SD, SS, SAB, SAT, 3T
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Table 3-4. Transmission Lines — Parker-Davis Power System

Circuit/
Name FID2 DOCP Miles  Capacity Frequency Structure Details Conductor/Wire Insulator
Wellton Mohawk—  WSM-WM3 1951 3.50 345kv  Three-phase, Type — Single wood poles, three-pole; 336.4 MCM or 477 ACSR na
Wellton Mohawk single-circuit, specific types include: SD, SS, SAB,
60 Hz SAT, 3T

No. 3

Note: Beedle et al. 2007; Western 1995; na = not available.

aFacility identification number.

bDate of construction.
COriginally constructed with 336,400 MCM ACSR; No. 4/0 AWG hard-drawn stranded copper; No. 4/0 AWG copper equivalent copperweld copper conductors.
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Power Conversion and Distribution

Substations
There are 71 substations in the Parker-Davis Power System constructed between 1942-1999 (Table 3-5).

Adams Tap (ADA). Adams Tap Substation was constructed in 1959 and is located in Cochise County,
Arizona. This substation was placed in service in March 1959 and is owned by Arizona Public Service
Company (APS). Western maintains some equipment in the substation. Further information on this
substation was not available.

Apache (APE). Apache Substation is located in Cochise County, Arizona. It was constructed in 1969 by
AEP, and serves as a major delivery point for power in the Benson-Wilcox area. Western equipment at
the substation consists of one 115-kV oil circuit breaker, and an oil storage tank. Preconditioning and
Remote Terminal Unit installation was completed by 1980, when the transformer was removed from the
site. Because of age the existing 115-kV line bay was replaced with a new 115-kV line bay.

Amargosa (AMR). Amargosa Substation is located in Clark County, Nevada. It was constructed in 1964.
Two 230-kV transmission lines come into the station from Hoover and Mead, then continue to Basic-
Henderson Substation. A new 230/138/13.8-kV autotransformer was installed in 1987. One of the
230-kV transformers is owned by Valley Energy Association but operated and maintained by Western
(Western 1995). Further information on this substation was not available.

Basic (BAS). Basic Substation is located in the northeastern portion of Las Vegas Valley with a portion of
the McCullough Range rising to the south and southwest and the River Mountains rising several miles to
the east of the site. It was designed and constructed in 1942 by J. M. Montgomery and Company and
constructed with funding provided by the Defense Plant Corporation and was an element of the
Henderson Industrial Plant (also known as the Basic Magnesium Plant — BMI). Basic Substation contains
three separate transformer yards or banks — 1-3. Each yard contains a main equipment area, bus bridge
towers, and three transformers that convert 230-kV current to 13.8-kV current. The reduced current is
delivered to non-Western-owned distribution and transformer systems adjacent to the Western yards,
where the current is further converted to either 4.16-kV or 69-kV power. All three yards are connected
via a 230-kV overhead bridge bus system, underground control system, and railroad track.

Yards 1 and 3 contain station service transformers and first aid stations. Yard 1 also contains a control
house and control equipment. Yard 2 contains steel towers that serve as the terminal structures for the
HEN-BAS 1 and HEN-BAS 2 transmission lines. It also has disconnecting switches and oil circuit breakers.

Basic Substation served a variety of purposes from its initial construction to the present and has
undergone various changes in ownership. After the magnesium plant ceased production in November
1944, Basic Substation was operated for the government under direction of the U.S. Defense Plant
Corporation, the Reconstruction Finance Corporation, the War Assets Administration, and then the
General Services Administration. In September 1947, the Colorado River Commission of Nevada leased
and began operating the substation and the transmission lines to Hoover Dam. Reclamation purchased
the substation and lines in 1949, but actual title and operation of the system did not transfer to
Reclamation until June 1, 1951. At that time Reclamation began delivering power from both Hoover
Dam and Davis Dam to the site.

Basic Substation was also an attractive candidate for delivering power for uses outside the BMI plant. In
December 1945, the Southern Nevada Power Company requested permission from the Reconstruction
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Finance Corporation (RFC) to use the Basic North and South transmission lines for a period of five years,
to provide stand-by power delivery to its system in Las Vegas. In January 1946, the company received
permission to use the facilities until January 1951, including permission to install a 40,000-kva
transformer and related equipment on the Basic plant property (but outside the government’s yards).
This 230-/13.8-kV transformer was known as Bank 8 and was adjacent to and connected with the
original BMI transformer Bank 3. In 1950, the company installed a second transformer, known as Bank
10, adjacent to and connected with the BMI transformer Bank 2. These company facilities were placed in
service on June 1, 1951, when Reclamation assumed delivery of power from Hoover Dam and Davis.

In 1955, Southern Nevada Power completed a 230-/69-kV transmission tie from the PAD-DAD Project
lines at Henderson to the company’s 69-kV substation at Whitney. The tie effectively allowed Nevada’s
private electrical utilities (primarily Southern Nevada Power) to obtain power owned by the Arizona
Power Authority, which was that state's counterpart to the Colorado River Commission of Nevada. The
company’s installation included a new 75,000-kVa transformer at its Henderson tap site.

Reclamation continued to operate Basic Substation without major equipment changes until the 1960s. In
1965, Reclamation purchased carrier-current supervisory control and telemetering equipment
switchboards for Basic Substation and Davis Dam Power Plant, to allow control of the substation from
the Davis Power Plant. However, a Reclamation staff of operators and maintenance personnel remained
at Basic Substation until about 1967, when automation and the completion of the new Mead Substation
enabled remote monitoring and operation of Basic Substation from Mead. More recently some control
functions have been directed from the Western dispatch center in Phoenix.

In response to the growing load on the substation and the age and capacity of original equipment, in
1968, Reclamation substantially replaced and upgraded most principal 230-kV electrical equipment
within Basic Substation except the main transformers. This included switches, oil circuit breakers, busses,
and wiring.

Western assumed control and operation of Basic Substation after the U.S. Department of Energy was
established in 1977. One of the major maintenance problems at the substation was semiannual cleaning
of insulators to remove contamination caused by plant air pollution. By 1986, the original exposed
13.8-kV bus structures, insulators, and other equipment within all three yards had deteriorated as a
result of the pollution. Western determined that the original 13.8-kV switching equipment was at the
end of its useful life and should be replaced with metal-enclosed circuit breakers. In addition to the
switches, Western replaced the 13.8-kV buswork and related structures and equipment and added two
outdoor power circuit breakers at each of the three transformer banks. Basic Management, Inc. installed
power factor correction equipment at each transformer bank. Changes were also made to the remote
control and relaying systems to correspond to the new configuration of circuit breakers, and extensive
repairs and replacement of concrete footings, foundations, stairs, and retaining walls occurred within
the substation.

Operation of the BMI complex resulted in contamination of the area with a large number of hazardous
materials. In April 1991, a consent agreement among the State of Nevada and various BMI companies
initiated a process for investigation and eventual management and cleanup of the contamination. In
1993, Western concluded that the three outdated yards and attendant facilities should be removed, and
a single new substation built. Western began remediation of contamination on its property in 1994. In
1995, Western demolished Buildings T-9 and T-10 adjacent to Yard 1 at Basic Substation. Included in the
demolition were removal of ten oil circuit breaker tanks behind Building T-10, removal of three above-
ground oil storage tanks behind Building T-9, removal of PCB-contaminated oil pumps and piping in
Building T-9 and in the underground tunnel, removal of asbestos-containing material from both
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buildings, removal of the overhead crane system and structural steel in Building T-10, and removal of
concrete of both buildings.

Western'’s long-standing plan to replace the three basic substations with a single new substation was
given impetus under a contract signed in December 1996, between Western and the Colorado River
Commission of Nevada (CRC). Under the agreement, Western would complete its Henderson Switching
Station on or before July 1, 1997. CRC would construct three new 230/13.8-kV step-down transformer
yards to replace the three Basic Substation yards. Western would then establish new 230-kV
connections between the Henderson Substation and each of the CRC step-down transformer yards. The
new CRC yards would be built adjacent to the old Basic yards, on Western’s property. Western would
maintain the old Basic yards in operation until the new yards were in service. Western would then
remove the yards, the central control building, the tunnels, and related structures and equipment, and
Western would remediate contamination throughout the Basic Substation sites.

The contract required CRC to begin construction of its step-down yards by December 1, 2001, and the
contract allowed CRC to occupy the property until December 31, 2035. To facilitate construction of the
first CRC yard, Western constructed a wood-pole shoo-fly transmission line from Basic Yard 2 to Basic
Yard 1 in October 2000. Western will terminate the HVR-BAS and MED-BAS transmission lines at
Henderson Switching Yard, remove the two lattice steel towers and conductors on HEN-BAS 1 and 2
transmission lines, and construct three steel pole, 230-kV connection lines between Henderson
Substation and the new CRC transformer yards.

Bouse (BSE). Bouse Substation is located in La Paz County, Arizona. It was constructed in 1968 to furnish
power from the PAD-GLA transmission line to APS’s Black Peak Substation Service Building. The substa-
tion has a concrete service building that was constructed by Schler Construction Company. Further
information on this substation was not available.

Boulder City Tap (BTP). Boulder City Tap Substation was originally part of the Boulder Canyon Power
System and is described in detail in that section.

Buckeye (BKE). Buckeye Substation is located in Maricopa County, Arizona, 4 miles north of Buckeye. It
was constructed in 1953 and is a delivery point for Parker-Davis electricity. It is currently owned by APS.
Further information on this substation was not available.

Buck Boulevard (BKB). Current GIS data for Western DSW Region power systems shows this substation
as being located approximately 0.5 miles northwest of the Blythe Substation. Further information on this
substation was not available.

Bullhead Tap (BUL). Bullhead Tap Substation is located in Mohave County, Arizona, close to the Davis
Dam. It was constructed in 1961. The substation is owned and operated by Arizona Electric Power
Cooperative and Mohave Electric Cooperative.

Blythe (BLY). Blythe Substation is located in Riverside County, 5 miles west of Blythe and about 0.5 miles
northeast of Buck Boulevard Substation. It was constructed from 1950 to 1951 by Del Monte Electric
Company to provide power from Parker Dam Power Plant to southern California. The 15,000-kV
substation consists of 161-kV transformers, breaker bays, a warehouse building, control house, bus
structures, and circuit breakers. In 1957, California Edison Electric Power Co. installed a 161-kV line bay
and associated equipment to serve their Desert Center load. In 1970, six double bus bays were added. In
1991, there was a major equipment upgrade, and the control house was refurbished.
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Casa Grande (CAG). Casa Grande Substation is located south of Phoenix in Penal County, Arizona. It was
constructed in 1954 by Masco Manufacturing of Los Angeles to provide power from Davis Dam Power
Plant to Phoenix and the area south and southeast of that city. The substation is comprised of 115-kV and
13.8-kV bus structures, lightning arrester supports, air-break switch supports, and a steel control house.

Clark Tie (CLK). Clark Tie Substation is located in Clark County, Nevada. Current GIS data for the Parker-
Davis Power System lists this as the Clark Tap Substation (DSW GIS 2013). It is a 230-kV substation. The
substation is owned by the Nevada Power Company but contains Western equipment (Western 1995).
Further information on this substation was not available.

Cochise Substation (CHS). The Cochise Substation is located in Cochise County, Arizona. It was
constructed by Hufford and Kyger in 1952. On July 7, 1957, the 110/69-kV transformer bank No. 3 at the
substation was energized and placed in service. In October 1962, a new one-bay 115-kV switchyard was
constructed “immediately outside of the existing substation switchyard on the side where the Tucson-
Cochise line now enters the station” which became the termination point for that line. Major equipment
installed included a 115-kV circuit breaker, two bus disconnect switches, and one 115-kV selector
switch, along with the necessary control, metering, and relay equipment. This undertaking was required
in order to accommodate a new steam plant being constructed near the substation by Arizona Electric
Power Cooperative (AEPC). Cochise Substation was abandoned around 1964 when AEP constructed its
Apache Substation, which then became the terminus for the Tucson-Apache transmission line (Beedle et
al. 2007:6-44).

Colorado (CLO). Colorado Substation was constructed in 1963 and is owned and operated by APS.
Western maintains metering equipment at this substation. Further information on this substation was
not available. This substation is not listed in the current GIS database for the Parker-Davis Power
System, though GIS data shows that a Colorado Pump is located slightly southeast of Parker Dam (DSW
GIS 2013).

Coolidge (COL). Two substations were constructed at a location south of Phoenix in Pinal County,
Arizona. The first substation was constructed in 1942 as a short-term facility designed to serve the
power needs of the Tucson area. It was energized at a voltage of 115 kV. The second facility, the current
Coolidge Substation, was constructed in 1950 by Arizona Sand Rock Company and the Industrial Tubular
Equipment Company. The facility was built to accommodate several transmission lines including the
Mesa #1 230-kV line, a 115-kV line to Tucson, a 115-kV line to E.D. No. 5 Substation, and a 115-kV line to
Phoenix, among others.

It was comprised of 13.8-, 115-, and 230-kV switchyards, 22,000-kVA transformers with one spare, bus
structures, and a control house that contained an upper and lower level. The lower level, or basement,
contained an oil purifier room, a condenser auxiliary room, a utility room, and a ventilating equipment
room. The upper level included a condenser platform (open), a carrier current room, an exciter control
and station service room, a washroom, a control room, two offices, a files room, and a vestibule. The
substation was also comprised of a warehouse, 12 houses, and two deep wells and 75,000 gallon water
tank for both domestic uses and firefighting.

Beginning in 1964, Coolidge Substation underwent additional stages of construction and modification.
The work consisted of constructing one 115-kV switchyard bay and associated equipment to provide line
terminal facilities for the new Coolidge-Saguaro line.

In 1966, concrete foundations and steel structures were constructed, and all electrical material and
equipment required to complete the additions to the substation were finished. Construction was com-
pleted in 1968.
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At an unspecified date, an additional bay on the 230-kV switchyard was constructed along with all the
appurtenant electrical equipment. Later work done at Coolidge entailed replacing the 12.5-kV yard,
115-kV breakers and disconnect switches, 230-kV breakers and disconnect switches, and performing
miscellaneous site and building work.

Davis (DAD). The Davis Substation is comprised of one 69- and one 230-kV switchyard located on
excavated benches on the Arizona side of the canyon to the southeast of Davis Dam. These switchyards
were constructed from 1949 to 1952 to provide connection of generators at Davis Dam Power Plant
with transmission lines that carry high-voltage current to markets in Arizona, Nevada, and California.
The 230-kV switchyard includes an upper segment and a lower segment separated by an escarpment,
and the 69-kV switchyard is located to the northwest of the lower portion of the 230-kV switchyard.
These switchyards were extensively documented in 2008 for HAER (Schweigert 2008).

The 230-kV switchyard was constructed from 1949 to 1951 by the firm of Donovan-Wismer-James and
Becker. General Electric furnished the transformers, oil circuit breakers, disconnecting switches, and
lightning arrestors. The switchyard contains an upper and lower section. The upper section has eight
bays, seven sets of oil circuit breakers, disconnecting switches, bus structures, bus towers and switches,
fire control structures, and a concrete control tunnel. The upper section accepts current from Units 1, 2,
and 3 of the Davis Dam Power Plant by means of transmission lines running from the power plant roof.
The upper section of the 230-kV switchyard is a terminus for four 230-kV transmission lines: DAD-MED,
DAD-MCI, DAD-TOP No. 2, and Davis-Riviera. The lower section of the 230-kV switchyard contains bus
towers, oil circuit breakers, and five small, arrow-shaped structures at the north and south ends. One of
these buildings were partly demolished, revealing a fire hydrant. The lower section also has a service
building with a capacitor-potential device adjustment units, oil handling and filtering equipment, a
repair shop and office, and a water pump. Adjacent the service building are two large oil storage tanks
on a concrete cradle and a large transformer that provides power to the 69-kV switchyard.

During the mid-1970s, Reclamation upgraded 230-kV switchyards at Parker Dam and Davis Dam to
provide increased capacity for the Parker-Davis Project, Central Arizona Project, and Pacific Northwest—
Pacific Southwest Intertie transmission systems. This included removal of existing foundations,
modification of some existing foundations, removal of a chain-link fence and erection of a larger fence,
excavation for grading and structures, installation of two single switch-operating platforms, installation
of two double switch-operating platforms, installation of an equipment cabinet, removal and
reinstallation of three single-switch-operating platforms, erection of new steel structures, removal and
re-erection of existing steel structures, dismantling and modification of steel structures, modification of
oil piping; installation of one 230-kV 1600-ampere power circuit breaker; installation of twelve 230-kV,
three-pole, 2,000-ampere power circuit breakers; installation of two 230-kV, 3-pole, manually group-
operated, selector type disconnecting switches with grounding blades; installation of four 14.4-kV,
single-pole, hook-operated disconnecting switches with grounding blades; installation of three 180-kV,
station-class surge arresters; installation of three 230-kV, extra-high-capacity coupling capacitors with
potential devices; and installation of two power-line carrier line inductors (Reclamation 1976).

Also as elements of these modifications, the DAD-PAD No. 1 transmission line was removed in the span
from the takeoff structure in Bay Y6 to the Type SL-60 structure at Station 77+89.7, and the line was
rebuilt from the takeoff structure in Bay Y8 to the SL-60 structure. The DAD-PRS transmission line was
removed from the takeoff structure in Bay Y3 to the Type TL-70 structure at Station 30+24, and rebuilt
from the takeoff structure in Bay Y11 to the TL-70 structure. Transformer Circuits Nos. 2 and 3 were also
rebuilt. The DAD-PAD No. 2 transmission line was completed from the takeoff structure in Bay Y10 to

3-47



DSW Region’s Facilities Historic Context Statement
CHAPTER 3. STATEMENT OF CONTEXT PART 2: DSW REGION’S TRANSMISSION POWER SYSTEMS

the Type TH-70 structure at Station 27+54.34. In 1983, a new 230-kV bay was constructed to
accommodate the Arizona Electric Power Company (AEPCO) Davis-Riviera transmission line.

The 69-kV switchyard was constructed from 1951 to 1952 by the Emsco Dernick and Equipment
Company and the George E. Miller Company. The switchyard is comprised of three bays, bus structures,
two 230-/69-kV transformers, and switch control boxes.

In 1961, Reclamation purchased and installed a power transformer and a voltage regulator for the 69-kV
switchyard. In 1962, Reclamation made substantial additions to the 69-kV switchyard, including
earthwork and relocation of the chain link fence on the southeastern end of the original yard;
construction and installation of foundations, steel structures, electrical equipment, and wiring for
additional 69-kV service; installing equipment for a 4.16-kV circuit and constructing a 4.16-kV power line
from the 69-kV switchyard to the existing government camp; and removal of a 69-kV regulator from the
switchyard.

Dome Tap (DME). This substation is located Yuma County, Arizona, about 17 miles northeast of Yuma. It
was constructed in 1981 to provide an alternate source of power to the Wellton-Mohawk-Ligurta
Substation, by tapping into the PAD-GLA 161-kV line. It is comprised of switches and insulators rated for
230 kv.

Drop No. 4 (DRP4). This substation was constructed in 1943 of temporary materials because of short-
ages due to WWII. One 161-kV, two-winding, 3-phase transformer was placed in service by Reclamation
in July 1943. In 1949, Reclamation rebuilt the “Drop 4 Tap” on the Gila-Drop 4 transmission line,
including installation of steel structures consisting of one 161-kV switch structure, and four capacitor
tiedown frames.

Duval Tap (DUV). Duval Tap Substation is located in Mohave County, Arizona, along the Kingman 69-kV
line. This substation is owned by Citizens Utilities Company. Western has at least one meter installed at
the facility. Further information on this substation was not available.

Eagle Eye (EGL). Eagle Eye Substation is located in Maricopa County, Arizona. It was constructed in 1958.
In 1977, the existing 16-kV interrupters were replaced with circuit switches, part of the work required by
removal of the PHX-PAD No. 1 161-kV line. This substation is owned and operated by APS. Further
information on this substation was not available.

Eastside Substation (EAS). Eastside Substation is located about 6 miles northwest of Hoover Dam. It is
part of the Parker-Davis Power System (DSW GIS 2013); however, no further information on this
substation was available.

Electrical District 2 (ED2). ED2 Substation is located in Pinal County, Arizona, about 7 miles southwest of
Coolidge. It was constructed from 1949 to 1951 by Harold Ashton Construction Company as an element
of the Davis Dam Project in order to supply power to the deep well irrigation pumps in the Coolidge-
Casa Grande area.

Initial equipment for the facility was a package substation from the Allis Chalmers Manufacturing Com-
pany of Milwaukee, which consisted of two power transformer sections, with an incoming line section,
and two distribution sections, and all the necessary equipment, which could easily be constructed in the
field. In 1952, a prefabricated steel service building was erected on a concrete foundation within the
substation.

In 1953, Reclamation installed one 115-kV air switch and three lightning arrestors. In 1954, a second
unit-type 115/12.47-kV substation was installed in association with a new one-bay addition to the bus
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structure. The ED2 Substation underwent various additional stages of construction, which are described
in detail below.

Stage 02 construction (date unavailable) included switching modifications, including removing three
reinforced concrete foundations and two wood-pole transmission line structures, removing and
reinstalling electrical equipment and two 115-kV transmission line approach spans, installing a 115-kV
transmission line approach span, constructing reinforced concrete foundations and steel structures, and
installing various electrical equipment and materials. Stage 03 began in 1984 when the new ED-SGR No.
2 115-kV transmission line was added, which required a new bay. A new control house and a new
communication building were also built. A 3-phase, 115-12.47-kV power transformer was installed in
1989. In 1993, three 10MVA 115/12.5-kV transformers with two 25MVA units were replaced and the
12.5-kV yard was rebuilt.

In 1995-96, Western again expanded and altered the substation in Stage 04 which included removing
concrete foundations, steel structures, and electrical equipment; clearing and stripping the site,
excavation, and installation of foundations; installation of steel structures and lattice steel towers;
installation of autotransformers, power circuit breakers, a station battery charger system, current
transformers, coupling capacitors voltage transformers, disconnecting switches, voltage transformers,
current transformers, pad-mounted switchgear, and other equipment.

Electrical District 4 (ED4). ED4 Substation is located about 1 mile south of Eloy, in Pinal County, Arizona.
It was built in 1950 by Harold Ashton Construction Company to furnish power to the deep well irrigation
pumps in the Eloy area. The original major equipment at this substation consisted of three 115/12.5-kV
power transformers with built-in switchgear including a 12.5-kV rated circuit breaker, and one 115-kV air
circuit breaker. In 1952 a one-story, prefabricated service building, set on a concrete slab, was erected on
the substation. The ED4 Substation underwent various additional stages of construction and alterations,
which are described in detail below.

Stage 02 additions to ED-4 Substation were awarded to Addison Construction Company in 1968. These
required the contractor to construct concrete foundations for steel structures and electrical equipment,
furnish and erect steel structures and perform all electric work required to complete the additions to
the substation, including equipment installation and all grounding, conduit, cable, wire and bus
installation. Construction was completed July 19, 1969.

Electrical District 5 (ED5). ED5 Substation is located in Pinal County, Arizona, about 9 miles south of Eloy.
It was constructed in 1952 by Newberry Electric Company to serve the deep irrigation well pumps in the
area south of Eloy. This substation taps the ED 4-SGR section of the 115-kV COL-SGR line about 17 miles
from APS's Saguaro Power Plant. ED5 Substation is comprised of a control house and a three-bay 115 kV
bus structure.

Empire Flat (EME). Empire Flat Substation is located in Yuma County, Arizona, about 4.5 miles south-
west of Parker Dam. It was constructed in 1972 under a Bureau of Indian Affairs contract and is not
owned or managed by Western. It is comprised of wood pole structures, three 34.5/4.16-kV
transformers, and two 2,000-ampere, 14.4-kV Line Materials Company reclosers.

Empire Tap (EMP). Empire Tap Substation is located in Pinal County, Arizona, southwest of Eloy. It was
constructed in 1961 to tap the CAG-EDS5 section of the 115-kV MAR-SGR line about 17 line miles south of
Casa Grande Substation. This tap feeds power to the Empire Substation at ED4. It was energized for the
first time on May 31, 1961.
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Fire House (FHS). Firehouse Substation is located about 1 mile north of Needles, San Bernardino County,
California. It is listed in current GIS data for Western DSW Region power systems lists as part of the
Parker-Davis Power System (DSW GIS 2013). However, no further information on this substation was
available.

Gavilan Peak (GPK). Gavilan Peak Substation is located in Phoenix, Arizona. It is listed in the current GIS
data for Western DSW Region power systems lists it as part of the Parker-Davis Power System (DSW GIS
2013). However, no further information on this substation was available.

Gene (GNE). Gene Substation is located adjacent to the Parker Dam. It was placed in service in May
1947, to replace an earlier substation that provided power for construction of Parker Dam from the
MWD’s 230-kV transmission line from Hoover Dam to southern California. Western maintains circuit
breakers at this the non-Western owned facility.

Gila (GLA). Gila Substation is located in Yuma County, Arizona, about 10 miles southeast of Yuma. Gila
Substation was constructed between 1942 and 1943 and supplies power to the Yuma Mesa Pumping
Plant, part of the Gila River Irrigation Project. It is comprised of a warehouse, relay house, and oil house.
Because of the war, the necessary structures for support of buses and other electrical equipment were
built of wood as a temporary measure. In March 1943, four 161-kV transformers and three 161-kV oil
circuit-breakers were installed. The Gila Substation and the 161-mile Parker-Gila transmission line
(Parker-Gila No. 1 or Parker-Blaisdell line) were energized on July 30, 1943.

In 1947, steel structures replaced the temporary wood structures, the substation was enlarged, and
carpenter shop was constructed, along with a storage area for construction materials. In 1950 Wolf and
Mann Manufacturing Company contracted for equipment and unit substations, and the Van Denburgh
Fence and Building Company contracted to build the warehouse and fence. Additions and modifications
were made in 1955, 1969, 1971, 1973, and other years. Later it was substantially rebuilt, including
replacement of five 161-kV bays with 230-kV equipment, seven 69-kV bays, six 34.5 bays, two 50 MVA
transformers, two 7.5 MVA transformers, shunt capacitors and a control building.

Gold Mine Tap (GLT). Gold Mine Tap Substation is located in Imperial County, California. It was
constructed in 1984 and taps the Blythe-Knob segment of the Parker-Blythe-Knob-Gila transmission line.
Western maintains equipment in this substation, which is owned by the Imperial Irrigation District.

Griffith (GTH). Griffith Substation is located in Mohave County, Arizona, approximately 8 miles south of
McConnico Substation. It was constructed as part of the Griffith Energy Project, a merchant plant that
sells energy on the open market. The facility is owned by CUC. It contains a breaker and a half bus
arrangement with three bays for the generating plant and two line bays for the McConnico and Peacock
lines.

Headgate Rock (HDR). Headgate Rock Substation is located in La Paz County, Arizona. It was constructed
in 1966 on the PAD-BLY No. 1 transmission line. In 1999 Western constructed a new control house,
added two 69-kV bays, and moved the 12.5-kV yard to the west of the existing yard.

Henderson (HEN). Henderson Substation is located in Clark County, Nevada, south of the existing Basic
Substation. The exact date of construction was unavailable. It contains five 230-kV SF6 circuit breakers,
ten disconnect switches, transformers and other necessary equipment. It also has a service building, and
a self-supporting microwave monopole.

Hilltop (HLT). Hilltop Substation is located in Mohave County, Arizona, approximately 3 miles southeast
of Kingman. It was constructed in 1969 and provides power to Kingman from the DAD-PRS 230-kV
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transmission line. The substation is owned and operated by CUC; Western maintains metering
equipment in the substation. Further information on this substation was not available.

Knob (KNB). Knob Substation is located in Imperial County, California. It was constructed from 1951 to
1952 by International Derrick and Equipment Company and the Arrow Construction Company. The
substation is the southern terminus of the PAD-BLY/BLY-KNB transmission line from Parker Dam (also
called Parker-Gila No. 2 or Davis-Gila), and the Knob Substation is connected to the Gila, Desalter, and
Drop 4 substations by means of transmission lines of various voltages. It is a four-bay, 161-kV electrical
substation with steel structures supporting buses, transformers, switches, and other electrical
equipment.

KOFA (KOF). KOFA Substation is located in Yuma County, Arizona, about 22 miles northeast of Yuma. It
was constructed in the early 1990s and provides power to the Yuma Proving Ground. The substation
consists of a 161/69/12.47-kV transformer, a 69-kV breaker bay, control house, and a microwave tower.

Lone Butte (LOB). Lone Butte Substation is located in Phoenix, Arizona. It is listed in the GIS data for
Western DSW Region power systems as part of the Parker-Davis Power System (DSW GIS 2013).
However, no further information on this substation was available.

Marana Tap (MRN). Marana Tap Substation is located Marana Tap is located in Pima County, Arizona,
about 5 miles west of Marana. It was constructed in 1960 to provide greater reliability of service to
customers AEPCO for its power to deep well irrigation pumps, and to TRICO to furnish power to the
Anaconda mines at Bricknell and Three Points. This facility consists of one 100-foot-tall steel pole with a
three-way air break and a gang-operated disconnect switch. The facility taps the 115-kV Saguaro-Tucson
transmission line.

Maricopa (MAR). Maricopa Substation is located in Pinal County, Arizona, about 9 miles southeast of
Maricopa. It was constructed from 1951 to 1954 by George Miller and Allis Chalmers. In 1951,
Reclamation installed supervisory control and telemeter equipment in the Maricopa Substation in order
to allow operators to open and close circuit breakers and to monitor breaker positions, load, voltage,
and other data at the Maricopa Substation. In 1952, a prefabricated steel service building was erected
on a concrete foundation. In 1954, Maricopa Substation was modified to provide increased capacity
including a prefabricated control house, made by Armco Drainage and Metal Products, Inc. Middleton,
Ohio. The substation includes steel supporting structures for buses, switches, transformers, and other
equipment; steel line takeoff structures; a concrete block service building; and other electrical
equipment.

In 1961, the Arizona Public Service Co. installed a new 69-kV 16,000-kVa transformer in this substation,
which is known as Transformer Bank No. 4. Additional construction was performed by the Douglass
Brothers Company in 1968, including design work, grading and surfacing the substation area, structural
earth work, removal of the existing service building, construction of a new concrete masonry service
building and concrete foundations, erection of steel structures, and installation of electrical equipment.

In 1983, 13.8-kV facilities were added to this substation, and Transformer Bank No. 4 was replaced with
a 115/69-kV 25/33/41 MVA transformer bank. Transformer Bank 4 alarm circuits were made compatible
with the SCADA system at the same supervisory points as Transformer Banks 1, 2, 3, and provision was
made for a duplex, four-wire channel suitable for 1200 baud data transformer from Maricopa Substation
to the U.S. Phoenix Dispatch office for the SCADA system. In 1991, the recommended work for this
substation included replacing two 69-kV bays, two 13.8-kV bays, the 20 MVA power transformer, and
the station service transformer.
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MEC Kingman Tap (MKT). The MEC Kingman Tap Substation is located in Mohave County, Arizona,
about 3 miles northwest of Kingman and about 26 miles from Davis Dam. It was constructed in 1955 as
part of the Parker-Davis Project, and was built to provide the Mohave Electric Cooperative (MEC) with
power to serve growing demand east and south of Kingman. This substation taps Western’s 69-kV Davis-
Kingman (CUC) transmission line. A 69-kV disconnect switch and meters are owned by Western; the
substation and all other equipment are owned by Mohave Electric Cooperative (MEC). Western
performs maintenance at the expense of MEC.

McConnico (MCI). The McConnico Switching Station is located in Mohave County, Arizona, about 4 miles
south of Kingman. It was constructed in 1999, as part of the Griffith Energy Project, a merchant plant
that sells energy on the open market. Western constructed transmission lines that connected the plant
to the Parker-Davis system and the Pacific Northwest—Pacific Southwest Intertie (Beedle et al.
2007:6-91). McConnico Substation was constructed as a four breaker ring bus with the addition of a
230-kV line bay for the line to Griffith. It also contains a service building.

Newport (NPT). Newport Substation is located about 4 miles southeast of Henderson, Nevada. It is
listed in the current GIS data for Western DSW Region power systems lists it as part of the Parker-Davis
Power System (DSW GIS 2013). However, no further information on this substation was available.

No Name (NON). No Name Substation is located in the Mohave County and connects to Fire House
Substation. It is listed in the current GIS data for Western DSW Region power systems lists it as part of
the Parker-Davis Power System (DSW GIS 2013), but it is not owned by Western. No further information
on this substation was available.

North Havasu (NHV). North Havasu Substation is located 5.75 miles north of Lake Havasu City, Mohave
County, Arizona. It is listed in the current GIS data for Western DSW Region power systems lists it as
being part of the Parker-Davis Power System (DSW GIS 2013). No further information on this substation
was available.

North Gila (NGA). North Gila Substation is located in Yuma County, Arizona, and was constructed in
1987. It consists of one 69-/525-kV transformer. No further information on this substation was available.

Oracle (ORA). Oracle Substation is located about 30 miles north of Tucson in Pinal County. It was
constructed from 1954 to 1955 by APS on Reclamation’s Coolidge-Tucson 115-kV transmission line. As
originally constructed, the substation consisted of steel supporting structures, a prefabricated service
building, transformers, circuit breakers, and other electrical equipment. In 1983, the major electrical
equipment included six 115-kV oil circuit breakers, one 115-kV transformer, one 2,400-volt SS
transformer, one 600-square-foot metal service building, and one 4,000 gallon oil storage tank.

Two bays were allotted to APS lines (Bay 4 connected with the APS Saguaro Steam Plant, and Bay 5
provided power to a mine at San Manuel); Bay 7 was also allotted to APS for a second line to the
Saguaro Steam Plant, but this line was not built and the bay was used by the Bureau of Indian Affairs to
provide power to their Oracle Junction Substation for service to the San Carlos Project distribution
system. Much of the equipment in the substation is owned and operated by APS and the Bureau of
Indian Affairs.

Parker (PAD). Parker Substation, is located at Parker Dam, and is comprised of one 230-kV switchyard,
two 161-kV switchyards, and a 69-kV switchyard (Figure 3-8). Each of these switchyards has different
construction histories and components, and are described in detail below.
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A temporary 161-kV switchyard was installed in 1941 to serve a transmission line from the dam to
Phoenix and Tucson (Parker-Phoenix No. 1) to help relieve a severe power shortage caused by low water
in the Salt River system (this line was initially operated at 69 kV with power provided by Hoover Dam
through a tie-in at the Gene Substation west of Parker Dam). A second 161-kV line from Parker Dam
southward to the Gila Substation (Parker-Gila No. 1 or Parker-Blaisdell line) was completed in 1942 and
energized in 1943 to provide power to the Gila Irrigation Project in southwestern Arizona, and to
interconnect with a private hydroelectric system on the All-American Canal in California. Both of these
lines contributed marginally to war effort during WWII. In 1944, the lower part of the permanent 161-kV
switchyard was completed with steel bus structures, and blasting for the upper section began. In 1946,
the Pacific Electric Manufacturing Corporation furnished the equipment for the Indian Service Switch-
yard. In the same year government forces began excavation for the permanent 230-kV switchyard.

The 230-kV Switchyard at Parker Dam
was constructed between 1946 and
1949. The first 230/161-kV
interconnection was completed in
1947. The three 30,000-kva, 230-kV to
161-kV transformers furnished by
Allis-Chalmers Manufacturing
Company for installation in the
230-kV Switchyard were placed in
operation June 7, 1948. By 1950, the
230-kV  switchyard, including the
Control Building, was considered 99%
complete. In 1948, three outdoor
current transformers were supplied
for the 230-kV yard. Two oil circuit
breakers were installed in the lower
161-kV yard. The second 161/230-kV
connect between the 230-kV yard and the upper 161-kV yard was initiated with completion of surveys,
designs and preliminary excavation completed.

Figure 3-8. Parker Switchyard

Reclamation advertised for bids for steel structures for an extension of Parker Dam Switchyard in March
1948. The items requested were four 161-kV disconnecting switch supports, two 161-kV selector switch
supports, two bays of 161-kV upper bus structure, two bays of 320-kV bus structure, three bays of
230-kV transformer structure, one 230-kV lightning arrester support, three 230-kV selector-switch
supports, four 230-kV disconnecting switch supports, and three 230-kV tie-down pedestals. Three
30,000-kVA, 230-kV to 161-kV transformers furnished by Allis-Chalmers Manufacturing Company were
installed in the 230-kV switchyard, and began operation June 7, 1948.

In January 1969, construction on the 161-kV yards, done by Wasatch Electric Co. and completed
February 19, 1970, included constructing line terminal facilities for the Parker-Blythe No. 2 161-kV
transmission line. In 1976, Stage 02 construction on the 230-kV yard included modifying approach spans
for Davis #1 and #2 and Gene 230-kV transmission lines.

Phoenix (PHX). Phoenix Substation is located west of 43rd Avenue South and north of Buckeye Road. It
was constructed in various stages from 1941 to 1990 by the Salt River Valley Water Users' Association
and Central Arizona Light and Power Company. The substation currently includes two large concrete block
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service buildings constructed in 1992, steel bus structures, steel supports for various equipment, and
electrical transformer and control equipment.

The Phoenix Substation was the only substation under construction during 1941. The work
accomplished during the year included the erection of four 30,000-kV-a. transformers, including the
necessary take-offs, lighting arresters and steel supporting structures. Excavation for the synchronous
condenser and control house building was started in July and this building was completed, except for
finishing work, in December. The main control boards, wiring and cables, lighting arresters, circuit
breakers, disconnecting switches, and other electrical apparatus were installed. Installation at the
Phoenix Substation was completed February 13, 1942. In 1942, the 12.5-kV bus system was erected and
connected with the Central Arizona Light and Power Company. Much of the work at the Phoenix
Substation was originally constructed of temporary wooden structures due to war conditions which
precluded the delivery of materials. On April 13 the first set of transformers were ready for operation
connecting Parker Dam Power directly with the Salt River Valley Water Users’ Association system. In
1942, steel structures for the 154-kV switchyard were constructed including: fabricated structural steel
for the bus structure for bays 2 to 5, inclusive for three selector switch supports, and two disconnecting
switch supports for the 154-kV switchyard.

In 1944, steel structures for the 161-kV installation at Phoenix Substation were constructed and included:
fabricated structural steel for the bus structure for bays 2 to 6, inclusive; for three disconnecting-switch
supports; for three selector switch supports; for one 55-foot bus tower; for one lightning-arrester
support with pedestals; for one bus mast P-1; for three capacitor pedestals P-2; for three tie down
pedestals P-3; and for three insulator pedestals P-4. The work of raising the trench walls of all cable
trenches constructed prior to 1944, was accomplished early in 1946. Assembly and installation of new
Westinghouse oil circuit breakers was completed during November 1947, including control wiring
between the breakers and the control building.

Terminal facilities for Banks No. 3 and for the Phoenix—Tucson 115-kV transmission line were installed
during 1948. The contract for construction of the condenser and control building, was awarded to J. R.
Porter Construction Company January 1, 1950. Union Steel Co. on January 18.

In 1951 Reclamation installed supervisory control and telemeter equipment in the Maricopa and Phoenix
Substations, to allow operators at Phoenix Substation to open and close circuit breakers and to monitor
breaker positions, load, voltage, and other data at the Maricopa Substation. The No. 2 bank at this
substation was placed in commercial service on April 19, 1951. In 1990, various government-furnished
equipment was installed: autotransformer, power circuit breakers, duplex switchboard sections, metal-
clad switchgear assembly, station battery system and a digital fault recorder; furnishing and installing
disconnecting switches, providing one 120-foot self-supporting microwave tower, and so on.

Planet Tap (PNT). Planet Tap Substation is located in Mohave County, Arizona. It was constructed in
1966 to tap the 69-kV Parker-Bagdad line at Mile 7.1 in order to provide service to the Arizona Public
Service Company Planet Substation, and the service location on the Parker-Bagdad line became known
as the Planet Tap. Further information on substation components was not available.

Prescott Substation (PRS). The Prescott Substation is located in Yavapai County, Arizona. It was
constructed from 1950 to 1954 by Vyne Brothers Electric Company, Berkeley Steel Construction
Company, Inc., and Van Denburgh Fence and Building Company. It provides service to the 230-kV DAD-PRS-
MESA-COL transmission line. It is a 230-kV substation with steel structures, warehouse, and outdoor
transformers.
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Rogers (RGS). Rogers Substation is located in Phoenix, Arizona, and was constructed and put in service
in 1992 as the northern terminus for the Rogers-Coolidge 230-kV transmission line, replacing the earlier
Mesa Substation. No further information on this substation was available.

Round Valley Tap (RVL). Round Valley Tap Substation is located in Mohave County, Arizona. It was
constructed in 1958, and is owned by APS. Western maintains certain equipment in the facility. During
June of 2000 Western replaced the Remote Terminal Unit (RTU) at Round Valley Tap. The new GE-Hariss
RTU’s support several protocols with enhanced features such as time lagging which make the operating of
the power system much more reliable. No further information on this substation was available.

Saguaro (SGR). Saguaro Substation is located in Pinal County, Arizona. The substation was constructed in
the 1950s in part to connect the APS Saguaro steam generating plant with Parker-Davis Project high-
voltage transmission systems. In 1953, four 115-kV lines come into the station, from Phoenix, ED-5,
Tucson, and Oracle. Steel towers with Type A and B crossarms were constructed for these approach
spans. The Saguaro Substation is owned by the APS; however, Western maintains certain equipment
within the facility.

Santa Rosa (SAR). Santa Rosa Substation is located in Maricopa County, Arizona, adjacent to the Test
Track and Maricopa Substations. This substation is owned by APS. It is listed in the current GIS data for
Western DSW Region power systems lists it as part of the Parker-Davis Power System (DSW GIS 2013).
However, no further information on this substation was available.

Signal (SIG). Signal Tap is located in Pinal County, Arizona, about 3 miles southwest of Coolidge. The
station is located in the rear of ED2 headquarters and includes Western equipment of three 115-kV
motor-operated disconnect switches, and a service building. The facility taps the Coolidge-ED2
transmission line. The exact date of construction was unavailable. Signal Tap is apparently a successor to
an earlier Reclamation Signal Substation that was on this or a nearby site in 1964; since removed.

Southpoint (SPT). Southpoint Substation is located on the eastern edge of the Mohave Valley, Arizona,
and is about 5 miles east of the Topock Substation, described below. It is listed in the current GIS data for
Western DSW Region power systems lists it as part of the Parker-Davis Power System (DSW GIS 2013).
However, no further information on this substation was available. This substation is likely part of the
South Point Transmission Project.

Sundance (SUD). Sundance Substation is located in Pinal County, Arizona. It is not described in the ACRE
document (Beedle et al. 2007), although current GIS data for Western DSW Region power systems lists it
as being part of the Parker-Davis Power System (DSW GIS 2013). Further information on this substation
was not available.

Test Track (TTT). Test Track Substation is located in Maricopa County, Arizona. It is listed in the current
GIS data for Western DSW Region power systems lists it as being part of the Parker-Davis Power System
(DSW GIS 2013). However, no further information on this substation was available.

Topock (TOP). Topock Substation is located in Mohave County, Arizona, and was constructed in 1999 as
part of the South Point Transmission Project. Further information on this substation was not available.

Tucson (TUC). Tucson Substation is located in Pima County, Arizona. It was constructed in 1942 to meet
the urgent power demand in the Tucson area. Work in the following years consisted of changing the
operation voltage on May 31, 1943 (69 kV to 115 kV), and the installation of a ground fault neutralizer
(Peterson coil) which was placed in service on June 6, 1943. Construction on the remainder of the sub-
station began November 13, 1946.
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Original electrical equipment included one outdoor transformer with automatic tap-changing-underload
equipment, oil circuit breakers, outdoor disconnecting switches, and one lightning arrester arranged for
base mounting and suitable for service on ungrounded-neutral circuits. Additional electric equipment
was supplied in 1947. Installation of the 115-kV bus work for the new temporary transformer was
completed during April 1949. The warehouse, constructed by Comstock Steel and Supply, Inc., and fenc-
ing were completed in 1950. The Howard P. Foley Company and Emsco Derrick and Equipment Company
completed the substation construction work in 1950. The initial bank at this substation was placed in
commercial service on May 4, 1951. The second transformer bank, designated KX1A, was placed in
commercial service on May 31, 1951. The construction of the Tucson Substation was completed April 4,
1952. Post construction, two additional 115/14.4 kV transformers were installed to serve the Tucson Gas
& Electric Light & Power (TG&ELP) and TRICO.

In the early 1990s, the substation and the majority of the outdoor electrical equipment was then in
excess of 35 years of age. Two of the other 14.4-kV circuit breakers had been disconnected from the bus
system and were non-operational, and rewiring the control building was necessary. By 1993, TG&ELP
had moved to another facility, and Western was no longer performing maintenance on breakers under
69 kV.

Valley Farms (VAF). Valley Farms Substation is located in the unincorporated community of Valley
Farms, Arizona, in Pinal County, AZ. It is comprised of one 115-/12.50-/7.20-kV transformer. This
substation is included in current GIS data for Western DSW Region power systems (DSW GIS 2013).
However, no further information was available.

Warm Springs Tap (WST). Warm Springs Tap is located in Mohave County, Arizona, about 2.5 miles east
of Davis Dam. It was constructed in 1971 and taps the Davis-Kingman 69-kV line to provide electric
service to the Punto De Vista subdivision in Mohave County. The substation is comprised of three gang
operated disconnecting switches. The Warm Springs Tap is owned by UNS Electric, Inc.; however,
Western maintains metering equipment in the facility.

Wellton-Mohawk 1 Substation (WM1). Wellton-Mohawk 1 Substation was constructed from 1950 to
1951 to provide 4.16-kV power to Pumping Plant No. 1 on the Wellton-Mohawk Canal, which is described
above in the section on Water Control and Distribution. Newberry Electric Company provided electrical
equipment for the substation, and the Industrial Tubular Equipment Company installed the bus
structures. No further information on this substation was available.

Wellton-Mohawk 2 Substation (WMS). Wellton-Mohawk 2 Substation is located on a hill to the
immediate northeast of the Wellton-Mohawk Pumping Plant No. 2. Wellton-Mohawk 2 Substation was
constructed from 1950 to 1951 to provide power to Pumping Plant No. 2 on the Wellton-Mohawk Canal,
which is described in the section on Water Control and Distribution. Newberry Electric Company pro-
vided electrical equipment for the substation, and the Industrial Tubular Equipment Company installed
the bus structures. Wellton-Mohawk 2 Substation consists of 4.16-, 34.5-, and 161-kV bus structures,
disconnecting switches, line traps, control building, fuel tank, microwave tower, current transformers,
oil circuit breakers, air switches, fuses, capacitors, lightning arrestors, and an underground control cable
system. Various alterations and additions occurred to the substation from its original construction until
1999.

Electricity for pumps 1-3 was initially fed from Gila Substation via two 34.5-kV lines to the Wellton-
Mohawk 2 Substation then distributed by transmission lines to Pumping Plant No. 2 and to switchyards
at Pumping Plants No. 1 and No. 3. However, the pump load caused the voltage to sag throughout the
system, which reduced the output of the pumps and caused other problems. In 1956 this problem was
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resolved by moving the 161/34.5/4.16-kV transformers from Gila Substation to the WM #2 Substation,
and by upgrading the Gila-Wellton-Mohawk transmission line to 161 kV. In 1961, the control house at
the Yuma Substation was moved to the Wellton-Mohawk 2 Substation. It was later removed (date
unavailable). The current concrete block control house was built sometime prior to 1989. In 1984,
13.8-9.16-kV power transformers, a 15.5-kV power circuit breaker, disconnecting switches, and other
various equipment was installed. In 1989 the microwave tower was constructed adjacent to the
concrete control building. From 1998 to 1999, the existing transformers were replaced with the ones
currently on-site, new concrete foundations were poured, steel structures erected, and various
government-furnished components were installed.

Wellton-Mohawk 3 Substation (WM3). Wellton-Mohawk 3 Substation provides 4.16-kV power to the
Wellton-Mohawk Pumping Plant 3 on the Wellton-Mohawk Canal, which is described above in the
section on Water Control and Distribution. It was constructed from 1950 to1951. Newberry Electric
Company provided electrical equipment for the substation, and the Industrial Tubular Equipment
Company installed the bus structures. Substation components include two 34.5/4.16-kV transformers
and one 34.5-kV gang-operated disconnect switch. Further information on this substation was not
available.

Wellton-Mohawk Ligurta. This substation was constructed in 1981 just west of the three Wellton-
Mohawk Pumping Plants. Further information on this substation was not available. Current GIS data for
Parker-Davis Power System does not show this facility (DSW GIS 2013).

Yuma Tap (YUM). Yuma Tap Substation is located in Yuma County, Arizona. It was constructed in 1950
by R. B. McKenzie Building and Engineering Construction Company and provides a 34.5-kV connection to
the Gila Substation from the Winterhaven-Boundary 34.52-kV line, which at one time delivered power
from Mexico to meet contractual obligations in return for water delivered at Tijuana, Mexico. In 1953,
additions supplied by the Newbery Electric Co included power circuit breakers and disconnecting switches.
On February 17, 1960 the Yuma Tap Substation was removed from service and the control house moved
from the Yuma Substation to the Wellton-Mohawk Substation. In November 1993, the major equipment
at this facility consisted of a single 34.5-kV gang-operated disconnect switch.

Yuma/Mesa Tap (YMT). Yuma/Mesa Tap Substation is located in Yuma County, Arizona. It was
constructed in 1952 to serve four pumps of the Yuma Irrigation and Drainage District. Western owns
two 34.5-kV gang-operated disconnect switches, Yuma Irrigation and Drainage District owned all other
equipment and structures at this facility. The current GIS data for Western DSW Region power systems
does not include this substation (DSW GIS 2013).
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Table 3-5. Substations — Parker-Davis Power System
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Table 3-5. Substations — Parker-Davis Power System
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Maricopa MAR 1951-54 na 138,69,| U | P | P | P ululjuUu]|uU u UulP | U
115
MEC Kingman Tap MKT 1955 na na ujujuvujpPlUujuvjuvujuvujuvjuvujluvujujujprP|uU
McConnico MCI 1999 na na uj/PjU|jfU|JU|JU|J]U|JUJUJU|JU|P|]J]U]|JU]|U
Newport NPT na na na ufjfuvujuvjuyuvjuvjuvujuvjuvjujuiuvujujujiu
No Gales NGL na na 115 vujfu|P|U|lUJU|JU|lUJU|JU|JUlU|JU]JU]|U
No Name NON na na na vujuvufjuvjuvjuvjuvjuvujuvujuvujluvujujulujujlu
North Havasu NHV na na na vujuvufjuvjuvjuvjuvjuvujuvujuvujluvujujulujujlu
North Gila NGA 1987 na 696525 | U | U|P|lUJU|JU|lU|JU|JUlUJlUJU|JUlU]|U
Oracle ORA 1954-55 na 115 ulu|P|U|PJU|JUJUJU|JU|JU|[P|U]|U/FP
Parker PAD 1941-49 na 161,230 P|P|{P|P|P|PJ]U|JUJUJU|JU|JUJU|JU]|U
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Table 3-5. Substations — Parker-Davis Power System

Possible Components — P/Uc
(o)) =
4 25
(@]

- E

= g |3

o 2 2/ 5|8

0 £ E " S| E|§

<5} < 2 =

E Elg| &2 ,|5]8 2(2|8|%

> o <) = = = o o} (3] = oy
5 17 5 5 = ® = o ) g o o [} = .
Capacity | £ | @ | § | £ s|l2|8|2|lE|8|Z|z|E|2| 2
Name FIDa DOCb Size k) |d|a|=|a|S|a|&|S|8|&|6|8|8|=|8
Phoenix PHX 1941-90 669 ft x 417 ft 230,155, | U | P |P|{P|P|P|UJU|P|U|U|P|U|P/|P

12.50
Planet Tap PNT 1966 na na ugjuvujuvjuvujuvujuvjuvujuvujuvjuvujluvujujujuilu
Prescott PRS 1950-54 na 230 ulfu|lpP|lU|jU|JUJUJUlUJU|JU]JU|JU]|]U/|FPe
Rogers RGS 1992 na na ugjuvujuvjuvujuvujuvjuvujuvujuvjuvujluvujujujuilu
Round Valley RVL 1958 na na ujfujuvujuvujujujujufluflujujuUujuU]|uU]/|FPa
Saguaro SGR 1950s na na ugjuvujuvjuvujuvujuvjuvujuvujuvjuvujluvujujujuilu
Santa Rosa SAR na na na vujuvujuvjuvjuvjuvjuvjuvujuvujuvujujuvujujiu|u
Signal SIG na na na vujujufPjujuvujuvujujuluvuju|pP|UulUu]|U
Southpoint SPT na na na vjujuvujuvujuvujuvujuvujujuluvujujuvujluliuju
Sundance SUD na na na vujuvujuvjuvjuvjuvjuvjuvujuvujuvujujuvujujiu|u
Test Track 11T na na na vgjuvujuvjuvjuvjuvjuvjuvjuvjuvujluvujuvujujulu
Topock TOP 1999 na na ugjuvujuvjuvujuvujuvjuvujuvujuvjuvujluvujujujuilu
Tucson TUC 1942 643 ft (E) x 663 ft x 115 UufuUfP|P|P|PJUJUJUIU]JU|JU|JU]JU]|P
693 (W) x 400 ft (S)
Valley Farms VAF na na 115/ vuju|PlUjJU|JUJU|JU|JUlUJlU|JU|U|lU]|U
12.50/
7.20

Warm Springs Tap WST 1971 na na ujujuvujpPlUujuvjuvujuvujuvjuvujluvujujujprP|uU
Wellton-Mohawk 1 Substation WM1 1950-51 na 416 ujfujuvjuvjuvujuvujuvjuvuljuvujuvjujujuju|lu
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Table 3-5. Substations — Parker-Davis Power System

Possible Components — P/Uc

(o)) =
4 S5
(@]
- E
= g |3
o2 2|/5|8
5 A 0 2|E|S
2 g 0 g E O
=) |5ig|=|2|glelE],|8|2|S|e
|5lgla|5|E|e|l88l2|8 |2 2|2|8]|=|=x
Capacity| S| &1 512|821 818552 |5|5|8|%
Name FIDa DOC®P Size k) |a|a|lE|a|C|la|le|S|S|e|&5|H|3|=|6
Wellton-Mohawk 2 Substation WMS 1950-51 na 416,345 U (P |P | P | P |P|JU|P|U|JU|JU|JU|P]|]U]|Ps
161
Wellton-Mohawk 3 Substation WM3 1950-51 na 416,345 U | P|P|P|JU|jJUjJUJUJU|lU|JU|JU|JU|JU]|U
Wellton-Mohawk Ligurta WML 1981 na na vjujuvujuvujuvujuvjuvujujuvjujujulujulu
Yuma Tap YUM 1950 na 345 ufuju|yPjuUjuUufjfuujuvujyuvjuvjulujululu
Yuma/Mesa Tap YMT 1952 na na uyuvujuvu|pPjlUjluULuvujuujuvjuvujlujyujujuju

Note: Adapted from Beedle et al. 2007; Western 1995; na = not available.

aFgcility identification number.

bDate of construction.

¢P = Present; U = Unavailable.

d0il storage tank.

eFirst aid stations.

Warehouse, wave traps.

9Warehouse, 12 houses, wells, water tank.

hConcrete control tunnel, oil storage tanks, voltage regulator, switch control boxes.

iStation battery charger system.
IReclosers.

KWarehouse, relay house.
Microwave monopole.
mMicrowave tower.

"Qil storage tank.

oStation battery system, digital fault recorder, microwave tower.

PWarehouse.
9Remote Terminal Unit.
"Warehouse.

sLine traps, fuel tank, microwave tower, fuses, underground control cable system.
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Colorado River Storage Power System — Southern Division (Period of
Significance 1956 - 1967)

Mission, Customers, and Location

The Colorado River Storage Project (CRSP) was authorized on April 11, 1956 (Linenberger 1998: 9). The
project includes four storage units: Glen Canyon on the Colorado River in Arizona near the Utah border;
Flaming Gorge on the Green River in Utah near the Wyoming border; Navajo on the San Juan River in
New Mexico near the Colorado border; and the Wayne N. Aspinall Storage Unit on the Gunnison River in
west-central Colorado (BOR 2010; Figure 3-9). The DSW Region maintains the CRSP Power System —
Southern Division, which is comprised of the Glen Canyon Unit of the CRSP.

The CRSP is a multipurpose water resource development and management project designed to conserve
the very limited precipitation of the region, which falls primarily in the form of snow in the high
mountains, and use it for municipal, industrial, and agricultural growth in the Upper Colorado River
Basin. In addition the project provides municipal and industrial water supplies, flood control,
recreational opportunities, and fish and wildlife conservation (Linenberger 1998: 7-8). The CRSP also
generates 1,813 MW of power (BOR 2010).

The Glen Canyon Unit is located along the Colorado River in north central Arizona and south central
Utah. The primary purpose of the Glen Canyon Unit is to store water so that the upper basin states
(Colorado, New Mexico, Utah, Wyoming) can deliver water to the lower basin states (Arizona, California,
Nevada) and power cities and towns in the southwest (Rogers 2006: 31). Primary components of the
Glen Canyon Unit are the Glen Canyon Dam and its reservoir, Lake Powell.

Power System Components

Summary of Power System Components

The CRSP Power System has two main segments, one that roughly follows State Routes 98, 160, and 504
between Page, Arizona, and Shiprock, New Mexico, and a second one that roughly follows Interstate 17
between Page and Mesa, Arizona.

Water Control and Distribution

Glen Canyon Dam provides the primary source of power to CRSP facilities.

Power Generation

Glen Canyon Dam. Glen Canyon Dam is located 15 miles north of Lee’s Ferry, Arizona, 13 miles south of
the Utah-Arizona border, and 370 miles upstream from Hoover Dam (Rogers 2006:4, 15; Figure 3-10). It
was constructed from 1956 to 1963 (Rogers 2006:17, 25) as part of the Glen Canyon Unit. It was
designed to store water during periods of low streamflow (BOR 2010). The dam impounds 27 million
acre feet of water, which is approximately the storage capacity of Hoover Dam (Rogers 2006:2).
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Glen Canyon Dam has a structural height of 710 ft, a crest length of 1,560 ft, a crest width of 25 ft, and a
base width of 300 ft. It was constructed from 4,901,000 cubic yards of concrete. Dam components
include spillways with intake structures and lined spillway tunnels, diversion tunnels, outlet works,
pipes, a power plant, and penstocks. The combined spillway discharge capacity is 208,000 cubic ft per
second at an elevation of 3,700 ft. The outlet works near the left abutment of the dam consist of four
96-in-diameter pipes and each outlet is controlled by one 96-in-ring follower gate and one 96-in hollow
jet valve. The combined river outlet works capacity is 15,000 cubic ft per second (BOR 2010).

A power plant at the base of the dam consists of four 118,750-kW and four 136,562-kW generators run
by eight turbines. Maximum generating capacity for the power plant is 1,021,248 kilowatts. Eight
penstocks deliver water to the turbines (BOR 2010).

. w0 B
b e g T
RS e s

Canyon Dam (Mehh;uhrer 2008).7

Power Transmission

Transmission Lines

There are seven main transmission lines in the Colorado River Storage Project totaling 759.73 miles in
length (Tables 3-6).

LCN-SHR. This 230-kV transmission line is 58 miles long from Lost Canyon Substation to Shiprock
Substation and was constructed in 1967. It falls under Western’s Rocky Mountain Region but is
maintained by DSW.

FCO-SHR. This 230-kV transmission line is 8.3 miles long and extends from Four Corners Substation to
Shiprock Substation. It was constructed in 1964 by Reynolds Electrical and Engineering Company.

GC-Page (now GC-PWL).

GC-PWL Nos. 1, 2. These two 69-kV transmission lines are owned by Western and extend from Glen
Canyon Substation to Powell Substation. GC-PWL No. 1 is 2.53 miles long and GC-PWL No. 2 is 3.03 miles
long. Further information on these lines was not available.
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GC-FLG-PPK. This double 345-kV transmission line extends from the Glen Canyon Substation to the
Pinnacle Peak Substation. It is comprised of two main sections totaling 477.87 miles in length. It was
constructed from 1965 to 1966 by Ets-Hokin and Glavan, Inc., to provide power to the Phoenix area.

Section 1, GC-FLG-PPK1, is comprised of two subsections totaling 240 miles in length. It was originally
constructed as a 230-kV line in 1965 but was converted to a 345-kV line on October 4, 1965. Section 2,
GC-FLG-PPK 2, is comprised of two subsections totaling 237.87 miles in length.

Subsection 1, GC-FLG2, is 124.06 miles long and was constructed in two segments from 1965 to 1966.
The first segment began at the Glen Canyon Substation and extended to the Type TAM tower at Station
3147+12 located approximately 12 miles west by southwest of Tuba City, AZ. The second segment began
at Station 3147+12 and extended to the Flagstaff Substation.

Subsection 2, FLG-PPK2, is 113.81 miles long and was constructed in 1966.

GC-SHR. This 230-kV transmission line is 190 miles long and extends from Glen Canyon Substation to
Shiprock Substation. It was constructed from 1963 to 1964 by Electrical Constructors and consists of
several sections. Structures and structure foundations spanning approximately 7 miles of this line
between angle points 37 and 38 were constructed using materials supplied by the Union Metal
Manufacturing Company.

Section 1, GC-NAV. This 230 kV short transmission line is 7.4 miles long and extends from Glen Canyon
Substation to the Navajo Substation. It was contructed in 1964.

Section 3, KAY-SHR. This 230 kV transmission line is 105.3 miles long and extends from the Kayenta
Substation to the Shiprock Substation. It was contructed in 1964, and falls under Western’s Rocky
Mountain Region but is maintained by DSW.

Section 2, NAV-KAY. This 230 kV transmission line is 77.4 miles long and extends from the Navajo
Substation to the Kayenta Substation. It was contructed in 1964, falls under Western’s Rocky Mountain
Region but is maintained by DSW.

PPK-RGS. This 230-kV transmission line is 44 miles long and extends from the Pinnacle Peak Substation
to Rogers Substation. It was constructed in 1964 and joins the CRSPS with the Parker-Davis Power
System.
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Table 3-6. Transmission Lines — Colorado River Storage Project Power System

Circuit/
Name FIDa DOCP Miles Capacity Frequency Structure Details Conductor/Wire Insulator
Curecanti-Shiprock CCI-SHR 1967 58 na na Type —na 1272 MCM 45/7 ACSR na
Lost Canyon-Shiprock LCN-SHR
Four Corners—Shiprock FCO-SHR 1964 8.3 230kV  Single-circuit/ Type — Steel 1272 MCM 45/7 ACSR conductor/0.5"  na
3-phase steel strand overhead ground wires
Glen Canyon—Page GC-Page na na 69 kV na Type — Single wood pole 556.5 MCM ACSR 24/7 conductor na
Glen Canyon—-Powell No.1 GC-PWLNo.1 1992 239  69kV na Type —na 556 na
Glen Canyon—-Powell No.2 GC-PWLNo.2 na 3.03 69kv na Type - na na na
Glen Canyon—Flagstaff— GC-FLG-PPK
Pinnacle Peak
Glen Canyon-Flagstafft-Pinnacle  GC-FLG-PPK1
Peak 1
Glen Canyon-Flagstaff 1 GC-FLG 1 1965 124 345kve  na Type — Steel 2167 MCM 72/7d ACSR; 1033.5 MCM  na
45/7 ACSR; 954 MCM 48/7 ACSR
conductors
Flagstaff-Pinnacle Peak 1 FLG-PPK 1 1965 116 345kve  na Type — Steel 2167 MCM 72/74 ACSR; 1033.5 MCM  na
45/7 ACSR; 954 MCM 48/7 ACSR
conductors
Glen Canyon-Flagstaff— GC-FLG-PPK1
Pinnacle Peak 2
Glen Canyon-Flagstaff 2 GC-FLG 2 1965-66 12406 345kV  Single-circuit/ Type — Steel 2167 MCM 72/74 ACSR; 1033.5 MCM  na
3-phase 45/7 ACSR; 954 MCM 48/7 ACSR
conductors
Flagstaff-Pinnacle Peak 2 FLG-PPK 2 1966 11381 345kV  Single-circuit/ Type - Steel; specific types Aluminum/steel reinforced and steel na
3-phase, 60 Hz  include: SM, SM-1, SAM, SAM-1,  strand overhead ground wires
SVM, TM, TAM, and STRM
Glen Canyon—Shiprock GC-SHR 1963-64 182  230kV  Single-circuit/ Type — Steel; specific types 1272 MCM ACSR conductor/0.5" steel  na
3-phase, 60 Hz  include: SM strand overhead ground wires
Glen Canyon-Navajo GC-NAV 1964 7.4
Navajo-Shiprock NAV-KAY 1964 774
Kayenta-Shiprock KAY-SHR 1964 105.3
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Table 3-6. Transmission Lines — Colorado River Storage Project Power System

Circuit/
Name FIDa DOCP Miles Capacity Frequency Structure Details Conductor/Wire Insulator
Pinnacle Peak—Rogers (1 &2) PPK-RGS 1964 44 230 kV na Type — Steel 984.9 conductor na

Note: Adapted from Beedle et al. 2007; na = not available.
aFacility identification number.

bDate of construction.
¢Originally built as a 230 kV line, converted to 345 kV on October 4, 1965.
dDifferent types of conductor used for specific spans of the line, refer to report for more information.
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Power Conversion and Distribution

Substations
There are ten substations in the CRSP that were constructed primarily in the 1960s (Table 3-7).

Flagstaff (FLG). Flagstaff Substation is located in Coconino County, Arizona, about 14 miles east of
Flagstaff. It was constructed from 1965 to 1966. The substation consists of a service building, a five-bay
345-kV takeoff structure, two bays of 345-kV bus towers, type |, four bays of 345-kV bus towers, Type Il,
and other various equipment not specified in Beedle et al. (2007). In 1982, Stage 03 construction
included removing or cutting off concrete foundations; installing a chain link fence; and constructing
foundations for steel structures, electrical equipment and the service building.

Four Corners (FCO). Four Corners Substation is part of the Four Corners Steam Generating Station,
located on the Navajo Indian reservation in San Juan County, New Mexico. The Four Corners Steam
Generating Station is jointly owned by Arizona Public Service (APS), SCE, Public Service Company of New
Mexico (PNM), Salt River Project Agricultural Improvement and Power District (SRP), El Paso Electric
Company (El Paso), and Tucson Electric Power Company (TEP). The substation is comprised of 345- and
500-kV switchyards and 345-500-kV transformers (RMT 2011: 2-1, 2-2). Further information on the Four
Corners Substation was not available.

Glen Canyon (GC). Glen Canyon Substation is located across from Glen Canyon Dam and 2 miles
northwest of Page, Arizona. It was constructed by Ets-Hokin Corporation in 1966 to provide power to
the Phoenix area and to Shiprock, New Mexico, from which it is dispersed throughout the state and into
Colrado. Glen Canyon Substation is comprised of two switchyards. Further information on this
substation was not available.

Long House Valley Tap (LHV). Long House Valley Tap Substation is located in Tonalea, Arizona, in
Coconino County. It consists of a 100-foot microwave tower, a prefabricated equipment/control
building, and other unspecified equipment. Further information on this substation was not available.

Kayenta Substation (KAY). Kayenta Substation is located in Navajo County, Arizona, about 5 miles
northeast of Kayenta, on the Navajo Indian reservation. The date of construction of this facility was not
found. The substation consists of a service building, a microwave tower, two control buildings, a storage
pad, and other various equipment (Berg 1990). In 1990, Western completed a joint project with Siemens
to install the world’s first transmission system with continuously variable, 3-phase thyristor-controlled
series capacitors (TCSC) at Kayenta Substation (Siemens 2011). TCSC configurations comprise controlled
reactors in parallel with sections of a capacitor bank. The installation of a TCSC allows for increased
transfer capacity at a lower investment cost (ABB 2010: 2-3).

Navajo (NAV). Navajo Substation is part of the Navajo Generating Station, located near Page, Arizona,
and constructed as part of the CAPS (see section on CAPS for more information on the generating
station). The CRSPS connects to the Navajo Substation through the 230-kV GC-SHR transmission line.
Further information on this substation was not available.

Pinnacle Peak (PPK). Pinnacle Peak Substation is located in Maricopa County, Arizona. It was constructed
from 1965 to 1966 by Foley-Jelco. It is comprised of steel structures and transformers. Various additions
occurred to the substation following completion of construction in 1966. At an unspecified date, the
existing substation yard was extended, concrete foundations were constructed, certain steel structures
were dismantled, and the Prescott-Pinnacle Peak and Pinnacle Peak-Mesa No. 2 transmission lines were
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modified. In 1987, one new transformer was placed in service and, in order to eliminate any line
switching surge duty on the transformers, a 345-kV ring bus was added. In 1993, two new transformers
were placed in service.

Powell (PWL). Powell Substation is located in Page, Coconino County, Arizona. Further information on
this substation was not available.

Shiprock (SHR). Shiprock Substation is located 11.83 miles east of Shiprock, San Juan County, New Mexico,
on the Navajo reservation; and 2.76 miles northeast of Waterflow, San Juan County, New Mexico. Further
information on this substation was not available.

Slavens (SLV). Slavens Substation is located approximately 1 mile southwest of Glen Canyon Dam.
Further information on this substation was not available.

3-72



DSW Region’s Facilities Historic Context Statement
CHAPTER 3. STATEMENT OF CONTEXT PART 2: DSW REGION’S TRANSMISSION POWER SYSTEMS

Table 3-7. Substations — Colorado River Storage Project Power System

Possible Components — P/Uce
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Capacity| 2 & | 5| 5|82\ 8| & 5|52 (5|5|8|%
Name FID2 DOCP Size kv) |é|a@a|l=s|&a |0 | |2|S|o|le|d|H|S|=|6
Flagstaff FLG 1965-1966 na 345 ujPjUlU|JU|UjJUJU]JUJU|JU|P|JU|JU]U
Four Corners FCO na na 345,500 P U|P|lUJU|JU|UjJU|JU|UJUJU|JU|lU]U
Glen Canyon GC 1966 na na P/UjuUjuvjuvujluvuyuvujuvujuvjuvulujLuUujujulu
Long House Valley Tap LHV na 483.98 ft x 599.84 ft na vujujuvjuvujujyuvjujuyuvjujuju|lprP|uUj|Pp
Kayenta Substation KAY na na na ujujlujuju|luju|PlUJU|JU|P|P]|U]|FPe
Navajo NAV na na na vujuvjuvjuvufuvjuvjuvujuvjyuvjuujujuvujuluju
Pinnacle Peak PPK 1965-1966 na na ujP|P|lU|JU|JUJUJU]JUJU|lU|JU|JU|JU]U
Powell PWL na na na vuyuvujuvjuvjuvujuvuyuvujuvujuvujuvujujyujujulu
Shiprock SHR na na na vuyuvujuvjuvjuvujuvuyuvujuvujuvujuvujujyujujulu
Slavens SLV na na na vgjuJvjuvjuvufjfuvjuvjujuvjuvujujlujuvujulujlu

Note: Adapted from Beedle et al. 2007; Western 1995; na = not available.
aFacility identification number.

bDate of construction.

¢P = Present; U = Unavailable.

dMicrowave tower.

eMicrowave tower, storage pad.

3-73



DSW Region’s Facilities Historic Context Statement
CHAPTER 3. STATEMENT OF CONTEXT PART 2: DSW REGION’S TRANSMISSION POWER SYSTEMS

Colorado River Front Work and Levee System (Period of Significance
1964 - 1965)

Mission, Customers, and Location

The Colorado River Front Work and Levee System (CRFWLS) is a multipurpose water resource
development and management project which helps to increase the efficiency of water use along the
Lower Colorado River. Additional functions of the project include flood control, sediment reduction,
improved navigation, fish and wildlife conservation, and water conservation (Bickell 1999a: 2).

Prominent facilities of the CRFWLS include the Senator Wash Dam, reservoir, and pump-generating
plant; access roads, water crossing facilities, armored banklines and flood control levees. The Drop 2
Storage Reservoir project, authorized by Section 396 of Public Law 109-432, is also part of the CRFLS.
Project salinity control features include the Main Outlet Drain (MOD) and the Main Outlet Drain
Extension (MODE), which convey drainage flows from the Wellton-Mohawk Main Conveyance Channel
(Drain) to the Bypass Drain below Morelos Dam (BOR 2011b).

The CRFLWLS extends about 700 river miles from Lee’s Ferry, Arizona (the dividing point between the
Upper and Lower Colorado River), to the Southerly International Boundary between the United States
and Mexico. Following the course of the Lower Colorado River, the CRFLP traverses through Nevada,
Arizona, and California, cutting across Indian reservations, wildlife refuges, and irrigation districts (Bickell
1999a: 2).

Power System Components

Summary of System Components

The Colorado River Front Work and Levee System is (Figure 3-11) comprised of the Senator Wash Dam,
three main transmission lines totaling 38.83 miles, and five substations The CRFLS broadly follows the
Colorado River and Gila River near Yuma, Arizona.

Water Control and Distribution

Senator Wash Dam provides the primary source of power to Boulder Canyon Power System facilities.

Senator Wash Dam. Senator Wash Dam (Figure 3-20) is located about 18 miles northeast of Yuma,
Arizona, on the California side of the Colorado River 2 miles upstream from Imperial Dam and at the
river-end of Senator Wash (BOR 2009e). It was constructed from 1964 to 1966 by M. M. Sundt
Construction (Bickell 1999a:19) for sediment control and to improve water scheduling of the Colorado
River (BOR 2009e).

Senator Wash Dam is an earth embankment structure and has a structural height of 93.6 ft, a crest
length of 2,342 ft, a crest width of 30 ft, and base width of 619 ft. It was constructed from 1,248,000
cubic yards of compacted earth (BOR 2009e¢).

Dam components include the Squaw Lake Dike and the North Dike, a spillway, an outlet works, a
pumping plant, a substation, and access roads. An off-stream pumped storage facility aids in the relief of
sedimentation by diverting up to 13,840 acre feet of water from the Colorado River and holding it in the
reservoir until needed downstream (Bickell 1999a: 19). The outlet works consist of the following
components: “an intake structure, a 10-foot-inside-diameter concrete conduit, a 6.5-by-10-foot-high
pressure gate in a gate chamber, a 10-foot-inside-diameter steel pipe installed inside a 15-foot-inside-
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diameter concrete conduit, an access
house, a concrete-encased steel manifold,
and six 54-in steel branch lines leading to
the pump turbines” (BOR 2011b).

Pumping Plants

There is one pumping plant in the
Colorado River Front Work and Levee
System.

Senator Wash Pumping Plant (SEW). The
Senator Wash Pumping Plant is located
next to the Senator Wash Dam, 18 miles
northeast of Yuma, Arizona. The pump lifts "
the water from the Colorado River during T
the off-peak hours. When the load require-  Figure 3-12. Senator Wash Dam
ments are high, the pumps are reversed

and the power generated is returned to the system (Figure 3-12). The pumping plant has six pumping
units (and one spare) and a maximum pumping capacity of 200 cubic ft/second (BOR 2011b). The GLA-
SEW transmission line — discussed below — brings power from the Senator Wash Substation to the
pumping plant — about 10,000 kVA when all six pumps and all station loads are in operation (BOR
2011b). The Senator Wash Pumping Plant is powered by the Senator Wash Substation, described in the
section on Power Conversion and Distribution.

ok
i =

Power Transmission

Transmission Lines

There are four main transmission lines in the Colorado River Front Work and Levee System totaling
38.83 miles (Tables 3-8).

ATP. Current GIS data for Western shows a 0.10-mile transmission line extending from Army Tap
Substation to a point along the GLA-SEW transmission line (DSW GIS 2013). Further information on this
transmission line was not available.

GLA-GIV. This transmission line is 9.21 miles long and extends from Gila Substation to various points in
the Gila Valley in Yuma County, AZ. It was constructed in 1961 and is a 34.5-kV line built on single wood
structures. On June 19, 1969, 3 miles of this line — from Structure 5/5 to the end of the line — were
removed in accordance with the agreement between the Yuma Project and Parker-Davis Project. The
GIS data for Western (2013) indicates that it is part of the Colorado River Front Work and Levee System.
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Table 3-8. Transmission Lines — Colorado River Front Work and Levee System

Circuit/
Name FID2 DOCP Miles Capacity Frequency Structure Details Conductor/Wire Insulator
Army Tap ATP na 010 na na Type - na na na
Gila—Gila Valley GLA-GIV 1961 9.21 345kV  na Type — Single wood pole 266.8; #2 conductor na
Gila—Senator Wash ~ GLA-SEW
Gila-North Gila GLA-NGA 1964-65 471 69kV Single-circuit/ Type — H structure wood poles 2-795; 397.5 conductor na
3-phase
North Gila-Laguna NGA-LAT 1964-65  10.02 69 kV Single-circuit/ Type — H structure wood poles 2-795; 397.5 conductor na
Dredge Tap 3-phase
Laguna Dredge Tap- LAT-ATP 1964-65 245 69 kV Single-circuit/ Type — H structure wood poles 2-795; 397.5 conductor na
Army Tap 3-phase
Army Tap-Senator Wash ~ ATP-SEW 1964-65 052 69kV Single-circuit/ Type — H structure wood poles 2-795; 397.5 conductor na
3-phase
North Gila-Senator NGA-SEW 1965 12.8  69kV Wood 397 ACSR na
Wash
Laguna Dredge Tap— LAT-LAD 1983 182 69kV na Type — Single wood poles 266 na

Laguna Dredge

Note: Adapted from Beedle et al. 2007; Western 1995; Western GIS 2013; na = not available.

aFacility identification number.
bDate of construction.
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GLA-SEW. This 69-kV transmission line extends from Gila Substation to Senator Wash Substation and is
comprised of four sections totaling 17.7 miles in length. All sections were constructed from 1964 to 1965
by Acme Power Line Construction, Inc., to help power the Senator Wash Pumping Plant. Recent GIS data
for Western can allow for an approximation of these lengths, which are presented in Table 3-29. (DSW
GIS 2013). In 1983, a portion of the line was moved to accommodate the construction of the North Gila
Substation. In 1984, the height of the conductors was increased in response to increasing water levels
along the Colorado River.

LAT-LAD. This 69-kV transmission line is 1.82 miles long and extends from Laguna Tap Substation to
Laguna Dredge Substation. It was constructed in 1983 from single wood poles (Western 1995).

Power Conversion and Distribution

Substations
There are four substations in the CRFWLS that were constructed from 1964 to 1987 (Table 3-9).

Army Tap (ATP). Army Tap Substation is located in Imperial County, California, about 1 mile west of the
Imperial Dam. It was constructed from 1964 to 1965 to provide power to the Yuma Proving Grounds. In
1993, the substation consisted of a 69-kV circuit recloser, a 69-kV station service transformer, and one
set each of 69-kV metering power transformers and current transformers.

Laguna Dredge (LAD). Laguna Dredge Substation is located in Yuma County, AZ. It contains one 4.20/
67-kV transformer (Western 1995). Further information on this substation was not available.

Laguna Dredge Tap (LAT). Laguna Dredge Tap Substation is located in Yuma County, AZ. It was
constructed in 1983 to provide 69-kV power from the GLA-SEW transmission line to the Laguna Dredge
Substation. Further information on this facility was not available.

North Gila (NGA). The North Gila Substation is located just east of Yuma, AZ, and was constructed in
1987. It is owned by Arizona Public Service. Further information on this substation was not available.

Senator Wash Substation (SEW). Senator Wash Substation is located in California near the Colorado
River, about 35 miles northeast of Yuma, Arizona. It went into service in 1965 and provides power to the
Senator Wash Pumping Plant, which is described above under the section on Water Control and
Distribution. Senator Wash Substation contains one 69-kV oil circuit breaker, one 69/4.16-kV
transformer, two 69-kV isolating disconnects, and one 69-kV bypass disconnect.

3-79



DSW Region’s Facilities Historic Context Statement

CHAPTER 3. STATEMENT OF CONTEXT PART 2: DSW REGION’S TRANSMISSION POWER SYSTEMS

Table 3-9. Substations — Colorado River Front Work and Levee System

Possible Components — P/Uc
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Name FID2 DOCP Size kv) |&|a@a|l=s|a |0 | |2|S|o|le|d|H|o|=|6
Army Tap ATP 1964-65 na 69 ujuvujpPlU|lU|JU|JU|JUJU]JUJU|LU|U]|]U]|FP
Laguna Dredge LAD na na 420067 | U| U | P|JU|lU|JU|JU|lUjJU|JU|lU]JU|JU|lU]U

Laguna Dredge Tap LAT 1983 na 69 uyuvujuvjuvjujluvujyuvujujuvjujujujuju
North Gila Substation NGA 1987 na na vuyuvujuvjuvjuvujuvuyuvujuvujuvujuvujujyujujulu

Note: na = not available.
aFacility identification number.
bDate of construction.

P = Present; U = Unavailable.
dCircuit recloser.
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Intertie Power System (Period of Significance 1964 - 1975)

Mission, Customers, and Location

The Pacific Northwest—Pacific Southwest Intertie Project (Intertie Project) was authorized by Section 8 of
the Pacific Northwest Power Marketing Act of August 31, 1964. It was designed as a cooperative
construction venture by Federal and non-Federal entities, incorporating the capability for both AC and
power systems. Facilities constructed as part of the Intertie Project include Mead Substation and all
facilities south of Mead Substation, which provide AC transmission service. On August 4, 1977, these
Reclamation constructed facilities were transferred to Western, becoming the Intertie Power System
(Western 2013b).

The Intertie Project integrates Federal, publicly owned non-Federal, and privately owned electric utility
systems in the Pacific Northwest and Pacific Southwest, which allows for the exchange of loads and fuller
utilization of generating capacity (BOR 1981: 739). The following steps are taken to help achieve
maximum utilization of total power resources in the Northwest and Southwest regions: (1) summer-
winter surplus peaking capacity between the two regions is exchanged, (2) northwest secondary energy
is sold to the southwest, (3) southwest energy is sold to the northwest to “firm” peaking hydroelectric
sources during critical water years, (4) surplus hydroelectric energy is used to conserve fuel, and (5)
developing ways to increase efficiency in the operation of hydroelectric and thermal resources (Western
2013b).

The Intertie Power System through its connection to other systems serves customers in Arizona,
California, Colorado, Idaho, Montana, Nevada, New Mexico, Oregon, Utah, Washington, and Wyoming.
It indirectly benefits customers of many small electrical cooperatives, municipal systems, and other
public agencies (BOR 1981: 739).

Power System Components

Summary of System Components

The Intertites Power System consists of transmission lines and substations. The length of these lines is
approximately 750 miles (Western 1995; Figure 3-13). Table 3-10 represents data from the Western
transmission lines inventory files from 2013. In general, the portion of the system discussed here
extends from Boulder City, Nevada, along State Route 93 to Phoenix, Arizona.

Power Transmission

Transmission Lines

There are four main transmission lines in the Interie Power System totaling approximately 750 miles in
length (Tables 3-10).

LIB-WWG-PPK. This 230-kV transmission line extends from Liberty Substation to Pinnacle Peak
Substation, just west of Phoenix, Arizona. It is comprised of two sections totaling 53.54 miles in length
and was constructed from 1967 to 1975. The first section, LIB-EST, was constructed by Reclamation. The
second section, EST-PPK, was constructed by the Salt River Project for Reclamation. Wismer and Becker
began work on the line in 1967. In 1975, the work to terminate the Liberty-Pinnacle Peak line at
Westwing Substation was completed.
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MED-LIB. This 345-kV transmission line is 238.03 miles long and extends from Mead Substation to
Liberty Substation. It was constructed in three scheduled phases in 1968 by Power Line Erectors.

Seventeen miles of the Mead-Liberty 345-kV line run through the Lake Mead National Recreation Area
(NRA), which is under National Park Service (NPS) jurisdiction. The NPS and Reclamation agreed that the
towers within the Lake Mead NRA would be located as unobtrusively as possible, and then painted to
make them less visible on the landscape. This was part of a larger beautification effort that included
reseeding construction scars. The towers were painted with a dull brown color, which did not reflect
sunlight, effectively camouflaging the lattice steel structures. The 17-mile section of the Mead-Liberty line
that runs through the Lake Mead NRA was recommended eligible for NRHP listing under Criterion A, as
one of the first transmission lines to follow these federal guidelines (Beedle et al. (2007).

MED-MRK-Adelanto. This transmission line extends from the Marketplace Substation in Southern
Nevada to the 500-kV Adelanto Substation in Southern California. Current GIS data is not available for
this line and its exact location could not be determined. It is a 202-mile, 500-kV alternating current
transmission line. It delivers electrical energy between Southern Nevada and Southern California
(Exhibit I: 3). Further information on this transmission line was not available.

PES-MRK. This transmission line, also referred to as the Mead-Phoenix Project (MPP), is a 500-kV
alternating current line that extends from the Perkins Substation near Sun City, Arizona, to Marketplace
Substation. It is comprised of two sections (WWG-MED, MED-MRK) totaling 256 miles in length. The
WWG-MED section includes the PES-MED transmission line (Exhibit I: 5). Further information on the
PES-MRK transmission line was not available.
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Table 3-10. Transmission Lines — Intertie Power System

Circuit/
Name FID2 DOCP Miles Capacity Frequency Structure Details Conductor/Wire Insulator
Liberty-Westwing—  LIB-WWG-PPK 53.54¢
Pinnacle Peak
Liberty-Estrella LIB-EST 1967-75 na 230kV  Double-circuit, Type — Steel 2-conductor bundles; 954 MCM na
3-phase 45/7 ACSR conductors
Estrella—Pinnacle Peak EST-PPK 1967-75 na 230kV  Double-circuit, Type — Steel 2-conductor bundles; 954 MCM
3-phase 45/7 ACSR conductors
Liberty-Westwing LIB-WWG 1968 339 230kv  Double-circuit, Type — Steel 954 ACSR BDL na
3-phase
Mead-Liberty MED-LIB 1968 23803 345kV  na Type - Steel Single 2167 MCM 72/7 ACSR na
conductors (3); 2-conductor
bundles with 1033.5 MCM 45/7
ACSR (3)/0.5" steel strand
overhead ground wires for entire
length of the line (2)
Segment - MED-PCK 1968 87.00 345kvV  na Type — Steel
Mead-Peacock
Mead-Marketplace- MED-MRK- na 202.00 500 kv na Type -na na na
Perkins-Marketplace PES-MRK na 256.00°
Westwing-Mead WWG-MED na na 500kV  na Type - na na na
Perkins-Mead PES-MED 1996 243.00 500kvV  na Type - na na na
Mead-Marketplace MED-MRK na na 500kvV  na Type - na na na

Note: Adapted from Beedle et al. 2007; Western 1995; Western GIS 2013; na = not available.

aFgcility identification number.
bDate of construction.
Represents total length of main line, exact length of sections unknown
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Power Conversion and Distribution

Substations

The Intertie Power System includes five substations which were constructed between 1967-2003 (Table
3-11).

Liberty (LIB). Liberty Substation was constructed from 1967 to 1968 by Wismer and Becker to serve as
an intertie link between Hoover Dam and Phoenix. It is located in Maricopa County, Arizona, about 3
miles northwest of Liberty. Liberty Substation was designed by Reclamation personnel in accordance
with President Johnson’s directive that aesthetics be taken into account in the design of new
government buildings. In the substation layout, the main and transfer busses were located in the
interior; because of this the height of the incoming and outgoing transmission lines was substantially
reduced. Construction of the substation included a steel-framed service building, the front of which had
a southwestern style design, as did the concrete fence corners. The substation steel structures were
newly designed “rigid A-frame” structures that replaced the traditional lattice steel design. In 1977 and
1982, new 230-kV transformer bays were installed.

Marketplace (MRK). Marketplace Substation is located in Southern Nevada adjacent to the McCullough
Range. It is the common terminal for the PES-MRK and MED-MRK-Adelanto transmission lines. It
consists of a 500-kV switchyard with four-breaker, four-position ring bus with series capacitors. It also
has shunt compensation for the MED-MRK-Adelanto transmission line (Exhibit I: 4). Further information
on this substation was not available.

Mead (MED). Mead Substation is located in Clark County, Nevada, about 3 miles south of Boulder City,
and was constructed in multiple stages from 1968 to 1988. It was constructed under the new aesthetic
guidelines and contains the substation proper, control house, warehouse and service station, and the
Boulder City office of Western. In 1988, in order to bypass the substations at Hoover Dam, a new 230-kV
line bay and 69-kV switchyard were constructed at Mead. In addition, two 230-kV breakers that were
overloaded by the additional delivery of power at Mead from Hoover Power Plant were replaced.

Perkins (PES). Perkins Substation is located near Sun City, Arizona. It consists of a switchyard, series
capacitor bank, shunt reactors, circuit breakers, and phase shifting transformers (Exhibit 1:5). Further
information on this substation was not available.

Rudd (Rudd). Rudd Substation is located on the west side of Phoenix, Arizona. It was constructed in
2003 by the Salt River Project. It is a 500/230-kV substation that contains a control house, monitoring
equipment, and ten bays with four 230/69-kV transformers and six 500/230-kV transformers (Hyde
2004: 1-4; Penton 2013).
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Table 3-11. Substations — Intertie Power System

Possible Components — P/Uc
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Note: Adapted from Beedle et al. 2007; Western 1995; na = not available.
aFacility identification number.

bDate of construction.

P = Present; U = Unknown.

dShunt compensators/Static Var Compensators.

eWarehouse, Boulder City Office of WAPA.
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Central Arizona Project Power System (Period of Significance 1973 -
1994)

Mission, Customers, and Location

The CAP is a multipurpose water resource development and management project, which provides
supplemental Colorado River water to nearly one million acres of Native American and non-Native
American irrigated agricultural land in Arizona and New Mexico. Additional functions of the project
include water for municipal and industrialuse in the metropolitan areas of Phoenix and Tucson. The
project also provides power generation, flood control, outdoor recreation, sediment control, and fish
and wildlife conservation (Zuniga 2000: 2).

Water from the project is taken from the Colorado River and transported to project lands through a
series of pumps, tunnels, and aqueducts. This Project can be viewed as an over 300-mile conveyance
system that transports Colorado River water from a diversion intake on Lake Havasu behind Parker Dam
to as far as the San Xavier Indian reservation just south of Tucson (Zuniga 2000: 2).

The CAP Power System is located in Maricopa, Pima, and Pinal counties, and serves customers in those
areas. The project will ultimately provide Colorado River water to nearly 700,000 acres of non-Indian
agricultural lands and up to 136,900 acres of Tribal lands. Over five million people in several
municipalities in the Phoenix metropolitan area receive Colorado River water from the Central Arizona
Project (BOR 2011a).

Power System Components

Summary of System Components

The CAP Power System (Figure 3-14) is comprise of the New Waddell Dam, 15 pumping plants, 9 main
transmission lines totaling 273.45 miles, and 7 substations.

Water Control and Distribution

New Waddell Dam provides the primary source of power to CAP facilities.

Power Generation

New Waddell Dam. New Waddell Dam is located about 35 miles above the Gila Confluence on the Agua
Fria River (Zuniga 2000:4; Figure 3-15). It was constructed from 1985 to 1994 as part of Plan 6 for the
Central Arizona Water Control Study Area (CAWCS), created in 1979 to find a suitable alternative to the
proposed Orme Dam. The Orme Dam was part of the original plan for the Central Arizona Project, but
was removed from the project in April 1977, as it was determined too inefficient, and other alternatives
existed that were less environmentally, culturally, and socially, detrimental (Zuniga 2000: 38, 39).
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New Waddell Dam has a structural height of 440
ft, a crest length of 4,900 ft, a crest width of 35 ft,
and a base width of 1514 ft. It was constructed from
16 million cubic yards of zoned earthfill (BOR
2009b). Dam components include water delivery
tunnels, a diversion tunnel, and a pipeline to carry
water releases from the existing Waddell Dam
and Waddell Canal (Zuniga 2000: 41). It is located
one-half mile downstream of Waddell Dam, or
Pleasant Dam, which was built in 1927 by the
Maricopa Water District (BOR 2009d).

In 1994 the first hydroelectric power generation
occurred at New Waddell (Zuniga 2000: 41). During
the colder months when electricity is inexpensive,
Colorado River water is pumped through the CAP
aqueduct by four separate pumping plants from
the river to near Phoenix. The water is diverted and
pumped into Lake Pleasant by the pump/generating
station located at New Waddell Dam. During the
summer months when electricity costs are higher,
the water stored in Lake Pleasant is then released
and electricity is generated at the pump/
generating station. The released water supplies
Phoenix and other downstream users (BOR 2013a:
1-1).

Pumping Plants

There are 15 pumping plants in the CAP System
(Table 3-12). Two of these, Havasu and
Hassayampa, have substations associated with
them, which are described in the section on
Power Control and Distribution.

Havasu Pumping Plant (HAV). Havasu Pumping
Plant, also known as the Mark Wilmer Pumping
Plant, is located in Mohave County, Arizona, on the
southern tip of Lake Havasu. The pumping plant
lifts water 824 ft up from Lake Havasu to the inlet
portal of the Buckskin Mountains Tunnel. The

Table 3-12. Pumping Plants in the Central Arizona
Power System

Facility Name FID
Brawley Pumping Plant na

Brady Tap Pumping Plant BDP
Bouse Hills Pumping Plant BHP
Black Mountain Pumping Plant BKM
Havasu Pumping Plant (aka Mark Wilmer HAV
Pumping Plant)

Hassayampa Pumping Plant HAT
Little Harquahala Pumping Plant LHP
New Waddell Pumping/Generating Plant NWD
Picacho Pumping Plant PCO
Red Rock Pumping Plant RRK
Salt Gila Pumping Plant SGL
Sandario Pumping Plant na

San Xavier Pumping Plant na

Snyder Hill Pumping Plant na

Twin Peaks Pumping Plant na

Note: Adapted from Beedle et al. 2007, Figure 3-3. Desert Southwest
Customer Service Region Power System Projects. Central Arizona
Project.

Figure 3-15. New Waddell Dam (Giordano 1992).

water flows through the approximately 7-mile tunnel and is discharged into the Hayden-Rhodes
Aqueduct, which conveys it to the Phoenix metropolitan area (BOR 2011a). Havasu Pumping Plant is

powered by Havasu Tap Substation.

Hassayampa Pumping Plant (HAP). Hassayampa Pumping Plant is located in La Paz County and has a
maximum lift of 192 ftft and a pumping capacity of 3,080 cubic ft/second. Havasu Pumping Plant has ten
pump units and is powered by the Hassayampa Tap Substation (TWSM 2012).
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Power Transmission

Transmission Lines
There are nine main transmission lines in the CAP System totaling 273.45 miles (Tables 3-13).

BHP-HCR. This 115-kV transmission line is 23.36 miles long and extends from the Bouse Hills Pumping
Plant to Harcuvar Substation. It was constructed in 1984.

BMA-PAD #2. This 230-kV transmission line is 11.5 miles long and extens from the Black Mesa
Substation to the Parker Dam Switchyard. It was built in 1951.

DAD-MCC. This 230-kV transmission line is 61.5 miles long and extends from Davis Dam to McCullough
Substation. It was constructed in 1986 and connects the CAP with the Parker-Dam Project.

DAD-PAD No. 2. This 230-kV transmission line is owned by Reclamation and extends from Davis Dam to
Parker Dam. It is comprised of two sections totaling 69.49 miles in length. All sections were constructed
in 1978. This line is described by ED2-SGR. This 115-kV transmission line extends from the Electrical
District 2 Substation to the Saguaro Substation. It is comprised of four sections totaling 35.66 miles in
length. All sections were constructed in 1984.

HCR-LHP. This 115-kV transmission line extends from the Harcuvar Substation to the Little Harquahala
Pumping Plant. It is comprised of two sections totaling 50.75 miles in length.

HAT-HAP. This 230-kV transmission line is 6 miles long and extends from Hassayampa Tap Substation to
Hassayampa Pumping Plant. It was constructed in 1984.

NWD-WWSG. This 230-kV transmission line extends from the New Waddell Pumping/Generating Plant to
Westwing Substation. It is comprised of two sections totaling 10.46 miles in length. Both sections were
constructed in 1991.

RSK-DLB. This 115-kV transmission line extends from Rattlesnake Tap Substation to Black Mountain
Substation to Del Bac Substation. It is comprised of two sections totaling 32.41 miles in length.

Section 1, RSK-BKM, is 27.5 miles long and was constructed in 1989. Section 2, BKM-DLB, is 4.91 miles
long and was constructed in 1989 as a joint project with Reclamation and Tucson Electric Power.

SPH-SGL. This 69-kV transmission line extends from the Spook Hill Substation to the Salt Gila Pumping
Plant. It was constructed in 1985 and is designed for light loading conditions in accordance with the
National Electrical Safety Code. Southwest Trinity Constructors, Inc., of Parker Colorado, constructed the
line, which was transferred to operation and maintenance status on February 19, 1985. In 2000, a
qguarter-mile of the transmission line was rerouted to allow for the expansion of a city recreational park
in the City of Mesa.
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Table 3-13. Transmission Lines — Central Arizona Power System

Circuit/
Name FID2 DOCP Miles Capacity Frequency Structure Details Conductor/Wire Insulator
Bouse Hills-Harcuvar BHP-HCR 1984 23.36 115kv  Single-circuit/ Type — Single wood pole 477 na
3-phase, 60-Hz
Davis-McCullough DAD-MCC 1986 615 230kv  Single-circuit/ Type — Lattice steel 1272 MCM ACSR na
3-phase, 60-Hz
Davis-Parker No. 2 DAD-PAD No. 2
Davis-Black Mesa DAD-BMA 1978 57.99 230kv  na Type - Steel 1272 na
Black Mesa—Parker BMA-PAD 1978 1150 230kV  na Type - Steel 1272 na
Electrical District 2= ED2-SGR
Saguaro
Electrical District 2— ED2-BDP 1984 1227 115kV  na Type — Single wood pole 795 na
Brady Tap Pump
Brady Tap Pump- BDP-PCO 1984 451 115kv  na Type — Single wood pole 795 na
Picacho Pump
Picacho Pump-Red Rock  PCO-RRK 1984 1759 115kV  na Type — Single wood pole 795 na
Pump
Red Rock-Saguaro RRK-SGR 1984 129 115kv  na Type — Single wood pole 795 na
Harcuvar-Little HCR-LHP
Harquahala
Section 1 HCR-LHP 1984 235 115kv  Single-circuit/ Type — Wood pole 477 MCM 26/7 ACSR conductor/  na
3-phase, 60-Hz Strand 7 No. 10 Alumoweld over-
head shield wires
Section 2 HCR-LHP 1984 27.25 115kv  Single-circuit/ Type — Wood pole 477 MCM ACSR conductor/Strand  na
3-phase, 60-Hz 7 No. 10 Alumoweld overhead
shield wires
Hassayampa Tap- HAT-HAP 1984 6.00 230kv  na Type - Steel 1272 na

Hassayampa Pump
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Table 3-13. Transmission Lines — Central Arizona Power System

Circuit/
Name FID2 DOCP Miles Capacity Frequency Structure Details Conductor/Wire Insulator
New Waddell- NWD-WWG
Westwing
New Waddell-Raceway =~ NWD-RWY 1991 3.00 230kv  Single-circuit/ Type — Lattice steel, single pole 954 MCM ACSR 45/7 with one na
3-phase, 60 Hz 7/16" diameter conductor/high-
strength steel, 7-strand overhead
groundwire, composite fiber optic
overhead groundwire (1)
Raceway-Westwing RWY-WWG 1991 746 230kv  Single-circuit/ Type — Lattice steel, single pole 954 MCM ACSR 45/7 with one na
3-phase, 60 Hz 7/16" diameter conductor/high-
strength steel, 7-strand overhead
groundwire, composite fiber optic
overhead groundwire (1)
Rattlesnake—Del Bac RSK-DLB
Rattlesnake-Black RSK-BKM 1989 275 115kV  Single-circuit/ Type - Single wood pole, steel. Specific 795 MCM ACSR, 26/7 conductor/  na
Mountain 3-phase, 60 Hz  types include: SS, SSA, SLA, and SD. 3/8" diameter, high-strength steel,
7-strand overhead ground wires
Black Mountain-Del Bac  BKM-DLB 1989 491 115kv  na Type - na na na
Spook Hill-Salt Gila  SPH-SGL 1985 6.50 69kV 60 Hz Type - Single-pole; self-supporting steel  336.4 MCM ACSR conductor/ na

or concrete; wood pole, H-frame

3/8" diameter, high-strength steel
7-strand overhead groundwire

Note: Adapted from Beedle et al. 2007; Western 1995; Western GIS 2013; na = not available.

aFgcility identification number.

bDate of construction.
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Power Conversion and Distribution

Substations
There are seven substations in the CAP System constructed between 1984-1992 (Table 3-14).

Black Mesa (BMA). Black Mesa Substation is located in Mohave County, Arizona, about 10 miles north
of Parker Dam. This substation is owned and operated by CUC. Western owns the supervisory control,
revenue meters, and some other equipment in the substation. Further information on this substation
was not available.

Del Bac (DLB). Del Bac Substation (previously called Los Reales) was constructed from 1991 to 1992 by
Western to provide power to the RSK-DLB transmission line, which serves pumping plants of the Tucson
Aqueduct Phase “B” Project, the latter of which was constructed as part of the CAP to deliver Colorado
River water from Phoenix to Tucson. The substation consists of a masonry service building, a self-
supporting steel microwave tower, and various other equipment.

Harcuvar (HCR). Harcuvar Substation is owned by Reclamation and was constructed in 1984 and is
located in Yuma County, Arizona, about 10 miles north of Wenden. This substation contains takeoff
towers, two 230-kV transformers, and a service building (Radosevich 2003; Western 1995). One
transformer is owned by Western, while the other is not (Western 1995). Further information on this
substation was not available.

Hassayampa Tap (HAT). Hassayampa Tap Substation is located in Maricopa County, Arizona, about 17
miles northwest of Buckeye. It was constructed in 1984 to power the Hassayampa Pumping Plant, which
is described in more detail under the Water Control and Distribution section. HAT Substation consists of
a concrete service building. Further information on this substation was not available.

Havasu Tap (HAV). Havasu Tap Substation was constructed in 1983 and located about 3 miles from
Parker Dam. One 69-kV gang operated disconnecting switch and one 69-kV fused disconnect switch are
located at the site which furnishes alternate 69-kV station power to the Havasu Pumping Plant in an
emergency or when the 230-kV line from Parker 282 is out of service. The Havasu Pumping Plant is
described in more detail under the Water Control and Distribution section.

McCullough (MCC). McCullough Substation is located in Southern Nevada and is comprised of one 500-kV
and one 230-kV switchyard. McCullough Substation is co-owned by LADWP, the Nevada Power
Company, and Reclamation, and is operated by LADWP (FERC 2013: 2). Further information on this
substation was not available.

Raceway. Raceway Substation (RWY) is located in Peoria, AZ, approximately 0.38 miles northwest of
Canyon Speedway Park. Further information on this substation was not available.

Rattlesnake (RSK). Rattlesnake Substation was constructed in 1988 to tap the Saguaro-Tucson 115-kV
transmission line to provide service for the pumping plant loads for the Tucson Aqueduct Phase B
portion of the Central Arizona Project. It is located in Marana, AZ. It is comprised of two 115-kV motor-
operated line interrupters (circuit switches), one 115-kV circuit breaker, three 115-kV disconnecting
switches, and low profile takeoff structures and buses. Due to high levels of vandalism in the area, a
bulletproof building of concrete block was constructed to impede shots from high powered rifles.
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Spookhill (SPH). Spookhill Substation was constructed in 1985 and is located in Mesa, AZ. It has two
13.80-/69-/230-kV transformers (Western 1995). Further information on this substation was not
available.
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Table 3-14. Substations — Central Arizona Power System

Possible Components — P/Uc
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Note: Adapted from Beedle et al. 2007; Western 1995; na = not available.

aFacility identification number.
bDate of construction.

¢P = Present; U = Unavailable.
dMicrowave tower.

eBulletproof concrete block building.
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Colorado River Basin Salinity Control Power System (Period of
Significance 1978 - 1983)

Mission, Customers, and Location

The Colorado River Basin Salinity Control Power System (CRBSC Power System) was authorized in
September 1973 in response to concerns raised by the Mexican government regarding the high salinity
content of the Colorado River water flowing into their country (Bickell 1999b: 2). Various structures
were built to meet the following objectives: (1) carry out research, monitoring, and evaluation activities
to identify salt sources; (2) develop and implement conservation plans to reduce salt loads; and (3)
educate the public about river conservation (Bickell 1999: 2, 7).

Two project locations were chosen by Reclamation as most effective for implementation of the CRBSC
Power System — Titles | and Il. Title | runs downstream from the Imperial Dam (located 18 miles
northeast of Yuma, AZ) and includes Yuma and a portion of the Colorado River reaching from Yuma to
Morelos Dam (located 1 mile below the junction of the California border and the Colorado River) and
onto Santa Clara Slough in the Gulf of California. Title | is comprised of three units — the Coachella Canal
Unit, Desalting Complex Unit, and the Protective and Regulatory Pumping Unit (Bickell 1999: 2, 8).

Title 11, is located southeast of Las Vegas, Nevada, approximately 4 miles from Lake Mead. Title Il of the
CRBSC Power System, which includes all of the Lower Colorado River upstream from the Imperial Dam to
Lake Mead, features only one unit, the Las Vegas Wash Unit (Bickell 1999: 2, 8). The only feature
constructed as part of the Las Vegas Wash Unit was the Pittman Bypass Pipeline, built in 1985 by
Reclamation, which conveys fresh cooling water used by local industries directly into the drainage area
of the Las Vegas Wash (Bickell 1999: 18). There are no Western facilities located in Title Il of the CRBSCP.

In the 1970s, Mexico began drilling wells and installing pumps to tap into the groundwater source near
San Luis, on the Arizona-Sonora border. By December 1972, Mexico had drilled 40 wells and installed 11
pumps. Reclamation studies indicated that within 50 years, Mexico’s groundwater recovery program
would negatively affect gravity drainage in Yuma Valley. To address this future problem, Reclamation
decided to build 35 wells with a total pumping capacity of 125,000 acre feet per year (Bickell 1999:
16, 17). The Western DSW Region CRBSC Power System is comprised of transmission lines and
substations that power facilities in Title I, particularly the Desalting Complex Unit and the well pumps.

Power System Components

Summary of System Components

Different data sets report different to total number of components for the CRBSC Power System. The
total number of transmission lines may be 5 (Western 1995; DSW GIS 2013), or 3 . The total length of
these lines may be either 78 miles (Western 1995), 37, or 67 miles (DSW GIS 2013). The total number of
facilities is 5 (Western 1995; DSW GIS 2013) (Figure 3-16). Table 3-14 represents data from the Western
transmission lines inventory files from 2013. The CRBSC Power System consists of two discontiguous
segments, one south and east of Yuma, Arizona, and the other west of Yuma broadly paralleling State
Route 68.
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Power Transmission

Transmission Lines

There are five main transmission lines in the Colorado River Basin Salinity Control Project totaling 78.12
miles in length (Tables 3-15).

GLA-SON. This 69-kV transmission line is 18.8 miles long and extends from the Gila Substation to the
Sonora Substation.

KNB-DRP4. This transmission line is 28.66 miles long and extends from Knob Substation to the Drop 4
Substation.

KNB-DST. This 161-kV transmission line is 3.9 miles long and extends from Knob Substation to the Desalter
Substation. It was constructed in 1982 by Slater Electric Company.

SON-242 WEFD. This 34.5-kV transmission line is 14.4 miles long and extends from Sonora Substation to
Wellfield Substation. It was constructed in 1982.

242 WFD Line. This 34.5-kV transmission line extends from 1.5 mi northeast of San Luis to Wells Nos.
242-8 through 242-22 and is comprised of two sections totaling 12.36 miles in length. Current GIS data
for the Western DSW Region does not show the location of this line (DSW GIS 2013). Section 1 is 4.5
miles long and extends from 1.5 miles northeast of San Luis to Wells Nos. 242-3 though 242-7. It was
constructed by M. C. Larson in 1978. Section 2 is 7.86 miles long and extends from Reclamation’s
34.5-kV 242 transmission line structure 3-13 easterly to serve Wells Nos. 242-8 through 242-22.
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Table 3-15. Transmission Lines — Colorado River Basin Salinity Control Project Power System

Circuit/
Name FID2 DOCP Miles Capacity Frequency Structure Details Conductor/Wire Insulator
Gila-Sonora GLA-SON 1983 188 69kV Single- and Type — Single wood pole Single circuit: 4/0 AWG, 6/1 stranding, na
double-circuit, ACSR conductors (3) / 3/8" 7-strand
3-phase, 60 Hz high-strength steel overhead ground
wire (1)
Double circuit: 4/0 AWG, 6/1 stranding,
ACSR conductors (3); 795 MCM
26/7-stranding, ACSR conductors
(3)/3/8" 7-strand high-strength steel
overhead ground wire (1)
Knob-Drop 4 KNB-DRP4 na 28.66 na na Type - na na na
Knob-Desalter KNB-DST 1982 39 161kvV  3-phase,60Hz  Type - Wood pole, H-frame (2.1 mi); 477 MCM 26/7, ACSR conductors  na
Lattice steel (1.8 mi) (3); 3/8" 7-strand high-strength steel
overhead ground wires (2)
Sonora- SON-242 WFD 1982 144 345kVv  Single- and Type — Single wood pole Single circuit; 4/0 AWG, 6/1 stranding, na
242 Wellfield double-circuit, ACSR conductors (3)/7-strand high-
3-phase, 60 Hz strength steel overhead ground wire
(1)
Double circuit: 4/0 AWG, 6/1-stranding,
ACSR conductors (3); 795 MCM
26/7-stranding, ACSR (3)/3/8"
7-strand high-strength steel over-
head ground wire (1)
242 Wellfield 242 WFD
Section 1 na 1978 45  345kV  na Type - na na na
Section 2 na na 7.86 345kV  Single-circuit, Type — Wood pole, triangular na na
3-phase

Note: Adapted from Beedle et al. 2007; Western 1995; Western GIS 2013; na = not available.

aFgcility identification number.
bDate of construction.
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Power Conversion and Distribution

Substations

There are five substations in the Colorado River Basin Salinity Control Project constructed during the
1980s (Table 3-16).

Desalter (DST). The Desalter Substation is located in Yuma County, Arizona, approximately 5 miles west
of downtown Yuma. It was constructed from 1981 to 1983 to help power the Desalting Complex and
serve the wells in the North Gila Valley that were drilled to aid in lowering the valley water table and
high saline levels of the water. It is comprised of two 161/13.8-kV transformers and a 161-kV line that
connects to the Knob Substation.

Mexico Tap (FID not found). Mexico Tap Substation is located in Yuma County, Arizona. Further
information on this substation, including construction date, who constructed it, and facility components,
was not available. Current geospatial information is not available for this substation.

San Luis (SNL). San Luis Substation is located in Yuma County, Arizona, approximately 1.5 miles north of
the U.S.-Mexico border in the City of San Luis. Further information on this substation was not available.

Sonora (SON). Sonora Substation is located in Yuma County, Arizona, Section 4, T11S, R23W, about 17
miles south of Yuma. It was constructed in 1982-83 by the Addison Construction Company. It contains
one 69-kV transformer (Western 1995). Further information on this substation was not available.

Wellfield (WFD). Wellfield Substation is located in Yuma County, Arizona, about 4 miles east of San Luis
and less than 1 mile from the Mexican border. Current geospatial information is not available for this
substation. The substation is comprised of one 34.5-kV oil circuit breaker and one 34.5-kV shunt
capacitor bank. Information on construction date and who constructed the substation was not available.
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Table 3-16. Substations — Colorado River Basin Salinity Control Project Power System

Possible Components — P/U3
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Note: Adapted from Beedle et al. 2007; Western 1995; na = not available.

aFgcility identification number.
bDate of construction.
P = Present; U = Unavailable.
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Chapter 4

Statement of Context Part 3: Transmission System
Technology Development and Design Standards

By the time Reclamation became involved in the energy market in 1906, the basic technology for power
transmission systems was well-developed. However, during the first half of the 20th century, engineers
and scientists made major refinements in transformers and other power system components to allow
the transmission of higher energy voltages.

Reclamation generally utilized structures and other components that were standard for the industry at
the times of construction. No evidence was found indicating that non-standard types of components
were designed or built by Reclamation for any of its transmission lines in Arizona, California, Nevada,
and New Mexico. Reclamation rigorously studied conditions that might affect operation of transmission
systems; defined requirements for system components, such as structures and conductors; and either
purchased ready-made components on the open market or solicited bids from manufacturers.
Additionally, all of Reclamation’s transmission systems were constructed by Reclamation employees,
referred to as “force account” personnel, or were built by private companies hired by Reclamation to
accomplish construction.

This chapter addresses the general technological development of transmission system features, as
standardized and constructed by Reclamation during the first half of the 20th century, prior to
transferring oversight to the Department of Energy and Western in the 1970s.

Electrical Power Transmission

At its most basic level, an electrical power system consists of three complex and interrelated systems —
commonly referred to as generating systems, transmission systems, and distribution systems — that are
used to supply and transmit electricity (Beaty 1998:3; Shoemaker and Mack 2002).

Before electricity is transmitted across an electrical power system, it must first be generated. The most
important facility of the generating system is its power plant, also commonly referred to as a generating
station. These stations are generally located in remote areas due to their environmental impact and near
water due to large amounts required for cooling purposes. Facilities fall into the following types —
hydroelectric, steam turbine (i.e., fossil-fired or nuclear), combustion turbine, internal combustion engine,
geothermal, solar, wind, or compressed air (Beaty 1998:3; Shoemaker and Mack 2002). Although the
bulk of electrical energy in the United States is currently generated in fossil-fired steam turbine-
generating stations using coal, natural gas, and oil fuel, the majority of the Reclamation- and Western-
built power plants in DSW Region are hydroelectric, in which water pressure turns turbines to generate
electricity (Shoemaker and Mack 2002). Because electricity is lost during the process of transmission, a
“step-up” transmission substation located in close proximity to the generating station, is then used to
raise the voltage produced by the power plant, which usually ranges from 13,200 to 24,000 kilovolts (kV)
(Shoemaker and Mack 2002). While power plants are integral to electrical transmission and distribution
systems, further discussion of these facilities are excluded from this context, because they do not fall
under the purview of Western’s management.
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Once sufficient electricity is generated by the power plant and step-up substation, it then travels
through a network of high-voltage transmission lines (collectively referred to as the “transmission
system” and discussed in depth below), which are comprised of wood or steel poles and long thick
copper or aluminum cables, to a bulk power or transmission substation. The first component of the
distribution system, transmission substations, are located at load centers and house transformers and
other equipment that reduce the voltage supplied from the transmission substations to a value
appropriate for distribution to the system’s “end-users” (industrial, commercial, and residential
customers) (Beaty 1998:5).

From these substations, sub-transmission circuits or lines carry the electricity to one or more
distribution substations where the electricity is again stepped-down or reduced to a voltage that is low
enough transmitted by primary distribution circuits (Beaty 1998:5; Shoemaker and Mack 2002). The
number of distribution substations required is dependent on the power needs of the system’s “end-
users.” For example, if the “end-user” is a commercial or industrial facility with higher voltage needs,
only one distribution substation might be required, compared to a residential neighborhood which may
require two or more to lower the voltage to the appropriate 120/240 volt level.

At the final distribution substation, power is provided to the system’s “end-users” by primary
distribution circuits, most of which are typically installed underground. During the final step of power
distribution, distribution transformers, secondary circuits and service drops are used to lower voltage
levels prior to transmission to individual buildings and/or residences (Beaty 1998:5). Of all the
components comprising the distribution system, substations constitute the only discrete, recognizable
properties. As such, substations are the only facility of the distribution system discussed in more detail
below.

The Transmission System: Power Transmission Structures

In many ways, power transmission is a direct descendent of telegraph and telephone transmission. Single
wooden poles and wooden poles with crossarms to carry conductors were used for telegraph
transmission for nearly 40 years by the time electric current transmission began in the late 1870s.
Wooden poles offered extreme flexibility in adaptation for many requirements, including the number
and orientation of crossarms; wooden poles were inexpensive, durable, and readily accessible in most
areas of the U.S. However, they were not adequate for some conditions, such as when guy supports
were absent or when high and long conductor spans were required. For these purposes, reinforced
concrete poles were manufactured as early as 1907 and pre-stressed concrete and single steel poles
were introduced before 1910 (Electrical Review 1907a).

High-tension power transmission was developed in the U.S. about the same time that steel was
becoming available for building purposes. Triangular and pyramidal steel towers were introduced in the
1890s for windmills, and these strong and durable structures were sometimes adapted for use as
transmission towers. The first transmission line in the U.S. to completely rely on steel towers was the
118-mile, 75,000-volt Kern River Line in California. The towers were an adaptation of pyramidal windmill
structures, and were fabricated by the Wind Engine Company between 1902 and 1907 (Kern County
Historical Society 2009:1). Prior to the Kern River transmission line, steel structures had been used
primarily for isolated river crossings and other wet environments, rather than for entire lines. By 1907,
however, at least three other high-voltage transmission systems were constructed entirely with steel
towers in New York, California, and Michigan. The first transmission system built by Reclamation, as part
of the 1908 Salt River Project, included transmission towers that were modified steel windmill structures
(Glaser 1996:7-8).
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Reclamation’s use of steel towers for the Salt River Project did not set the precedent for the design of later
systems; wooden poles and/or wood-pole structures were used to support the majority of Reclamation-
built transmission lines prior to 1960. Some steel towers were utilized, mostly for specific situations that
required exceptional strength and/or insulation for one or more structures. By the early 1930s,
Reclamation’s use of wooden versus metal poles and structures were clearly exhibiting influence from
construction patterns which emerged for transmission systems. These trends, which still remain in use
today, called for the use of wood infrastructure to support lines carrying up to 110 kV, and metal poles
and towers to support lines carrying 110 kV or higher voltages. However, throughout the 1930s
Reclamation and other federal agencies, as well as private contractors, continued to use both types of
poles and structures for transmission lines carrying between 6.6 and 220 kV (U.S. Census 1934).

In selecting the type of pole or structure for an individual transmission line, Reclamation took into
account the voltage of the line; the size and type of conductors required; the necessary or desired span
lengths; construction costs; and the availability of needed materials. Based on these criteria, Recla-
mation used four classes of structures: tangent structures, angle structures, tension structures, and
transposition structures. The design of the four structures was similar, except that each differed in the
manner as to where conductors were located or oriented. For example, tangent structures — the most
common type of structure used for Reclamation-built transmission lines — carried its conductors in a
straight or nearly straight orientation; angle structures were installed at locations which permitted
moderate changes in conductor direction.

Wood Pole Structures

In general, Reclamation used single wooden poles for transmission lines carrying voltages from 2.3 kV to
46 kV. However, single wooden poles were also occasionally used to carry 69-kV to 115-kV transmission
lines in areas where right-of-way (ROW) was severely restricted. Reclamation employed two types of
single wooden poles — flattop and triangular structures — for lines carrying a voltage of 69 kV or less.
Whereas flattop structures have a single crossarm at the top of the pole with all three conductors on the
same horizontal plane, triangular structures are comprised of a single conductor at the top of the pole
with two additional conductors supported by a crossarm underneath. For lines carrying 115 kV or higher, a
single “wishbone” type structure was used. Figure 4-1 shows single wood pole transmission structures
with two crossarms; this line, which con-

nects to a substation at the Imperial Damin  Taple 4-1. Reclamation Nomenclature for Single Wood
Yuma County, Arizona, was constructed by Pole Structures

Reclamation in association with the dam

Abbreviation  Description

between 1936 and 1938. It is cu.rrentl.y 3SS Suspension, tangent, single crossarm

ow.ned arwd .operated by thg Impgrlal Irri- SD Suspension, small line angle, double crossarm
gation District. A further distinction was SA Suspension, medium line angle (up to 60°), vertical
made between suspension style structures, conductor attachment

where the conductors are simply suspended SAT Tension, large line angle (60° to 90°), vertical
from the tower with the mechanical tension conductor attachment

being the same on each side and tension ST Tension, medium line angle (0° to 60°), vertical
style structures that are fully self-supporting conductor attachment

and resist unbalanced forces due to line STR Suspension, fransposition structure

weight (Table 4-1). Source: Farr 1980:4.

Reclamation normally used two-column wood-pole structures, or “H-frames,” for transmission lines
carrying voltages from 69 to 169 kV, as well as for lower voltage lines where long spans were required.
H-frame structures were also used for 230-kV transmission lines, although less frequently. The simplest
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form of the H-frame structure is unbraced and consists of two wooden poles joined by a single
horizontal crossarm (Figure 4-2). Braced H-frames with solid or laminated X-bracing beneath a single or
double plank crossarm are more common; however, this configuration provides additional support to
the structure under transverse loading (usually caused by windy conditions or icing) and also allows for
the use of longer spans and heavier conductors (Figures 4-3 and 4-4). H-frame structures comprised of
three or four poles were also used to carry lines that required additional support and stability (Figure
4-5). In addition to conductors, most H-frame structures had an overhead ground wire installed
regardless of their configuration. In general, H-frame structures did not exceed 65 ft in height when an
overhead ground wire was installed, and 60 ft when a ground wire was not present.

In areas of high atmospheric activity, lightning arrestors were installed at the tops of poles or structures
to prevent discharges from damaging the structures, conductors, or conductor insulators. Bird guards,
comprised of one or more platforms on which birds can safely perch or nest, were also installed above
the level of the conductors on many structures to prevent damage to transmission lines, as well as the
electrocution of birds.

Because of the need to carry conductors in straight and angled orientations, to terminate the line, and
to transpose the conductors at regular intervals to disrupt generation of magnetic fields among the
conductors, the majority of Reclamation and Western-built transmission lines incorporate multiple
structure types. Placement of fuses or switches, accommodation of long conductor spans, and
connection beneath the branch lines also commonly require special structure types and/or substantial
variation in hardware and treatment of conductors. In general, unique situations in wood-pole structure
transmission lines were addressed by the use of structures specifically designed for that purpose, and
variations in hardware on standard structure bodies were used to address similar needs on
predominantly steel-structure transmission lines. Consequently, transmission lines with wood-pole
construction usually contain more variety in structure types than lines employing lattice steel tower
construction.

In 1938, to facilitate design and construction of specific transmission lines, Reclamation prepared
standard design drawings and specifications for wood-pole structures, hardware, and methods of
installation. By 1997, Reclamation and Western had designated 121 types of wood-pole structures,
including 61 single wooden poles, 28 two-pole structures, 29 three-pole types, and 3 four-pole types
(Appendix, Figures 1 to 22, which appear in the supplement to this chapter). The majority of the
structure types were developed in response to particular conditions — including angling, dead-ending,
long spans, and switching/fusing — as well as the weight of conductors, a function of line voltage. As such,
structure types with the same classification (such as SS and STR) could vary considerably from one line
voltage to another in the nature and arrangement of structure components.
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Figure 4-1. Example of Single Wood Pole Structures
Photograph courtesy of LSD

Photograph courtesy of LSD
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Figure 4-3. Example of Braced and Unbraced H-Frame Structures (with steel
pole in foreground)
Photograph courtesy of LSD

Figure 4-4. Example of H-Frame Wood Pole

Structures with X-Bracing
Photograph courtesy of LSD
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Figure 4-5. Example of a Three-Pole Unbraced H-Frame Structure
Photograph courtesy of LSD

Steel Structures

Reclamation typically used steel structures for transmission lines carrying more than 161 kV, although as
discussed in the preceding section, some 230-kV and 345-kV lines were carried on H-frame wood-pole
structures between the 1930s and 1960s. Steel structures were also commonly used by Reclamation for
lines with lower voltages under special conditions, including crossings over navigable streams where
high clearance and long spans were required, for approach spans into substations and switchyards, and
where the structure needed to support exceptionally heavy weights.

Table 4-2. Letter System Developed by Reclamation for its Steel Structures

Original System Modified System (ca. 1975)
Abbreviation  Type Abbreviation ~ Type
S Suspension S Suspension
T Tension X Heavier suspension with small line angle capability (0° to 65°)
A Angle ST Heavier suspension type, no line angle capability, outside

phases in suspension, center phases dead-ended

D Double circuit A Angle (insulators in suspension)

L Light T Tension with small line angle capability (0° to 5°)
M Medium Y Tension with large line angle capability (5° to 30°)
H Heavy D Dead end with variable line angle capability

Steel structures were designed in three general types according to their function in the transmission line
— tangent, angle, and dead end. To aid in the identification of these structures Reclamation developed a
letter system similar to the one created for wood-pole structures, which they subsequently modified in
1975. Unlike the original system which used only letters, the modified system added a two-digit number
which designated the voltage and a specific series of towers. For example, under the original designation
system, an “SAL” structure would be a single-circuit, suspension, angle structure designed for light cli-
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matic loading. In comparison, a “30S” designation after the modified system referred to a suspension
structure with no series or type designation on a 345-kV transmission line.

When Western took over management of Reclamation’s existing transmission lines in 1977, they
established their own alphanumeric classification system that allowed more flexibility and specificity for
designating variations of basic structure types. Under Western’s system, basic structure types were
assigned a number and an alphabetic designation for the type of structure (i.e., 02D or 01S). Minor
variations of the same structure type were assigned an extension number such as “17D1” or “16B2,” and
larger variations were given a new series number.

Steel structures built by Reclamation also conform to three basic classes based on their design, all of
which are still employed in modern transmission line construction. These include self-supporting
structures with relatively wide, square or rectangular bases; self-supporting structures with narrow bases;
and guyed towers (Appendix, Figure 23 and 24). Nearly all of the metal towers built for Reclamation
transmission lines prior to 1957 were wide-based, self-supported structures (Farr 1980:5). These towers
were generally constructed of latticed steel or aluminum and had bolted connections and separate
foundations for each leg. Although self-supporting, wide-based structures were advantageous as they
provided superior strength and height flexibility (Figure 4-6). However, their use was limited by the
relatively wide ROWs requirement.

Figure 4-6. Example of an A-frame Steel Lattice Structure
Photograph courtesy of LSD

To permit construction in more narrow ROWSs, a second class of self-supporting steel structure with a
narrower base was developed. These structures were comprised of latticed towers, tubular steel towers/
poles, and steel-reinforced concrete poles, and were often anchored with guy cables. These narrow-
based structures have been used more commonly in recent years as their size limits adverse visual effects.
In most cases, transmission lines employ types of self-supporting structures, although some transmis-
sion lines in the U.S. and Britain have been constructed almost entirely of narrow-based structures.
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As their name implies, guyed towers consist of steel or aluminum sections that are largely supported by
guy cables. This type of structure was developed as a lower-cost alternative to free-standing, wide-based
structures. Two general types of guyed towers — the portal type and the V-type — were used by
Reclamation. The portal type has two widespread masts angled toward each other, and the V-type
consists of two masts rising from a single point and angling away from each other. In both types, a single
latticed crossarm connects the masts and supports the conductors (Gracey 1963:133-137).

Conductors

Conductors are the wires or cables that carry current in a transmission line. A variety of metals, alloys,
cable constructions, and line insulation methods have been used in electrical transmission, beginning
with early telegraph and telephone lines and trans-oceanic cables. Copper and steel were virtually the
only conductors used during the first half-century following electrical development in the U.S. However,
in 1907, aluminum wire was tested as a substitute for copper wire for electrical transmission due to its
light weight and flexibility. Test results were favorable and it was anticipated that aluminum would replace
copper in low-tension distribution cables (high-tension transmission cables required thicker, stronger
cable) (Electrical Review 1907b). This assumption of the limitations of aluminum use for transmission
proved inaccurate, as later that year, thick aluminum cable was used on a 62,500-volt transmission line
in New York State (U.S. Census 1910:103).

The problem of strength for high-tension aluminum transmission lines was solved by wrapping
aluminum cables around a core of steel cables resulting in aluminum conductor, steel reinforced (ACSR)
lines (Figure 4-7). Despite this innovation, copper remained the least costly and predominant material
used for conductors, until the late 1930s when surplus power generated by federal hydroelectric power
plants became available for large-scale aluminum production. The cost of aluminum further decreased
during World War Il, when its production boomed from its use in the aeronautics industry.

Figure 4-7. Conductors: Conventional Steel-Reinforced Round-Wire
Aluminum Conductor Steel-reinforced (ACSR) (left) and a High-Capacity,
Low Sag Aluminum Conductor Composite Core (ACCC) (right) (Bryant 2013)
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Throughout the 20th century, Reclamation used both solid or hollow core copper or steel wires and
ACSR cables in the construction of their transmission lines. They also used a third type of conductor,
known as a bundled cable, although far less frequently. The earliest major transmission lines built by
Reclamation generally employed copper or steel wires; these were also used for low-voltage
transmission lines with a distribution or 115 kV or less. Solid or hollow core wire conductors were
typically designated by standard gauges, with “3/0” and “4/0” being the most common. Reclamation
also used a variation of solid or hollow single lines, often consisting of two or more strands of wire
twisted or welded together to create conductors with higher capacities and strength than those
comprised of just a single wire.

Since 1945, ACSRs represent the predominant conductor in Western’s system, largely due to their strength
and durability. ACSRs are designated by the circular mil (CM) diameter of the conductor, with the most
common diameters used by Reclamation including 397, 477, 795, and 1272 CM (a CM is a unit of area,
equal to the area of a circle with a diameter of one mil or one thousandth of an in). In comparison,
bundled cables are the least common conductor type used for Reclamation-built transmission lines.
These conductors are defined as having two or more conductors attached to each other and usually to
one or more steel reinforcing cables.

Insulators

More than 600 makes and models of insulators were used in the U.S. since the first patent for an
insulator was issued for use with telegraph lines in 1844. The first insulators consisted of glass bobbins
set on wooden or metal pegs; however, these early models were often unreliable as the insulator would
commonly separate from the peg, causing both the insulator and the lines to fail. By the 1860s, glass
bobbin insulators were supplanted by a more dependable model comprised of a threaded body with
accompanying wooden pins.

Glass was an acceptable material for telegraph, telephone, and electric transmission and distribution
lines with relatively low voltage, but high-voltage transmission required heavier lines and greater insula-
tion than could be supported by glass. William Cermak, a potter and acquaintance of Thomas Edison,
developed a glazed ceramic pin-type insulator that, in many variations and sizes, became a standard
component of high-voltage transmission lines in the 1890s (Hammond 1941:233; Swanson 1992:81).

Because of their design, Cermak type insulators could not provide dependable insulation for
transmission lines carrying more than 10,000 volts. To rectify this, Cermak and General Electric (GE)
engineers designed a “petticoated” insulator that had a series of flaring ceramic ridges mounted on a
rod or pin, and by 1897, several variations of this basic model were marketed commercially. In 1907, an
important variation was introduced that used cable-linked ceramic disks, which allowed flexibility for
line movement, easy addition of disks for higher voltage, and security in case one or more disks broke.
This variation, which differed from the later rigid pin or post type insulators described below, was
developed specifically to allow conductors to be hung from crossarms rather than mounted above them.
Although both types of insulators have been continually modified and improved since their original design,
the petticoated post and suspension types remain standard components of most high-voltage
transmission lines in the U.S. (Buck 1908; Hewlett 1908; Swanson 1992:81-84).

Since 1906, seven principal classes of insulators have been used by Reclamation and Western for
overhead transmission and distribution. These include: pin, post, suspension, shackle and bobbin, long-
rod, tension or strain, and guy insulators. Both pin and post type insulators have been used by
Reclamation and Western for transmission lines carrying up to 69 kV. Pin type insulators are adequate
for loads up to 33kW and consist of a glass or porcelain body in which a metal thimble is cemented. A
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pin is screwed into the thimble and attaches to the top of the crossarm. In simpler and older versions,
the interior of the insulator is threaded to receive a wooden pin or dowel, which is attached to the top
of a crossarm or inserted into a hole in a pole (Figure 4-8). Post type insulators are similar to pin types,
except that their connecting bolt is cemented to the bottom of the insulator rather than inserted within
it. Post type insulators can either be solid or hollow and they typically have multiple petticoats (Figure 4-

9).

Reclamation and Western have typically employed suspension type insulators for their 69 kV and higher
transmission lines, as these types can carry heavier conductors. These insulators are comprised of a flex-
ible chain of porcelain caps or disks connected by either a ball-and-socket or pin-and-clevis joint. Disk
diameters between 10 and 14 inches are common, and the voltage of the line and the particular envi-
ronmental conditions in which the line operates dictates the number of disks required (Figure 4-10).
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Figure 4-8. Pin Insulators Figure 4-9. Post Insulators
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Figure 4-10. Suspension Insulators

Shackle and bobbin insulators are used for low to medium voltage power distribution (Figure 4-11).
These insulators are made of either glass or porcelain, with a central bolt passing entirely through the
insulator to allow attachment to a pole by means of a metal bracket. Long-rod insulators, consisting of a
long porcelain rod with multiple petticoats and cemented porcelain ends, are commonly used in
situations where high-voltage lines do not move appreciably. They are also used for transmission lines
where constant separation distance is required, such those located within substations or switchyards
(Figure 4-12). Tension or strain type insulators for high-voltage lines are used for high-tension
conditions, where spans form angles or dead ends (Figure 4-13). They are usually suspension type
insulators and are arranged in strings or pairs. Guy insulators are used to insulate the guy wires at either
the pole connection or at a point on the guy 10 ft or farther from the ground. Most guy insulators were
strain type, similar to those described above.
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Figure 4-13. Tension Insulator

Of all the components of an electrical power distribution system, insulators require the most frequent
replacement due to wear or damage from natural forces, such as wind. Insulators are also frequently
destroyed by people targeting insulators with rocks and gunfire. At one time, the destruction of glass and
porcelain insulators was so pervasive that the Federal Bureau of Investigation was called in to probe the
issue, which caused a drop in the activity for a short time. Additionally, as only a few transmission lines
using glass insulators are still in service in the U.S., vintage glass insulators became viewed as a valued
commodity by collectors. Numerous websites are available that provide information on insulator
manufacturers, marks and dates.
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The Distribution System: Substations

Substations are high-voltage facilities that contain all the equipment and devices necessary to transform
alternating current (ac) and direct current (dc) voltage levels (Beaty 1998:37; United States Department
of Labor n.d.). Substations also house systems to “monitor the status and operation of the equipment
and circuits,” and “house protective systems such [as] relays, circuit breakers, switches, etc. of an
electrical power distribution system” (Beaty 1998:37).

The United States Department of Labor (n.d.) and Shoemaker and Mack’s Cableman’s Handbook (2002)
currently recognize four types of substations — step-up transmission substations, step-down
transmission substations, distribution substations, and underground distribution substations. The most
common of these are step-up and step-down transmission substations, named after the types of
transformers used to raise and lower the voltage, respectively. Whereas step-up transmission
substations use a large power transformer to increase voltage for transmission to regional grids in
distant locations, step-down transmission substations are located at points within an electric grid to
lower the transmission voltage to sub-transmission voltages below 69 kV (Beaty 1998:5; Shoemaker and
Mack 2002; United States Department of Labor n.d.). In some cases, the sub-transmission lines
originating at the substation are used to provide power to distribution substations, which are defined by
the United States Department of Labor (n.d.) as facilities that convert transmission or sub-transmission
voltages to lower levels to be used by industrial, commercial, and residential “end-users.” Aspen
assumes that Reclamation and Western built and used all three of these types of substations throughout
the 20th century. However, neither agency used this typology when referencing their facilities; thus,
identification of precise substation types is difficult to ascertain.

As its name implies, the fourth type of substation — the underground distribution substation — func-
tions in the same manner as a distribution substation, except that it is built and operated almost entirely
below ground. None of the substations currently owned and operated by Western are representative of
this type.

Substations may be located at any point in a transmission or distribution system where interconnection
and voltage alteration are needed. At typical substations, “step-down” transformers accept high-voltage
current from transmission lines and produce lower-voltage current for distribution to users. The
distinction between switchyard and substation is sometimes blurred at locations remote from power
plants, where electrical current from one or more transmission lines is boosted to higher voltage for
transmission on a larger line, lowered for local distribution, and switched for interconnection to other
transmission lines and systems (Beadle et al. 2007).

Westinghouse, Allis Chalmers and other manufacturers offered complete substations, and many of these
were purchased as a unit. The manufacturer, force account employees, a third-party contractor, or a
combination of parties accomplished construction of substations. Prefabricated service buildings and
standard type warehouses were also constructed at substations. The basic substation layout consisted
of a center takeoff structure with the main and transfer busses on the exterior, all of which were lattice
steel structures (Beadle et al. 2007).

Substations vary in size and layout. They typically consist of a yard enclosed by a chain-link fence or a
concrete wall. At larger substations several types of structures may be present. These include control
houses (Figure 4-14) where offices, metering equipment and computers are located. Other structures
may include maintenance, service, and storage buildings. Substations generally contain three functional
classes of equipment. These include voltage modification devices (e.g., transformers, capacitor and
reactor banks, phase shifters, synchronous condensers, and static Volt-ampere Reactive (VAR)
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compensators); circuit protection and control devices (e.g., switches, relays, power circuit breakers, and
surge arrestors); and busses. Some of the common equipment in DSW Region’s systems is described
below. The definitions of other major substation components are included in Appendix A.

Figure 4-14. Hoover Dam, Los Angeles Relay Control Building (Dobson-Brown 2002)

Transformers are used to raise and lower voltage. In a substation, a transformer bank may consist of
three single-phase transformers (one for each line and phase of a transmission system) or a single three-
phase transformer (Figure 4-15). The capacity of a transformer is rated in kilovolt-amperes (kVA) or
megavolt-amperes (MVA). Reclamation and Western typically established specifications for transformers
for a particular switchyard or substation, and the transformers were built by Westinghouse or other
manufacturers as variations of standard models. Switches are used to open or close circuits, often to
allow separation of a transmission system to allow maintenance or replacement of damaged equipment.
Switchyards and substations commonly include grounding switches and disconnect switches. Electrical
busses distribute current to switches, circuit breakers, and transformers within a switchyard or
substation. Busses are typically heavy tubes or bars of copper alloy or aluminum supported by long-rod
insulators. Busses are usually not insulated and are therefore located in overhead positions within
switchyards and substations (Figure 4-16).
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Design Standards

There are three main trends in DSW Region’s design standards over time: early efforts beginning in the
1940s, Reclamation’s beautification efforts in the 1960s, and design changes post transfer of facility
management from Reclamation to Western in 1977. Although information pertaining to the
development of standards by Reclamation for the construction of substations and switchyards was not
found during archival research, it is presumed that such standards were in place as early as 1941. Beedle
et al. (2007) cites a source entitled USBR Specifications, Design Data and Designer’s Operating Criteria,
1941-1976 as on file at Western’s DSW Regional office in Phoenix; however, the document has not been
found. Other evidence for the development of Reclamation guidelines for substations and switchyards
appears in the technical record of design and construction for the Davis Dam and Power plant (Bureau of
Reclamation 1955). The technical record indicates that at least one of the two switchyards built as part
of the project was constructed “in accordance with Bureau standards” (Bureau of Reclamation
1955:169). This facility, which originally consisted of a 230 flattop, strain-bus, with double-bus switching
arrangement, was designed by Reclamation in 1946 (Bureau of Reclamation 1955:169).

Prior to the 1960s, aesthetics was not a concern and there were no regulations regarding the location of
transmission lines. “In those days the Bureau of Reclamation simply said point to point, they drew a line
and that’s where they built a line” (Western Area Power Administration 2002a:30). This changed when,
in his message to Congress in February 1965, President Lyndon B. Johnson discussed the need for beauty
in American life: “beauty can enlarge a man’s imagination and revive his spirit,” while “ugliness can
demean the people who live among it.” In keeping with this attitude, he stated, “it would be a neglectful
generation indeed, indifferent alike to the judgment of history and the command of principle, which
failed to preserve and extend” the heritage of a beautiful America. Therefore, “we can introduce, into all
our planning, our programs, our buildings, and our growth, a conscious and active concern for the value
of beauty” (Rose and Covington 1968:1-2).

In 1965, Reclamation staff from the Structural and Architectural Branch and Office of the Chief Engineer
in Denver, developed new guidelines for switchyard and substation design to render them less intrusive
upon the landscape (Rose and Covington 1968:2—4). In regards to switchyards, the guidelines called for
the use of “continuous rigid frame supporting structures” rather than the traditional six-column steel
lattice structures. To create “more pleasing and functional” facilities, the rigid frame structures were to
be painted an appropriate color (presumably camouflaged) and fenced and landscaped (Rose and
Covington 1968:5). Similarly, substations were to be designed with a simplified layout and “low
silhouette” (Covington 1966:60). Additionally, the traditional layout of the substation was modified so
the main and transfer busses were located in the center of facility so that conductor take-off heights
could be reduced (Covington 1966:60). This simple change in the layout of Reclamation-built substations
resulted in lowering the height of incoming and outgoing 230 kV and 345 kV lines 20 and 28 ft,
respectively. It also allowed for the enlargement of the yard and additional modifications without
interference to the existing infrastructure (Rose and Covington 1968:13, 23). Between 1965 and 1968, 12
new substations and switchyards in eight states were designed by Reclamation following these new
criteria (Covington 1966:37).

Reclamation, through Edwin Rose, the Chief of the Structural and Architectural Branch, and Dwight A.
Covington, Supervisor of Switchyards and Substations in the Denver office of the Chief Engineer, followed
through on this idea by producing guidelines for the location of transmission lines through scenic areas,
and more importantly, developed new designs of transmission towers, switchyards, and substations that
would be less intrusive on the landscape. In August 1965, Reclamation devised the following guidelines
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for transmission line location based on the idea of integration and concealment (Rose and Covington
1968:2-4):

1. Transmission lines through forested areas will take advantage of the natural
topography in shielding the towers. Cleared rights-of-way will cross ridges obliquely,
rather than straight up the side or over the top within view from major highways or
recreation locations. Consideration will also be given to the relative advantages or
disadvantages, from an appearance standpoint, of locating new lines parallel to or
rather widely separated from existing transmission lines. It is normally preferable to
parallel existing lines and to use common designated corridors.

2. Contractors will be informed of the access roads needed for operation and
maintenance and required to use only those roads, thereby eliminating unsightly
temporary roads.

3. Where it is impossible to avoid public view in forested areas, right-of-way will be cleared
with curved boundaries, and trimmed to blend with the original topography, thus
avoiding the straight swath appearance.

4. Right-of-way scars or access road cuts and fills will be reseeded as soon as possible to
reduce erosion and provide a more pleasing appearance.

5. Evergreens or other shrubs should be used for screening along rights-of-way
boundaries adjacent to highway crossing or recreation areas.

6. Selective herbicides will be used to control growth of trees and encourage the growth
of grass on rights-of-way.

7. Avoid altogether, if possible, the major areas of highest amenity value by so planning
the general route of the line in the first place, even if the total mileage is somewhat
increased in consequence.

8. Other things being equal, choose the most direct line with no sharp changes or
direction and thus with fewer angle towers.

9. Choose tree and hill backgrounds in preference to sky backgrounds wherever possible;
and when the line has to cross a ridge, secure this opaque background as long as
possible and cross obliquely when a dip in the ridge provides an opportunity.

10. Prefer moderately open valleys with woods, where the apparent height of towers will
be reduced and views of the line will be broken by trees.

For switchyards “continuous rigid frame supporting structures” supplanted the traditional six column
lattice steel structures. The structures were painted appropriate colors, and fenced and landscaped to
“render these facilities pleasing and functional, not to conceal them” (Rose and Covington 1968:5).
Substations were designed with a “low silhouette” and a simplified layout. There were two main
differences: the “principal design innovation is based on the use of rigid A-frame structural members,”
which replaced the traditional lattice steel structure, and were significantly lower in height. The change
in arrangement of the substation moved the main and transfer busses to the interior, resulting in the
reduction of conductor take off heights (Covington 1966:60).

Because of the interior location of the main and transfer busses, clearance by the incoming and
outgoing transmission lines was not necessary. At 230 kV these lines were lowered from 71 ft and 55 ft
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to 51 ft and 35 ft; at 345 kV the change was from 86 ft and 70 ft to 58 ft and 42 ft. This was considered
the most important development. In addition, future enlargements of the yard could be added “without
interference to the existing electrical installations with only minimal outages required for bus connec-
tions” (Rose and Covington 1968:13, 23). The new A-frame structures were designed with “atmospheric
corrosion-resistant steels” which had higher strength capabilities than the lattice steel. Also, because
these towers could be erected quickly, labor costs were low; therefore, the new structures were
competitive in price with the older latticed designs with “the added benefit of a much cleaner looking
yard” (Rose and Covington 1968:15).

Liberty Substation in Arizona was the first designed and constructed under the new guidelines. The A-
frame structures and insulators were painted a desert brown, with the electrical and support equipment
a contrasting color (Covington 1966:61). The substation structure service building was constructed of
concrete block with a flat roof, with the entry painted white with red accent blocks in a geometric
pattern. The entrances to the substation had a similar pattern.

Twelve substations and switchyards in eight states were designed under the new criteria between 1965
and 1967 (Covington 1966:37). For existing structures, it was directed that the wood-pole structures be
replaced with steel structures as necessary, and that guyed wood-pole structures be replaced with self-
supporting steel towers. This new design based on aesthetics was publicized in the journal Electric Light
and Power and at an Environmental Engineering Conference in 1968 in the Session “Aesthetics in Power
Projects.” This was part of a general trend at that time, as the natural landscape was recognized as more
important to Americans.

Following the creation of Western by the Department of Energy in 1977, the administrative control of
211 Reclamation-built substations located in the central and western U.S. was transferred from
Reclamation to the new agency; by 2001, the number of substations managed by Western had grown to
260 (Western Area Power Administration n.d.). Today, the management of 96 of these substations is
overseen by the DSW Region. This includes the Kingman Switchyard in Arizona, which was built entirely
by a private utility, the Citizen’s Utility Company of Kingman, Arizona in 1938 as part of the Boulder
Canyon—Hoover Dam Project. The substation initially provided switching service for a 69 kV transmission
line that originated on site and continued to Kingman and other Arizona communities. It was eventually
acquired by Reclamation, who later installed government-owned metering and relaying equipment.

Reclamation and Western typically established specifications for transformers for a particular
switchyard or substation, and the transformers were built by Westinghouse or other manufacturers as
variations of standard models. Many transformers installed before 1977 included polychlorinated
biphenyls (PCBs) in cooling oil, and Western addressed the environmental threat of the carcinogenic
PCBs by either replacing contaminated transformers or the cooling oil used in the transformers.

In July 2009, Western created new design and construction standards for proposed substations. These
standards, which were updated in July 2013, include 49 construction drawings for planned substations.
The majority of the drawings pertain to the power generating equipment and switching and grounding
elements of the substation, although designs for signage, chain link fencing and gates, and lighting
fixtures are also included. The standards also include drawings for other power system components,
including transmission lines and support structures and communication buildings and equipment, as
well as general requirements for access roads.
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Chapter 5

Statement of Context Part 4: Associated Property Types
and Character Defining Features

This chapter discusses property types associated with the DSW Region’s transmission Power systems.

Transmission Power Systems and Associated Property Types

As properties which possess “a significant concentration, linkage, or continuity of sites, buildings,
structures, or objects united by past events or aesthetically by plan or physical development,” the seven
transmission systems managed by the DSW Region should most appropriately be evaluated as National
Register districts (National Park Service 1997:5). Sites within the districts include transmission line
segments, the named or designated sections which possess specific feature identification numbers
(FIDs) and typically span substations.

Transmission line segments and substation sites can be further articulated into their component parts;
transmission line segments are comprised of structures and objects, such as poles, line cables,
insulators, and other hardware, and substations include ancillary buildings, such as control houses, oil
houses, communications buildings, and storage rooms and workshops, and structures including
switchyards, transformers, and line cables. Components of transmission line segments and substation
sites are evaluated as character defining features and evaluations of their age and integrity conducted to
establish whether or not the site contributes to the broader transmission system district.

Transportation infrastructure, such as access roads and associated gates that connect major public roads
and transmission infrastructure, are not considered part of the transmission power system, and are
excluded from the boundaries of historic districts.

The transmission system segments managed or maintained by DSW are best classified as districts,
comprised of buildings and structures, including named transmission line segments and substations.
However, each line segment and substation site contains multiple features which should be adequately
documented and evaluated for their contributing/non-contributing status. This section describes the
character-defining features of transmission line segments and substations and outlines those aspects of
integrity which must be retained for it to contribute to the NRHP-eligibility of DSW Region’s transmission
system.

Transmission Line Segments

Transmission lines constitute the primary elements of the DSW Region’s systems. These lines, which
extend tens or hundreds of miles in length and carry electrical power from the transformer circuits of
power generating stations to distribution substations — or in the case of water conveyance networks,
water pumping plants — are generally located within wide corridors comprised of multiple parallel line
segments. Due to the expansive nature of these corridors, which are often several miles in width, DSW
Region maintains ROW easements that cross multiple parcels of land including state, private and public
lands.

Each of the seven systems of the DSW Region is comprised of multiple transmission line segments that
follow a standard naming convention. The name of the line segments is typically assigned by its starting
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and ending points, which stretch between substations, or generating stations and substations. A
shorthand name, or acronym, is assigned for the segments which are referred to as a Facility
Identification, or FID. In cases where two lines run parallel to one another between the same starting
and ending points, the parallel sections can be assigned a different number (i.e., Liberty [LIB] to Parker
Davis [PAD] 1 and 2). An exception to this naming convention, however, is the Flagstaff (FLG) to Pinnacle
Peak (PPK) transmission line of the Colorado River Storage System; this line, which consists of a double
transmission line extending from Flagstaff to Pinnacle Peak in Arizona is referred to by two names —
FLG-PPK 1 and 2 — despite its consecutive rather than parallel nature. Many of the named segments are
further parsed out into sub-segments which can be either named or unnamed. For example, the
transmission line segment designated as LIB-PAD 2 includes the Liberty to Hassayampa Tap, as well as
the Hassayampa Tap to Harcuvar, Harcuvar to Parker, Liberty to Buckeye, Buckeye to Eagle Eye, and
Eagle Eye to Parker segments, all of which were constructed in 1985 (see Table 5-21) (Beedle et al. 2007
Western 1995). Additionally, the Liberty to Coolidge (LIB-COL) transmission line is comprised of multiple
unnamed segments identified only as LIB-COL Sections 1, 2, and 3. All of these segments were built by
Western in 1987 (see Table 5-21) (Beedle et al. 2007; Western 1995).

The development period for transmission lines within the DSW system spans a period of nearly 80
decades with the earliest transmission lines found within the Boulder Canyon System, dating to 1935,
and the most recent documented line constructed as part of the Parker-Davis System in 2012.
Documentation varies regarding the total number of transmission lines within the DSW system with
evidence supporting a range of between 71 to 140 lines (Western DSW GIS 2013). The transmission line
segment lengths average less than 15 miles in length, with the shortest segments spanning less than one
mile and the longest segments stretching more than 200 miles across multiple states. Nearly all of the
200 plus-mile-long transmission line segments are found within the Intertie Power System.

The transmission line segments within the DSW Region are further defined by the voltage of electricity
transferred across their cables, which varies from 34.5-kV, 69-kV, 115-kV, 138-kV, 161-kV, 230-kV,
345-kV, and 500-kV. The majority of the lines comprising the DSW Region are either 115-kV or 230-kV,
with 500-kV lines as the least most common type of line represented. All of the 500-kV transmission line
segments were constructed as part of the Intertie Power System, a phenomenon which is largely
attributed to the long length of the line segments whose greater distance spans require larger amounts
of energy to offset losses during transmission.

The supports for the transmission lines in the DSW system correlated to the voltage carried with those
lines and include single wood poles, H-structure wood poles, steel, and lattice steel poles. For example,
lines with a voltage of 230-kV or higher are supported with poles and lattice structures constructed of
steel, whereas single and H-frame wood poles are used for 34.5-kV segments. Additionally, the supports
for lines carrying between 69-kV and 161-kV include wood poles, steel poles, or a combination of both
types. As early as 1938, Reclamation prepared standard design drawings and specifications for wood-
pole structures, hardware, and methods of installation, and by 1997, Reclamation and Western had
designed 121 types of wood-pole structures, including 61 single wooden poles, 28 two-pole structures,
29 three-pole types, and 3 four-pole types (see Figures 5-6 to 5-27). Evidence of design standards for
steel pole structures was not found in the period before 1965 when the Structural and Architectural
Branch of Reclamation developed beautification standards for transmission systems which called for the
replacement of traditional six-column steel lattice structures with continuous rigid frame support
structures.

In addition to the support structures, the transmission line segments of the DSW Region are also
comprised of conductors and insulators, which work in tandem to carry and shield current across the
individual transmission lines of the DSW network. Throughout the 20" century, Reclamation used
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conductors comprised of solid or hollow core copper and steel wires, bundled cables, or aluminum-
wrapped steel cables (also known as ACSR cables) in the construction of their transmission lines.
Beginning in 1945, however, ACSR cables became the predominant type of conductor used by
Reclamation due to their strength and durability, and today, the majority of the individual transmission
line segments comprising the DSW Region use ACSR cables to transfer electricity.

With the exception of the Boulder Canyon System, which employed 10-inch porcelain insulators along
many of its transmission lines, information pertaining to the types of insulators used for lines segments
within the DSW Region was not identified as part of this project. This is not surprising, however, given
that more than 600 makes and models of glass and porcelain insulators have been manufactured in the
U.S. since the first patent for the component was issued in 1844 for use in telegraph lines. Research
does suggest that in the past, Reclamation and Western most commonly used suspension type
insulators comprised of a flexible chain of porcelain caps or disks for transmission line segments greater
than 69 kV, in part because these lines carried heavier conductors.

Documentation of any individual transmission line segment as a site within a system (historic district)
will necessarily require recognition that the site (line segment) is comprised of multiple components.
The components, which are also considered character-defining, generally include: towers and poles,
transmission line cables, conductors, insulators, and mounting equipment that connects the conductor
to the tower that carries it. Additionally, each circuit within the line has multiple cables or conductors,
each with its own insulators and related mounting hardware.

Character-defining Features of Transmission Lines

Named lines comprising the seven systems of the DSW Region contain the following character-defining
features:

m Single and multiple wood and steel poles and lattice towers. Steel poles and towers are generally
comprised of galvanized metal anchored by plate, grillage, or rock footings, occasionally rising from
poured concrete footings with bolted legs. The majority of the lines consist of tangent suspension
structures and dead ends are used at angle points, long crossings, terminal spans (or the last span
into a substation), etc. Towers are additionally configured as horizontal delta, vertical with single
and double circuit designs, and lattice pole, with varied conductor supports, depending upon
voltage and use

®m Conductors (see Chapter 4 for details)

m Insulators (see Chapter 4 for details)

Substations

Substations, as a collective term, are high-voltage facilities of the DSW transmission power systems that
contain all of the necessary equipment and components to modulate voltage. In addition to serving as
the beginning and end-point for each of the system’s transmission lines, they also monitor the status
and operation of the system’s equipment and circuits and house protective systems which allow
segments of the transmission lines to be disconnected or energized for safety or maintenance purposes.

To assist with this function, the substations typically contain a number of ancillary buildings and
structures, including switchyards, control houses, communication buildings, oil houses, and generic
facilities such as storage rooms and workshops. Additionally, at least one of the substations of the
Boulder Canyon Power System — the Basic Tap/Boulder City Tap substation (BTP) — constructed in
1942 and substantially rebuilt by Western in 1994, has a wide railroad track that was once used to move
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transformers to their respective locations within the bus structure (Schweigert 2005:2). These buildings
and structures are unlikely individually eligible for listing in the NRHP, but are treated as features of the
larger substation site.

The 112 or 125 substations currently part the DSW transmission power system (Western 1995; Western
DSW GIS 2013) are all graded, fenced lots containing one or more ancillary buildings or structures. The
majority of the substations are rectangular, although the size and configuration of a considerable
number of the lots could not be determined based on existing documentation. The rectangular
substations average 1.8 acres, with the smallest of the documented substations — the Empire Flat
(EME) substation — measuring 60 feet long by 50 feet wide (0.07 acre) and the largest — the Phoenix
substation (PHX) — measuring 669 feet long by 417 feet wide, or 6.4 acres. Both of these substations
are part of the Parker-Davis System. The Empire Flat substation was constructed by Reclamation in
1972, and the Phoenix substation was built by Reclamation and Western over a span of nearly 50 years
between 1941 and 1990 (see Table 5-23). The substations range in age from 1937 to 1999, with the
earliest facilities constructed by Reclamation in association with the Boulder Canyon System.

Although historic documentation suggests that design standards for substations were developed and
used by Reclamation as early as 1941, specific information pertaining to these guidelines was not dis-
covered during archival research efforts for this project. After 1965, however, Reclamation-built sub-
stations following standards enacted by the Structural and Architectural Branch and Office of the Chief
of Engineer in Denver, which utilized design principles that rendered the facilities less intrusive upon the
landscape (Rose and Covington 1968:2—4). Among the changes in design occurring at this time were
replacement of the traditional six-column steel lattice structures with continuous rigid frame supporting
structures; camouflaged painting schemes; and fence installation and landscaping. The standards called
for modifications in the typical layout so that equipment heights within the substation, as well as all
incoming and outgoing transmission lines, could be lowered to reduce their visual impacts to the
surrounding landscape. Twelve new substations in eight states were designed by Reclamation in the
three years following the creation of the guidelines. The first of these, the Intertie Power System’s
Liberty substation in Arizona (LIB), included “rigid A-frame” structures and insulators painted a desert
brown, with the electrical and support equipment painted a contracting color (Covington 1966:37).
Additionally, an ancillary service building was constructed of concrete block with a flat-roof and white
entryway flanked by red accent blocks arranged in a geometric pattern. Entrances to the substation also
had a similar pattern (Covington 1966:61).

Since 1977, many of these facilities became larger nodes of operation, providing a variety of control and
support services beyond their primary transmission functions that enable management of DSW'’s
multistate power systems in an efficient manner. As a result, portions of some of the substations, the
majority of which were operating since their original construction, were modified, enlarged, altered, or
partially abandoned or demolished, during and after the period of significance. Additionally, one of the
DSW Region power systems — the Central Arizona Project — is comprised solely of substations built after
the period of significance between 1984 and 1992 (see Table 5-8).

Substations constructed today as part of the DSW Region power network follow design guidelines and
construction standards developed by Western in July 2009. These standards, which were updated in July
2013, include construction drawings for substation components, such as its power generating, switching,
and grounding equipment and ancillary buildings and structures, as well as standard designs and general
requirements for access roads, signage, fencing and gates, and lighting fixtures.
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Character-defining Features of Substations
Substations associated with the seven systems of the DSW Region contain the following character-
defining features:

m Size and layout — determined by the number of transmission lines that feed into and out of the
substation and kV involved

B Permanent, site-built frame and concrete block ancillary buildings, such as a control house,
communication building, oil house, untanking house, storage rooms and workshop

m Switchyard, typically a vertical steel latticework superstructure and represents the most dominant
visual element of the substation

m Control House — A substation control house contains switchboard panels, batteries, battery
chargers, supervisory control, power-line carrier, meters, and relays, and provides all weather
protection and security for the control equipment

®m Untanking House — The untanking house or tower drains, cleanses, and recirculates oil in the
switching yard oil circuit breaker transformers and other equipment. Qil passes from substation
equipment into oil storage tanks

m Storage buildings
m Storage yard
®m Administration Buildings (region/HQ)

Archaeological Sites

Archaeological property types associated with particular systems may exist in the form of surficial or
buried remains of temporary construction activities (e.g. work camps, construction staging areas) or
demolished substations.

The following may be present:
® Tent flats
m Substation foundations
B Trash dump features

® Supply depots — near transportation hub with supply yard. Discarded equipment cable pulls, etc.

Character-defining Features of Archaeological Sites

Archaeological sites associated with the seven systems of the DSW Region would contain the following
character-defining features:

®m Material remains dating to and associated with the system, construction of the system or laborers
constructing the system.
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Chapter 6

Guidance for Evaluating DSW Region’s Transmission
Power Systems for NRHP Listing

Previous chapters provided the historic context within which DSW region’s transmission power systems
may be evaluated for NRHP eligibility as historic districts or individually contributing or non-contributing
properties. This chapter provides guidance on how to evaluate these systems and individual properties
for NRHP listing. Whether assessing the eligibility of a system as a district or as individual contributing or
non-contributing properties the property(ies) must be able to convey significance with regard to
particular criteria established for NRHP listing. The evaluation process involves assessing the following
variables: age and criteria or significance, level of significance, and integrity.

EVALUATION VARIABLES
NRHP Property Types

Resources must meet one of the permitted property “types” for eligibility and National Register of
Historic Places listing. These property types are:

®m BUILDING: Individual buildings may be nominated as such.

m DISTRICT: Coherent “groups” or assemblages of related buildings, structures, sites or objects may be
eligible as a district, including “contributing” and “non-contributing” properties.

m S|TE: Individual resources (or sites within a district) may be nominated when significantly associated
with Reclamation or Western during one of the periods of significance. Such sites might include
construction camps.

® STRUCTURE: Individual structures (or structures within a district) may be eligible for listing.

® OBJECT: Although no objects, as such, have been identified related to Reclamation’s development
or Western’s ownership, where such are identified and otherwise meet the minimum eligibility
requirements of this Section, and demonstrate significant association with the development of DSW
region’s transmission power systems, such objects may qualify for listing. Such objects might
include early construction vehicles exhibiting significant modification related to transmission line
development or transportation systems modified by Reclamation or Western for its operation or
maintenance activities.

Resource types not addressed in this section, including roads, sidewalks, and other minor “built”
elements are, by definition, not eligible for individual listing.

Age and Criteria of Significance

The general criteria for listing properties in the NRHP are provided in National Register Bulletin 15, How
to Apply the National Register Criteria for Evaluation (NPS 1997). A property is eligible for listing in the
NRHP if it is at least 50 years of age or less than 50 years of age and is of exceptional importance
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(criteria consideration “g”). Regardless of age the property must retain integrity and its association with
at least one of the four criteria established for significance (36 CFR § 60.4):

(A) have made a significant contribution to the broad patterns of our history;
(B) that are associated with the lives of persons significant in our past;

(C) that embody the distinctive characteristics of a type, period, or method of construction, or that
represent the work of a master, or that possess high artistic values, or that represents a significant
and distinguishable entity whose components may lack individual distinction; or

(D) that have yielded, or may be likely to yield, information important in prehistory or history.

While determining the age for each of the seven DSW systems is important, defining the period of
significance is somewhat more complicated. Although, the historic context presented in this document
covers two important periods during which these power systems were constructed:

B The Federal Reclamation Program, the Rise of Public Electricity and Development Along the Colorado
River in the Arizona, California, and Nevada (1930-1945), and

m Postwar Reclamation Development Supporting the Growth of the Southwest (1946-1994)

The period of significance for each of the transmission power systems was determined based on the
critical years during which construction and initial service occurred. Four of the seven power systems —
including the Boulder Canyon Power System (which includes seven segments of line that are currently
listed in the NRHP as part of the Hoover Dam NHL), the Parker-Davis System, the Colorado River Storage
Power System, and the Colorado River Front Work and Levee Systems — were predominantly built-out
prior to Western’s management in 1977. The identification of historically referenced built-out date is
consistent with the guidelines for districts pertaining to criterion consideration “g” for properties less
than 50 years of age. According to National Register Bulletin 15 (page 2), “Properties that have achieved
significance within the past 50 years shall not be considered eligible for the National Register. However,
such properties will qualify if they are integral parts of districts that do meet the criteria” or if they fall
within criterion consideration “g” demonstrating “exceptional importance.”

Table 6-1. DSW Region’s Transmission Power Systems Periods of Significance

Power System Construction Date
Boulder Canyon 1930-1952
Parker-Davis 1934-1954
Colorado River Storage 1956-1967
Colorado River Front Work and Levee 1964-1965
Intertie 1964-1975
Central Arizona Project 1973-1994
Colorado River Basin Salinity Control Project 1978-1983
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The guidelines set forth in National Register Bulletin 15 state that properties do not need to meet the
specifications of criteria consideration “g” if they comprise “a resource whose construction began over
fifty years ago, but the completion overlaps the fifty year period by a few years or less...” or “...a historic
district in which a few properties are newer than fifty years old, but the majority of the properties and
the most important period of significance are greater than 50 years old” (NPS 1997:41). Five of the
seven DSW transmission power systems are 50 years old or older, and the NHRP evaluations of the
Boulder Canyon, Parker-Davis, CRSP, CRFWL, and Intertie do not require consideration under criterion

o“__n

consideration “g”.

Two of the systems within the DSW Region, the CAP and CRBSCP, are of more recent construction.
These transmission power systems (lines and substations) were constructed between the early 1970s
and the early 1990s. Given the relatively recent construction of these systems, evaluations for NRHP

listing must apply criterion consideration “g” requiring documentation of the property as “exceptionally
important” under at least one of the four NRHP criteria.

According to National Register Bulletin: Guidelines for Evaluating and Nominating Properties that Have
Achieved Significance within the Past Fifty Years (Sherfy and Luce 1998), certain resources “may acquire
historical qualities before the passage of 50 years because they either were not built to last that long, or
by their nature are subject to circumstances that destroy their integrity before 50 years have elapsed.”
As functional facilities that are highly subject to repair and upgrade, transmission systems may indeed,
fall into this category.

In order to justify the eligibility of the Intertie, CAP and CRBSCP transmission power systems, explicit
justification of “exceptional importance” is necessary, which will undoubtedly require additional context
development. For example, in order to qualify for exceptional importance under Criterion C, additional
context will need to articulate how the engineering and technological advances demonstrated by the
systems compare with other extant systems from the time period. An argument for exceptional
importance under Criterion A may focus on the extremely critical role a system, such as CAP, played
within the overall context of Reclamation efforts in the Western United States.

Level of Significance

Identification of the level of significance is critical to any NRHP listing. Development of federal electrical
transmission in the Arizona, California, New Mexico and Nevada occurred within larger regional and
national contexts of settlement, water resource development, and technological advancement and
involved legislation, policy and management on both the federal and state levels.

The level of significance of NRHP-eligible properties is established through identification of the
appropriate historic themes, or contexts, within which the property derives its significance (see Chapters
2-5). Establishing a level of significance as either state, local, or national requires an evaluation of
developmental history of the property in terms of how such development has affected its surroundings,
which can include impacts to the community (local), state, or national levels (NPS 1997a).

DSW Region’s seven transmission power systems are regional systems. With the exception of the CAP,
which derives its power from the coal-fired Navajo Generating Station, the remaining transmission
power systems are all powered by hydroelectric facilities located on the Colorado River. Because the
footprints of the transmissions systems closely align with the states that border the Colorado River, and
these are managed portions of broader regional systems focused on state level delivery, the majority of
the DSW transmission systems are best evaluated for state level significance. According to National
Register Bulletin 15, “a property that overlaps several State boundaries can possibly be significant to the

6-3



DSW Region’s Facilities Historic Context Statement
CHAPTER 6. GUIDANCE FOR EVALUATING DSW REGION’S TRANSMISSION POWER SYSTEMS FOR NATIONAL REGISTER OF HISTORIC PLACES LISTING

state or local history of each of the states. Such a property is not necessarily of national significance, nor
is it necessarily significant to all of the states in which it is located” (NPS 1997:9).

The Boulder Canyon Project was the first large-scale multi-component Reclamation project on the
Colorado River and represents an exception to the general state level of significance of the DSW Region
transmission power systems. Because of its uniqueness and groundbreaking status within the history of
Reclamation efforts, the dam itself — along with, its power generating and transmission facilities — are
listed in the NRHP at the national level of significance as the Hoover Dam Historic District and National
Historical Landmark (NHL). Portions of the original transmission elements of the Boulder Canyon Project,
including several segments of lines and the Kingman Substation (see Chapter 3), are listed in the NRHP
as contributing elements to the Hoover Dam Historic District and NHL. However, the transmission power
system itself warrants separate evaluation as an individually eligible historic district, and possible
consideration at both the state and national levels of significance.

Integrity

In addition to the criteria listed above, a property must retain some or all of the NRHP’s seven
recognized aspects: location, design, setting, materials, workmanship, feeling, and association in terms
of the particular features that define its character, and correspondingly convey its significance.
According to National Register Bulletin 15, How to Apply the National Register Criteria for Evaluation, in
order for a district to retain integrity as a whole, “the majority of the components that make up the
district’s historic character must possess integrity, even if they are individually undistinguished.”
Furthermore, the district itself — through the relationships of its components — “must be substantially
unchanged since the period of significance” (National Park Service 1997:46).

® LOCATION is the place where the historic property was constructed or the place where the historic
event occurred.

m DESIGN is the combination of elements that create the form, plan, space, structure, and style of a
property.

B SETTING is the physical environment of a historic property.

® MATERIALS are the physical elements that were combined or deposited during a particular period
of time and in a particular pattern or configuration to form a historic property.

® WORKMANSHIP is the physical evidence of the crafts of a particular culture or people during any
given period in history or prehistory.

®m FEELING is a property's expression of the aesthetic or historic sense of a particular period of time.

m ASSOCIATION is the direct link between an important historic event or person and a historic
property.

Integrity assessment is a complex area of concern in cultural resources management and historic
preservation, and can be subjective. While a property does not need to retain all seven aspects, it must
possess integrity of those elements that most strongly relate to the criterion or criteria under which it
derives its significance. Additionally, the integrity requirements for buildings, structures, sites, or objects
when considered individually eligible for listing in the NRHP are more stringent than the integrity
requirements for a property considered a contributor to a historic district, as the significance of the
district is derived from the unity of resources within its boundaries, and not from any one particular
resource itself. As the discussion of “contributing” status in National Register Bulletin 15 indicates that,
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for a district to retain integrity as a whole, the majority of the components that make up
the district’s historic character must possess integrity even if they are individually
undistinguished... A district is not eligible if it contains so many alterations or new
intrusions that it no longer conveys the sense of a historic environment (NPS 1997:46).

In terms of assessing the eligibility of a district, National Register Bulletin 16A, How to Complete the
National Register Registration Form states that the majority of the resources of the historic district must
retain integrity, despite being “individually undistinguished” (NPS 1997a:48). The district conveys its
cohesiveness through the overall integrity of design, setting, materials, workmanship, and association
(NPS 1997a). That said, Western considers segments of its transmission power systems that were moved
from their original locations after the period of significance as not eligible for NRHP listing under any
criteria (especially criterion A) and therefore, not contributing to the systems potential district status, as
the relocation at the very least compromises integrity of setting.

EVALUATING DSW REGION’S TRANSMISSION POWER SYSTEM AS
INDIVIDUAL HISTORIC DISTRICTS

Based on the historic context presented, Western recommends that its transmission power systems be
evaluated as districts. Districts are formally defined as “a significant concentration, linkage, or continuity
of sites, buildings, structures, or objects united historically or aesthetically by plan or physical
development,” and differ from the other NRHP property types in their complexity, with documentation
efforts focusing not only on the district as a whole, but also on the identification and assessment of its
contributing elements (NPS 1997:4-5).

The segments of the seven transmission power systems that constitute the Western DSW Region are
located predominantly in Arizona, Nevada, and California, with 182 miles of line and five substations
extending into New Mexico (Colorado River Storage System) (Western DSW GIS 2013). The systems
function to efficiently transmit energy from the point of generation to point of use either in support of
the interconnected utility network of energy for consumptive use, or to support water conveyance
features associated with the Colorado River. The portions of the DSW transmission power systems
managed by Western do not include generating components.

The DSW'’s transmission systems span over 3322 miles and are comprised of a multitude of individual
components, including the pole structures, cables, insulators, conductors that transmit the power, and
the substations, switchyards, and other support buildings and structures that distribute electrical power.
Transportation infrastructure, such as access roads and associated gates that connect major public roads
and transmission infrastructure, are not considered part of the transmission power system, and are
excluded from the boundaries of historic districts.

While the components themselves often lack individual distinction, when examined as a whole, these
facilities represent distinguishable entities of considerable technological and historical significance. This
is particularly true of the seven transmission power projects — Boulder Canyon, Parker-Davis, Colorado
River Storage, Colorado River Front Work and Levee, Intertie, Central Arizona, and Colorado River Basin
Salinity Control — all of which are large-scale in nature and currently span portions of Arizona, California,
New Mexico, and Nevada. Additionally, each of these transmission power systems has a unique
developmental history, which lends them to evaluation as individually eligible historic districts, rather
than as collections of individually eligible sites, buildings, structures, or objects. A district possesses a
significant concentration, linkage, or continuity of sites, buildings, structures, or objects united
historically or aesthetically by plan or physical development (NPS 1997a:5).
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As properties that possess “a significant concentration, linkage, or continuity of sites, buildings,
structures, or objects united by past events or aesthetically by plan or physical development,” the seven
transmission systems managed by the DSW Region should most appropriately be evaluated as National
Register districts (NPS 1997:5). Transmission line segments, the named or designated sections which
possess specific FIDs and typically span substations, are viewed as contributing or noncontributing
properties within the districts. Transmission line segments and substations can be further articulated
into their component parts; transmission line segments are comprised of structures and objects, such as
poles, line cables, insulators, and other hardware, and substations include ancillary buildings, such as
control houses, oil houses, communications buildings, and storage rooms and workshops, and structures
including switchyards, transformers, and line cables. Components of transmission line segments and
substations are evaluated as character defining features and evaluations of their age and integrity
conducted to establish whether or not the site contributes to the broader transmission system district.

With regard to integrity, in general, the DSW region attempts to restore, rehabilitate, maintain,
stabilize, and remediated its facilities in-kind whenever possible; regardless of the historical significance
of the these facilities. That said, it is not always possible or prudent for maintenance crews to do so;
therefore, it is important to recognize that materials can change, and over time cumulative effects may
occur rendering properties ineligible. For a transmission system to convey its significance as a district,
line segments and substations must be evaluated as contributing to the system (district) as a whole. In
order to make such an assessment, one would need to examine DSW maintenance records and make
empirical observations. As “contributing” a given site must possess character-defining features that
were constructed during the district’s stated period of significance and the majority of these features
must remain visibly unchanged from original construction, to the extent that the principal features
of the facilities are discernible and not visibly overwhelmed by later alterations or intrusions. In this
manner, contributing sites within the district would present a cohesive historic entity.

Historic District Criteria Considerations

Criterion A: The transmission systems comprising the DSW Region’s network, may represent historic
districts eligible under Criterion A, as background research demonstrates that each of the facilities
represent a significant pattern in American history, namely electrification and development of water
management in the West. Applicable NRHP themes for consideration, as outlined in National Register
Bulletin 16A, How to Complete the National Register Registration Form, include:

® COMMERCE: the business of trading goods, services and commodities;

® CONSERVATION: the preservation, maintenance, and management of natural or manmade
resources; and

®m INDUSTRY: the technology and process of managing materials, labor and equipment to produce
goods and services (NPS 1997a:40-41).

Criterion B: Criterion B is likely no applicable to DSW Region’s transmission power systems. Review of
existing documentation for all seven transmission power systems comprising the DSW Region failed to
yield evidence that any particular system or component thereof, is illustrative of a durable contribution
of a person significant in American History. These federal systems were designed by teams of agency
staff and engineers and, nearly always to pre-existing standard specifications. Furthermore, as large
scale infrastructure projects the construction and management of each system was carried out by
numerous individuals and they are thus less likely to representative examples of engineering or design
of any one person.
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Criterion C: Criterion C may apply in cases where a particular design feature or attribute of a particular
component of one of the systems is deemed rare or exceptional to warrant consideration for individual
NRHP eligibility under Criterion C (design/engineering). However, as complex engineering systems,
transmission facilities that are united historically or aesthetically by plan and physical development,
therefore the historic district is the fundamental unit of analysis for NRHP eligibility consideration for
DSW Region facilities. The transmission power systems comprising the DSW network may possess
features that represent unique adaptations of design or technology to environmental conditions or
project needs, or that represent a type, period, or method of construction that was important in the
history of electrical development. The applicable NRHP theme, as outlined in National Register Bulletin
16A would be:

® ENGINEERING: the practical application of scientific principles to design, construct and operate
equipment, machinery to serve human needs (NPS 1997a:40).

Criterion D: The transmission power systems comprising the DSW network are not likely eligible for
listing in the NRHP under Criterion D, as the components that comprise the transmission facilities well
documented and are not likely to yield important information to a particular theme in history or
prehistory. Detailed drawings and specifications exist for most site components, and many components
reflect standard designs and materials that were used throughout a system. Archaeological property
types associated with particular systems may exist in the form of buried remains of temporary
construction activities (e.g. work camps, construction staging areas) or demolished substations (such as
that existing on the Parker Davis line). The presence of one or more archaeological property associated
with a system is not sufficient for the system to be eligible under Criterion D, and that the NRHP
eligibility of archaeological resources should be individually assessed.

Minimum Historic Values for DSW Region’s Transmission Power System’s Eligibility as
a Historic District under A and/or C

A DSW Western transmission power system is considered historically significant if it:

m Represents initial Reclamation efforts in the development of multi-component projects financed by
hydroelectric power on the Colorado River (Criterion A);

m Represents Reclamation’s early development of the federal transmission grid system within the
Colorado River Basin born out of the Public Utility Holding Act of 1935 (Criterion A);

m Represents Reclamation’s postwar (1946) integrated transmission system development to support
regional and seasonal energy needs of the growing southwest (Criterion A); or

m Comprises features that represent unique adaptations of design or technology to environmental
conditions or that represent a type, period, or method of construction that was important in the
history of electrical development (Criterion C).

Historic District Integrity Assessments

In addition to possessing integrity of association, the line segment and substations evaluated as
contributing to the system (district), must retain aspects of integrity as they relate to the district as a
whole:
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LOCATION/SETTING:

Although transmission line segments and substations are subject to ongoing maintenance in the
form of the replacement of materials, the geographic siting of these elements is considered a
critical aspect of the system’s historicism. As such, location is considered the foremost aspect of
integrity which must remain intact for a system’s NRHP listing eligibility.

Due to the great distances which transmission line segments span it is common for one or more
settings to have been altered in the period following original construction. Changes in the
surrounding landscape setting (e.g. conversion of surrounding agricultural fields to housing
development) should be noted, but are not considered to negatively impact the integrity of the
system.

DESIGN/MATERIALS/WORKMANSHIP:

In Line segments and substations are assessed for possessing integrity of design and materials
for eligibility listing in the NRHP.

Transmission lines are industrial facilities, which at the time of their construction, were
recognized as requiring regular maintenance and repair for their continued function. Evidence of
repair work such as the replacement of footings, conductors, insulators, spacers, guy wires, and
cross-arms, are considered routine maintenance that is part of functionality and not viewed as
impacting integrity of materials.

As transmission systems and their associated sites (line segments and substations) are largely
works of engineering systems and industrial fabrication, they exhibit very little quality of
craftsmanship and artistry. As such, workmanship is considered a lesser consideration in
integrity evaluation of the system as a whole.

FEELING:

In cases where modern development (e.g. urbanization or collocation of modern transmission
systems and utilities) restricts the viewer’s appreciation of the articulation of the system’s
components within the broader landscape and thus the “connectedness” of the system,
integrity of feeling should be noted as impacted.

ASSOCIATION:

By definition, any transmission line or substation meeting the minimum eligibility requirements
above, that is still owned and operated by Western, and that remains an integral and
functioning part of the Western DSW region’s transmission power system, retains integrity to
the associations which make it significant under this context.

EVALUATING DSW REGION’S TRANSMISSION POWER SYSTEMS AS
INDIVIDUALLY CONTRIBUTING PROPERTIES

As previously stated, the transmission power system segments managed by Western are best classified
as districts, comprised of buildings and structures, including named transmission line segments and
substations, and in rare situations, archaeological sites associated with the construction of these
systems may be present. Each line segment and substation contains multiple features which must be
adequately documented and evaluated for their contributing status to the district. This section describes
the minimum historic values of transmission line segments, substations and archaeological sites that
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might be present and outlines those aspects of integrity that must be retained for the property to
contribute to the NRHP-eligibility of DSW Region’s transmission power system.

Transmission Line Segments

Minimum Requirements for a DSW Transmission Line Segment’s Eligibility under Criteria A
and/or C

In addition to the above criteria, in order for a named segment of a transmission line to contribute to a
historic district’s eligibility, it must meet all of the following:

® The transmission line was designed by or purchased by Reclamation during one of the periods of
significance.

® The transmission line, or a portion of it, must be currently owned and/or operated by Western.

® The transmission line or segment of the line was constructed within the one of the periods of
significance established for the system (district).

B The transmission line segment must continue to function as originally intended.

B The transmission line segment must retain its original or in-kind replaced wood/steel poles or
towers.

Intact segments of transmission lines may be individually eligible under Criterion C for their specific
design characteristics or, more typically, their association with particular technological improvements
related to the transmission of electrical energy during the period of significance. For example, sections
of the HVR-MED transmission lines incorporated innovative design principles such as tubular copper
conductors, overhead ground wires and copper rods buried under the circuits and attached to each
tower, as well as specially designed single-circuit steel towers to allow for long distance transmission of
high voltage levels not previously attempted by Reclamation. Such transmission lines, in addition to
meeting the requirements above, must demonstrate:

m Exemplar or early instance of a particular significant technology or construction method. Examples
might include the first use of a new transmission tower design, use of a new or improved grounding
system, a high-voltage line (345-kV or above) or other significant improvement related to electrical
transmission.

m Retention of a high number of extant features considered relatively rare within a particular system,
or within the Western DSW Region as a whole.

Transmission Line Segment Integrity Issues

Where segments of transmission lines that were built by Reclamation, share the same developmental
context, may be eligible for listing in the NRHP but should be evaluated independently. Resources
eligible under this type (Transmission Lines) must, in addition to the minimum requirements, meet the
following specific integrity issues:

LOCATION/SETTING:

® The named transmission line must connect the same endpoints (i.e. Hoover and Mead) within
Western DSW region’s system as originally intended. Transmission lines that were interrupted by
the construction of an intermediate substation or generation feature (and thus have been re-



DSW Region’s Facilities Historic Context Statement
CHAPTER 6. GUIDANCE FOR EVALUATING DSW REGION’S TRANSMISSION POWER SYSTEMS FOR NATIONAL REGISTER OF HISTORIC PLACES LISTING

designated) but remained as an integral part of the DSW Region’s network prior to 1977, retain
integrity of location.

® The named transmission line must remain substantially within the original construction corridor, as
it existed at the end of the period of significance.

® Minor realignments that retain the same endpoints, whether to reduce length, straighten curves, or
avoid newly installed obstacles within the corridor do not diminish integrity. However, in some
highly visible locations, such as at river crossings or proximate to major public right-of-ways or
structures, even minor realignments can affect character. Cumulative changes to a named line over
time may result in loss of integrity, depending on the nature and location of the realignment.

® Many lines, as originally constructed, traversed open land, mountains, or rural areas that have now
become more developed and impacted original setting. Where the corridor/line remains as
originally located, changes in surrounding uses do not impact integrity.

DESIGN/MATERIALS/WORKMANSHIP:

B The named line must substantially retain its original design character. Changes made to continue or
improve the essential original function, the efficient transmission of energy, are part of this
functionality and may acquire significance in their own right. Such changes do not normally
constitute a loss of integrity of design.

® Tower design must remain as built, in basic type and material (i.e. Lattice/pole, steel/wood), and
general design (i.e. H-poles, suspension towers, etc.). Minor modifications in design do not
adversely impact integrity (as in changes in steel latticework tower patterns through the addition of
horizontal or vertical elements for structural reinforcement). Entire replacement of one type of
tower (steel latticework) for another (steel mono pole) diminishes integrity and would result in
adverse effects to design, materials and workmanship.

® Transmission voltage modifications (i.e. conversion of 230-kV line to 345-kV) do not impact integrity
provided other general design characteristics do not change substantially.

® Minor additive features (bird control, spark arrestors, added fiber cable systems for communication,
identification and security), designed with a general respect to historic character through use of
compatible materials, scale, and sensitive installation, do not adversely affect integrity. This is
particularly true when such reversible and minor work is done in a uniform and repetitive manner
that impacts the entire named line equally.

® Normal, in-kind, repair work, such as the replacement of footings, replacement of conductors,
insulators, spacers, guy wires, cross-arms etc. is considered normal maintenance that is part of
functionality and does not affect integrity.

FEELING:

® Named lines retain feeling through uniformity, supported by largely repetitive elements (towers and
attachments) set within a defined corridor that is identifiable as a separate built or constructed
feature within the landscape. Views of multiple component elements (i.e. a repetitive corridor of
uniform towers connected by a series of conductors or cable lines) visible over a considerable linear
distance, particularly from public right-of-way, supports the integrity of feeling.
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m Visible uniformity that surmounts landscape elements, as in corridors that rise over a hillside or are
visible for great distance parallel to a public roadway, ridge or traversing a valley, convey the feeling
of scale and connectedness that supports association within the DSW system.

® Multiple lines within a defined corridor, even where such lines include non-Western features or
lines that are not, in fact, historic, combine to support historic feeling and system connectedness
through repetition and visual complexity.

ASSOCIATION:

m By definition, any transmission line meeting the minimum eligibility requirements above, that is still
owned and operated by Western, and that remains an integral and functioning part of the Western
DSW region’s transmission power system, retains integrity to the associations which make it
significant under this context.

m Lines otherwise meeting these requirements that are no longer part of the Western DSW
transmission power system, through sale or other transfer may be eligible for listing on the National
Register but do not meet the minimum requirements stated above and so must be evaluated
independently.

® Normal, in kind repair, and maintenance, and upgrades of transmission lines still owned and
operated by Western that are part of functionality do not affect integrity of the associations.

Substations

Minimum Requirements for Substation Eligibility under Criterion A

For a substation to contribute to the eligibility of a transmission power system (historic district) it must,
at a minimum, meet all of the following:

B The transmission line must be designed by or purchased by Reclamation.

B The entirety of the substation must be currently owned and/or operated by Western.
B The substation must be constructed within the system’s defined period of significance.
® The substation must continue to function as originally intended.

® Features and/or components must exhibit sufficient elements of original construction or in-kind
replacement (possess integrity).

Minimum Requirements for Substation Eligibility under Criterion C

Substations may be individually eligible for listing in the NRHP under Criterion C as important examples
of engineering and or construction if they demonstrate:

m Technological improvements in transmission practice, or if they employ new elements or design
characteristics significant to that association.

m Design under the beautification concepts developed by Reclamation in the 1960s.
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Substation Integrity Issues

ASSOCIATION:
m Association is retained if the substation and its associated features continue to function as originally
intended by the Bureau of Reclamation and/or Western.

In addition to association, for a substation’s NRHP eligibility, it must retain the following aspects of
integrity:

LOCATION:
® The substation must retain its original location as constructed by Reclamation.

SETTING:
m Changes in setting are considered typical and do not negatively impact the integrity of the substation.

FEELING:
| |ntegrity of feeling is retained through the retention of materials, scale, size, and layout. Integrity of
feeling should be particularly considered for those substations that have been constructed as part
of Reclamation’s post-1965 “beautification” program.

DESIGN:
® Original design character of the substation, including layout of the components, must be
substantially retained, particularly when viewed from public rights-of-way (ROW).

MATERIALS:
m Exterior materials of ancillary buildings must be maintained.

WORKMANSHIP:

® As many structures associated with substations are largely works of engineering and industrial
fabrication, they exhibit very little quality of craftsmanship and artistry. As such, workmanship is
considered a lesser consideration in integrity evaluation. Modifications to structures (e.g. additions
and structural reinforcements), if clearly discernible from the original element do not impact
integrity workmanship. For example, the Kingman Substation, which was constructed as part of the
Boulder Canyon Project and is currently listed as a contributing element of the Hoover Dam Historic
District and NHL, despite the installation of a new bus structure and replacement of all of its major
equipment prior to 2002.

MATERIALS AND WORKMANSHIP:
m |n-kind repair work with historically compatible materials and treatments is considered normal
maintenance and does not affect integrity of materials or workmanship.

DESIGN, MATERIALS AND WORKMANSHIP:

®m Modification, replacement, or removal of features to increase capacity or efficiency should not be
construed as affecting integrity of design, materials, and workmanship.
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Archaeological Sites

Minimum Requirements for Archaeological Sites under Criterion D

Archaeological sites relating to the construction of these systems may be individually eligible for listing
in the NRHP under Criterion D and must contain the following:

m Assemblage dating to period of significance
m Assemblage with higher density of commercial goods vs. domestic/personal items.

®m Assemblage with the potential to address important research questions pertaining to demographics
of the occupants/workers and quality of life.

m Association is retained if the substation and its associated features continue to function as originally
intended by the Bureau of Reclamation and/or Western.

Archaeological Site Integrity Issues
In addition to association, for an archaeological site’s NRHP eligibility, it must retain at minimum the
following aspects of integrity: Location, Setting, and Materials.

Summary

Research conducted in support of the historic context presented in this document indicates that the
Western’s DSW region manages multiple transmission power systems that are best evaluated at the
level of individual historic districts with multiple contributing property types. These systems may be
eligible under one or more NRHP criteria of significance under historic themes of commerce,
conservation, industry, and engineering. Identifying the character-defining features of property types for
contributing and non-contributing status is essential to determine whether or not they can convey
significance individually or as part of a district. These examinations should focus on providing thoughtful
assessments of integrity, in terms of the considerations presented in this chapter.
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Chapter 7

Management Considerations for DSW Region’s
Transmission Power Systems

Section 106 of the NHPA requires federal agencies to consider the effects of their undertakings on historic
properties. As such, identification and assessment of the effects an undertaking may have on historic
properties occurs during the early planning stages as part of agency efforts to comply with Section 106 of
the NHPA. For large-scale undertakings, the process of identification and evaluation can be costly and
time consuming, typically involving pedestrian cultural resources survey, preparation of one or more
reports with NRHP evaluations and management recommendations, agency review, and SHPO and tribal
consultation. While many of the historic properties documented through these efforts are previously
unknown (e.g., archaeological properties and remains of smaller buildings and structures), other
properties that are known (e.g. facilities actively managed by the agency itself), require formal
documentation and evaluation.

This document was prepared, to provide a historic context and framework for evaluating the NRHP
eligibility of facilities associated with the seven systems under DSW Region’s management. These
facilities are extensive, comprising over 3,322 miles of transmission line and 125 substations and/or
pumping plants located in California, Arizona, Nevada, and New Mexico. Recognizing that full
documentation of entire systems in advance of undertakings is not feasible for planning purposes this
document provides an evaluation tool that will provide DSW Region the flexibility to evaluate line
segments and substations on a case-by-case basis, as they contribute to the NRHP eligibility of each
system (district) as a whole. The development of a historic context and framework for evaluation is in
keeping with Western’s historic preservation responsibilities under Section 110 of the NHPA, as it allows
for streamlined documentation efforts, identification of preservation priorities and ultimately better-
informed decision making on management of aging facilities.

Consideration of Infrastructure Requiring Repair and Upgrade

The transmission power systems comprising the DSW Region’s network were all constructed for
particular local uses or as parts of larger transmission systems; function largely dictated their physical
form. Transmission line upgrades involving changes in voltage and/or the number of circuits carried on
structures has typically required alteration or reconstruction of transmission lines and substations.
Storm damage, normal deterioration due to weathering and aging, interconnection with other
transmission lines and systems, and relocation to accommodate roads and other developments also
commonly require alteration, reconstruction, and occasionally retirement of transmission facilities.

Some transmission lines within the DSW Region were placed into service more than 70 years ago, but
very few have remained substantially unaltered for more than 25 years. Unlike other types of cultural
resources, transmission facilities that are retired offer virtually no opportunity for reuse without
substantial alteration. Liability and environmental concerns usually require removal of structures and
equipment from such facilities. Consequently, most transmission facilities continue to exist only if they
remain in service, and continued service requires constant updating. Very few of DSW’s transmission
facilities over 40 years old remain in pristine condition, and most facilities (particularly older facilities)
will necessarily be altered, rebuilt, retired and possibly removed in the future. This document accounts
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for the dynamic nature of transmission facilities through the creation of registration requirements that
clearly articulate the minimum percentage of historic fabric that must be present for the transmission
power system’s eligibility for NRHP listing, and the recognition that integrity of materials and design —
and to a greater extent, workmanship — figure less prominently in NRHP eligibility assessment of
transmission power systems and their contributing elements.

Consideration of Infrastructure Redundancy of Standardized Elements

Until 1977, Western transmission structures were designed by Reclamation. Reclamation’s Denver office
issued specifications for structures, conductors, insulators and hardware, and other equipment for
transmission lines, switchyards and substations, and other facilities. Vendors either provided the
needed materials from existing stock or fabricated the materials to Reclamation specifications.

Using designs and equipment that were already in general use in the electrical industry, Reclamation
developed a series of standard specifications for transmission lines and substations. Although sections of
the Hoover-Mead transmission lines of the Boulder Canyon Power System incorporated novel design
principles such as tubular copper conductors and specially designed single-circuit steel towers (see
Chapter 4 for a detailed description of these elements), there is limited evidence to suggest that other
power transmission components built in the study area before 1960 included distinctly innovative
design, materials, or equipment. Rather, Reclamation adapted basic structure designs for specific
voltages, span lengths and heights, loading conditions, and other factors. Most transmission line
structures built before 1957 were either single wood poles or wood H-frame structures, with more than
120 variations of these two simple structure types.

Steel lattice towers were used on some dominantly wood pole and wood H-frame transmission lines
before 1950, primarily at locations of heavy line loading, constricted right-of-way, or at approaches to
switchyards and substations. Most steel lattice towers built before 1960 conformed to two basic body
types; by 1997 the Reclamation and Western had used 11 basic body types, with more than 120
variations of these.

Standardization in Reclamation and Western structure and facility design yielded redundancy in struc-
ture types and equipment in many transmission systems. For example, the Reclamation HS Type wood
H-frame transmission structure has been the dominant structure type in hundreds of transmission lines
since the 1930s. Except for minor variations for specific conditions, the structures and equipment in
many lines and substations are virtually indistinguishable from those of other lines and substations,
particularly if the facilities were built about the same time.

The frequent problem encountered by cultural resources professionals charged with documenting and
evaluating the NRHP eligibility of transmission facilities stems from this issue of the ubiquity and
redundancy of elements, such as towers, switches, circuit breakers, and control equipment; when faced
with the large number of repetitive elements, it becomes difficult to not only parse out the fundamental
unit of analysis, but also determine how many of any single unit requires documentation to make an
NRHP eligibility assessment. Through focus on the system (as a historic district) as the fundamental unit
of analysis for NRHP eligibility, and segments and substations as sites which contribute to the system’s
eligibility, less emphasis is placed upon the documentation of towers and buildings and structures
associated with switchyards. Sampling, as determined by the agency in consultation with the SHPO,
should be an adequate approach to documenting these ubiquitous standardized elements. Furthermore,
the threshold for design integrity for contributing sites articulated in this document allows for the minor
variations that may be observed for many elements.
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It is also important to keep in mind that Reclamation applied formal design, review, and procurement
processes for their transmission facilities, with the result that detailed drawings and specifications were
prepared for most elements. These drawings and specifications, along with other information pertaining
to construction and alteration of the facilities, exist either in Reclamation records in the National
Archives in Denver or in Western archives in Lakewood, Colorado, and Phoenix, Arizona.

The existence of these records and the redundancy of structure and equipment types for transmission
facilities built before 1960 allows preservation of the historical values of most, if not all, significant
facilities through representative documentation. For example, Type HS or HSB structures are virtually
identical in all transmission lines, and preservation of information about these structure types for one
eligible facility need not be repeated for other eligible facilities. Similarly, a single example of a
structure type within an eligible facility can be documented to adequately represent all similar
structures in the facility.

As with many other elements of infrastructure (such as transportation and utilities) transmission power
systems are prone to substantial change. This renders them not only difficult to evaluate for NRHP
eligibility, but also difficult to manage as historic properties. The vastness of the systems managed by
the Western DSW Region pose a challenge for the comprehensive documentation and evaluation of all
elements. There are dual considerations involving a) how much change is acceptable for a district or
individual property to be considered NRHP-eligible; and b) if the property is indeed eligible, how much
change can occur without constituting an “adverse effect” to the NRHP-eligible property. This document
places that threshold at 40 percent.

Consideration of potential adverse effects will, by need, occur on a project-by-project basis. However, it
is recommended that the NRHP-eligibility of the individual systems be established and provision made
for the systematic documentation and evaluation of the contributing status of sites. This
documentation could occur wholesale (involving assessment of sites within the entire system), or
piecemeal, on a site to site basis. In either case, this historic context and evaluation guidance would
serve as the baseline for establishing the significance and integrity of the subject property, the
transmission power system. Future documentation efforts for line segments and substations should
focus on recording buildings and structures within these sites that reflect integrity, and a representative
sampling of elements is encouraged.

Recommendations for Further Documentation and Evaluation

As with many other elements of infrastructure (such as transportation and utilities) transmission power
systems are prone to substantial change. This renders them not only difficult to evaluate in terms of
NRHP eligibility, but also difficult to manage as historic properties. The vastness of the systems managed
by the DSW Region poses a challenge for the comprehensive documentation and evaluation of all
elements. Consideration of potential adverse effects will, by need, occur on a project-by-project basis.
However, it is recommended that the NRHP-eligibility of the individual systems be established and
provisions made for the systematic documentation and evaluation of the contributing status of
associated property types (sites). This documentation could occur wholesale (involving assessment of
associated properties within the entire system), or piecemeal, on a site-to-site basis. In either case, the
current document would serve as the baseline for establishing the significance and integrity of the
subject property, the transmission power system. Future documentation efforts for line segments and
substations should focus on recording buildings and structures within these sites that reflect integrity,
and a representative sampling of elements is encouraged.
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CONCLUSION

Research conducted in support of the historic context presented in this document indicates that the
Western DSW Region manages transmission power systems which are best evaluated at the level of
multiple property districts with contributing properties or sites. These systems may be eligible under
one or more NRHP criteria of significance under historic themes of commerce, conservation, industry,
and engineering. Assessment of properties for contributing and non-contributing status examines the
character-defining features presented here for the various site types to allow one to assess or determine
whether or not they can convey significance. These examinations should focus on providing thoughtful
assessments of integrity, in terms of the considerations presented in this chapter. The evaluation
framework presented here recognizes the vastness of the properties with which the DSW Region
manages.

Transmission power systems present many challenges for historic preservation, including: discrimination
of the appropriate analytical units for documentation; evaluation of significance and integrity in terms of
the many necessary changes made over time to maintain aging facilities; and assessment of effects to
systems that, by their very nature, require upgrade and repair to maintain their functionality. This
document provides a historic context and analytical framework for evaluating the NRHP eligibility of the
seven transmission power systems under DSWs management. Once the eligibility of these systems are
determined — in consultation with the appropriate SHPO and consulting parties — future efforts can
turn to the development of best management practices for historic properties, including standards for
preservation and rehabilitation of elements which contribute to the broader NRHP-eligible properties,
and, when necessary, the appropriate resolution of adverse effects caused by undertakings subject to
Section 106 of the NHPA.
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Chapter 9

Glossary

The following definitions are taken from the U.S. Department of Labor (n.d.) lllustrated Glossary avail-
able online at https://www.osha.gov/SLTC/etools/electric power/illustrated glossary/index.html.

Air circuit breaker: A device used to interrupt a circuit while current flows through it. Compressed air is
used to quench the arc when the connection is broken.

Batteries: Used in the control house as a backup to power the control systems in the event of a power
blackout.

Busses: Heavy tubes or bars of copper alloy or aluminum supported by long-rod insulators that distrib-
ute current to switches, circuit breakers, and transformers within a switchyard or substation.

Bus support insulators: Porcelain or fiberglass insulators that serve to isolate the bus bar switches and
other support structures to prevent leakage current from flowing through the structure or to the ground.

Capacitors: Used to control the level of voltage supplied to the customer by reducing or eliminating the
voltage drop in the system caused by inductive reactive loads.

Circuit breakers: Interrupt current flow by physically opening a gap in the circuit.

Circuit switchers: Provide equipment protection for transformers, lines, cables, and capacitor banks;
also used to energize and deenergize capacitor banks and other circuits.

Concrete foundations: Pads that are laid for all large equipment, support structures, and control build-
ings in a substation.

Control house: Provides all weather protection and security for control equipment (e.g., switchboard
panels, batteries, battery chargers, supervisory control, power-line carriers, meters, and relays); also
known as a “dog house.”

Control panels: Typically located in the control house, these devices contain meters, control switches,
and recorders used to control substation equipment or send power from one circuit to another or to
open/shut down circuits when needed.

Control wires: Miles of wire connecting the control house panels to all the equipment in the substation.

Convertor stations: Located at the terminals of a DC transmission line or less frequently at a generation
power plant or transmission substation; change alternating current into direct current or direct current
to alternating current; also used in substations to convert the emergency battery back-up system to AC
power during an emergency.

Coupling capacitors: Used to transmit communication systems to transmission lines; also used to mea-
sure the voltage in transmission lines.

Current-limiting reactors: Limit current to a safe level, protecting equipment from power surges.

Disconnect switches: Used to isolate equipment or to redirect current in a substation.
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Distribution bus: A steel structure array of switches used to route power out of a substation.

Frequency changer: A motor-generator set that changes power of an alternating current system from
one frequency to one or more different frequencies, with or without a change in the number of phases,
or in voltage.

Grounding resistors: Designed to provide added safety to industrial distribution systems by limiting ground
fault current to reasonable levels; usually connected between earth ground and the neutral of power
transformers, power generators, or artificial neutral transformers; main purpose is to limit the maximum
fault current to a value which will not damage generating, distribution, or other associated equipment in
the power system, yet allow sufficient flow of fault current to operate protective relays to clear the
fault.

Grounding transformer: Intended primarily to provide a neutral point for grounding purposes; may be
provided with a delta winding in which resistors or reactors are connected.

High voltage fuses: Used to protect the electrical system in a substation from power transformer faults;
switched for maintenance and safety.

Lightning (surge) arrestors: Protective devices installed on many different pieces of equipment (e.g.,
power poles and towers; transformers; circuit breakers; bus structures; steel superstructures) for limit-
ing surge voltages due to lightning strikes or equipment faults or other events, to prevent damage to
equipment and disruption of service.

Line (wave) trap: Maintenance-free inductor comprised of a main coil and tuning and protective devices
that is mounted inline on high voltage transmission lines to prevent the transmission of high frequency
(40 kHz to 1000 kHz) carrier signals to unwanted destinations.

Metal-clad switchgear: Weatherproof housing for circuit breakers, protective relays, meters, current
and potential transformers, bus conductors, and other equipment.

Meters: Measuring devices of various types (i.e., indicating or recording) found in substation control
houses.

Microwave tower: Enhances wire communication by functioning as a mast for transceivers

Oil circuit breakers: Used to switch circuits and equipment in and out of a system in substation; filled
with oil to provide cooling and prevent arcing when the switch is activated.

Potential transformers: Required to provide accurate voltages for meters used for billing industrial cus-
tomers or utility companies.

Potheads: Type of insulator with a bell or pot-like shape used to connect underground electrical cables
to overhead lines; serves to separate the bunched-up conductors from one another in the cable to the
much wider separation in the overhead line; also seals the cable end from the weather.

Power transformers: Raise or lower the voltage as needed to serve the transmission or distribution
circuits; capacity is rated in kilovolt-amperes (kVA) or megavolt-amperes (mVA).

Rectifier: A device used to convert alternating current to direct current.

Relay: A low-powered device used to activate a high-powered device; used to trigger circuit breakers
and other switches in substations and transmission and distribution systems.
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SF¢ circuit breakers: Operate to switch electric circuits and equipment in and out of a system; filled with
compressed sulfur-hexafluoride gas which acts to open and close the switch contacts; gas also interrupts
the current flow when the contacts are open.

Shunt reactors: Used in an extra high-voltage (EHV) substation to neutralize inductive reactance in long
EHV transmission lines.

Static SAR compensators: Solid-state electronic devices that serve the same function as synchronous
condensers, except that they work in conjunction with capacitor and reactor banks to provide consistent
voltage.

Steel Superstructures: Used to support equipment, lines, and switches in substations, as well as trans-
mission and distribution line towers and poles.

Suspension insulators: An insulator type usually made or porcelain that can be stacked in a string and
hangs from a crossarm on a tower or pole and supports the line conductor; used for very high voltage
systems when it is not practical or safe to use other types of insulators.

Switches: Used to open or close circuits, often to allow separation of a transmission system for mainte-
nance purposes.

Synchronous condensers: Large oil-cooled devices with a rotating internal mechanism that provide con-
tinuous relative power corrective action that otherwise could be provided by reactors and capacitors.

Transmission busses: Steel structure arrays of switches used to route power into a substation.

Vacuum circuit breaker: Utilizes a vacuum to extinguish arcing when the circuit breaker is opened and
to act as a dielectric to insulate the contacts after the arc is interrupted.
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VIEw OF TORP

Type 2AM Type 2ZM
Distribution Steel Pole, 34.5 kV Distribution Steel Pole, 34.5 kV
1979 1979

Type DD Type DS
Double Circuit Structure, 33 kV Double Circuit Structure, 33 kV
1942 1942

Type DT Type DTR

Double Circuit Structure, 33 kV Double Cir. Transposition Struc, 33 kV
1942 1942
Figure 1.
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Type SA
Medium Angle Structure 22-115 kV
1941

Type SAB
Medium Angle Structure, 115 kV
1948

Type SAIJ, Flat Top
Medium Angle Structure, 13.2 & 44 kV
1948

Type SAT, Flat Top
Large Angle Structure, 22-115 kV
1939-1941

Type SAT, Triangular
Large Angle Structure, 33-69 kV
1938-1939

Type SATI, Flat Top
Large Angle Structure, 13.2 & 44 kV
1948

Figure 2.




DSW Region’s Facilities Historic Context
APPENDIX. STRUCTURE TYPE EXAMPLES

Type SB Type SBT
Branch Line Structure, 66 kV Branch Line Structure, 22, 33, 44 kV
1939 1939

Type SBT Type SBT
Branch Line Struc, Flat Top, 34.5 kV Branch Line Structure, 69 kV
1940 1947

Type SBTJ Type SBTJ-1, Special Suspension
Branch Line Structure, 13.2 & 44 kV Branch Line Structure, 13.2 & 44 kV
1948 1948
Figure 3.
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Type SCT, Flat Top Type SCT, Triangular
345kV 66 kV
1942 1942

(L Lot o L

2oL

b >

Type SD, Flat Top Type SD, Flat Top
22 & 33 kV 44 kV
1939 1938

Type SD, Flat Top Type SD, Triangular
With Overhead Ground Wire, 44 kV 33 & 34.5kV
1957 1938
Figure 4.
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Type SD, Triangular Type SD
66 kV Deadend, Tangent, Angle, 2.4-115 kV
1942 1979/1980

Type SDBT Type SDI, Flat Top
Branch Line Structure, 34.5 kV 13.2 & 44 kV
1946 1948

&
I
Type SDS Type SLA
69 kV 69 & 115 kV
1946 1980

Figure 5.

A-5



DSW Region Facilities Historic Context
APPENDIX. STRUCTURE TYPE EXAMPLES

Type SP-2, Distribution Tap Structure
(Mounted on SAB Structure), 34.5 kV
1977

Type SP-3, Distribution Tap Structure
(Mounted on SSA Structure), 34.5 kV
1977

1] .

Py z

Type SP-4, Distribution Tap Structure
(Mounted on SD Structure), 34.5 kV
1977

Type SP-5, Distribution Tap Structure
(Mounted on SS Structure), 34.5 kV
1977

Type SP-11, Distribution Tap Structure
(Mounted on SS & SD Strucs), 34.5 kV
1978

Type SP-12, Distribution Tap Structure
(Mounted on SS Structure), 34.5 kV
1978

Figure 6.
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Sl

Type SP-13, Distribution Tap Structure Type SP-24, Distribution Tap Structure
(Mounted on SD Structure), 34.5 kV 345kV
1978 1979

Type SP-25, Distribution Tap Structure Type SS, Flat Top
345kV 22 & 33 kV
1979 1939

Type SS, Flat Top Type SS, Triangular
44 kV 33,34.5 & 66 kV
1938 1938
Figure 7.
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Type SS, Triangular Type SS
69 kV Tangent, Small/Large Ang., 69 &115 kV
1939 1980
:
E
Type SSA Type SSBT
Tangent, Small/Large Ang., 69 & 115 kV Branch Line Structure, 34.5 kV
1980 1946

Type SSJ, Flat Top Type SSWT
13.2 & 44 kV Air Break Switch Structure, 33 kV
1948 1942
Figure 8.
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Type ST, Flat Top
22 & 33kV
1939

Type ST, Flat Top
With Overhead Ground Wire, 44 kV
1957

44 kV
1938

Type ST, Triangular
33 &345kV
1938

Type ST, Triangular
Special Spacing, 34.5 kV
1948

Type ST, Triangular
66 kV
1942

Figure 9.
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Type ST
69 kV Deadend, Tangent & Angle Struc.
1939 2.4-115 kV, 1979/1980

b

g Y

Type STJ, Flat Top Type STR, Flat Top
132 & 44kV Transposition Structure, 22 & 33 kV
1948 1939

Type STR, Flat Top Type STR, Triangular
Transposition Structure, 44 kV Transposition Struc., 33, 34.5 & 66 kV
1938 1938
Figure 10.
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A

Type STR, Triangular Type STRJ, Flat Top
Transposition Structure, 69 kV Transposition Structure, 13.2 & 44 kV
1949 1948

AN
A

Type WS Type WT
Suspension Structure, 115 kV Tenston Structure, 115 kV
1941 1941
Figure 11.
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Type 2DT
Double Circuit Structure, 33 kV
1942

Type DA

1942

Type DAT
Double Circuit Structure, 33 kV
1942

Fuse Structure
345kV
1948

Type HA
Long Span/Small Angle Structure
34.5 & 44 kV, 1946

Type HA
Small Angle Suspension Structure
69 & 115 kV, 1949

Figure 12.
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Type HA-1 Type HAB
Small Angle Suspension Structure Small Angle Suspension Structure
69 & 115 kV, 1997 69 & 115kV, 1949

Type HS Type HS
Suspension Structure, 34.5 kV Suspension Structure, 69 & 115 kV
1978 1979
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Type HS Type HS
Suspension Structure, 138 & 161 kV Suspension Structure, 161 kV

1981 1979

Figure 13.
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1

Type HS-1
Suspension Structure, 69 & 115 kV
1997

Type HSB
Suspension Structure, 138-230 kV
1979/1981

Type HSB Type HSB-1
Special Struc. for Snowslide Areas Suspension Structure
1948 1996

!

Type HST
Suspension-Ground Wire Tension Struc.
161 kV, 1939

Type HSWT
Air Break Switch Structure, 69 kV
1940

Figure 14,
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DEAD END DETAIL

Type HSWT Type HT

Air Break Switch Structure, 33 & 44 kV Long Span Structure, 33 & 44 kV
1939 1941
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Type HT Type HT-1
Tension Structure, 69 & 115 kV Long Span Structure, 33 & 44 kV
1944 1958
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Type HTR Type SP-19
Transposition Structure, 69 & 115 kV Distribution Tap Structure, 34.5 kV
1949 1978

Figure 15.
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Type SP-26 Type SP-27
Distribution Tap Structure, 34.5 kV Distribution Tap Structure, 34.5 kV
1978 1979
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Type SP-28 Type SP-29
Distribution Tap Structure, 34.5 kV Distribution Tap Structure, 34.5 kV
1979 1979

Figure 16.
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Type 3A Type 3A-1
Medium Angle Structure, 69-230 kV Medium Angle Structure, 69-230 kV
1939 1988/1989
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Type 3AB Type 3AB-1
Medium Angle Structure, 69-230 kV Medium Angle Structure, 69-230kV
1978 1988/1989

PN

UIIT

Type 3AC Type 3AD
Suspension Structure, 69-230 kV Suspension Structure, 69-161 kV
1978/1979 1940/1978
Figure 17.
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u

Type 3AD
Suspension Structure, 230 kV
1979

Type 3AT
Large Angle Structure, 34.5 & 44 kV
1946

|
Type 3AT Type 3ATX
Large Angle Structure, 69 & 115 kV Large Angle Structure, 69 & 115 kV
1978 1940
Type 3BT Type 3DE
Branch Line Structure, 69 & 115 kV Special Dead End Structure, 69 & 115 kV
1950 1950

Figure 18.
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Type 3RT Type 3RT
Special 150° Angle Structure, 115 kV Spec. Ang. Struc., Overhead Ground Wire
1940 115kV, 1947

Type 38T Type 3SWT
Distribution Structure, 2.4 & 34.5 kV Air Break Switch Structure, 115 kV
1977 1939

Type 3SWT Type 3T

Switch Struc., Overhead Ground Wire Tension Structure, 34.5 & 44 kV
115 kV, 1947 1946
Figure 19.
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Type 3T Type 3T
Tension Structure, 69-161 kV Dead End Structure, 161 kV
1950 1939
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Type 3TA Type 3TA-1
Tension Structure, 69-230 kV Tension Structure, 69 & 115 kV
1978 1996

Type 3TX
Long Span Structure, 69 & 115 kV
1950

Type SP-1
Distribution Tap Structure, 34.5 kV
1977

Figure 20.
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Type SP-17
Distribution Tap Structure, 34.5 kV

1978

Type SP-20
Distribution Tap Structure, 34.5 kV
1978
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Distribution Tap Structure, 34.5 kV 1979
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Type SP-21 Type SP-22
Distribution Tap Structure, 34.5 kV 1979
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Type SP-23

Distribution Tap Structure, 34.5 Kv 1979

Figure 21.
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Type 4BT Type 48, 4S-1
Branch Line Structure, 69 & 115 kV Suspension Structure, 69 & 115 kV
1950 1956

Type 4SWT
Disconnecting Switch Structure, 115 kV

1952

Type SP-22 (4-pole)
Distribution Tap Structure, 24.5 kV
1979

Figure 22.
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