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Introduction/Affected Environment
This appendix provides an evaluation of the potential effects on geologic and soil conditions
including, faults; seismic activity; unstable slopes; subsidence, expansion and/or collapsible soils;
erodible soils; biological soil crusts; hazards to human health and safety; and mineral resources that
may be encountered along the Proposed Lake Powell Pipeline Project (LPP). Additionally, this
appendix identifies measures to mitigate effects of the geology and soils conditions. A discussion of
cumulative effects is provided in Appendix C-25, Cumulative Effects.
Engineering requirements and extensive descriptions of rock and soil characteristics pertaining to
construction, intake, shafts, and additional features of the Proposed Project are not documented in
this appendix, unless the results pertain directly to the effects on geology and soil resources for the
Proposed Project and other associated infrastructure.

1.1 Regulatory Framework
The Proposed Project would be located in areas managed by federal, state, and local agencies, as well
as private land. Each federal agency manages lands and issues land use agreements (collectively,
rights-of-way [ROWs]) under its applicable authorities. ROWs granted or permitted for the
Proposed Project are subject to each agency’s regulations, in addition to federal laws that may apply
to the Proposed Pipeline. Various rules, regulations, plans, and policies related to geology, seismicity,
and soils would apply to preliminary geologic and subsurface investigations and the construction and
operation of the Proposed Project. The following sections address these regulations and guidelines,
as well as those pertaining to geologic hazards related to construction standards, structural integrity,
and grading, and erosion during construction and operation of facilities.
1.1.1 Federal Laws, Regulations and Policies
1.1.1.1 Federal Lands Policy and Management Act of 1976

Construction activities, including the pipeline, pump stations, hydrostation facilities, transmission
lines, excavation, hauling, spoils disposal, and other features, would require ROW grants from the
Bureau of Land Management (BLM) as specified in 43 Code of Federal Regulations (CFR) Part 2800
and in Sections 501 through 506 of the Federal Lands Policy and Management Act of 1976,
amended October 2001 (FLPMA). Permits for excavation, hauling, and disposal of spoils may be
granted by the BLM under Section 302 of FLPMA. As required under 43 CFR Subtitle B.1.429, an
easement would be required from the Bureau of Reclamation (Reclamation) for excavation and
construction activities and removal of spoils from the Lake Powell Intake Structure site.
Resource Management Plans
Sections 201 and 202 of FLPMA direct the BLM to “prepare and maintain on a continuing basis an
inventory of all public lands and their resource and other values” and to develop, maintain, and,
when appropriate, revise land use plans which provide management direction for the use of the
public lands. Resource management plans and the planning decisions contained within them are the
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basis for every on-the-ground action the BLM undertakes. Resource management plans ensure that
public lands are managed in accordance with the intent of Congress, as stated in FLPMA, under the
principles of multiple use and sustained yield.
The Project Area traverses land within four different management units of the BLM, each with its
own resource management plan: Kanab-Escalante Planning Area, Kanab Field Office, Arizona Strip
Field Office, and St. George Field Office. Each resource management plan includes direction on soil
resources, as outlined below.
Kanab-Escalante Planning Area Resource Management Plan (approved February 2020)
The Kanab-Escalante Planning Area Resource Management Plan (BLM 2020) contains the following
goals and objectives related to soils and biological soil crusts:
Goal 1: Manage uses to prevent damage to and degradation of soil resources and to ensure
that soil health is maintained or improved.
Objectives:
o Ensure soils exhibit infiltration, permeability, and erosion rates appropriate for the soil
type, climate, and landform.
o Maintain or enhance soil stability, productivity, and infiltration to prevent accelerated
erosion and to provide for optimal plant growth and the site’s potential.
o Maintain, improve, and restore areas of biological soil crust appropriate for the soil type,
climate, and landform.
Kanab Field Office Resource Management Plan (approved October 2008)
The Kanab Field Office Resource Management Plan (BLM 2008a) contains the following goals and
objectives related to soils and biological soil crusts:
Goals and Objectives:
Soils would exhibit infiltration, permeability, and erosion rates appropriate for the soil
type, climate, and landform.
Maintain and restore areas of biological soil crust appropriate for the soil type, climate,
and landform.
Maintain or enhance soil stability, productivity, and infiltration to prevent accelerated
erosion and to provide for optimal plant growth and the site’s potential.
Arizona Strip Field Office Resource Management Plan (RMP) (approved February 2008)
The following management direction is contained within the RMP (BLM 2008b) regarding soil
resources.
Decision No. MA-WS-06 (which states in part): Measures to stabilize soils and minimize
surface water runoff will be required, both during Project activities and following Project
completion.
Decision No. DFC-WS-08: Physical soil crusts will show an increase in organic cover
including cryptobiotic colonies, moving them toward being organic crusts.
The Proposed Project would traverse through land managed by the National Park Service (NPS).
The NPS maintains management policies to preserve and protect geologic and soil resources as
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integral components of park natural systems (NPS Management Policies 2006). The policies cited
below outline directives the NPS must follow and specifically include (1) monitoring and
implementing impacts of natural processes and human activities on geologic resources, (2)
maintaining and restoring the integrity of existing geologic resources, (3) integrating geologic
resource management into NPS operations and planning, and (4) interpreting geologic resources for
park visitors.
Management Policies – Section 4.8.1.3 (Geologic Hazards)
Naturally occurring geologic processes, such as earthquakes, can be hazardous to humans and
infrastructure. The NPS will work with specialists to devise effective geologic hazard identification
and management strategies and minimize potential hazards to humans and infrastructure where
possible.
Management Policies – Section 4.8.2 (Management of Geologic Features)
Geology resource management plans have been established on geologic features from the
unacceptable impacts of human activity while allowing the natural processes to continue. Geologic
features include rocks, soils, and minerals, canyons, and arches in erosional landscapes, sand dunes,
terraces in depositional landscapes, and dramatic or unusual rock outcrops and formations.
Management Policies – Section 4.8.2.4 (Soil Resource Management)
Soil resource management plans have been established to prevent or at least minimize adverse,
potentially irreversible impacts on soils, including the unnatural erosion, physical removal, or
contamination of the soil or its contamination of other resources. Importation of off-site soil or
amendments may be used to restore damaged sites. Before using off-site materials, parks must
develop a prescription and select materials that will be needed to restore the physical, chemical, and
biological characteristics of original native soils without the introduction of exotic or invasive
species.
When soil excavation is an unavoidable part of an approved facility development project, the NPS
will minimize soil excavation, erosion, and off-site migration during and after the development
activity. If soil amendments are part of restoration, amendment prescriptions must be designed to
ensure they do not alter the physical, chemical, or biological characteristics of the soil, biological
community, or surface groundwater.
Management Policies – Section 9.1.3.1 (Construction Sites)
Construction sites are to be limited to the smallest feasible area. Ground disturbance and site
management will be carefully controlled to prevent undue damage to soils.
Management Policies – Section 9.1.3.2 (Revegetation and Landscaping)
Prior to using soil amendments in altered landscapes, parks must develop a prescription to ensure
amendments will not unacceptably alter the physical, chemical, or biological characteristics of the
soil.
Wherever practicable, soils affected by construction will be salvaged for use in site
restoration. Any surplus soils may be used for the restoration of their degraded areas. If
additional soils are needed to restore disturbed sites, they may be obtained from other sites
in the park if it is determined it will not significantly affect the ecological processes.
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Imported soils must consist of the following:
o Compatible with existing soils,
o Free of undesired seeds and organisms, and
o Fulfill the horticultural requirements of plants used for restoration.
Management Policies – Section 9.1.3.3 (Borrow Pits and Spoil Areas)
Materials from borrow pits, quarries, and other clay, stone, gravel, or sand sources on NPSmanaged lands, including submerged lands, will be extracted and used only
by the Park Service or its agents or contractors
for in-park administrative uses
after compliance with the National Environmental Policy Act (NEPA) and including written
findings that
o extraction and use of in-park borrow materials does not or will not impair park resources
of values
o it is not the parks most reasonable alternative based on economic, environmental, and
ecological considerations
o no outside sources are reasonably available
after compliance with other applicable federal, state, and local requirements.
Parks should use existing pits, quarries, or sources, or create new pits, quarries, or sources in the
park only after developing and implementing a parkwide borrow management plan that addresses
the cumulative effects of borrow site extraction, restoration, and importation.
Proposed borrow pits and spoil areas outside parks will also be evaluated to ensure that use by NPS
or its contractors does not impair resources or values inside the park, and that extraction operations
comply with all applicable statues and regulations, including NEPA and National Historic
Preservation Act.
St. George Field Office Resource Management Plan (approved 1999) (BLM 1999)
The St. George Field Office Resource Management Plan contains the following goals and objectives
related to soils:
Reduce erosion, stream sedimentation, and salinization.
1.1.1.2 The 1916 National Park Service Organic Act

The NPS Organic Act describes the natural resources, processes, systems, and values that the NPS
preserves and includes the following:
Physical resources such as water, air, soils, topographic features, geologic features,
paleontological resources, and natural soundscapes and clear skies, both during day and
night;
Physical processes such as weather, erosion, cave formation, and wildland fire;
Biological resources such as native plants, animals, and communities;
Biological processes such as photosynthesis, succession, and evolution;
Ecosystems; and
Highly valued associated characteristics such as scenic views.
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1.1.1.3 Earthquake Hazard Reduction Act of 1977

The Earthquake Hazard Reduction Act of 1977 established a national goal of reducing the risks of
life and property from future earthquakes in the United States through the establishment and
maintenance of an earthquake program, including prediction and hazard assessment research,
seismic monitoring, and information dissemination. The Act established the Earthquake Hazard
Reduction Program to promote the adoption of earthquake hazard reduction measures by federal,
state, and local governments. Section 8 of the Earthquake Hazard Reduction Act calls for the
adoption of standards for assessing and enhancing the seismic safety of buildings constructed for or
leased by the federal government (42 United States Code [USC] 7701 et seq.). Impacts to seismic
safety under the Chapter 28 Consultation, Coordination, and Compliance Earthquake Hazard
Reduction Act of 1977 are analyzed in this chapter and apply to all the alternatives evaluated in this
Draft Environmental Impact Statement.
1.1.2 State Regulations
The Utah Department of Transportation and the Arizona Department of Transportation may both
require truck haul permits when using public roadways to transport excavated materials. These
would be the responsibility of the individual construction contractors.
1.1.3 Regional and Local Regulations and Guidelines
Local jurisdictions typically regulate construction activities through a multistage permitting process
that may require preparation of a site-specific geotechnical investigation. The purpose of a sitespecific geotechnical investigation is to provide a geologic basis for the development of appropriate
project design. Geotechnical investigations typically assess bedrock and Quaternary (recent) geology,
geologic structure, soils, and previous history of excavation and fill placement. Guidelines pertaining
to engineering-geology investigations and geologic-hazard investigations are used to provide the
minimum acceptable level of guidance when conducting a geologic investigation for proposed
projects. Subsurface investigations are often conducted to determine rock and soil conditions that
will provide details on the foundation material for proposed facilities.
Subsurface investigations require authorization by the land management agencies involved and
include local permitting. Two areas along the proposed LPP alignment (Hurricane Cliffs and the
Lake Powell Intake Structure) were authorized for subsurface drilling and sampling of bedrock.
Additional subsurface investigations along the Southern and Highway Alternative routes were not
authorized by the land management agencies involved, and therefore subsurface geologic
investigations in the remaining segments of the alignments have not been completed. Authorization
would be required to conduct additional subsurface investigations prior to design. Additionally, local
jurisdictions typically regulate construction activities through a multistage permitting process that
may require preparation of site-specific geological investigations.

1.2 Methodology
The Proposed Project would be located in areas managed by federal, state, and local agencies, as well
as on private land. Each federal agency manages lands and issues land use agreements (collectively,
ROWs) under its applicable authorities. ROWs granted or permitted for the Proposed Project are
subject to each agency’s regulations in addition to federal laws that may apply to the Proposed
Project. Various rules, regulations, plans, and policies related to geology and soils would apply to
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preliminary geologic and subsurface investigations and the construction and operation of the
Proposed Project.
Potential effects to geology and soil resources were determined based on the distribution of these
resources in relation to the topography of the surrounding area, the geologic conditions in which
these resources are encountered, and the distance and volumes of disturbance expected. The effects
discussed below are evaluated based on long-term, short-term, or temporary durations. Direct
effects refer to the geologic feature or soil resource under discussion that is visually affected by
activities within the Project Area during preliminary studies, construction, and/or operation of the
Proposed Project. Indirect effects refer to the specific resource affected without potentially having a
visible impact within and additionally beyond the Project Area. Indirect effects also include impacts
from additional variables that may influence the resource at a later time or that are further removed
from the Project Area.
Preliminary geologic surveys and studies have been completed and discussed in detail in the 2008
Geology and Soils Study Plan (UBWR 2008) and in the LPP Final Study Report 04 – Geology and
Soil Resource (UBWR 2016) prepared for the Federal Energy Regulatory Commission. Additional
information on soils in the Project Area was obtained from the BLM’s Proposed Resource
Management Plan/Final Environmental Impact Statement (EIS) for the Arizona Strip (BLM 2007)
and the Northern Arizona Proposed Mineral Withdrawal Final EIS (BLM 2011). Information
discussed below was obtained from these documents and the associated references within them.
1.2.1 Geology and Soils Analysis
Field observations including surveys of the existing ground and slope conditions, evaluation of the
stratigraphy, and evaluation of the geologic hazards were conducted along the Southern and
Highway Alternative alignments corridors (Boyle 2003; WCWCD 2005a, 2005b; FWLA 2009). The
results of these investigations were used in conjunction with existing geologic reports and several
mapping programs by the U.S. Geological Survey (USGS), Utah Geological Survey (UGS), and BLM
to analyze existing conditions along the proposed alternatives (see Section 1.4, below, for associated
maps, reports, and detailed results of these studies). Subsurface investigations have only been
conducted within the vicinity of the Water Intake Structure (MWH 2009, 2011) and along the
Hurricane Cliffs (WCWCD 2010). All other investigations were limited to ground surface
observations, as described above. Subsurface characterization at the locations of proposed facilities
and along the proposed alternatives is recommended prior to detailed design.
The LPP Final Study Report 04 – Geology and Soils for analysis of geologic foundation
characteristics includes the following (UBWR 2016):
Estimations of fault locations and determination of fault activity;
Field survey for potential unidentified fault locations (e.g., minor faults, fault zones
displacements, and fault spurs);
Determination of known seismic activity (e.g., magnitude and acceleration);
Determination of rates and magnitudes of past and probable future fault displacements at
locations where the Project would cross faults where a risk of fault activity has been
identified;
Identification of locations and types of soil and rock conditions subject to liquefaction;
Risk of liquefaction occurrence;
Identification of landslides, potentially unstable slopes, and related features;
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Identification of locations along the alternative alignments where soil and/or rock
conditions have been or have the potential of subsidence, expansion, or collapse, including
soluble rock and soil such as gypsum deposits and limestone with solution cavities, clay
deposits, alluvial fans, and loess (loosely compacted yellowish-grey deposit of windblown
sediment);
Characterization of locations at risk of landslides, rockfalls, debris flows, and other geologic
hazards;
Characterization of the possible risks to project features and to human safety associated with
geologic hazards that could be affected by project features;
Identification of potential effects of construction blasting on nearby rock and soil stability,
buildings and other structures, natural gas or municipal pipelines, water wells, and other
features;
Characterization of specific types of soils along alternative alignments;
Estimations of engineering characteristics of soils at selected location along alternative
alignments;
Identification of rock engineering characteristics pertaining to excavation, tunneling, removal
and disposal along alternative alignments;
Determination of the presence of groundwater, at what levels, and within what range of
fluctuations within the alternative alignments;
Estimation of groundwater inflow rates into excavations and tunnels;
Estimation soil and rock strength characteristics at the Lake Powell Intake;
Recommendations of mitigation measures for problems and hazards associated with
geologic and soils features;
Identification of best methods and locations for reuse and/or disposal of waste rock and soil
resulting from Project construction;
Identification of best methods and locations for obtaining rock and soil for Project
construction; and
Identification of mineral deposits within the pipeline alignments subject to mineral disposal
rules under the requirements of 43 CFR 3600, and identification of characteristics of mineral
deposits required for permitting (mineral material sale).
Various BLM documents (BLM 2007, 2008b, 2011) identify areas of high wind and water erosion
potential, as well as information on biological soil crusts in the Project Area.
1.2.1.1 Fault Movement Effects

Major faults were evaluated for hazard potential by Fugro William Lettis & Associates (FWLA
2009). The results of this study are discussed in Section 1.4.3, below. Fault movement effects would
be considered significant if the rate of displacement would result in pipeline rupture. The minimum
total allowable displacement that would result in pipeline rupture has not been determined, but for
large diameter steel pipe the displacement tolerance is likely to be at least 75 millimeters, or about 3
inches. Thus, an average displacement rate of 1 millimeter per year or more would be more likely to
result in pipeline rupture during the design life of the Proposed Project and, therefore, could cause
an effect. Additional fault studies in the St. George-Hurricane metropolitan area were conducted by
the UGS (UGS 2007, 2008a, 2008b).
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1.2.1.2 Seismic Activity Effects

The hazards associated with seismic activity would have an effect if an earthquake resulted in
unstable foundation conditions for the pipeline or associated features, resulting in pipeline
deformation or rupture, or pipeline feature failure. Features along the Proposed Project alignments
were evaluated by identifying locations where the potential for a large-magnitude earthquake could
occur in the vicinity of the Proposed Project alignments and alternatives using geologic maps
produced by the USGS (USGS 2014). Locations where the pipeline alignments are within zones of
high probability of peak ground acceleration (PGA) were identified with a 2-percent probability of
exceedance within 50 years. Locations were identified where liquefaction risk is high (e.g., pipelines
or facilities in sandy, saturated soils) and within zones of high PGA potential within the 2-percent
probability of exceedance over a 50-year period. These risks were assessed by comparing pipeline
alignments with USGS and UGS geological maps (USGS 2002a, 2002b, 2003; UGS 1995a, 1995b,
2001, 2003a, 2003c, 2004a, 2004b, 2005, 2006a, 2006b, 2006c, 2007, 2008b), in addition to Natural
Resource Conservation Service (NRCS) soils maps and field descriptions of soils, and by identifying
locations where shallow soils would most likely be saturated (NRCS 1971, 1983, 1996, 2003, 2007a,
2007b, 2007c, 2007d). Locations along the alignments with high likelihoods of saturation were
identified from the Groundwater Resources Technical Report (MWH 2016).
1.2.1.3 Unstable Slope Effects

During the field survey, potential geologic hazards (e.g., unstable slopes, rockfall, and landslides)
were identified where possible. Geologic maps were used to correlate and verify outcrops containing
hazards along the alignments (UGS 2003a, 2003b, 2003c, 2004a, 2004b, 2006a, 2006b, 2008a, 2008b;
USGS 2002a, 2002b, 2003, 2004a, 2004b). Rock characteristics at each location were described using
the Classification of Rocks and Description of Physical Properties system found in Reclamation’s
Engineering Geology Field Manual (Reclamation 1998). Classification includes identifying properties
such as the name of a geologic formation, lithologic description, hardness, weathering, alteration,
strength, color, texture, bedding orientation, discontinuities (e.g., faults, joints, sheering, etc.), and a
summary description of other properties encountered within the rock type. Rock mass-field
characterization was determined using the Geologic Strength Index from Hoek et al. (1998) where
feasible.
1.2.1.4 Subsidence, Expansion, or Collapsible Soils Effects

The soil types encountered throughout the survey were compared to available mapped soil
descriptions based on the National Cooperative Soil Survey, operated by NRCS (2007a). Field soil
descriptions were prepared using the Unified Soil Classification System method (ASTM 2000, 2006)
and are consistent with Reclamation’s Engineering Geology Field Manual (Reclamation 1998). Soil
characterization occurred along each alignment at major changes in soil or rock types and at
important pipeline feature locations. Soil characteristics include grain size, distribution, color,
plasticity, toughness, consistency, angularity, cementation, and dilatancy.
Rock and soil characteristics were identified along the proposed alignments for potential hazards
and include expansive rock and soil, collapsible soils, and subsidence caused by dissolution of
minerals (most notably, gypsum) or by overpumping groundwater. The characteristics of potentially
expansive soils, primarily the presence of plastic clays and desiccated soils, were observed and
recorded. Potential collapsible soils were identified where loosely compacted deposits were
observed, typically occurring in alluvial fans or windblown deposits, such as loess. Characteristics of
these soils were only documented at the ground-surface level and verified with existing geologic
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maps indicating the presence of these soils (UGS 2008a, 2008b, 2008c, 2008d, 2008e, 2008f). The
presence of hazards at the pipeline foundation level can only be determined by drilling or trenching.
1.2.1.5 Soil Erosion Potential Effects

Soils are placed into specific groups based on characteristics important to proper watershed
management, including water erodibility and wind erodibility. These groups are used to assess
impacts on soils from various uses and to evaluate their potential for restoration of ecological sites.
Data on these groups has been collected and mapped by the BLM in Arizona. Soils in the Project
Area (in Arizona) are rated as moderate to severe for water erosion potential, with some areas south
of the Kaibab Indian Reservation (KIR) rated as “run-in,” which are soils characterized by high
susceptibility to rill and gully erosion caused by surface disturbances or excessive runoff from
surrounding uplands (BLM 2007). Additionally, soils in the Project Area (in Arizona) are mostly
rated as moderate for wind erosion potential, with some areas of slight and some areas of high
potential south and west of the KIR.
1.2.1.6 Geologic Hazards to Human Health and Safety Effects

Locations where loose rock on steep slopes overlying the alignment and unstable slopes that could
be affected by pipeline trench excavation or blasting, were noted during the surveys.
Infiltration of groundwater into trenches, tunnels, and shafts during construction were assumed to
occur at perennial stream crossings, and in tunnels and shafts below likely groundwater elevations.
Infiltration rate estimates at the intake system were developed using pump test data collected from
exploration core holes (MWH 2009, 2011). Infiltration rates into trenches near perennial streams
were estimated using standard methods and simplifying assumptions.
1.2.1.7 Effects on Structures and Important Mineral Resources

Buildings and other structures (such as wells and underground utilities) may be affected by pipeline
construction. The locations of structures within approximately 1,000 feet of each alignment were
recorded where possible during the field survey. Common features that are unlikely to be disrupted
by pipeline construction or operation, such as roads and telephone poles, were not recorded unless
they were determined to lie directly within the trench path. Road crossings were not noted because
these would be repaired as necessary.
The nature and locations of mineral resources, including gravel pits and stone quarries, were noted
and recorded if they were within approximately 1,000 feet of the alignments.
Sites of proposed major tunnel and shaft excavations were documented, and the types of rock were
observed from field observations, geologic reports, geologic maps, and from exploration coring at
the intake system (MWH 2009, 2011) and Hurricane Cliffs and near Sand Hollow Tunnel sites
(WCWCD 2010). Rock strength characteristics were evaluated from core samples collected at these
sites.
1.2.1.8 Borrow and Spoil Effects

Construction material is expected to be obtained from excavation associated with construction
earthwork, and that spoils would be spread across the Project Area and ROW. Under this scenario,
borrow sites would not be required for construction material, and spoils would not be placed in
spoil placement areas.
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1.2.2 Area of Study
The area of potential effect for geology and soil resources includes a corridor encompassing both
sides of each of the alternatives identified and described in the Draft Environmental Impact
Statement Section 2, Alternatives Development and Screening. The corridor consists of
approximately 200 feet on either side of the alternative alignment corridors to evaluate an area that
has potential effects to the geology and soils during construction and operation. A 1,000-foot
corridor was evaluated on either side of the alignments for effects on important structures and
mineral resources from blasting or excavation, or limited access during construction (UBBR 2016).
Important structures that were evaluated include wells, utility and range improvement alignments,
and buildings. Common features such as roads and power or telephone poles were not included
because the Project Proponent would repair these features as necessary.

1.3 Environmental Protection Measures
Environmental Protection Measures (EPMs) as outlined in the LPP Plan of Development (POD)
are measures or procedures that are part of the Proposed Project and would be implemented as
standard practice, including measures or procedures that could reduce or avoid adverse impacts (see
Appendix E, Plan of Development). EPMs would be applied regardless of landownership, except
where the jurisdictional agency or landowner determines changes to the EPM(s) would ensure
greater consistency with governing statutes, policies, or plans. Proper communication and
coordination would occur with the jurisdictional agency, private landowner, etc., to ensure changes
to EPMs are modified and applied appropriately.
The following EPMs from the Proposed Project’s POD apply to geology and soils:
B.1.1. The Final POD will incorporate mitigation contained in the BLM Record of Decision and
provide detailed project design and construction specifics, including but not limited to construction
contract timing, phasing, and any modifications to construction access roads and ROW entry points,
and other details. The BLM will review and approve the updated POD prior to notice to proceed
for any surface disturbance activity.
The final project POD shall contain detailed plans, including, but not limited to, those listed below.
Agency Coordination Plan – primary contacts including the BLM authorized officers, Utah
Division of Water Resources (UDWRe), construction management, environmental
compliance inspection contractor, and construction contractors; identification of reporting
procedures and frequency.
Bird Conservation Strategy – measures to reduce impacts on migratory birds, bald and
golden eagles, and other sensitive birds; the plan will identify measures to be implemented
during construction, including but not limited to, the identification of critical nesting periods
for bird species anticipated to be within the ROWs, pre-construction surveys to be
conducted for nesting raptors and migratory birds (survey to be conducted by qualified
biologist <10 days prior to work at site) , and the construction avoidance buffer size and
time duration for active raptor and migratory bird nests (ranging from 100-feet to 1-mile,
depending on species). The plan will identify design features and measures to be
implemented during operation, including description of design standards, any postconstruction monitoring, and adaptive measures such as marking of power lines to avoid or
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minimize impacts; the bird conservation strategy will be developed in coordination with the
BLM for compliance with Migratory Bird Treaty Act (MBTA) and Bald and Golden Eagle
Protection Act; for Utah, IM N. UT-2017-007 Guidance for Utah Bureau of Land
Management to Meet Responsibilities under MBTA and Executive Order 13186 will be
followed, and IM 2006-096 Utah Supplemental Planning Guidance - Raptor Best
Management Practices, and applicable BLM Resource Management Plan prescriptions.
Construction Plan – construction schedule, access roads, borrow pits, 1 best management
practices, vehicle/equipment washing locations, etc.
Construction Traffic Management Plan – measures to reduce and manage construction
traffic.
Construction Dust Management Plan – air quality standards and permits, dust control
measures, general water sources, air quality monitoring, and reporting.
Emergency Response Plan – emergency contacts, notification procedures, available
resources, and emergency procedures.
Integrated Weed Management Plan – management of areas with noxious/invasive weeds,
treatment and control measures, monitoring, and reporting.
Mitigation Plan – summary of environmental commitments and mitigation measures,
responsible parties, timing, and reporting.
Construction Noise Management Plan – measures to manage construction noise.
Public Information Plan – public notification measures.
Recreation Resources Mitigation Plan – measures to protect and restore recreation resources
during construction and operation of the LPP.
Restoration Plan – topsoil (growth medium) and vegetative cover salvage, stockpiling and
replacement; plant salvage, maintenance and replacement, seeding, soil stabilization, and post
construction monitoring.
Spill Prevention, Control, and Countermeasure Plan– procedures for storage and handling of
hazardous and toxic materials, necessary permits, spill response and cleanup.
Storm Water Pollution Prevention Plan (SWPPP) – erosion and sediment control measures,
compliance inspections and reporting.
B.1.3. All activities directly or indirectly associated with the construction of the project will be
conducted within the authorized limits of the ROW grants. Any facility relocation, additional
construction area, additional access, or other use that is not in accord with the ROW grants will not
be initiated without prior approval of the BLM.
B.1.5. A worker education program will be developed by UDWRe and used during construction and
operation. It will be presented to personnel who will be on-site, including but not limited to
contractors, contractor’s employees, supervisors, inspectors, and subcontractors. A handout will be
developed addressing EPMs incorporated into the project and the responsibility of each worker in
environmental protection. Each worker will be briefed on his or her environmental compliance
responsibilities, provided a handout, and required to sign a certification that he or she understands
and will comply with those EPMs. An individual who fails to comply with the EPMs will be subject
to corrective action up to and including dismissal from the project.
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Specifics of the program will include, but are not limited to:
General site maintenance (i.e., trash disposal)
Stormwater and Erosion Control
Hazardous material spill protocols
refueling protocols
Smoking areas
Use of sanitary facilities
California condor conservation measures
MBTA
Incident reporting
Prohibiting driving off the cleared corridor or existing roads
Importance of speed limits and other traffic regulations on access roads
Prohibiting unrestrained dogs or hunting on the construction and facility sites
Terms and conditions of the LPP Biological Opinion
Desert tortoise Habitat Conservation Plan (HCP) measures
Identifying and reporting procedures for other sensitive plants and wildlife that occur within
the area of potential effect
Cultural and paleontological resource identification and protection
Biological, Cultural, and Paleontological monitoring requirements
Visual resources measures
Avoidance of undue disturbance of biological soil crusts
Soil segregation requirements
Noxious weed management and identification
Prohibiting collection of wildlife, plants, or cultural/paleontological resources, unless the
collection is part of a mitigation plan and is done by qualified personnel
Workers will receive a sticker or certificate that they have completed the training; a laminated
card that can be used for reference, including applicable contact phone numbers, may also
be used
Training sessions will be held for new contractors and/or contractor personnel throughout
the life of the project
B.1.17. Where feasible, vegetation within the ROWs will be crushed instead of removed by blading,
to minimize impacts to soils.
B.1.19. In specific areas, boulders greater than 18 inches in diameter found on the soil surface will
be moved to the edge of the ROWs and redistributed randomly across the ROWs during
reclamation. Boulders will either be positioned so that the surface previously in contact with the
ground will be in generally the same orientation or a desert varnish may be applied to boulders, as
needed, to reduce stark visual contrast. UDWRe will coordinate with BLM during final design to
identify areas for surface boulder replacement.
B.1.20. All available growth medium (topsoil and cleared vegetation) will be salvaged and marked
with signage for redistribution during reclamation. Growth medium will be windrowed along the
edge of the ROWs or placed in stockpiles and temporarily stabilized (if stockpiled for more than 14
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days) with temporary seeding, natural fiber geotextiles, mulch, periodic water applications, or other
techniques to reduce or eliminate erosion or dust. Any temporary seeding mixes will be a BLMapproved certified weed-free seed mix. Topsoil and cleared vegetation will not be stockpiled in one
location for longer than two years unless approved by land management agency for specific
activities. Topsoil and cleared vegetation stockpiles maintained longer than one growing season will
be planted with an annual seed mix to help control erosion and keep soil micro-organisms active.
B.1.40. For every active phase of construction, fire suppression equipment such as extinguishers and
shovels will be available on-site during construction. Vehicles will not be parked in tall vegetation to
prevent fires from exhaust contact. A designated individual on each construction site will be
responsible for fire watch and fire suppression. For welding crews, one team member will be
responsible for fire watch, in addition to the individual designated for the construction site fire
watch and fire suppression. When welding at field locations, all flammable materials (i.e., brush,
litter) will be cleaned for a distance of 15 feet around the area. Fire restrictions that may be in effect
could restrict welding activities depending on the level of restriction.
B.1.41. Where the ROWs cross beneath existing power lines, warning signs will be installed with
identified height restrictions during construction. A construction watchman may be designated as
needed during construction activities beneath power lines, to ensure equipment keeps specified
distances from the power line conductor cables.
B.1.42. When construction practices overlap with an existing authorized ROW on BLM land,
UDWRe will inform the other ROW holder of LPP construction plans that will occur within, or
could affect, that other ROW.
B.1.43. If blasting is determined to be necessary based on project design, a Blasting Plan will be
prepared and submitted to the BLM for approval in advance of construction. Any blasting will be
conducted conservatively and managed to avoid damage to nearby facilities, properties, or sensitive
cultural sites. Blast noise monitoring will be conducted if blasting will be in the vicinity of occupied
properties, wildlife areas, or sensitive public uses such as campgrounds or visitor facilities. Blasting
will not occur within 100 feet of an occupied Mojave Desert tortoise burrow.
B.1.44. A dewatering plan will be prepared and submitted to the BLM for approval in advance of
construction. Should dewatering be necessary, discharge will be filtered to minimize sediment and
will be directed to prevent flow from directly entering streams, wetlands, or sensitive environmental
areas. Erosion and sediment control will be conducted the same as described for stormwater
practices. The Compliance Inspector (CI) will coordinate with the BLM on monitoring discharges
and will identify site-specific mitigation actions.
B.1.45. All concrete washout water will be collected and retained in a leak proof container so caustic
material does not reach the soil surface and water does not migrate into the ground and
groundwater. Containers will be allowed to dry (evaporate) and then solids will be disposed of or
recycled at an approved facility or used as tracking pad material onsite.
B.1.46. A General Permit for Stormwater Discharges Associated with Construction Activity
(UTRC00000 & Arizona Department of Environmental Quality [ADEQ] CGP) will be obtained
prior to any surface disturbance that includes clearing, grading, excavation, and/or stockpiling.
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B.1.47. A site-specific SWPPP will be prepared and implemented for each construction contract.
The plan will be submitted to the BLM and other applicable agencies. The SWPPP will identify all
potential sources of pollution which could affect the quality of stormwater discharges from the
construction site, describe the construction activities that disturb soils at the site, provide an estimate
of the total disturbance area, and identify waters of the United States within one mile of the site. The
SWPPP will identify erosion and sediment control measures, compliance inspection metrics,
maintenance, and reporting. A copy of the SWPPP will be kept on site and updated as needed to
manage pollutants or reflect changes in site conditions.
B.1.50. Erosion and sediment control will be implemented using both non-structural and structural
best management practices (BMPs). Non-structural BMPs examples include not performing topsoil
stripping during wet weather if there is risk of topsoil eroding or washing off the site in violation of
NPDES permits, and soil stabilization such as mulch, slope tracking, seeding, and erosion matting.
Structural examples are silt fence, wattles, and ditch checks. Any netting for erosion and sediment
control BMPs will be of natural-fiber (non-plastic material). BMP specifications will be included in
the project specific SWPPP(s).
B.1.51. Temporary perimeter sediment controls will be installed as necessary prior to initial soil
disturbance activities and will be maintained throughout construction and reclamation. These
controls will be designed to retain sediment on site to the extent practicable. Typical sediment
control BMPs include:
Siltation or filter berms
Filter or silt fencing
Sediment barriers, e.g., sandbags, straw bales, straw wattles (straw bound into rolls or bales)
Temporary erosion controls, e.g. straw & woodchip mulches, Jute netting
Temporary seeding will be installed as soon as practical on all disturbed areas that will remain
disturbed and inactive for more than 14 days. Any straw used for erosion or sediment control will be
certified weed free. Temporary erosion and sediment controls will be inspected weekly and after
major precipitation events and will be removed after construction and/or when they are no longer
needed.
B.1.52. During construction, broken structural erosion controls will be replaced or restored as soon
as practicable (typically within a day) but before the next forecasted precipitation event. Sediment
will be removed from structures when sediment reaches 50 percent of the barrier capacity and
disposed of within disturbed ROWs. Redistribution of sediment will be coordinated with the BLM.
B.1.53. For construction activities crossing a dry wash, spoil stockpiles will be pushed away and
stored a minimum of 10 feet away from the ordinary high-mark and silt fencing will be used to limit
sediment movement from the stockpile; stockpiles without silt fences will be located a minimum of
100 feet away from dry washes. All stockpiles will be kept within project ROWs.
B.1.54. At a minimum, a 10-foot wide vegetation buffer strip and other erosion control measure
such as straw bales or wattles (certified weed free) will be maintained between the cleared ROWs
and an adjacent drainage. The timing of clearing, grading, trenching, pipe installation, stabilization
and seeding banks during drainage crossings will be minimized to promote expedient efforts
towards restoration.
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B.1.55. Non-stormwater discharges, including from pipeline and facility hydrostatic testing, will be
directed into existing dry washes or other downstream project facilities as feasible. Best management
practices such as diffusers or other energy dissipaters, straw bales (certified weed free), or filter sacks
will be used to prevent bank instability and erosion. Discharges will be managed and monitored so
that they do not exceed the typical 2- to 5-year flood event of the existing washes, and to allow
debris accumulations to be removed as needed. Discharges will also be managed to not exceed bank
levels and downstream banks and terrestrial vegetation will be monitored and discharges stopped if
above bank erosion is detected.
B.1.56. Stormwater compliance inspections will be conducted by UDWRe throughout construction
at least once every 7 days regardless of rain events, or every 14 days and additionally within 24 hours
of a storm event greater than 0.5 inches to ensure compliance with the SWPPP 1 and Utah
Department of Environmental Quality (UDEQ) and ADEQ permits. Inspections will include
disturbed areas of the project that have not been stabilized, material and equipment storage areas
that are exposed to precipitation, all erosion and sediment control measures installed within the
ROWs, all structural control measures, and all locations where vehicles enter and/or exit the ROWs.
Inspectors will notify the construction manager to where requirements of the SWPPP are not being
followed, and implement corrective action as required to achieve compliance. Inspection reports will
be maintained on file and submitted to the BLM and UDEQ or ADEQ upon request.
B.1.59. At the completion of construction, all non-natural berms, ditches, temporary erosion and
sediment controls, bales, wattles, and other energy dissipating/filtering devices not required for
protection of facilities will be removed, and drainage function restored. Soils used for erosion
control structures and soils captured by those structures will be distributed across the ROWs prior
to replacing the topsoil and reclamation. Bales, wattles, and other energy dissipating/filtering devices
will be disposed of in approved trash receptacles. The ground surface will be graded to blend into
the preconstruction topography and/or slopes.
B.1.60. Washes and ephemeral drainage function will be restored. Soils over the pipeline will be
compacted in place for maximum pipeline stability, and additional stabilization measures such
natural fiber erosion matting and seeding will be installed where necessary. Stabilization measures
such as rip rap may be required to protect facilities and prevent increased erosion in washes. If
armoring of a channel crossing with rip-rap or concrete is necessary due to high erosion potential,
those areas and erosion control methods will be identified for BLM, U.S. Army Corps of Engineers,
or other appropriate agency based upon the jurisdictional status of the feature.
B.1.61. Post-construction stormwater management will consist of permanent erosion control
measures installed as necessary to protect areas disturbed by UDWRe activities. These could include
but are not limited to vegetation restoration, tracking and matting of steep slopes to maintain
stability, berming (contoured to blend with existing landscape), and/or placement of appropriately
colored riprap. Final stabilization of soil disturbed areas will be achieved when vegetation restoration
and other erosion control measures are completed in accordance with the BLM-approved
Restoration Plan and UDEQ or ADEQ stormwater permit requirements.
B.1.63. Soils and cut/fill areas will be restored to reasonably blend into existing landforms and will
be placed in a manner to minimize stark contrast with adjacent undisturbed areas. Topsoil from
cut/fill activities will be spread on freshly disturbed areas to reduce color contrast and aid rapid
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revegetation. Disposal of excess fill material downslope will be completed in such a fashion as to
avoid creating stark color contrast with existing vegetation/soils. Cut slopes will be randomly
scarified and roughened to reduce texture contrasts with existing landscapes.
B.1.72. Upon the completion of final grading, salvaged plants identified for replanting will be
removed from the nursery sites and transplanted within the ROWs in areas not occupied by aboveground facilities or access roads. Efforts will be taken to restore plants to the same general area from
which they were salvaged. Plants will be replanted in a random and non-uniform pattern, in an effort
to mimic the adjacent non-disturbed plant communities. Planting holes will be two times the size of
the plant material to be transplanted and will be pre-watered. All backfill will be free of debris,
foreign objects, rocks large enough to obstruct root growth or watering, and noxious weeds. As
feasible, transplanting will not occur during periods of high temperatures or other unfavorable
environmental conditions.
B.3.1. If pipeline crossings of a fault are identified during detailed geotechnical investigations,
additional design features will be considered to ensure pipeline integrity (e.g., flexible couplings,
increased pipe wall thickness, pipe sleeves).
B.3.2. Soils unsuitable for use as pipeline backfill will be used to refill borrow pits identified as part
of the project and will not be exported from federal lands.

1.4 Existing Conditions
1.4.1 Regional Geology and Topography
Geologically, North America has been divided into physiographic provinces, landforms that are
characteristic to specific locations. Boundaries between the provinces are considered transition
zones, which share characteristics of two or more adjoining provinces. The alignments are proposed
to extend through two physiographic provinces: approximately 78 percent of the pipeline is
proposed to be in the Colorado Plateau Province and approximately 22 percent is proposed to be in
the transition zone between the Colorado Plateau and the Basin and Range Provinces (UBWR
2016).
The Colorado Plateau province encompasses most of southern and eastern Utah, western Colorado,
northern Arizona, and northwestern New Mexico. The province is generally characterized by a thick
sequence of largely undeformed, nearly flat-lying sedimentary rocks, occasionally interrupted by
large-scale northerly trending structural uplifts or basins (folds). The limbs of some of these folds
are locally steep (40 degrees to vertical) but relatively narrow (a few miles). The narrow folds are
typically monoclines, characterized by all rocks dipping steeply in one direction, and then flattening
out east and west on either side. In general, the monocline folds have resulted from the propagation
of deep basement reverse faults that offset deep rock units and deform the younger, overlying
sedimentary layers. Active faults in the Colorado Plateau are relatively rare at the surface, although
they are abundant at depth in older rocks, as exposed in the Grand Canyon part of the Colorado
Plateau and specifically at the Cockscomb and the Sevier fault near Coral Pink Sand Dunes State
Park (WCWCD 2003a, 2005a, 2005b).
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Most of the rocks exposed or in the shallow subsurface of the Colorado Plateau are sedimentary
rocks formed in large, shallow seas, broad river plains, and expansive deserts during the late Permian
to the late Cretaceous Periods, roughly 260 to 65 million years ago. Much of the Colorado Plateau
has been dissected by erosion to form canyons, cliffs, and other features. Unconsolidated surficial
sediments were deposited during the Holocene and Pleistocene epochs over the past 1.6 million
years and are associated with alluvial, fluvial, and eolian deposits, as well as reworked glacial deposits
from the last great (Pleistocene) ice age. Basalt flows from cinder cones and fissures of Miocene to
Holocene origin (15 million years to present) are exposed at the surface in several places,
predominately in the western part of the alignment east and west of the Hurricane Cliffs (Boyle
2003; UGS 1998; USGS 2002a, 2004a; WCWCD 2005a, 2005b).
The Basin and Range Physiographic Province includes western Utah, most of Nevada, and parts of
central and southern Arizona, central and southwestern New Mexico, eastern California,
southeastern Idaho, and southeastern Oregon. Basin and Range geology is a result of uplift and
crustal extension forces that began during the Miocene Epoch approximately 15 to 16 million years
ago, and continue today; these forces have caused the region to be broken up into north-south
trending mountains and ranges, known as “horst-graben” structures, caused by downthrown blocks
“dropping” into the gaps caused by uplift and extension. The upthrown blocks have been partially
eroded to fill much of the valley floors, covering the downthrown blocks and in many instances
depositing several thousand feet of sediments in the intermontane valleys. Localized basalt flows
associated with Basin and Range extension are present in the western parts of the Project Area
(WCWCD 2003a; UGS 1998; WCWCD 2005a, 2005b; USGS 2004b).
The boundary between the Colorado Plateau and the Basin and Range Province begins at the
Hurricane Cliffs and its associated fault system (the fault zone represents the eastern edge of the
Basin and Range horst-graben faulting in this region) and extends westward beyond St. George to
the approximate region of Gunlock and Santa Clara, Utah (WCWCD 2005a). The transition zone is
characterized by an increase in the number and abundance of faults from east to west, with horstgraben type block faulting that forms mountains and valleys not clearly defined but with a significant
active fault system (the Hurricane Fault) bounding the eastern edge. The Proposed Project would
enter and cross into this transition zone along the Hurricane Cliffs segment of the pipeline and
continue westward to Sand Hollow Reservoir (WCWCD 2003a, 2003b).
1.4.2 Stratigraphy
Regional stratigraphic and lithologic descriptions of bedrock units that may be encountered during
construction along the proposed alignments were extrapolated from the geology study performed by
Peter Rowley, Gary Dixon, and David Brickey (WCWCD 2005a, 2005b), and Haley & Aldrich, Inc.
(WCWCD 2003b) and from published resources, including the geologic maps cited in Section 1.2
above.
Surficial deposits and bedrock units are described from youngest to oldest in Section 1.4.2.3, below.
The age of the units is followed by the name of the unit and the symbol. Rock type, lithologic
characteristics, approximate thickness of the units, and typical engineering properties are discussed.
Members belonging to bedrock units are lumped together for mapping purposes unless they are
abundant in the map area or display significant engineering problems. Many units underlie upland
areas far from the Southern and Highway Alternative routes and are only briefly discussed below.
Engineering properties of these units are not discussed. Additional details specific to each unit are
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discussed in the referenced maps and documents within this report. Geologic maps are provided in
Figures 1.4-1 through 1.4-2, below. These maps provide details of surficial deposits, geologic units
and fault crossings that are expected to be encountered along both the Southern and Highway
Alternative alignments.
The youngest deposits are Quaternary, consisting of unconsolidated Holocene (present to
approximately 10,000 years in age) and partially consolidated Pleistocene deposits (10,000 years to
about 1.6 million years in age). Pleistocene deposits additionally contain some basalt lava flows.
These deposits are often cut into by present streams and underlie most of the surfaces of current
landforms. Aside from the basalt lava flows, easy excavation is expected in the Quaternary units
(WCWCD 2005a). Bedrock units along the Proposed Project alignments range in age from
Cretaceous (between 63 and 138 million years) to Permian (between 240 and 290 million years) and
include Jurassic and Triassic periods in between. The units are poorly to well consolidated
predominantly sedimentary rocks, including sandstone, siltstone, limestone, shale, and evaporates.
Basalt deposits are present in these units as well, but not as extensively. Excavation is expected to be
relatively easy in these units; however, engineering problems such as swelling, collapsible clays, and
abundant gypsum deposits are common characteristics in these deposits (WCWCD 2005a).
1.4.2.1 Soils

Soils along the Proposed Project alignments are typically alluvial and eolian with some fluvial
deposits and terraces, occasionally including reworked glacial outwash sediments. Soils are generally
moderately well drained and shallow, although there are many exceptions.
The eastern part of the alignment predominantly consists of sands or sandy to gravelly loams from 0
to 5 feet deep (deeper soils tend to occur in larger valleys and deep basins and washes), with large
areas of rock outcrop that have little to no soil. Some soils are saline and, when associated with
marine parent rocks or non-marine evaporite rocks, have high gypsum content and sometimes
moderately high calcium carbonate. More often, soils originating from nonmarine, non-evaporite
rocks are generally nonsaline and low in gypsum but may be relatively high in calcium carbonate
(NRCS 2003, 2007a).
Soil mapping of the northern Arizona region indicates that soil types are distributed in a repetitive
pattern consistent with the topography, parent rock, and/or climatic setting. Soil associations consist
of several major soils and some minor soils but are named for major soils. The dominant soil
associations in the Arizona portion of the Project Area are the Gypsiorthids-Grieta-Clayhole-Jocity
and the Mellenthin-Curhollow associations. Soils in these associations are generally well-drained,
shallow to deep, moderately coarse to moderately fine-textured (for the Gypsiorthids-GrietaClayhole-Jocity association) or medium to fine textured (for the Mellenthin-Curhollow association)
(BLM 2011).
Soils in the Arizona Strip include “clayhole washes” which consist of clay, silty loams, silty clay
loams, or sandy loams, 0 to 5 feet deep, but in some instances deeper. Some clayhole wash soils may
be relatively high in gypsum because of gypsiferous parent material. Soils may be deeper in
depressions and other places where deposition is more likely to occur. Outside of the clayhole
washes, soils are typically eolian or alluvial sands or gravelly to sandy loams that originate from
sandstone parent material. These soils are typically less than 5 feet deep, but may be deeper, usually
low in gypsum, and may be low to moderately high in calcium carbonate (NRCS 1983, 2007b).
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In the western part of the Project Area, soils are alluvial and eolian fine sands, sandy loams, and
cobbly loams amid large areas of exposed bedrock. Much of the parent material is limestone and
calcareous shale and often high in calcium carbonate and low in gypsum. Soils are typically thin,
often less than 2 feet deep. Near Sand Hollow Reservoir, eolian and alluvial sandy soils are generally
deeper than 2 feet (NRCS 1971, 2007c).
1.4.2.2 Biological Soil Crusts

Biological soil crusts are recognized as having an influence on terrestrial ecosystems where they
occur. These communities, referred to as cryptogamic, cryptobiotic, microbiotic, or microphytic soil
crusts, serve as a living mulch by retaining soil moisture and discouraging the growth of some types
of annual weeds. They can reduce wind and water erosion, fix atmospheric nitrogen into a form
usable by plants, and contribute to the soil organic matter. These crusts can be used as indicators of
physical disturbance (BLM 2008a).
Total crust cover is usually inversely related to vascular plant cover, as less plant cover results in
more surface available for colonization and growth of crustal organisms. When all crust types are
combined (e.g., cyanobacterial, moss, lichen), cover is greatest at lower elevation inland sites because
there is less vascular plant cover. There has not been a systematic inventory of soil crusts within the
Project Area, although there is a growing body of literature and research on soil crusts of the
Colorado Plateau, especially related to land use and management. This research indicates that
biological soil crusts are sensitive to physical disturbance, increased frequency and intensity of fire,
and global climate changes. Sandy, course-textured soils with low stability, fertility, and waterholding capacity recover more slowly than fine-textured soils with high silt or clay content. Stable
areas with low slopes, little sand movement, and embedded rocks are quicker to recover than less
stable sites with steeper slopes and more soil surface movement or sand deposition (BLM 2008a).
The importance of biological soil crusts is recognized by the scientific community, the NPS, and the
BLM. Biological soil crusts can stabilize the surface by protecting it from wind and water erosion.
Generally biological soil crusts are considered to aid in infiltration of water and, because they
increase surface roughness, they reduce runoff and increase the amount of water storage for plants.
In semiarid systems biological soil crusts can provide a significant amount of nitrogen for plant
growth. However, research has not determined how much soil crust is needed in a certain soil type
or ecological range site or woodland community for ecological processes to operate in a healthy
state. That is, there is no clear “biological crust yardstick” that can be applied on a site-specific basis
to allow for sound and reasoned decisions on this subject to quantify the appropriate amounts and
distribution of biological soil crusts (BLM 2008a).
1.4.2.3 Gypsiferous Soil and Rock

Gypsiferous soil and rock occur in arid and semi-arid regions, are highly soluble deposits, and are
exposed, with various physical characteristics such as massive gypsum evaporite bedrock, crystalline
selenite, anhydrite, secondary evaporites, and sand dunes (More et al. 2014). Bedrock gypsum is
often intermixed with surrounding soils, resulting in various percentages of gypsum content in
localized soils. Gypsum content in soils and bedrock influences the porosity and root growth of
several diverse assemblages of gypsum-endemic plant taxa, identified by the scientific community as
gypsophiles (More et al. 2014). Biological soil crusts are a part of this endemic classification, and the
presence of these crusts is encountered in, and often attributed to, gypsum-rich soils and bedrocks.
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In addition to supplying a foundation for biological soils, gypsiferous soil and rock are considered an
adverse construction condition, not a geologic hazard. However, the presence of these deposits has
been correlated with the geologic hazard studies and is included in the geologic hazard maps and
tables discussed in Section 1.4, below. Gypsiferous soil and rock are subject to dissolution of the
gypsum minerals that form their internal structure. In rock and soils that contain 10 percent or more
gypsum, dissolution can result in localized land subsidence and sinkhole formation (UGS 2008a,
UGS 2008e). Where gypsiferous soils are found in the shallow subsurface of unconsolidated
deposits, the deposit forms a localized confining water table. Excavations within these localized
areas can lead to artesian groundwater flow and may require additional drainage systems during
construction (UGS 2008a, 2008e). Gypsum is a weak mineral with low bearing strength and is not
ideal for foundation material, and when the mineral has undergone weathering, it has the potential to
react and corrode certain types of cement.
Gypsum is present in several geologic formations encountered within the Project Area, including the
Shnabkaib Member of the Kaibab Formation, the Harrisburg Member of the Toroweap Formation,
and the Woods Ranch Member of the Torowheap Formation. Additionally, it is common in the
Timpweap, Virgin Limestone, lower red, middle red, and upper red members of the Moenkopi
Formation and many fine-grained alluvial and eolian deposits derived from these units that are
located within the Proposed Project pipeline alignments (UGS 2008a, 2008e).
1.4.2.4 Bedrock

Sandstone from the Navajo, Entrada, Page, and Carmel formations is the most common rock type
in the eastern part of the Proposed Project alternatives whereas siltstone, limestone, shale, and other
sedimentary rocks of the Moenkopi, Chinle, and Kaibab Formations are more common further
westward (see Figures 1.4-1 and 1.4-2, below). Navajo Sandstone reappears west of the Hurricane
Fault Zone due to westward downthrown displacement (see Figure 1.4-3, below). The units are
poorly to well consolidated and can be expected to have a broad range in difficulty for excavation.
They additionally contain problematic engineering properties such as swelling, collapsible clays, and
gypsum (WCWCD 2005a). The basalt outcrops are present near the end of the Proposed Project
alternatives and in the section from the bottom of the Hurricane Cliffs to Sand Hollow Reservoir.
These deposits would be problematic for excavation.
Rock Mass Classification Systems
The type of ground behavior and conditions encountered during shaft and tunnel excavation has
been characterized in the rock engineering literature using several rock mass classification systems
(Hoek 1997). These systems are based on quantifiable rock mass characteristics, such as rock quality
designation; rock hardness; rock strength; discontinuity orientation, spacing, and condition;
weathering; alteration; and groundwater conditions, as input data for rock mass classification that
was derived from the geotechnical drilling and testing program. Although these classification
methods have been used successfully for underground design projects, there is inherent uncertainty
and subjectivity with the rock mass systems and therefore a degree of conservatism is warranted in
their use depending on the quality and quantity of the input data.

20

1.4.2.5 Intake Pump Station Geologic and Hydrogeologic Conditions

Geotechnical drilling in the Navajo Sandstone, near the proposed intake pump station (IPS),
indicates the unit to have a rock mass rating (RMR) of 73, which is consistent with a rock quality of
Type II – good to fair rock conditions, and a tunnel quality index of 30, which is classified as fair
quality rock for tunnel construction. The deepest borehole extended to a depth of approximately
477 feet, comparable to the anticipated depth of approximately 392 feet for the proposed shaft or
shafts (WCWCD 2010). Hydrogeologic conditions were examined as part of the drilling program at
the IPS and is described below.
Static groundwater levels in each drill hole matched the elevation of Lake Powell during the drilling
program. Groundwater is expected to seep from the rock mass into the IPS shafts and tunnels
during construction. These inflows would likely be collected by a system of drains and sumps
constructed in the bottom of the excavations. Groundwater inflows would be collected in the sumps
and then pumped to the surface where it would be discharged into portable water tanks. Settled
particles from this process would be removed prior to disposal to minimize effects during
construction and to protect water quality in the reservoir. The hydrogeologic data at the IPS
provided the basis for an estimate of maximum expected groundwater inflow volume for the intake
shafts. Groundwater inflows of maximum expected volume are approximated as follows:
1,000 gallons per minute (gpm) for one of the 19-foot diameter intake shafts; and
1,500 gpm for two 19-foot-diameter intake shafts, if shafts are constructed simultaneously.
Dewatering wells would be constructed around the footprint of the underground construction area.
The wells would pump water from the rock mass near the construction area to lower the
potentiometric surface and discharge it directly into the temporary holding tanks and into the
treatment facility to reduce the potential groundwater inflow volumes into the shafts and tunnels.
Discharge to Lake Powell may not be permitted; it is anticipated that discharges from construction
dewatering would need to be conveyed to the emergency spillway at Glen Canyon Dam and
discharged on the downstream side of the dam.
A series of settling trenches or portable settling tanks may be required to allow sediment from the
dewatering to settle before discharging. The blind bore shaft drilling method generally does not
require much removal of fluids because the reverse circulation component of the blind bore method
returns most of the fluids to the flooded shaft after settling the heavier solids.
The high permeability of the Navajo Sandstone in which the structures would be constructed would
require very close well spacing and a large number of wells to be effective. If previously unidentified
fractures in the rock mass are encountered during construction, additional inflow probably would
occur from these fractures, which may be difficult to control with dewatering wells because of the
heterogeneous flow patterns.
A dewatering program would most likely include pumping from the shafts and tunnels. Dewatering
would be required for use of micro-tunnel boring machines during construction of the lateral
tunnels into Lake Powell. For activities other than blind bore drilling of shafts, dewatering would
require a combination of dewatering wells and pumping from the shafts.

21

The blind bore reverse circulation drilling method would minimize the amount of fluids that would
need to be discharged during drilling of the shafts. It is anticipated that fluids circulated during shaft
and tunnel construction would discharge into one end of a trench or rectangular tank. Using typical
settling velocities for particles in water) and assuming a particle size of very fine sand (from
sandstone), a settling velocity of approximately 0.02 feet per second can be expected. If the tank
depth is assumed to be 4 feet deep, a residence time of at least 200 seconds would be required to
settle a particle at the water surface. For a conservatively high estimate of 1,500 gpm discharge, and
assuming a tank width of 8 feet (a practical width for transport by truck), the velocity of linear flow
from one end of the tank is:
Vf = Q/A = (1500 gal/min)(1 ft3/7.48 gal)(1 min/60 sec)/((8 ft)(4 ft)) = 0.1 ft/sec
The minimum length of the tank would need to be:
L = (Vf)(Tr) = (0.1 ft/sec)(200 sec) = 20 ft
Key:
ft = feet
ft/sec = feet per second
ft3 = cubic foot
gal = gallons
Gal/min = gallons per minute
min = minute
Q/A = flow rate /area
sec = seconds
Tr = residence time
Vf = velocity of linear flow
Therefore, a settling pond would be about 8 feet by 20 feet by 4 feet deep to remove very fine sand
particles. It may be advisable to have two settling ponds in series, with the decant from the first
pond flowing from the top of the water column into the second pond. Baffles at the end of each
pond would help to distribute the flow velocity evenly across the width of the pond. If drilling mud
is used, the required residence time would be much longer or a deflocculant would be required.
Once clarified, water that is not recirculated would be pumped to the Glen Canyon Dam spillway
and discharged on the downstream side away from Lake Powell into the Colorado River. Discharge
would be permitted under a De Minimis General Permit through the Arizona Department of
Environmental Quality.
1.4.2.6 Hurricane Cliffs Area Geologic and Hydrogeologic Conditions

The north-south trending Hurricane Cliffs escarpment in the vicinity of the Project Area is formed
by about 1 million years of faulting along a steep and linear fault-line scarp system that closely
follows the trend of the Hurricane Cliffs, with an approximate 2,000 to 2,800 feet of total block
normal displacement along the tectonically active Hurricane fault zone (generally located at the base
of the cliffs). The Hurricane fault, referenced as the Anderson Junction Segment in the Project Area,
has displaced Early Jurassic (Kayenta and Navajo Sandstone Formations) geologic units in the
hanging wall to the west against sub-horizontally bedded Lower Triassic and Upper Permian
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(Moenkopi, Kaibab, Toroweap, and Queantoweap sandstone, shale, and limestone Formations) aged
bedrock units in the footwall to the east. The footwall now forms the cliff face and upper plateau
surface and cliff face of the Hurricane Cliffs. The bedding exposed in the cliff is generally intact and
has a general dip of 7 degrees to the east (mean orientation dip/dip direction of 7/66).
Numerous researchers have documented displaced Quaternary alluvium and Quaternary basalt flows
in segments of the fault south and north of the Project Area, providing evidence of geologically
recent activity. The Hurricane fault is thought to be the reactivation of Cenozoic thrust fault
structures and forms the dividing boundary between the Colorado Plateau Province to the east and
the transition zone to the Basin and Range Province to the west.
Many northeast-southwest trending subsidiary faults, fault strands, or fault splays are mapped in the
foot wall and are likely related to a significant bend in the overall trend of the fault south of the
Project Area and associated with an overall tectonic regime of fault distribution and transfer of
stresses and displacements. Some of these splay faults include the Warner Valley and the Graben
faults that are referenced later in this document as well as many unnamed fault strands.
The bedrock structure at the cliff face, and up to several hundreds of feet behind the cliff face, is
likely highly to moderately disturbed (e.g., highly fractured, fault gouge, weak and very poor quality
rock) along a number of relict fault features due to the “scissor” and “ramp-forming” nature
associated with the normal, en echelon stepping, extensional fault mechanics that were active during
the initiation phases of the Hurricane Fault, which is classified as a normal fault with down to the
west displacement. At the base of the cliffs and within the primary Hurricane fault zone, Triassic age
Moenkopi Formation (Trml; Lower Red Member shale, siltstone, and sandstone) is intensely sheared
and deformed and dips steeply to the west. These Trml slivers were likely entrained within the fault
during the initiation of the normal faulting along the Hurricane fault. Additionally, along the cliff
face there are numerous massive blocks of east dipping (up to 40 degrees) limestone that have been
rotated toward the west with massive fissures and traces of scissor faults forming the back (east)
release plane. The blocks may have been further rotated by dissolution of gypsum and gypsiferous
and weak bedding that underlies the massive limestone layers.
The cliff features (e.g., the en echelon stepping, scissor faulting within the cliff face; overturned
slivers of Trml entrained within the fault zone; and massive blocks of overturned limestone formed
by scissor faults and fissures as the release plane) are all reflected to the south of the Project Area
along the much younger Washington fault. This location along the Washington fault is interpreted as
an analogy to the proto-Hurricane fault reflecting the initiation stages of fault development.
Complex faulting in the Hurricane fault zone has facilitated volcanic activity as magma propagated
toward the surface along the faults or zones of crustal weakness. This has resulted in the extrusion
of lavas in the form of flows and cinder cones in the Project Area. Lava flows and cinder cones are
found on top and at the base of the cliffs. Most of the volcanic rocks in the Project Area are
composed of basalt.
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The base of the Hurricane Cliffs is covered by quaternary eolian, alluvial fan and talus, and/or
colluvial deposits that radiate from the base of the Hurricane Cliffs toward the west. These are
generally composed of younger alluvial fan materials that are very thick near the cliffs and tend to
become thinner toward the west. These soils generally have a high soluble salt content and are
potentially collapsible when saturated. The younger alluvial materials are underlain by an older
alluvial fan surface that is back rotated to nearly horizontal composed of strongly consolidated and
clayey alluvial fan deposits (conglomerate) composed of limestone and basalt fragments in a reddish
clayey matrix interpreted to have been derived from erosion of the Moenkopi Formation that once
formed much of the proto-Hurricane Cliff face.
The Navajo Sandstone Formation is expected to be the main rock type encountered in the Sand
Hollow Tunnel, although bedded sandstones and sandy siltstones of the Kayenta Formation may be
encountered at the west end of the tunnel and portal area. A description of the Navajo Sandstone is
detailed in Section 1.4.2.7, below.
Drilling at the Hurricane Cliffs site was limited and extended to a maximum borehole depth of 238
feet. During drilling, the Navajo Sandstone was encountered at approximately 8 to 9 feet below
ground surface in the Hurricane Cliffs area and was exposed on the ground surface close to the
proposed Sand Hollow tunnel eastern portal. The Navajo Sandstone dips toward the east so it is
expected that the Navajo Sandstone would likely be close to the ground surface on the west side of
the basalt capped ridge and along the Sand Hollow tunnel. The Navajo Sandstone had varying
recovery ranging from 0 to 100 percent with rock quality designation values ranging from 0 to 100
percent. The hydraulic conductivity ranged from 14 feet per year to 5,665 feet per year. The
estimated Norwegian Geotechnical Institute or Q-system value of 1 and an RMR value of 50,
categorizes the rock as poor quality (Q) and fair quality (RMR) rock, respectively.
Groundwater was not encountered in any of the drill holes advanced along Hurricane Cliffs and is
expected to be deeper than 200 feet in the area. The potentiometric surface is likely generally flat or
even slightly sloping to the east from Sand Hollow Reservoir and the groundwater flow direction
may be from west to east toward the Hurricane Cliffs fault. The hydrogeological conceptual model
speculates that groundwater flows reach the Hurricane Cliffs fault zone and it flows south and north
along the Hurricane Cliffs fault.
Additional subsurface characterization at the locations of proposed facilities and along the pipeline
alignment of the selected alternative would be required to more fully characterize conditions for
design of these structures and would include any foundation preparations necessary to protect the
facilities from settling and other potential structural damage. A preliminary assessment of possible
stabilization methods for tunnel and shaft construction is provided by MWH (2011); it is anticipated
that tunnel and shaft stabilization can be achieved by standard tunnel construction methods.
1.4.2.7 Map Unit Descriptions

Artificial Fill (Qaf, Recent)
Artificial-fill deposits are sediments deposited by man, mostly to build roadways, dams, and
buildings. At this map scale, they appear to be rare in the map area. Generally, the deposits are less
than 10 feet thick.
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Stream Alluvium (Qa, Holocene to Late Pleistocene)
Stream deposits are unconsolidated channel sand and gravel of perennial and intermittent streams,
as well as adjacent floodplain clay and silt. The deposit also includes silt, sand, and gravel of low
benches (river terraces) locally along the streams. The thickness of stream alluvium is generally less
than 15 feet. Most deposits are undissected. Some deposits may provide aggregate for roads.
Because the map unit in effect marks the active channel and floodplain, it also marks the area most
likely to be affected by main-stream flooding. The pipeline thus would require engineering for
potential flooding where crossing this map unit.
Younger Alluvial Fan, Pediment, and River Terrace Deposits (Qafy, Holocene to Late
Pleistocene)
Most unconsolidated silt, sand, and gravel deposits that form broad surfaces originated as younger
alluvial fans, pediments, and river terraces. Most of these deposits are less than 20 feet thick. Where
the streams drain bedrock units that contain large percentages of shale, mudstone, and clay, the
deposits of the map unit themselves contain the same material and thus are likely to be poorly
drained and muddy during and after rain and in winter. Construction of roads in these deposits to
service the pipeline would require significant amounts of aggregate. The deposits are undissected
and mark the active surface of deposition; thus, the many small intermittent streams that formed the
deposit flow at times, and structures built on the deposit, are susceptible to flooding.
Older Alluvial Fan, Pediment, and River Terrace Deposits (Qafo, Late to Middle
Pleistocene)
Some silt, sand, and gravel deposits that form broad surfaces originated as older alluvial fans,
pediments, and river terraces. Most of these deposits are less than 25 feet thick. The deposits may be
partly consolidated, mostly by calcium carbonate (caliche), and outside the map area the oldest of
these deposits may form resistant caprocks that may be difficult to excavate. No such resistant
caliche caprocks in the map area were observed during field work. As with younger alluvial fan,
pediment, and river terrace deposits, the deposits are likely to be muddy and poorly drained during
the winter and during and after rainfall. The deposits have various amounts of dissection by present
streams and therefore are not undergoing active deposition. This means that the upper surfaces of
the deposits are less likely to be flooded, as water would be funneled into gullies that dissect the
deposit.
Eolian Sand (Qes, Holocene)
Unconsolidated windblown sand deposits are expressed as low dunes, now mostly stabilized by
vegetation. The thickness of the deposits is less than 15 feet. The deposits are not dissected. They
are well drained and easily excavated.
Eolian and Alluvial Deposits (Qea, Holocene to Late Pleistocene).
Some unconsolidated deposits of sand, silt, and gravel of alluvial origin (as broad surfaces of alluvial
fans, pediments, and river terraces) are overlain by thin (5 feet or less) sheets of eolian sand. The
overall thickness is generally less than 20 feet. The deposits are little dissected. The deposits are
easily excavated, but when the alluvial material is derived from breakdown of shale and mudstone
bedrock, it may retain moisture and be muddy during rainy or cold parts of the year.
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Landslide, Colluvium, and Talus Deposits (Qlc, Holocene to Late Pleistocene)
Landslides and related gravity-derived, poorly sorted, unconsolidated, angular blocks, boulders,
cobbles, pebbles, and sand, locally containing clay and soil, are common in some places beneath
cliffs and moderate to steep slopes. In landslides, the clay and soil are from the underlying bedrock
that failed due to gravity, thereby creating the slide. Thus, the deposit is generally soft and contains
swelling properties that make it a poor foundation for a pipeline or road, especially when the
material is wet. Landslides are as much as 50 feet thick, whereas colluvium and talus deposits are
generally less than 20 feet thick. The deposits are not dissected. The deposits are generally easily
excavated except for their contained large blocks of bedrock. Landslides are poorly drained and
retain water, making them susceptible to repeated failure, whereas colluvium and talus are generally
well drained.
Basalt Lava Flows and Vent Deposits (Qb, Pleistocene)
Lava flows are made of resistant black basalt that flowed into low areas surrounding their vents.
Cinder cones, which are the source vents for the flows, are mostly deposits of partly consolidated,
angular scoria, cinders, bombs, and blocks that were tossed from the vent, but locally they contained
intertongued resistant flows. Individual flows are generally less than about 20 feet thick, and
sequences of flows in the map area are rarely more than 100 feet in total thickness. Flows and vent
deposits have been dissected to various degrees by present and past streams. Flows are difficult to
excavate, although their bases of breccia or underlying stream sediments may be excavated more
easily. Cinder cones, which may be as much as 200 feet thick, are generally easily excavated and well
drained. They provide excellent sources for aggregate for roads.
Basin-fill Sediments (QTs, Pleistocene and late Tertiary)
Basin-fill sediments are mostly alluvial fan deposits and stream alluvium that are poorly to
moderately consolidated and as much as 100 feet thick. They are generally well drained and easily
excavated. The map unit is uncommon in the area but may underlie some basalt flows.
Cretaceous/Jurassic Units North of the Project Area
Five bedrock units are exposed in the north part (Kaiparowits Plateau) of the east end of the map
area. Of those, only one (the Tropic Shale) might be crossed by the pipeline or by roads servicing
the pipeline. It is near Big Water, 9 miles west of the east end of the pipeline. The five bedrock units
are briefly discussed. The youngest (uppermost) of these is the Straight Cliffs Formation (Ks, Upper
Cretaceous), a resistant, light gray to light brown sandstone and minor mudstone as much as 500
feet thick in the map area.
Tropic Shale (Kt, Upper Cretaceous)
The Tropic Shale is a soft, olive-gray, dark gray, and yellowish-gray, thin bedded, marine-deposited
mudstone and minor sandstone and siltstone that is locally carbonaceous (coaly). It locally contains
bentonitic clay in its lower part and is as much as 1,000 feet thick. The bentonitic clay swells when
water is added and is susceptible to failure on slopes, including in trenches. Although easily
excavated, the unit is likely to be muddy at certain times of the year.
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Dakota Formation (Kd, Upper to Lower? Cretaceous)
This unit overlies the Tropic Shale and is composed of moderately resistant to soft sequence of
interbedded mudstone and sandstone and minor bentonitic mudstone, shale, coal, and conglomerate
of mostly stream and swamp origin. It is as much as 150 feet thick.
The Morrison Formation (Jm, Upper Jurassic)
The Morrison Formation is a mostly resistant, gray, yellow, and brown sandstone and mudstone as
much as several hundred feet thick.
The Romana Mesa Sandstone (Jr, Middle Jurassic)
A resistant, yellow-gray, light green, and tan sandstone as much as 100 feet thick.
Entrada Sandstone (Je, Middle Jurassic)
Jurassic units are encountered east of the Cockscomb. Four bedrock units would be locally cut by
the pipeline and by roads that would service it, but they occur only in the east part of the map area.
The youngest (uppermost) of these is the Entrada Sandstone (Je, Middle Jurassic), a mostly resistant,
mostly light gray and reddish-brown, shallow marine-deposited sandstone and minor interbedded
reddish-brown and greenish-gray siltstone and claystone. The unit is 160 to 950 feet thick and locally
contains gypsum beds as thick as 6 feet. Gypsum is water soluble and thus new exposures of it may
create engineering problems. The Entrada is difficult to excavate.
Carmel Formation (Jcu, Middle Jurassic)
Upper Unit of the Carmel Formation overlies the Entrada. It is composed of soft to moderately
resistant, red, brown, white, and tan, marine deposited sandstone, siltstone, and limestone. The
siltstone is locally gypsiferous. The unit is as much as 220 feet thick. It may be excavated with low to
moderate difficulty and may fail or be muddy at times.
The Thousand Pockets Tongue of the Page Sandstone (Jcp, Middle Jurassic)
This unit is a resistant, yellow, white, and tan, massive, cross-bedded, wind-deposited sandstone. Its
thickness is as much as 200 feet. It may be excavated with moderate difficulty.
The Judd Hollow Tongue of the Carmel Formation (Jcl, Middle Jurassic)
This unit is a moderately resistant, tan and red, marine-deposited, interbedded sandstone, siltstone,
and limestone as much as 230 feet thick. It may be excavated with moderate difficulty.
Navajo Sandstone (Jn, Lower Jurassic)
The Navajo Sandstone, which caps the top of the Vermilion Cliffs in most places, is a resistant, light
gray, orange, and red, prominently cross-bedded, wind deposited sandstone. The unit is 1,400 to
1,800 feet thick. This unit is expected to be encountered at shallow depths (generally less than 10
feet of overburden) near the intake structure. It is crossed by the pipeline at the Cockscomb and the
Sand Hollow Reservoir area. It is friable where weathered at the surface but beneath the surface is
resistant so is excavated with difficulty.
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Navajo Sandstone is generally pale to moderate reddish brown with spots and zones that are very
dark reddish brown, dark brown, and white; the depositional bedding is very thickly bedded to
massive (bedding is mostly greater than 3 feet, and typically greater than 10 feet thick and dipping 5
to 10 degrees to the east, and exhibits pronounced laminated to thin, high-angle cross-bedding
(dipping 0 to 40 degrees in varying directions). The rock is composed of very fine to mediumgrained, well-rounded to sub-rounded, well-sorted, frosted quartz sand grains that are clast
supported (grain-to-grain contact) and moderately to well cemented primarily with silica and to a
lesser degree with hematite, limonite, and calcite that appear as coatings on individual sand grains.
The rock is moderately weathered with iron oxide coating sand grains and staining throughout the
rock mass; moderately soft to moderately hard but can be locally soft and friable; intact rock is
mostly weak but can be locally medium strong (up to 3,600 to 7,200 pounds per square inch); the
sand grains and cement have no reaction with hydrochloric acid with the exception of occasional,
very small, limonite and/or calcite blebs that exhibit a minor reaction with hydrochloric acid.
Kayenta Formation (Jk, Lower Jurassic)
The Kayenta Formation is a moderately resistant, reddish-orange to reddish-brown, streamdeposited siltstone, mudstone, and fine-grained sandstone, with minor thin beds of limestone.
Thickness is 340 to 680 feet. It would be crossed only at the Cockscomb. It may be excavated
moderately easily. Parts are prone to failure and to be muddy when wet.
Moenave Formation (Jmo, Lower Jurassic)
The Moenave Formation is a moderately resistant, mostly red, stream- and lake-deposited sequence
that in detailed mapping may be subdivided into several members. These are, from top to bottom,
the Springdale Sandstone Member, Whitmore Point Member, and Dinosaur Cave Member. The
Springdale Member is a resistant, brown and red sandstone as much as 200 feet thick. The
Whitmore Point Member is a moderately resistant, greenish-gray to light red, thin-bedded siltstone,
claystone, and sandstone that is about 50 feet thick. The Dinosaur Canyon Member is soft, reddishorange siltstone, mudstone, and fine-grained sandstone and conglomerate as much as 400 feet thick;
veinlets of gypsum are abundant in the lower part of the Dinosaur Canyon Member. The formation
would be crossed by the Proposed Project only at the Cockscomb. Except for the Springdale
Member, the formation may be excavated with relative ease. Claystone and gypsum may fail when
wet.
Petrified Forest Member of the Chinle Formation (TRcp, Upper Triassic)
The Petrified Forest Member is a soft, purple, red, yellowish-gray, and greenish-gray, stream and
lake-deposited, bentonitic mudstone and interbedded sandstone. The thickness is from 450 to 800
feet thick. Although rocks of the unit may be excavated with relative ease, this is the most
problematic unit in the map area from an engineering standpoint. On even low slopes, it is prone to
landslides and failure, especially when wet or shaken by earthquakes. Highways and structures on it
are prone to settling, breakage, and cracking due to swelling clays, especially when wet. Soils and
drainages developed on it are muddy when wet.
Shinarump Sandstone Member of the Chinle Formation (TRcs, Upper Triassic)
The Shinarump Member is a resistant, gray and yellowish-gray, cross-bedded, stream deposited
sandstone and conglomerate. Thickness is as much as 250 feet thick. Excavation is difficult in the
unit.
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Upper Red Member of the Moenkopi Formation (TRmu, Middle? and Lower Triassic)
The upper red member is a soft, light brown to reddish-brown, floodplain- to coastal plain
deposited siltstone and fine-grained sandstone to mudstone. It is as much as 400 feet thick. It is
generally relatively easily excavated but is prone to failure on slopes and when wet. Soils and
drainages developed on it are muddy when wet.
Shnabkaib Member of the Moenkopi Formation (TRms, Lower Triassic)
The Shnabkaib Member is a moderately resistant, reddish-brown, pink, tan, and yellowish-gray,
interbedded sandstone, siltstone, and mudstone, with light-gray gypsum beds. The unit is of coastal
plain and tidal-flat origin and from 200 to 500 feet thick. Generally, it can be excavated with low to
moderate difficulty, but water-soluble gypsum beds as much as 6 feet thick and mudstone beds can
lead to collapse and landslides where rocks are exposed on moderate or steep slopes during
construction and when wet. Soils and drainages developed on it are muddy when wet.
Middle Red Member of the Moenkopi Formation (TRmm, Lower Triassic)
The middle red member is a soft, medium red to reddish-brown, stream-floodplain and coastal
plain-deposited mudstone and siltstone containing veinlets and thin seams of gypsum that increases
in abundance upward in the member. Thickness is about 360 to 450 feet thick. It is generally easily
excavated but it contains gypsum and mudstone which can lead to landslides and collapsing soils.
Soils and drainages developed on it are muddy when wet.
Virgin Limestone Member of the Moenkopi Formation (TRmv, Lower Triassic)
The Virgin Member is a resistant, yellowish-gray, marine-deposited limestone, dolomite, sandstone,
and minor shale and mudstone. It thickens westward to as much as 150 feet thick, and it is difficult
to excavate. The member is mapped within the lower red member in places.
Lower Red Member of the Moenkopi Formation (TRml, Lower Triassic)
The lower red member is a soft, reddish-brown to grayish-red siltstone, mudstone, and sandstone
deposited on a coastal plain. Thickness of the unit is as much as 250 feet. Generally, it is easily
excavated but may fail when wet. Soils and drainages developed on it are muddy when wet.
Timpoweap Member of the Moenkopi Formation (TRmt, Lower Triassic)
The Timpoweap Member is a resistant, tan to yellowish-gray limestone, dolomite, sandstone,
siltstone, conglomerate, and shale of marine, coastal-plain, and stream origin. The map unit includes
the Rock Canyon Conglomerate Member of the Moenkopi, a resistant, thin, gray, stream-channel
conglomerate at the base of the Timpoweap Member. The overall thickness of the map unit is as
much as 120 feet. It is difficult to excavate.
Kaibab Formation (Pk, Lower Permian)
The Kaibab Formation is a mostly resistant, gray and yellowish-gray, marine-deposited limestone,
dolomite, and minor sandstone. In detailed mapping, the formation is separated into two members.
The ledge upper unit, the Harrisburg Member, is made up of limestone, dolomite, sandstone, chert,
and gypsum as much as 80 feet thick. The underlying cliff-forming Fossil Mountain Member
consists of limestone, sandstone, and chert as much as 200 feet thick. The formation is excavated
with difficulty. The gypsum is present only in the western part of the map area; in the Hurricane
Cliffs in particular, it may create engineering problems.

29

Toroweap Formation (Pt, Lower Permian)
The Toroweap Formation is a mostly resistant, gray and reddish-brown, marine-deposited limestone
and sandstone. In detailed mapping it is separated into three members. These are the upper Woods
Ranch Member of mostly soft sandstone of 150 to 320 feet thick; the underlying, cliff-forming
Brady Canyon Member of limestone of 100 to 200 feet thick; and the basal Seligman Member of
sandstone and limestone about 115 feet thick. The formation is present on the Hurricane Cliffs,
where it can be excavated with moderate to high difficulty.
Queantoweap Sandstone (Pq, Lower Permian)
The Queantoweap Sandstone is a resistant, buff, gray, and light-red, marine-deposited quartzite. It is
locally called the Coconino Sandstone. The thickness is at least 1,000 feet outside the map area but
only its upper 75 feet are exposed at the base of the Hurricane Cliffs in the map area. It is excavated
with great difficulty where exposed but, fortunately, it is mostly covered by fan alluvium where
present in the map area.
1.4.3 Fault Movement
The fault crossings evaluated to be of potentially high relevance for the Proposed Project are the
Sevier fault, the Hurricane fault, and the West Grass Valley fault. The Sevier fault crosses both
alternatives of the Proposed Project. The Sevier fault hazard was designated as potentially high
relevance by Fugro William Lettis & Associates based on evidence of displacement and the presence
of a 3- to 4-foot scarp just south of the Highway Alternative alignment and the displacement of 5 to
6 feet of alluvium near the Southern Alternative.
The Hurricane Fault is one of the longest and most active faults in southwest Utah and northwest
Arizona (Boyle 2003) and would be crossed by the pipeline alignment common to both action
alternatives. The Hurricane Fault is designated as potentially high relevance due to its potential for
generating high magnitude earthquakes, recent movement, and relatively high recurrence intervals
(UWBR 2016). The Proposed Project would cross this fault at the base of Hurricane Cliffs, where
the vertical displacement is approximately 5,000 feet (WCWCD 2005a; UGS 2004a). A cross section
of the Hurricane Cliffs is provided in Figure 1.4-3.
The West Grass Valley fault hazard was designated as potentially high relevance based on
displacement of the Grass Valley Basalt and the potential for reactivation of the fault because of its
proximity to the main trace of the Hurricane Fault. These fault crossings are not located near
populated areas, decreasing the potential risk of impacts associated with a pipeline rupture (UBWR
2016).
Fault crossing characteristics are summarized in Table 1.4-1, below, and are accompanied with
Figure 1.4-1 and Figure 1.4-2 to show the locations of the crossings relative to the pipeline.
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Figure 1.4-1 Geologic Map East Half of Project Alignment
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Figure 1.4-2 Geologic Map West Half of Project Alignment

32

Figure 1.4-3 Geologic Cross Section of Hurricane Cliffs
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1.4.3.1 Faults and Geologic Features Along the Proposed Alignments

The Proposed Project would cross several fault crossings and geologic features. The Utah Board of
Water Resources (UBWR) Lake Powell pre-application document (UBWR 2008) describes these
areas in detail (see below). Geologic maps represent geologic units crossed by the proposed
alignments and include the major faults crossed by the pipeline alignments (Figure 1.4-1 through
1.4-3, above). Faults intersected by the Proposed Pipeline alignments are divided into land agency
jurisdiction and indicate the risk and rupture assessment related to each fault (see Table 1.4-1,
below).
Just before the town of Big Water, the Proposed Pipeline alignment leaves the NPS boundary and
enters state land. At Big Water, the Proposed Project alignment for both alternatives would cross the
Echo Monocline, a north-south trending, gently east-dipping structural feature associated with
Wahweap Creek. The Echo Monocline also is probably associated with minor normal faulting south
of the alignment, as well as the nearby north-south trending Cedar Mountain Anticline, the latter not
crossing the Proposed Project Area from the south but influencing local surface features (UGS
2006a). About 3 miles east of the Paria River, the Proposed Project alignment crosses the Coyote
Creek Syncline, located on BLM land. The syncline is a long but structurally indistinct north-southtrending feature that is structurally associated with the Cockscomb several miles further west (UGS
2006a).
The Cockscomb is a north-south trending ridge that exists because of differential erosion of
juxtaposed rocks at the crest of the East Kaibab Monocline, caused by steep vertical and right-lateral
faulting at the East Kaibab Monocline as well as the Kaibab Anticline and Fault Zone. Although the
Cockscomb ridge is east of the fault, the east side is downthrown relative to the west side (UGS
2006a). The Proposed Project would follow U.S. Highway 89 through the Cockscomb and through
Fivemile Valley, just west of the Cockscomb. Further west, the Proposed Project alignment would
cross a north-northeast trending, normal, westward downthrown fault designated by Rowley, Dixon,
and Brickey (WCWCD 2005a, 2005b) as the Telegraph Fault Zone. This minor fault zone is
probably displaced about 100 feet and may be associated with basin-range faulting, and therefore
may be active. The Proposed Project Area would continue toward the southwest, primarily crossing
various members of the Triassic Moenkopi Formation and overlying Quaternary alluvial deposits.
The Proposed Project alignment would cross several miles of relatively flat terrain known as
Telegraph Flat, until heading southwest at Petrified Wash (UGS 2006a).
The Southern and Highway Alternatives diverge near Petrified Wash, where the Southern
Alternative continues west and the Highway Alternative continues southwest. Both alternatives cross
the Paunsaugunt Fault Zone at Seaman Wash, which at this location is a north-trending, westward
downthrown fault with about 600 feet of vertical displacement (WCWCD 2005a, 2005b). It is not
believed to be active at this location but is known to be active north of Bryce Canyon. The Highway
Alternative crosses the Johnson Canyon Fault Zone about 3 to 4 miles west of Seaman Wash. This
fault zone consists of a single fault trace downthrown to the east (USGS 2004a). The Southern
Alternative does not appear to cross the single fault trace, but splays of the fault to the north
indicate smaller faulting present at this location.
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Table 1.4-1 Fault Locations and Characteristics
Land
Fault Name Alignment Stationing
Agency

BLM

Glen Canyon
City Fault
East Kaibab
fault–
Cockscomb
Central Kaibab
fault
West Kaibab
fault

All

823+00

All

1723+00

All

2289+00

All

BLM

West Kaibab
fault

All

2596+00
and
2600+00
2600+00

BLM

Paunsaugunt
fault
Paunsaugunt
fault
Johnson
Canyon fault
Johnson
Canyon fault
Quickwater
fault
Sevier fault (N.
Toroweap)
Sevier fault (N.
Toroweap)
Short Creek
fault
Hurricane fault

Highway

2967+00

Southern

3024+00

Highway

3264+00

Southern

3307+00

Southern

2440+00

Highway

4723+00

Southern

4920+00

All

6268+00

All

7112+00

West Grass
Valley fault
Remnants
Basalt faults
Remnants
Basalt faults
Western Sand
Mountain fault

All

7229+00

All

7288+00

All

7298+00

All

7381+00

BLM
BLM
BLM

BLM
BLM
BLM
BLM
Tribal
State
Private
BLM
BLM
BLM
BLM
BLM

Rupture
Assessment

Urban
Development

Preliminary
Impact Risk

Not
significant
Not
significant

No

Low

NA

No

Low

NA

Low
significance
Low
significance

No

Low

NA

No

Low

Fault locations
inferred

Low
significance

No

Low

Low
significance
Low
significance
Not
significant
Not
significant
Not
significant
High
significance
High
significance
Not
significant
High
significance
High
significance
Not
significant
Not
significant
Not
significant

Yes

Low

No

Low

No

Low

Fault location
inferred;
possible splay
at 2566+30
Fault locations
inferred
Fault locations
inferred
-

No

Low

-

No

Low

-

No

Low

-

No

Low

-

No

Low

-

No

Low

-

Yes

High

No

Low

Upslope of
community
-

No

Low

-

No

Low

-

Remarks

Key:
BLM = Bureau of Land Management
NA = not applicable
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The Kanab Creek Fault Zone near Kanab and in Kanab Canyon have been documented in geologic
mapping. Sable and Hereford (USGS 2004a) and Doelling (UGS 1999) identify north-south
trending, eastward downthrown fault zones at and north of Kanab; further south, Rowley, Dixon,
and Brickey (WCWCD 2005a, 2005b) observed evidence of faulting near Fredonia that may be
associated with the Kanab Creek Fault Zone. It is not clear whether Kanab Creek Fault Zone near
Kanab extends as far south as the Southern Alternative, and it is unlikely the Highway Alternative
intersects this zone. Kanab Creek cuts an increasingly deep canyon southward that may be facilitated
by faulting and the fault zone has the potential to intersect the Southern Alternative.
West of Kanab Canyon and Fredonia, the Southern and Highway Alternatives continue somewhat
parallel across a largely flat plateau of shallow alluvial and eolian deposits underlain by limestone,
siltstone, sandstone, and shale, which are primarily rocks that make up the various members of the
Moenkopi Formation (ABM 1960). Both alternatives cross the Sevier Fault, a major, active, northsouth trending fault downthrown to the west with as much as 2,000 feet of vertical displacement
(USGS 2004a; WCWCD 2005a, 2005b) south of the KIR and Pipe Spring National Monument. The
east-dipping Moccasin Monocline lies parallel to and just west of the Sevier Fault Zone and appears
to be associated with the faulting.
Continuing westward from the Sevier Fault Zone, the Southern Alternative traverses south of the
KIR, primarily in alluvium and shallow outcrops of Shinarump sandstone and conglomerate. West
of KIR, the Southern Alternative and Highway Alternative turn north across alluvial, fluvial, and
eolian soils and outcrops of Shinarump sandstone and conglomerate (USGS 2002b, 2004a; ABM
1959). The two alternative alignments then merge and parallel the Highway 389 corridor west of the
reservation boundary, southwest of the Vermilion Cliffs and several miles south of the Utah-Arizona
border. The Proposed Project would traverse various alluvial deposits parallel to Highway 389 and
Highway 59 as it continues northwestward into Utah. At the Utah border, the Proposed Project
would veer westward through Canaan Gap for approximately 12 miles across mostly eolian and
alluvial deposits and short outcrops of Virgin Limestone before turning northward east of the
Hurricane Cliffs.
The Proposed Project would continue about 5 miles northward roughly parallel to the cliffs through
a narrow valley of alluvial deposits and outcrops of soft siltstone and sandstone of the Lower Red
Member of the Moenkopi Formation, and the limestone, sandstone, and shale of the Timpoweap
Member of the Moenkopi Formation. The Proposed Project would then cross through about a mile
of basalt flows and is proposed to connect to a tunnel and pipeline emerging at the base of the
Hurricane Cliffs in alluvium and talus, crossing the Hurricane Fault Zone (see Figure 1.4-3 for
details). This fault zone is a series of steeply westward-dipping normal faults that trend north-south
from the Grand Canyon to north of Cedar City. At this location, the fault offset has more than
5,000 feet and as much as 6,000 feet of vertical displacement (USGS 2003) and is considered an
active fault, with a 5.8 magnitude earthquake occurring in 1992.
As the Proposed Project crosses the Hurricane Cliffs and Hurricane Fault Zone, it would move
from the Colorado Plateau into the Transition Zone between the Plateau and the Basin and Range.
At the base of the Hurricane Cliffs, the LPP would continue north and west through alluvium and
eolian deposits and minor outcrops of basalt. Immediately east of Sand Hollow Reservoir, the
Proposed Project would drop over a steep slope and cross through eolian deposits overlying Navajo
Sandstone before entering the reservoir, which also overlies eolian sands and Navajo Sandstone
(UGS 2004a, 2004b).
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1.4.4 Seismic Activity
Review of U.S. Geological Survey seismic hazard maps shows that the Proposed Project lies within
zones of low to moderate potential seismic activity (0.1 to 0.4 gravity PGA) with 2 percent
probability of exceedance over a 50-year period (MWH 2009).
1.4.5 Unstable Slopes
During the field survey, potential geologic hazard indicators were observed and divided into
segments where they are likely to exist along the alignment. Data from the survey was extrapolated
between survey points using the geologic maps, soil maps, and available existing hazard maps
(Washington and Kane Counties, Utah). The hazards were separated into “rock” and “soil”
categories and include hazards such as the presence of gypsum, expansive clay bedrock, rockfall,
landslides, unstable slopes, and steeply dipping bedrock. The rock hazards observed during the field
survey are included in Table 1.4-2. The locations of survey points where rock hazards were
encountered are shown on Figure 1.4-4 and Figure 1.4-5, below. Hazards within each agency’s
jurisdiction were also determined. Tables 1.4-3 and 1.4-4, below, provide details on the mileage of
rock and soil hazards encountered and the risk potential for each agency’s jurisdiction.
Table 1.4-2 Rock Hazard Locations and Descriptions along Southern and Highway Alternatives
From Station
To Station
Name
Description
Water Intake System to HS-1

50+00

100+00

570+00

585+00

1030+00

1230+00

1370+00

1400+00

1400+00

1680+00

1680+00

1800+00

1800+00

1846+00

1846+00

1870+00

1870+00

1955+00

2165+00

2675+00

2675+00

2695+00

2695+00

3130+00

Southern & Highway
Alternative
Southern & Highway
Alternative
Southern & Highway
Alternative
Southern & Highway
Alternative
Southern & Highway
Alternative
Southern & Highway
Alternative
Southern & Highway
Alternative
Southern & Highway
Alternative
Southern & Highway
Alternative
Southern & Highway
Alternative
Southern & Highway
Alternative
Southern & Highway
Alternative

Possible Gypsum

-

Rockfall Hazard

-

Possible Gypsum

-

Gypsum Observed

-

Possible Gypsum

-

Rockfall Hazard
Possible Gypsum

Steeply Dipping
Bedrock
-

Gypsum Observed

-

Possible Gypsum

-

Possible Gypsum

-

Gypsum Observed

-

Possible Gypsum

-
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Table 1.4-2 Rock Hazards Locations and Descriptions Along Southern and Highway Alternatives
(continued)
From Station
To Station
Name
Description
HS-1 to HS-2

4087+00
4325+00
4335+00
4935+00
4965+00
4980+00
5111+00
2858+90
2931+00
2965+00

4116+00
4375+00
4545+00
4965+00
4980+00
5111+00
5113+00
2931+00
2965+00
3307+80

Southern Alternative
Southern Alternative
Southern Alternative
Southern Alternative
Southern Alternative
Southern Alternative
Southern Alternative
Highway Alternative
Highway Alternative
Highway Alternative

3307+80

3714+80

Highway Alternative

3714+30
3864+30
3976+00
4036+00
4146+00
4717+00
4814+70

3766+00
3976+00
4036+00
4146+00
4717+40
4814+70
5114+90

Highway Alternative
Highway Alternative
Highway Alternative
Highway Alternative
Highway Alternative
Highway Alternative
Highway Alternative

5114+90

5135+10

Highway Alternative

Rockfall Hazard
Rockfall Hazard
Rockfall Hazard
Possible Gypsum
Gypsum Observed
Possible Gypsum
Rockfall Hazard
Possible Gypsum
Gypsum Observed
Expansive
Potential
Expansive
Potential
Rockfall Hazard
Possible Gypsum
Gypsum Observed
Possible Gypsum
Gypsum Observed
Possible Gypsum
Expansive
Potential
Gypsum Observed

Slope Stability
Slope Stability
Slope Stability
-

Expansive
Potential
Rockfall Hazard

-

Possible Gypsum

-

Rockfall Hazard

-

Possible Gypsum

-

Rockfall Hazard

-

-

HS-2 to Sand Hollow Terminal Station

6110+00

6210+00

6250+00

6330+00

6330+00

6740+00

6970+00

7080+00

7080+00

7112+00

7112+00

7135+00

Southern & Highway
Alternative
Southern & Highway
Alternative
Southern & Highway
Alternative
Southern & Highway
Alternative
Southern & Highway
Alternative
Southern & Highway
Alternative

-

Key:
HS = hydrostation

Areas where geologic hazards were not identified in the field were designated as low risk. However,
as-yet unidentified rock hazards may still be present.
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Figure 1.4-4 Rock Hazards East Half of Proposed Project
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Figure 1.4-5 Rock Hazards West Half of Proposed Project
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Table 1.4-3 Mileage of Rock Hazards within Each Agency Jurisdiction along the LPP Alignments
Expansive
Gypsum
Possible
Rockfall
Low
Agency
Potential
Observed
Gypsum
Hazard
Risk
Southern Alternative (miles)

BLM
NPS
Reclamation
Tribe
State
Private

0.0
0.0
0.0
0.0
0.0
1.9

0.9
0.0
0.0
0.0
0.3
0.5

25.9
0.9
0.0
0.0
7.0
8.0

6.7
0.3
0.0
0.0
0.0
1.4

38.5
9.3
0.2
0.0
18.0
20.8

1.6
0.0
0.0
10.8
0.6
1.4

22.1
0.9
0.0
2.6
5.8
9.6

5.0
0.3
0.0
0.0
0.5
1.8

12.6
9.3
0.2
0.0
12.0
15.3

Highway Alternative (miles)

BLM
NPS
Reclamation
Tribe
State
Private

1.7
0.0
0.0
3.0
2.1
14.9

Key:
BLM = Bureau of Land Management
LPP = Lake Powell Pipeline Project
NPS = National Park Service
Tribe = Kaibab Band of Paiute Indians
Reclamation = Bureau of Reclamation

Table 1.4-4 Mileage of Soil Hazards within Each Agency Jurisdiction along the LPP Alignments
Expansive
Gypsum
Possible
Rockfall
Low
Agency
Potential
Observed
Gypsum
Hazard
Risk
Southern Alternative (miles)

BLM
NPS
Reclamation
Tribe
State
Private

0.0
0.0
0.0
0.0
1.3
0.8

8.1
0.0
0.0
0.0
3.2
6.2

3.8
0.0
0.0
0.0
0.0
0.1

27.2
0.0
0.0
0.0
2.0
3.0

32.9
10.5
0.2
0.0
18.7
22.6

0.3
0.0
0.0
1.9
1.3
7.5

3.8
0.0
0.0
0.0
0.1
0.1

25.2
0.0
0.0
13.8
5.1
5.1

13.8
10.5
0.2
0.8
13.9
28.6

Highway Alternative (miles)

BLM
NPS
Reclamation
Tribe
State
Private

0.0
0.0
0.0
0.0
0.7
1.6

Key:
BLM = Bureau of Land Management
LPP = Lake Powell Pipeline Project
NPS = National Park Service
Reclamation = Bureau of Reclamation
Tribe = Kaibab Band of Paiute Indians
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1.4.6 Subsidence, Expansion, and Collapsible Soils
Soil hazards and characteristics observed in the field were compared to NRCS soil descriptions and
classifications. Soil hazards observed during the field survey are provided in Table 1.4-5 and include
the presence of gypsiferous soils and soil with expansive or collapsible potential. Locations where
these features have been identified along the alignments are noted on Figure 1.4-6 and Figure 1.4-7.
Table 1.4-5 Soil Hazards
From Station
To Station
Water Intake System to HS-1

1323+10

1422+40

1910+80

2736+30

Name

Description

Southern & Highway
Alternative
Southern & Highway
Alternative

Possible
Gypsum
Possible
Gypsum

-

Gypsum
Observed
Possible
Gypsum
Possible
Gypsum
Expansive
Potential
Possible
Gypsum
Expansive
Potential
Expansive
Potential
Expansive
potential
Expansive
Potential
Expansive
Potential
Collapsible
Potential
Expansive
Potential
Potential
Gypsum
Expansive
Potential
Expansive
Potential
Possible
Gypsum

-

-

HS-1 to HS-2

2736+30

2816+40

Southern Alternative

2816+40

2849+30

Southern Alternative

2849+30

3093+90

Southern Alternative

3093+90

3214+50

Southern Alternative

3214+50

3244+00

Southern Alternative

3244+00

3309+50

Southern Alternative

3359+50

3429+10

Southern Alternative

3479+50

3574+00

Southern Alternative

4734+70

4984+60

Southern Alternative

5050+00

5109+00

Southern Alternative

5109+00

5219+00

Southern Alternative

5219+00

5269+00

Southern Alternative

2849+30

2990+50

Highway Alternative

3611+00

3746+00

Highway Alternative

3746+00

3811+00

Highway Alternative

3811+00

3956+00

Highway Alternative

Possible
Gypsum
Possible
Gypsum
Possible
Gypsum
-
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Table 1.4-5 Soil Hazards (continued)
From Station
To Station

Name

3956+00

3971+20

Highway Alternative

3971+20

4096+00

Highway Alternative

4146+00

4296+00

Highway Alternative

4296+00

4321+00

Highway Alternative

4321+00

4586+20

Highway Alternative

4589+00

4666+00

Highway Alternative

4666+00

4721+00

Highway Alternative

4721+00

4771+00

Highway Alternative

4771+00

4781+00

Highway Alternative

4781+00

4826+00

Highway Alternative

4826+00

4831+00

Highway Alternative

4831+00

4891+00

Highway Alternative

4891+00

4896+00

Highway Alternative

4896+00

5130+80

Highway Alternative

5130+80

5146+00

Highway Alternative

5146+00

5186+00

Highway Alternative

Description

Expansive
Potential
Collapsible
Potential
Possible
Gypsum
Expansive
Potential
Possible
Gypsum
Possible
Gypsum
Expansive
Potential
Possible
Gypsum
Expansive
Potential
Possible
Gypsum
Expansive
Potential
Possible
Gypsum
Expansive
Potential
Possible
Gypsum
Expansive
Potential
Expansive
Potential

Gypsum
Observed
Gypsum
Observed

Expansive
Potential
Possible
Gypsum
Gypsum
Observed
Possible
Gypsum

Possible
Gypsum

Gypsum
Observed

HS-2 to Sand Hollow Terminal Station

6253+10

6463+50

6463+50

6879+00

6879+00

7005+00

7080+00

7131+00

Southern & Highway
Alternative
Southern & Highway
Alternative
Southern & Highway
Alternative
Southern & Highway
Alternative

Key:
HS = hydrostation
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Figure 1.4-6 Soil Hazards East
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Figure 1.4-7 Soil Hazards West
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Areas where soil hazards were not identified were designated as low risk; however, unidentified soil
hazards may still be present.
1.4.7 Biological Soil Crusts and Gypsiferous Soils
Biological soil crusts, also referred to as cryptobiotic, cryptogamic, microbiotic, or cyanobacterial
lichen soil crusts, occur along portions of the proposed alignments. These soil crusts consist of
lichens, mosses, and algae, usually binding a matrix of clay, silt, and sand soil particles together.
Biological soil crusts occur in the Colorado Plateau and Mojave Desert ecological regions, and they
play an important ecological role in the functioning of soil stability and erosion, water infiltration,
atmospheric nitrogen fixation, nutrient contributions to plants, soil-plant-water relations, seedling
germination, and plant growth. Biological soil crusts documented along the proposed alignments are
generally associated with the presence of gypsiferous soils.
Gypsiferous soils occur in specific rock types and soils derived from gypsum-bearing rocks west of
the Cockscomb geological feature. Gypsum rock types and gypsiferous soils are not known to occur
east of the Cockscomb. Areas along the Proposed Project alignments where gypsiferous rocks and
soils have been observed or are expected to be present are shown on Figures 1.4-4 through 1.4-7,
above. Due to the correlation of gypsiferous soils with biological soils crusts, biological soil crusts
are expected to be encountered in areas designated as gypsiferous soils. The distribution of
gypsiferous soils throughout the Project Area is shown in Figure 1.4-8, below. Tables 1.4-3 through
1.4-5, above, detail locations in the Project Area where gypsum was observed or is expected to occur
in rock and soil deposits. The acreage distribution of gypsiferous soils and potential for biological
soil crusts within each administrative boundary area are detailed in Table 1.4-6, below.
1.4.8 Soil Erosion Potential
Soils are rated under a water erodibility grouping according to their susceptibility to erosion when
devoid of all organic cover. The rating assumes that soils are in a natural, undisturbed state and it
evaluates impacts under worst-case scenarios (e.g.., when organic cover is lacking). The water
erodibility rating would likely increase if the soil has been degraded by compaction or surface
disturbances. Water erosion potential ratings vary from slight to severe, with an additional group of
soils rated as “run-in,” which are soils characterized by high susceptibility to rill and gully erosion
caused by surface disturbances or excessive runoff from surrounding uplands (BLM 2007). Soils in
the Project Area (in Arizona) are rated as moderate to severe for water erosion potential, with some
areas south of the KIR rated as run-in (see Figure 1.4-9, below, for locations of these soils that have
been rated for potential susceptibility to erosion).
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Figure 1.4-8 Alternative Alignments with Gypsiferous Soils
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Figure 1.4-9 Water Soil Erosion Potential
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Table 1.4-6 Impacts on Gypsiferous Soils and Potential Biological Soil Crusts(a) within LPP Rights-ofWay
Administrative Boundary Area(b)/LPP
Southern Alternative
Highway Alternative
Right-of-Way Component
Kanab-Escalante Planning Area and Kanab Field Office Administrative Boundary Area(c)

Pipeline
High Point Regulating Tank
In-Line Hydrostation
Transmission System
Access Road
Subtotal ROW Impact Area (acres)

107.8
5.2
10.2
1.2
2.3
126.7

114.5
5.2
10.2
1.2
2.3
133.4

Arizona Strip Field Office Administrative Boundary Area(c)

Pipeline
Access Road
Subtotal ROW Impact Area (acres)

55.8
12.1
67.9

96.2
0
96.2

Kaibab-Paiute Indian Reservation Administrative Boundary Area(c)

Pipeline
Subtotal ROW Impact Area (acres)

0
0

144.1
144.1

St. George Field Office Administrative Boundary Area(c)

Pipeline
In-Line Hydrostation
Transmission System
Access Road
Subtotal ROW Impact Area (acres)
Total ROW Impact Area (acres)

199.1
4.3
54.9
1.7
260.0
454.6

199.1
4.3
54.9
1.7
260.0
633.7

Notes:
(a) Gypsiferous soils identified in NRCS-published soil surveys containing >5 percent gypsum and with potential for
developing biological soil crusts or documented to have biological soil crusts.
(b) Administrative boundaries include BLM-administered land, and adjacent state lands and private lands where they
occur.
(c) Administrative boundary includes all land within Kaibab-Paiute Indian Reservation boundary.
Key:
BLM = Bureau of Land Management
LPP = Lake Powell Pipeline Project
NRCS = Natural Resources Conservation Service
ROW = right-of-way

Soils are rated under the wind erosion potential grouping according to their susceptibility to wind
erosion if they are devoid of all organic cover. Existing surface disturbances potentially increase the
rating. Ratings can vary according to the percentage of coarse fragments at the surface. Wind
erosion potential ratings vary from slight to high. Soils with high wind erosion potential consist
mainly of sand and loamy, sand-textured surfaces of medium or smaller sized sands. Most of the
gypsum soils fall in this group based on their tendency to be crushed into fine, sandy particles (BLM
2007). Biological soil crusts cover a large percentage of these soils and help stabilize them, as well as
contribute to plant growth (see Section 1.4.2.2, above, for discussion of soil crusts). Soils in the
Project Area (in Arizona) are mostly rated as moderate for wind erosion potential, with some areas
of slight and some areas of high potential south and west of the KIR (see Figure 1.4-10, below, for
locations of these soils).
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Figure 1.4-10 Wind Soil Erosion Potential
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1.4.9 Geologic Hazards to Human Health and Safety
No geologic hazards to human health and safety were identified in the area of potential effect,
except for the possible risks of slope stability or rockfall that have been addressed previously (see
Section 1.4.5, above).
1.4.10 Structures and Important Mineral Resources
The location coordinates of buildings and other structures encountered during the field survey that
are within 1,000 feet of the proposed alignments have potential to some risk from the Proposed
Project, as noted above in Section 1.2.1.7. Table 1.4-7, below, describes the structures and mineral
sources encountered along the corridor of each Proposed Project alternative route. Survey points of
these features are shown in Figure 1.4-11 and Figure 1.4-12. The structures have been generalized
into categories: buildings, quarries, utilities, wells, or other. The number of drainage crossings, total
temporary effect of drainage crossings, and number of structures within or adjacent to the Proposed
Project ROW for each land manager or agency are listed below in Tables 1.4-8 through 1.4-10.
Table 1.4-7 Field Survey Physical Features
Stationing
Feature Type
Water Intake System to HS-1 (Southern & Highway Alternative)

0+00
675+30
762+70
839+60

Other
Building
Building
Other

1095+70
1410+00
2079+90
2357_90

Building
Other
Other
Quarry

Description

Construction staging area
Town of Big Water
BLM Welcome Center Building
Brass cap survey marker, state
road right-of-way
Town of Church Wells
Brass cap, survey marker
Benchmark, Range R138
Gravel quarry

HS-1 to HS-2 (Highway Alternative)

4003+60
4705+80

Building
Building

House
Tribal headquarters building and
gas station

HS-1 to HS-2 (Southern Alternative)

4039+70
4230+60
5421+50
5526+60

Other
Other
Other
Well

Survey marker, brass cap
Survey marker, brass cap
Windmill
Two water tanks

HS-2 to Sand Hollow Terminal Station (Southern & Highway Alternative)

5755+40
6041+40
6231+50
6359+20
6401+40
6430+10
6516+00

Building
Building
Other
Building
Well
Well
Other

Five houses
Two houses
Windmill
House
Well
Well
Brass cap

Key:
BLM = Bureau of Land Management
HS = hydrostation
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Figure 1.4-11 East Drainages and Structures
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Figure 1.4-12 West Drainages and Structures

53

Table 1.4-8 Number of Drainage Crossings by Land Manager/Owner
Underlying Land
Southern Alternative
Manager/Owner

BLM
NPS
Reclamation
Tribe
State
Private

155
15
0
0
47
30

Highway Alternative

116
15
0
7
39
41

Key:
BLM = Bureau of Land Management
NPS = National Park Service
Reclamation = Bureau of Reclamation
Tribe = Kaibab Band of Paiute Indians

Table 1.4-9 Total Temporary Effects (Acres) of Drainage Crossings by Land Manager/Owner
Underlying Land
Southern Alternative (acres)
Highway Alternative (acres)
Manager/Owner

BLM
NPS
Reclamation
Tribe
State
Private

3.6
0.9
0.0
0.0
1.4
1.5

3.0
0.9
0.0
0.4
1.0
2.1

Key:
BLM = Bureau of Land Management
NPS = National Park Service
Reclamation = Bureau of Reclamation
Tribe = Kaibab Band of Paiute Indians

Table 1.4-10 Number of Structures Within or Adjacent to the LPP Right-of-Way
Underlying Land
Southern Alternative (acres)
Highway Alternative (acres)
Manager/Owner

BLM
NPS
Reclamation
Tribe
State
Private

8
0
1
1
4
7

5
0
1
1
3
7

Key:
BLM = Bureau of Land Management
LPP = Lake Powell Pipeline Project
NPS = National Park Service
Reclamation = Bureau of Reclamation
Tribe = Kaibab Band of Paiute Indians

1.4.11 Borrow and Spoil
The soil and rock materials excavated from the trenches, road cuts, tunnels, and shafts would be
reused for pipeline bedding and backfill and construction of maintenance roads, to the extent
economically practical. The intent is that all excavated rock would be used for bedding, backfill, and
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road construction. Assuming that 75 percent of the excavated rock would be usable for bedding and
the remaining rock would be used for road construction and backfill, all rock would potentially be
used. Excavated rock and soil would be compacted for use as bedding, backfill, or spoils. Assuming
rock could be recompacted to an average of 65 percent of its in situ volume and soil could be
compacted to 90 percent of its in situ volume, there would be a net expansion of 35 percent for rock
and 10 percent for soil after re-compaction.
Cross sections that include construction activities through the Cockscomb Cut area were developed
as part of the conceptual design. These sections are provided in Appendix C of the LPP Final Study
Report 04 – Geology and Soils (UBWR 2016). The cross sections are provided for 13 stations
between Project Station 1689+80 and 1734+15 (a total alignment length of 4,435 feet) and show the
approach, passage through the cut, highway crossing, and exit from the cut. Using the cross sections,
an estimate of rock that would be removed on the cut slope was made. Potential slope modifications
to the north cut slope are shown in some of the cross sections. Slope modifications would probably
require controlled drill and blast methods (common to the highway construction industry). Rock
material suitable for crushing and use as pipe bedding would be processed and used for that
purpose. The remaining material would be used as backfill and/or spread as spoils along the ROWs
outside of the cut area.
Because the Utah Department of Transportation would be unlikely to approve an open cut highway
crossing in this reach, the pipeline crossing under U.S. Highway 89 in the Cockscomb Cut would
either be bored and jacked, or microtunneled with a casing pipe. The primary factor controlling this
choice is whether groundwater is present and, if so, how effectively it can be dewatered.
Groundwater is not expected to be encountered in the Cockscomb Cut (UBWR 2016).
Bore and jack tunneling uses an open-shield cutter head with a rotary cutter bar or a wheel
excavator. This method is limited to use above the water table, so if saturated conditions are
encountered during installation and cannot be effectively dewatered, microtunneling would be used.
Microtunneling uses a remote-controlled, laser-guided boring machine with a closed-face tunneling
head that can be used in saturated conditions. Both methods would require temporary excavation of
a jacking pit on one side of the crossing and a receiving pit on the other side. The jacking pit would
be 30 feet long or more, 15 feet wide, and 7 to 8 feet deep. The receiving pit would be 15 feet long,
12 feet wide and 7 to 8 feet deep. In the unexpected event that groundwater is encountered, the pits
would be dewatered. The pits would be backfilled and compacted upon completion of the crossing.
Any groundwater that is temporarily dewatered would be pumped out of the Cockscomb Cut and
land-applied on soil, away from surface water, using sprinklers or perforated pipe temporarily
installed and operated on land owned by the Washington County Water Conservancy District near
the Cockscomb.
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Results/Environmental Consequences
2.1 No Action Alternative
No effects on geology, soil resources, or mineral resources are anticipated from implementation of
this alternative. No soil disturbance along the proposed LPP corridor would occur, so no change in
current erosion rates would occur. No loss of or disturbance to biological soil crusts would take
place.
Under the No Action Alternative, no amendment to the RMP would occur, so current management
of mineral resources would continue as currently prescribed by the RMP. This alternative would
therefore not result in any changes to geology, soils, and mineral resources.
However, under this alternative, projects already planned by the Project Proponent would continue
to occur. Disturbance, due to these projects, would vary in space and time. Most impacts would be
short term and project-specific, including localized soil erosion prior to reestablishment of
vegetation. Most effects to geology and soils would be minimized through implementation of EPMs
by the Project Proponent.

2.2 Southern Alternative
A preliminary estimate of the excavated volumes and the volumes of materials needed for
construction of the Southern Alternative is shown in Table 2.2-1. The volumes used for
construction assume that excavated soils would expand and would then be recompacted to 90
percent of their pre-excavated volume. Similarly, construction volumes for rock assume that
excavated rock material would expand and would be recompacted to 65 percent of pre-excavated
volume. There would be a surplus of soil totaling 2,959,583 cubic yards for the Southern Alternative.
The surplus material would be spread across the ROW areas along the Project Area. The total
estimated area of the ROWs for the Southern Alternative is 3,368 acres. The preliminary analysis
indicates the spread and compacted spoils would be approximately 6.4 inches thick for the Southern
Alternative. The spoils would be spread in a manner to blend with original topography and drainages
with periodic swales or rolling dips to promote natural drainage patterns.
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Table 2.2-1 Summary of Excavation, Bedding, Backfill, and Spoil Quantities
Excavation Material

Excavation – Blasted Rock, Pipeline/Facilities
Excavation – Open Cut Soil over Blasted Rock, Pipeline/Facilities (50% rock,
50% soil)
Excavation – Open Cut Soil/Ripped Rock, Pipeline/Facilities (100% soil)
Excavation – Rock from Intake
Excavation – Rock from Hurricane Cliffs Tunnels/Shafts (gypsum not usable
for bedding)
Excavation – Rock from Cockscomb Reduction
Excavation Total
Pipeline Bedding – Blasted Rock
Pipeline Bedding – Open Cut Soil over Blasted Rock
Pipeline Bedding – Open Cut Soil/Ripped Rock
Pipeline Bedding Total
Pipeline Backfill – Blasted Rock
Pipeline Backfill – Open Cut Soil over Blasted Rock
Pipeline Backfill – Open Cut Soil/Ripped Rock
Pipeline Backfill Total
Total Rock Excavation Volume after Swell and Re-compaction
Rock Excavation Volume Used for Bedding
Imported Rock Volume Used for Bedding
Rock Excavation Volume Required for Maintenance Road Construction
Remaining Rock Excavation Used for Backfill
Total Excess Material to be Spread as Spoil
Total Soil Excavation Volume after Swell and Re-compaction
Soil Excavation Volume Used for Bedding
Soil Excavation Volume Used for Backfill
Permanent Pipeline ROW (acres)
Average Thickness of Compacted Soil if Only Spread on Permanent Pipeline
ROW (acres)
Permanent Pipeline and Temporary Construction Area ROW (acres)
Average Thickness of Compacted Soil if Spread on Permanent Pipeline and
Temporary Construction Area ROW (inches)

Southern Alternative
(cubic yards)

1,374,059
704,284
3,058,772
10,819
12,546
154,564
5,315,043
641,384
313,112
1,471,754
2,426,250
487,906
279,894
1,191,121
1,958,921
2,553,638
1,133,878
1,292,372
334,293
1,085,467
0
3,752,005
0
873,453
1,802
11.9
3,368
6.4

Key:
ROW = right-of-way

A breakdown of excavated volumes by agency is provided in Table 2.2-2 for the Southern
Alternative. Excavation on Tribal lands would not occur under the Southern Alternative.
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Table 2.2-2 Southern Alternative Excavation Volumes by Agency
Open Cut Soil
Open Cut
Blasted Rock
Agency
Over Blasted Rock
Soil/Ripped Rock
(cubic yards)
(cubic yards)
(cubic yards)

BLM
NPS
Reclamation
State
Private
Total

1,101,415
78,364
17,135
156,270
198,804
1,551,988

141,062
42,260
0
280,594
240,367
704,284

1,547,773
156,013
0
528,517
826,468
3,058,772

Subtotal
(cubic yards)

2,790,251
276,637
17,135
965,381
1,265,639
5,315,043

Key:
BLM = Bureau of Land Management
NPS = National Park Service
Reclamation = Bureau of Reclamation

Soil resources are an important component of the environment that provides a growth medium to
support vegetation for wildlife habitat and forage for cattle. Properly maintained soils also have a
direct relationship to overall watershed function by regulating sedimentation and the infiltration and
storage of precipitation (runoff control). This section evaluates disturbances to soil and geologic
resources that would be caused by construction, operation, and maintenance of the Proposed
Project alignment along the Southern Alternative. Removal of vegetation and changes in soil
physical properties, such as soil compaction, resulting from disturbance of the land surface and
potential increased soil erosion. The magnitude, extent, and duration of impacts to soil resources
depend on the amount of disturbed surface area exposed to water and wind, soil types affected,
topography of the area, duration of construction, and success of restoration efforts.
Disturbance of soils associated with construction of LPP infrastructure would be expected to result
in direct effects on soil productivity. Areas disturbed during construction or removed permanently
for LPP facilities or roads would support little or no vegetation. The total area disturbed, however,
would be only a small percentage of the total land base in the area. In addition, restoration activities
would be initiated in many areas of the LPP (where not needed for permanent facilities or access
roads), which would minimize soil disturbance in the long term.
The degree to which soil resources may be susceptible to increased rates of erosion from water and
wind action depends on geomorphic setting, topography, climate, and the physical, chemical, and
mechanical properties of the dominant soil types encountered along the LPP corridor. As described
in Section 1.4.7 above, soils in the Project Area (in Arizona) are rated as moderate to severe for
water erosion potential, with some areas south of the KIR rated as run-in. Soils in the Project Area
(in Arizona) are mostly rated as moderate for wind erosion potential, with some areas of slight and
some areas of high potential south and west of the KIR. In general, soil erosion hazards are greater
where slopes are steep or depth to bedrock is shallow, which occurs in several areas such as at the
Kanab Creek crossing and the Cockscomb. Accelerated soil loss associated with exposure of soil
particles to water and wind erosion could result from surface disturbing activities such as excavation,
grading, removal of vegetation, and removal of biological soil crust cover. Additional soil erosion
could also occur from increased stormwater runoff resulting from a reduction in infiltration capacity
associated with soil compaction or from alteration of drainage patterns related to construction of the
pipeline, roads, and other associated infrastructure. These direct soil loss effects would occur within
the LPP ROW areas during construction and operation activities. In addition, soils on steep slopes
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or otherwise erosion-sensitive soils (thin, fine-grained, and/or poorly cohesive) have the potential to
experience higher rates of erosion than other soils. Removal of biological soil crusts and gypsiferous
deposits would also lead to higher rates of both wind and water erosion. The Southern Alternative
route has some areas of steep topography or canyons and areas of sensitive soils. Removal of and/or
damage to these soils has the potential to increase the rate of erosion where specific Proposed
Project features are located in these steeper areas (such as at the Kanab Creek crossing). Disturbance
in most areas would be short-term and effects would be effectively controlled through
implementation of EPMs. Once construction is complete, the construction corridor would be
reclaimed, which would minimize soil erosion in the long term.
There are approximately 455 acres of gypsiferous soils and potential biological soil crusts within the
Southern Alternative ROW. Where actively grazed by livestock, the soil crusts may already be
broken and trampled in some areas. Surface disturbing activities such as excavation, grading,
removal of vegetation, and removal of biological soil crust cover are expected to result in direct
effects associated with construction of LPP infrastructure. Areas disturbed during construction, or
removed permanently for LPP facilities or roads, would support little or no vegetation. A summary
of the estimated acreage for each federal, state, and private land under the Southern Alternative is
provided in Table 2.2-3.
Table 2.2-3 Southern Alternative LPP Right-of-Way Summary
Permanent ROW (acres)
Land Ownership

BLM
NPS
Reclamation
State
Private
Total

Pipeline(a)

876
126
1
302
382
1,687

Transmission
Lines(a)

Pumping, Hydro,
and Road
Facilities(b)

533
55
8
375
95
1,067

68
20
27
11
42
168

Short-term or
Temporary
Construction
Easement
ROW(a) (acres)

Total ROW
(acres)

649
79
0
186
565
1,479

2,127
280
36
874
1,083
4,401

Notes:
(a) Disturbed ROW would be restored.
(b) Disturbed ROW would not be restored due to permanent above ground facilities.
Key:
BLM = Bureau of Land Management
LPP = Lake Powell Pipeline Project
NPS = National Park Service
Reclamation = Bureau of Reclamation
ROW = Right-of-Way
Tribe = Kaibab Band of Paiute Indians

Fault movement along the alignment is expected to be below 75 millimeters (about 3 inches) during
the Proposed Project design life. The alignment is not within a zone of high projected PGA (USGS
2014). Construction and operation of the LPP and associated features has the potential to induce
slope failures that could result in injury to humans, damage to major human structures, or damage to
the environment, specifically in areas that would require blasting along steep slopes and localities
where weak, weathered bedrock and gypsiferous deposits are encountered. Geologic hazards have
the potential to cause sufficient deformation or failure of foundation conditions to cause pipeline

59

rupture or failure of associated pipeline features. Adherence to the EPMs during activities would
lower the direct effects related to geologic hazards along the alignment and would not result in
human injury or death, present a serious risk to human health, or cause major damage to structures.
Borrow and spoil associated with the Southern Alternative would not cause new and substantial
disturbance of land or cause substantial changes in runoff patterns, turbid runoff that would
discharge to rivers, streams, or lakes, or create unstable slope conditions.
2.2.1 Resource Management Plan Amendment
Kanab Creek is one of the many tributaries of the Grand Canyon. It begins in Kane County, Utah
and flows 125 miles south to the Colorado River in Arizona. The creek flows into Arizona at
Fredonia, Arizona, where it flows for 10 miles across state and private lands and 9 miles across the
KIR before entering the Arizona Strip Field Office.
Mineral resources include fluid and solid minerals leased for development under the Mineral Leasing
Act of 1920 and amendments, locatable minerals that may be claimed and patented under the 1872
Mining Law, and common variety materials that may be purchased under the Mineral Materials Sales
Act of 1947. The RMP summarized the mineral potential within the Arizona Strip using guidance
contained in the BLM’s 3031 Manual, which covers leasable, locatable, and salable minerals. On
January 9, 2012, the Secretary of the Interior issued a decision to withdraw approximately 1 million
acres of federal locatable minerals in northern Arizona from the location of new mining claims
under the Mining Law of 1872 [30 USC 22–54] (Mining Law), subject to valid existing rights. The
affected lands include the Kanab Creek Area of Critical Environmental Concern (ACEC). The
withdrawal does not affect use, management, or disposition of the lands other than under the
Mining Law.
The ACEC is designated fluid mineral leasing Category 2, which includes additional special terms or
seasonal restrictions on extraction. The ACEC is closed to development of new mineral material
sites, with existing material sites to be evaluated for retention– mineral material disposal in visual
resource management Class II areas (such as the majority of the ACEC) is not allowed if
“reasonable alternative sources are available” (Decision No. MA-MI-06).
While amending the plan to reduce the size of the ACEC or change the configuration of the utility
corridor would not directly involve ground disturbance or development, this action could allow for
the construction, operation, and maintenance of the LPP and potentially other utility lines. Future
development proposals would be analyzed under project specific NEPA review.
Amending the RMP could allow for additional ground disturbing activities to occur as well, since
management direction for the area would change due to reducing the size of the ACEC or changing
the configuration of the utility corridor. Thus, amending the RMP could affect resources including
salable, leasable, and locatable mineral resources.
2.2.1.1 Sub-alternative 1

Sub-alternative 1 would not change the boundary of the ACEC and would not change any RMP
decisions related to the management of locatable, salable, or leasable minerals.
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2.2.1.2 Sub-alternative 2

Under Sub-alternative 2, the following effects related to management of mineral resources
(locatable, salable, and leasable minerals) would occur:
Locatable Minerals–RMP Decision No. MA-MI-02 (stating that “special mitigation will be
required in mining plans of operation to avoid impacts to cultural resources, special status
species, and/or other sensitive resources in Areas of Critical Environmental Concern”)
would no longer apply to lands excluded from the ACEC. However, existing federal laws
(including the Endangered Species Act, National Historic Preservation Act, and Native
American Graves Protection and Repatriation Act) would still apply. In addition, the lands
within this ACEC were withdrawn from locatable mineral entry for 20 years in 2012 by the
Secretary of Interior, so locatable mineral development could not occur unless the
withdrawal were revoked, or mining claims were determined to be valid.
Salable Minerals–RMP Decision No. MA-AC-9 (stating that “new mineral material disposal
sites in Areas of Critical Environmental Concern will not be authorized”) would no longer
apply to lands excluded from the ACEC. Salable minerals would therefore become available
on any lands removed from the ACEC (up to 905 acres), providing additional opportunities
for extraction and disposal of this resource.
Leasable Minerals–Decision No. MA-AC-08 (stating that “Areas of Critical Environmental
Concern will remain open to leasable mineral exploration and development [but] special
mitigation will be required to avoid impacts to special status species and proposed or
designated critical habitat and cultural resources”) would no longer apply to lands excluded
from the ACEC. However, existing federal laws (including the Endangered Species Act,
National Historic Preservation Act, and Native American Graves Protection and
Repatriation Act) would still apply.
2.2.1.3 Sub-alternative 3

Sub-alternative 3 would be the same as those described for RMPA Sub-alternative 1 because no
change to the boundary of the ACEC would occur, and no RMP decisions related to the
management of locatable, salable, or leasable minerals would occur.
2.2.2 Mitigation Measures
Minor changes to the EPMs should be implemented to meet agency-specific goals and objectives for
management of geological and soil resources.
2.2.2.1 Biological Soil Crust and Gypsiferous Soil and Bedrock Management

The BLM and NPS intend to avoid and/or minimize adverse effects to biological soil crust coverage
but acknowledge if soil crust occurs in the Proposed Project alignment, such effects are unavoidable.
However, avoidance and/or minimization measures could be achieved in other Project Areas where
soil disturbance would and may have already occurred. To this end, the UBWR would consult with
the land management agencies regarding dense biological soil crust coverage associated with staging
areas, electrical substations, electrical transmission corridors, and temporary access roads to identify
any soil crust coverage. If this resource occurs at any site, the land management agencies would
advise the UBWR on avoidance and minimization measures to reduce impacts to a minor adverse
effect, where practicable. This would include the land managing agencies working with the UBWR
to determine alternative sites where adverse effects would be no more than minor.
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Relocation of Staging Area 2
Staging Area 2 in the Arizona Strip Field Office (adjacent to the Ryan Road, or Forest Road 22)
should be relocated to the site of an inactive mineral material pit. This would protect the extensive
soil crust cover present at the proposed Staging Area 2 and would eliminate drainage/soil erosion
issues that would likely occur due to the presence of numerous small drainages at the site.
2.2.2.2 Borrow and Soil Management

Soil and rock materials unsuitable for use as pipeline trench backfill would be spread and partially
compacted, the surface reclaimed to match approximate original topography (surrounding
landscapes), covered with topsoil as available, and revegetated with an appropriate seed mixture to
stabilize surface particles and avoid erosion.
2.2.2.3 Blasting Management

Blasting determined as necessary based on final design would involve preparing a site-specific
blasting plan for approval by the land management agency or landowner in advance of construction.
The blasting plan would specify safety measures, safe distances from blasting site, the type of
blasting to be performed, controls and measures to prevent aerial particle movement, blasting phases
(as applicable), and necessary traffic controls. All blasting would incorporate low-effect, slow-acting
chemicals to the extent possible to contain the blasting effects within the ROWs and direct work
areas. Blasting would be performed as unobtrusively as possible and managed to avoid damage to
nearby structures, facilities, and properties.
2.2.2.4 Erosion and Sediment Control

Erosion and sediment control would be implemented using non-structural methods as applicable on
disturbed soils subject to erosion and sediment mobilization. Non-structural methods would involve
contractor education, standard construction management practices, good housekeeping practices,
and construction sequencing. Such practices include an assessment of soil conditions at determined
staging sites prior to mobilization. In the event of staging areas consisting of undisturbed soils or
sensitive soils (e.g., biological soil crusts, moss growth, and lichens) an alternative staging area would
be assessed and utilized to avoid damage at the greatest extent possible.
Structural methods would involve the use of physical devices or means for removing, reducing,
retarding, or preventing stormwater runoff constituents, pollutants, contaminants, and soil particles
from being mobilized and reaching receiving waters. Typical erosion and sediment control methods
include filter berms, siltation berms, filter or silt fencing, detention basins, sediment traps, inceptor
berms, sediment barriers (e.g., sandbags, hay bales, straw wattles, excelsior bundles, excelsior
blankets, and excelsior bales or rolls), rock or gravel mulches, wood chip mulches, straw and bark
mulches, jute netting, synthetic netting, and synthetic blankets.
2.2.2.5 Soil Stockpiling and Management

All recoverable growth medium and topsoil would be salvaged prior to surface excavation. Salvaged
topsoil and native plant materials would be windrowed along the ROW edge or placed in temporary
stockpiles. Topsoil stripped from areas with varying surface conditions would be segregated and
stockpiled separately to preserve seedbank integrity (natural seeds incorporated into the soils).
Segregated topsoil stockpiles would be used following construction completed to restore the same
areas the topsoil was stripped from. All soil stockpiles would be maintained within the construction
ROWs.
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2.3 Highway Alternative
There would be a surplus of soil for the Highway Alternative, totaling 2,801,855 cubic yards. The
surplus material would be spread across the ROW areas along the Project Area. The total estimated
area of the ROWs for the Highway Alternative is 2,878 acres. The preliminary analysis indicates the
spread and compacted spoils would be approximately 7.2 inches thick for the Highway Alternative
(see Table 2.3-1, below).
Table 2.3-1 Summary of Excavation, Bedding, Backfill, and Spoil Quantities
Volumes (cubic yards)

Excavation – Blasted Rock, Pipeline/Facilities
Excavation – Open Cut Soil over Blasted Rock, Pipeline/Facilities (50% rock,
50% soil)
Excavation – Open Cut Soil/Ripped Rock, Pipeline/Facilities (100% soil)
Excavation – Rock from Intake
Excavation – Rock from Hurricane Cliffs Tunnels/Shafts (gypsum not usable
for bedding)
Excavation – Rock from Cockscomb Reduction
Excavation Total
Pipeline Bedding–Blasted Rock
Pipeline Bedding–Open Cut Soil over Blasted Rock
Pipeline Bedding–Open Cut Soil/Ripped Rock
Pipeline Bedding Total
Pipeline Backfill–Blasted Rock
Pipeline Backfill–Open Cut Soil over Blasted Rock
Pipeline Backfill–Open Cut Soil/Ripped Rock
Pipeline Backfill Total
Rock Excavation Volume after Swell and Re-compaction Total
Rock Excavation Volume Used for Bedding
Imported Rock Volume Used for Bedding
Rock Excavation Volume Required for Maintenance Road Construction
Remaining Rock Excavation Used for Backfill
Total Excess Material to be Spread as Spoil
Total Soil Excavation Volume after Swell and Re-compaction
Soil Excavation Volume Used for Bedding
Soil Excavation Volume Used for Backfill
Permanent Pipeline ROW (acres)
Average Thickness of Compacted Soil if Only Spread on Permanent Pipeline
ROW (acres)
Permanent Pipeline and Temporary Construction Area ROW (acres)
Average Thickness of Compacted Soil if Spread on Permanent Pipeline and
Temporary Construction Area ROW (inches)

Highway Alternative

559,228
155,192
3,617,660
10,819
12,546
154,564
4,510,009
261,037
68,996
1,740,668
2,070,700
198,573
61,676
1,408,759
1,669,007
1,082,979
501,608
1,569,092
183,330
398,041
0
4,064,781
0
1,270,966
1,538
13.5
2,878
7.2

Key:
ROW = Right-of-Way
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There are approximately 634 acres of gypsiferous soils and potential biological soil crusts within the
Highway Alternative ROW. Where actively grazed by livestock, the soil crusts may already be
broken and trampled in some areas. Surface disturbing activities such as excavation, grading,
removal of vegetation, and removal of biological soil crust cover are expected to result in direct
effects associated with construction of LPP infrastructure. Areas disturbed during construction, or
removed permanently for LPP facilities or roads, would support little or no vegetation. A summary
of the estimated acreage for each federal, state, and private land under the Highway Alternative is
provided in Table 2.3-2, below.
Table 2.3-2 Highway Alternative LPP Right-of-Way Summary
Permanent ROW (acres)
Pumping,
Land
Transmission
Hydro, and
Ownership
Pipeline(a)
Lines(a)
Road
Facilities(b)

BLM
NPS
Reclamation
Tribe
State
Private
Total

524
126
1
140
242
492
1,526

529
55
8
0
375
93
1,060

68
20
27
0
11
44
170

Short-term or
Temporary
Construction
Easement
ROW(a) (acres)

395
79
0
99
161
571
1,305

Total ROW
(acres)

1,516
280
36
239
790
1,201
4,062

Notes:
(a) Disturbed ROW would be restored.
(b) Disturbed ROW would not be restored due to permanent aboveground facilities.
Key:
BLM = Bureau of Land Management
LPP = Lake Powell Pipeline Project
NPS = National Park Service
Reclamation = Bureau of Reclamation
ROW = Right-of-Way
Tribe = Kaibab Band of Paiute Indians

Pipeline bedding under the Highway Alternative may not be sufficient due to the composition of
materials expected below the surface. If bedrock excavated from the pipeline trenches are largely
unsuitable for pipeline bedding, additional bedding material would have to be sourced and imported,
resulting in additional land disturbance on private and/or public land in southwest Utah and
northwestern Arizona. The potential quantity of bedding material needed for the Highway
Alternative is estimated at 632,270 cubic yards and may require access to commercial gravel
resources in the area.
A breakdown of excavated volumes by agency is provided in Table 2.3-3 for the Highway
Alternative.
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Table 2.3-3 Highway Alternative Excavation Volumes by Agency
Open Cut Soil
Open Cut
Blasted Rock
Agency
Over Blasted Rock
Soil/Ripped Rock
(cubic yards)
(cubic yards)
(cubic yards)

BLM
NPS
Reclamation
Tribe
State
Private
Total

440,037
78,364
17,135
0
21,194
177,427
737,157

21,842
42,260
0
0
36,337
54,753
155,192

1,102,360
156,013
0
589,325
624,373
1,145,588
3,617,660

Subtotal
(cubic yards)

1,564,239
276,637
17,135
589,325
684,905
1,377,768
4,510,009

Key:
BLM = Bureau of Land Management
NPS = National Park Service
Reclamation = Bureau of Reclamation
Tribe = Kaibab Band of Paiute Indians

Soil erosion, as discussed under the Southern Alternative would have the same direct effects to soil
loss as a result of removal and/or compaction of protective vegetative, biological soil crust and
gypsiferous soil cover, and alteration of drainage patterns related to construction of the pipeline,
roads, and other associated infrastructure. Disturbance in most areas would be short-term and
effects would be controlled through implementation of EPMs. Once construction is complete, the
construction corridor would be reclaimed, which would minimize soil erosion in the long-term.
Faulting encountered along the highway alignment is expected to be below 75 mm (3 inches) during
the Proposed Project design life. The alignment is not within a zone of high projected PGA (USGS
2014) and is therefore not affected by the construction of the LPP infrastructure. Construction and
operation of the LPP and associated features have potential to result in injury to humans, damage to
major human structures, or damage to the environment, specifically in areas that would require
blasting. Geologic rock and soil hazards have potential to cause deformation or failure of foundation
conditions (specifically in gypsum-rich deposits, expansive and collapsible soils) which could be
sufficient to cause pipeline rupture or failure of associated pipeline features. Adherence to the EPMs
during construction activities would lower the direct effects related to geologic hazards along the
alignment and would not result in human injury or death, present a serious risk to human health, or
cause major damage to structures.
Borrow and spoil associated within the Highway Alternative may have direct effects to local borrow
sources due to insufficient volumes of pipeline bedding materials require for pipeline foundation.
Substantial disturbance of land; substantial changes in runoff patterns; turbid runoff that would
discharge to rivers, streams, or lakes; or unstable slope conditions are not expected to occur.
2.3.1 Mitigation Measures
Proposed mitigation measures for the Highway Alternative would be the same as those described for
the Southern Alternative in Section 2.2.2, above, with the exception of the measure addressing
Staging Area 2, since that staging area is only proposed for the Southern Alternative.
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2.4 Comparative Analysis of Alternatives
The No Action Alternative would not require construction activities that would remove biological
soil crusts and existing vegetation or disturb soils. Under the No Action Alternative, there would be
no effect on geological resources. Ground disturbance would not occur, and all geologic features
would remain as they are. In comparison to the No Action Alternative, the Southern Alternative
would require mitigation for construction staging areas, blasting sites, and borrow and spoil.
Of the two action alternatives, the Southern Alternative would require construction/placement of
the LPP in currently undisturbed areas, and in an area of steeper topography (Kanab Creek
crossing), which would be more prone to accelerated soil loss due to exposure of soil particles to
water and wind erosion from surface-disturbing activities. While Kanab Creek would be crossed
under both alternatives, the crossing under the Highway Alternative is in an area where the drainage
is very shallow, narrow, and contains little riparian vegetation; this is in contrast to the Southern
Alternative Kanab Creek crossing, which is much deeper, wider, and contains well established
riparian vegetation. The deep canyon at the Kanab Creek crossing for the Southern Alternative
would likely be difficult to mitigate, and the potential exists for substantial erosion and siltation into
the creek during construction, and restoration would be difficult due to the steepness of the canyon,
resulting in the potential for long-term erosion and siltation into Kanab Creek.
Estimates of ground disturbance for the permanent pipeline ROWs under the Highway Alternative
is 264 acres less than that of the Southern Alternative. For temporary ROWs, 1,305 acres would be
impacted for the Highway Alternative, whereas the Southern Alternative would impact 1,479 acres.
Estimated thickness of compacted soils on the Highway Alternative would be 0.8 feet greater than
on the Southern Alternative.
Under the Highway Alternative, approximately 180 acres of additional soil resources (biological soil
crusts, gypsiferous soils and soil erosion potential) would be disturbed as compared to the Southern
Alternative. The Highway Alternative traverses through geologic deposits consisting of a thicker
sequence of overburden composed of soils derived from the surrounding geologic formations.
Localized soils along the route generally are concentrated with gypsum and biological crusts to a
greater extent than those along the Southern Alternative. Effects on gypsiferous soils and potential
biological soil crusts for each land agency are provided in Table 2.4-1.
Table 2.4-1 Acres of LPP Construction Impacts on Gypsiferous Soils and Potential Biological Soil Crusts
Southern Alternative (acres)
Highway Alternative (acres)

BLM
NPS
Reclamation
Tribe
State
Private
Total

361.4
0.0
0.0
0.0
30.3
62.8
454.5

313.1
0.0
0.0
144.1
82.5
93.9
633.6

Key:
BLM = Bureau of Land Management
LPP = Lake Powell Pipeline Project
NPS = National Park Service
Reclamation = Bureau of Reclamation
Tribe = Kaibab Band of Paiute Indians
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Ground disturbance and blasting of bedrock will need to occur throughout the entirety of the
project. Such activities will result in permanent and irreversible effects to geologic resources
resulting in loss of their integrity and damage to the visual surface. Shallow bedrock deposits are
encountered throughout the Southern Alternative and will require approximately 1,374,059 cubic
yards of excavation in the form of blasting.
Blasting of bedrock through the Highway Alternative alignment would require approximately
814,831 cubic yards less compared to the Southern Alternative. The overall total excavation
volumes, including open cut soil excavations, under the Highway Alternative are 4,510,009 cubic
yards in comparison to 5,315,043 cubic yards excavated under the Southern Alternative. Although
excavation volumes are lower under the Highway Alternative, and appear to indicate less disturbance
to rock formations, the lack in volume would be insufficient for backfill and bedding required for
pipeline design. Sourcing an alternate borrow material may be necessary to provide a foundation and
backfill for the Proposed Project. More (632,270 cubic yards) crushed rock, sand, and/or gravel
would be needed for the Highway Alternative than for the Southern Alternative.
Blasting of bedrock through the Highway Alternative alignment would require approximately
814,831 cubic yards less compared to the Southern Alternative. The overall total excavation
volumes, including open cut soil excavations, under the Highway Alternative are 4,510,009 cubic
yards, which is less than that of the 5,315,043 cubic yards excavated under the Southern Alternative.
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Glossary
Alluvium. A deposit of soil particles transported by flowing water.
Alluvial Fan. Deposits of alluvium at the mouth of canyons and gullies which result from waterborne materials in high-energy flows that drop out of the flows when the flows enter a valley where
the slope is flatter, and the energy is lower. Alluvial fans typically consist of randomly sorted
material.
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Borrow. Excavated material that is removed from one location, such as a pit, and used as
foundation material, bedding, or backfill at another location to facilitate construction.
Calcareous. Rocks or soil containing high amounts of calcium carbonate.
Collapsible Soil. A loosely deposited soil that collapses into a denser, more compact soil, usually
after saturation. Collapsible soils typically include porous alluvial fans and windblown soil deposits.
Colluvium. Materials that accumulate at the base of slopes, typically as a result of gravitational
forces on materials further upslope.
Expansive Soil. A type of clay that absorbs and retains moisture between platy particles, causing
the particles to be pushed apart and resulting in an increase in occupied soil volume. Over time, the
clay may dry out from drainage or evaporation, and the resulting contraction of soil particles causes
cracking and desiccation.
Fault. A plane of displacement caused by one part of the earth’s crust relative to the adjacent part.
A normal fault is a fault where the downthrown side moves on a plane dipping at less than 180
degrees. A reverse fault is a fault where the downthrown side moves on a plane dipping at greater
than 180 degrees.
Fossiliferous. Rocks containing fossils.
Graben. A geologic feature caused by two adjacent, parallel faults which result in a downward
movement of a block of the earth’s crust between the faults.
Groundwater. Water found in interstitial spaces or fractures in rock or soil.
Gypsiferous. Soil or rock containing high enough fractions of gypsum (calcium sulphate) that it
exhibits properties of gypsum, such as high solubility in water, limited ability to support plant
growth, and expansion.
Gypsophiles. An assemblage of gypsum endemic plant taxa.
Holocene Epoch. A unit of geologic time corresponding to the period from approximately the end
of the last Ice Age until the present time, roughly 11,700 years.
Liquefaction. Process whereby granular, saturated or wet soils change from a solid state to a liquid
state as a result of loading, most often caused by an infusion of energy acceleration associated with
an earthquake.
Loess. A windblown soil deposit. Loess deposits tend to be loosely deposited and are often subject
to collapse when extensively saturated.
Seepage. Groundwater flowing from a saturated medium into open, unsaturated conditions, such as
from rock fractures into caves, shafts, or tunnels, or from rock or soil onto a slope face.
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Seismic Activity. An earthquake that releases energy as opposing sides of a fault move against each
other, resulting in propagation of energy waves through rock and soil.
Spoil. Excess excavated material that is not suitable for foundations, bedding, or backfill and must
be disposed of.
Subsidence. Lowering of a part of the land surface as a result of compaction of underlying soils,
usually caused by either dissolving of materials within the soil or by removal of groundwater and the
associated reduction in pressures within the soil pores.
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1 Introduction/Affected Environment
Paleontological resources are the tangible, physical remnants of previous life (generally accepted as
pre-10,000 years ago) preserved in the earth’s crust as evidence of past organisms and the
ecosystems they inhabited. Legally, paleontological resources are defined in the Paleontological
Resources Preservation Act (PRPA) (Public Law [P.L.] 111-11, Title VI, Subtitle D; 16 U.S.C. §§
470aaa - 470aaa-11):
Any fossilized remains, traces, or imprints of organisms, preserved in or on the earth’s crust,
that are of paleontological interest and that provide information about the history of life on
earth, except that the term does not include:
(A) any materials associated with an archaeological resource (as defined in Section 3(1) of
the Archaeological Resources Protection Act of 1979 (16 United States Code [USC]
470bb(1)); or
(B) any cultural item (as defined in Section 2 of the Native American Graves Protection
and Repatriation Act [25 USC 3001]).
Different types of fossils are highly uneven in their abundance and distribution within the crust,
leaving certain fossil deposits classified as rare and/or sensitive. In general, the remains of vertebrate
organisms (bones, teeth, and shells) and sites where preservation is exceptionally complete and
includes soft tissue remains (called Konservat-Lagerstätten) are the rarest. Widespread geological
formations, such as many limestone or coal units, are literally composed of the remains of countless
fossil organisms, yet these occurrences are not given the same significance as a vertebrate-bearing
formation, even though their fossil content can be staggering to the imagination.
Exceptionally rare or significant fossil sites on public lands are generally managed through special
designation (e.g., Outstanding Natural Area, National Monument, or Area of Critical Environmental
Concern). There is no formal equivalent to the National Register of Historic Places for fossils sites,
and no formal review process for determination of significance. Such assessments are made by
individual specialists and resource managers familiar with the relevant sites. While fossil resources
are primarily of significance to paleontologists and geologists seeking to understand the planet’s past,
they may also hold great cultural significance (e.g., petrified wood sites are important as traditional
recreational sites for hobby collecting) or be integral to the cultural or historic landscape (e.g., a
fundamental part of the growth of a community, like Vernal, Utah).

1.1 Regulatory Framework
1.1.1 Federal
Even though they occur in the earth’s crust and are largely composed of minerals, fossils have been
established by long-standing case law as part of the surface estate, and not part of the mineral estate.
Except for petrified wood, fossils are not locatable or claimable for economic extraction and in that
way are managed more like cultural resources. However, unlike cultural resources, paleontological
resources have no federal regulatory framework like Native American Graves Protection and
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Repatriation Act that extends to private ownership. Therefore, public management of
paleontological resources is only applicable where there is federal ownership of the surface estate.
Given such, fossil resource management on federal land is mandated by the Paleontological
Resources Preservation Act (2009) and other legislation, as well as supplemental rules and policy
developed from that legislation (BLM Manual 8270 and others). For known fossil sites, federal land
management agencies generally only manage for, or consider the effects on, those sites deemed
significant. Site significance falls into two categories: (1) all vertebrate fossil sites (including
vertebrate trace fossils) by legislative definition found in the PRPA, and (2) other sites valued by
scientists or the public because of their importance to research, cultural tradition, interpretation,
collection and/or curation, and historical importance. It is left to subject matter experts to make the
final determinations on significance. For this analysis, determinations of significance were made by
Dr. Alan Titus, Paria District Paleontologist (Bureau of Land Management [BLM]); Andrew Milner,
Chief Curator at the St. George Dinosaur Discovery Site; Alden Hamblin, Commonwealth Heritage
Group (formerly Sagebrush Consultants); and Dr. Paul Murphey, Rocky Mountain Paleo Solutions.
The protection and management of paleontological resources are directly governed by the
application of the laws listed below:
The PRPA of 2009 Public Omnibus (P.L. 111-011). PRPA is meant to be a broad ranging
management prescription for fossils on all federal lands. Its final formulation and implementation
have been hampered by politics and differing mandates from differing land agencies coming into
conflict with a unified policy (e.g., BLM allows collecting, but the National Park Service [NPS] does
not). Regardless, the following specific management prescriptions are given in PRPA:
(a) The Secretary shall manage and protect paleontological resources on Federal land using
scientific principles and expertise. The Secretary shall develop appropriate plans for
inventory, monitoring, and the scientific and educational use of paleontological resources, in
accordance with applicable agency laws, regulations, and policies. These plans shall
emphasize interagency coordination and collaborative efforts where possible with nonFederal partners, the scientific community, and the general public.
(b) Coordination-To the extent possible, the Secretary of the Interior and the Secretary of
Agriculture shall coordinate in the implementation of this subtitle.
The only federal agency to comply with the above order to develop specific management
prescriptions, policy, and procedure is the U. S. Department of Agriculture Forest Service, who
issued supplemental rules in 2015, which are now incorporated into 36 Code of Federal Regulations
Part 291. No comparable comprehensive resource management plan exists for any of the federal
agencies whose surface estates would be affected by the Proposed Project. As a result, fossil
resource management across the entire Area of Potential Effects (APE) is a somewhat ad hoc
process. Other federal regulations that govern the management of paleontological resources include:
The NPS Organic Act of 1916 (39 Stat. 535, 54 USC. 1003 et seq.) organized the NPS, “which
purpose is to conserve the scenery, natural and historic objects, and wild life in the [National Park]
System units and to provide for the enjoyment of scenery, natural and historic objects, and wild life
in such manner and by such means as will leave them unimpaired for the enjoyment of future
generations” (54 USC 100101(a)). This is applicable to any fossil resources within Glen Canyon
National Recreation Area.
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The Department of Transportation Act of 1966 under Section 4F (49 USC 303(a)) states that “it is
the policy of the United States Government that special effort should be made to preserve the
natural beauty of the countryside and public park and recreation lands, wildlife and waterfowl
refuges, and historic sites.” This section also protects fossils in federal highway rights-of-way.
The National Environmental Policy Act of 1970 (P.L. 91-190, 42 USC 4321 and 4331–4335) in
Section 101(b)(4) states that a reason for the act is to “preserve important historic, cultural, and
natural aspects of our national heritage, and maintain, wherever possible, an environment which
supports diversity and variety of individual choice, ” supporting the protection of fossils where they
are “significant” resources (42 USC 4331(a)).
The Federal Cave Resources Protection Act of 1988 (P.L. 100-691) 16 USC authorizes the
protection of cave resources, including fossils.
These laws, statutes, and policies make clear that paleontological resources are important to the
United States, and they need to be included in the analysis of the Proposed Project.
1.1.2 State of Arizona
The State of Arizona does not have a cohesive paleontological resource management plan outside of
its blanket ban on non-permitted collecting of fossils on state lands.
1.1.3 State of Utah
The State of Utah outlines the management of fossil resources on state-owned lands under Title 63Chapter 73 of the Utah Code Annotated. Subsections 63-73-11 to 63-73-17 are specific to
management of fossil resources, mostly in relationship to research and collecting of significant
specimens. Most Utah law mirrors similar mandates found in federal law, but there are exceptions,
the most notable of which is 63-73-17, which requires reporting the occurrences of fossils on private
lands to the Utah State Paleontologist.

1.2 Methodology
1.2.1 Area of Potential Effects
As there is no specific unified federal policy for fossil management that defines the APE from a
ground disturbing project, it is herein defined, as it relates to effects on fossil resources, as the
geographic area within which ground disturbing activities directly or indirectly related to the project
may directly or indirectly damage, move, degrade, or destabilize fossil resources, or limit access to
fossil resource sites by legitimate users.
This analysis covers the entire footprint of potential ground disturbing activity related to the
Highway Alternative and Southern Alternative alignments. In addition to known sites, the potential
(or statistical likelihood) that an unknown significant site is present and could be affected is modeled
using the Potential Fossil Yield Classification (PFYC) system developed by federal land management
agencies. In this system, low numerical ratings (1 to 3) indicate low to moderate probability that a
significant site would be present/disturbed, whereas high ratings (4 to 5) would predict the
probability of encountering significant fossils as likely. The PFYC ratings of all potentially fossilbearing units specifically within the APE (Table 1.2-1) are as follows:
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Table 1.2-1 Summary of PFYC Ratings for Geological Units in the APE
Formation
PFYC

Pliocene and Pleistocene sediments(a)
Entrada Sandstone–Jurassic
Carmel Formation–Jurassic
Page Sandstone–Jurassic
Navajo Sandstone(b)–Jurassic
Kayenta Formation–Jurassic
Moenave Formation(c)–Triassic-Jurassic
Chinle Formation–Triassic
Moenkopi Formation(d)–Triassic
Kaibab Limestone–Permian
Toroweap Formation–Permian

Class 4–High
Class 3–Moderate
Class 3–Moderate
Class 2–Low
Class 4–High
Class 4–High
Class 4–High
Class 4–High
Class 4–High
Class 3–Moderate
Class 3–Moderate

Notes:
(a) For vertebrate bone and track fossils found east of the Paria River along Highway 89 only.
(b) For vertebrate tracksites and rare vertebrate body fossils.
(c) For Whitmore Point Member only.
(d) For Lower Red Member only.
Key:
APE = Area of Potential Effect
PFYC = Potential Fossil Yield Classification

All following discussions are limited to resources considered to be significant.
Review of Existing Paleontological Resource Information
The State of Utah hired Sagebrush Consultants (later, Commonwealth Heritage Group) to conduct a
paleontological resource literature review and contact various federal and state data repositories to
obtain background information relevant to understanding the scope of resource present. The
primary source of information is the Office of the State Paleontologist (currently Dr. Jim Kirkland
and his assistant Martha Hayden), which is the official recordkeeper for paleontological resource site
data of both state and federal lands in Utah. A total of 69 previously recorded fossil localities were
found by Sagebrush Consultants in the literature and in state databases within 2 miles of features of
the Lake Powell Pipeline Project; 58 of these were in Utah and 11 were in Arizona. None of these
sites had significant fossils that would be directly or indirectly affected by any alternative.
Pedestrian Surveys
Subsequent to record searches, Sagebrush Consultants conducted a pedestrian survey (fieldwork by
Alden Hamblin) of both the Highway and Southern Alternative routes. It cannot be determined
exactly where the ground surveys were conducted from the Sagebrush report, although presumably
the majority of the APE was filtered through the PFYC system and at a minimum, anything with a
rating of 3 or higher was field checked.
A total of 46 new fossil localities were recorded by Sagebrush Consultants as occurring within the
previous APE or close enough that they would potentially be affected by more remote construction
activities such as blasting or rock crushing. Twenty-one sites are in Arizona and 25 in Utah.
Resources at the newly recorded sites were varied, consisting of plant and invertebrate body fossils
and vertebrate and invertebrate track fossils. No vertebrate skeletal remains were found during the
surveys.
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The following is a breakdown of occurrences by state: in Utah, three plant localities (petrified wood
and plant impressions), 20 invertebrate localities, and two track localities (one vertebrate and one
invertebrate) were recorded. The vertebrate tracksite (42Ka1978t) is on BLM land and appears to
preserve large footprints of Pleistocene or older megafauna as molds overprinted with pedogenic
carbonate. This is the only site of significance noted in the APE in Utah.
In Arizona, there were two plant localities (petrified wood and plant impressions), 17 invertebrate
localities, and two vertebrate track localities. The vertebrate tracksites, both on NPS lands, are
located near the intake facility in Glen Canyon National Recreation Area, are the only two sites of
significance in the APE of Arizona.

1.3 Environmental Protection Measures
Construction, operation, and maintenance of the Proposed Project would potentially affect three
known sites and an unknown number of yet undocumented sites protected by PRPA. No design
features in the LPP Plan of Development prior to this analysis specifically mitigate damage to fossil
resources (UDWRe 2020; provided in Appendix E, Plan of Development).

1.4 Existing Conditions
1.4.1 Paleontological Resource Overview
Both Proposed Project alternatives cross a diverse array of fossil-bearing bedrock and
unconsolidated alluvial units, ranging in age from Permian to Neogene (Stathopoulos and Murphey
2017). A summary of each time period and its representative formations is given below.
1.4.2 Permian Fossils
The oldest fossils in the APE are of early Permian age, occurring in the Toroweap and Kaibab
Formations. They consist mostly of invertebrate and trace fossil remains from invertebrates that
inhabited the western equatorial portion of the supercontinent Pangea. Environments alternated
between shallow marine waters and coastal areas (beaches, deltas, tidal flats, coastal dunes, near
coastal river, and floodplain sediments). The warm tropical waters teemed with life, and the remains
of countless billions of skeletons and shells of brachiopods, corals, sponges, clams, and snails make
up the rock fabric of large parts of both the Toroweap and Kaibab Formations (Doelling and Davis
1989). On land (terrestrial environments), the conditions were hostile to life, similar to many arid
coastal regions around the Persian Gulf or Namibian desert today. Fossils are extremely rare in the
terrestrial beds, and the likelihood of finding any in a particular place is very low. Given the great
volume of invertebrate remains in the Permian units, and the fact that these formations are
widespread throughout the western United States, the fossils from these units are considered
common and therefore not significant from a management perspective. No significant terrestrial
fossils have ever been recorded from Permian age formations in the APE.
1.4.3 Triassic Fossils
Triassic strata record a broader range of environments in the APE, starting with shallow marine and
harsh, arid coastal deposits in the early part of the Period (Moenkopi Formation), morphing to a
lush tropical rainforest in the later part of the period (Chinle Formation) (Doelling and Davis 1989;
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Hintze 1988). The Moenkopi has a robust record of marine invertebrates, most of which are
considered common, or insignificant. Rare, localized occurrences of ammonites in the Timpoweap
and Virgin Limestone members are considered significant by scientists, but none have been
recorded within the APE. Terrestrial fossils in the Moenkopi are limited mostly to invertebrate and
vertebrate trace fossils (Gillette and Hayden 1997). Spectacularly well-preserved footprint sites of
primitive reptiles have been found in the Lower Red Member of the Moenkopi on the Arizona Strip
at the Bitter Seep flagstone quarry (field number 12AZMO-1), not far from the APE. Impressions
of these early proto-lizard-like animal’s feet are so detailed, individual scales can be clearly seen.
Potential for other vertebrate footprint sites in the Lower Red Member is high; thus, this particular
part of the formation earns a PFYC of 4, while the remainder of the formation is a 3 or less.
In contrast to the Moenkopi Formation, the lush, tropical forested environment that the Chinle
Formation was deposited in supported a broad diversity of life, and where conditions were
conducive, preserved the durable remains of those organisms. Outside the APE, in Arizona and
northwestern New Mexico, the Chinle Formation is considered a globally significant resource for its
vertebrate fossil content (Irmis 2005). Sites such as Petrified Forest National Park and the Ghost
Ranch Quarry are some of the most important Late Triassic fossils localities in the world. Years of
searching in the Chinle Formation in the vicinity of the APE have proven the formation contains
important vertebrate fossils, but not of the same quality and abundance as in Arizona and New
Mexico. Elsewhere the Chinle would have rated a PFYC of 5, while in the APE, it is rated at only a
4.
1.4.4 Jurassic Fossils (Including the Lower Moenave Formation, Which Is Latest
Triassic)
Jurassic Formations in the APE represent a long persistent return to the harsh, arid conditions that
existed in Permian and early Triassic time. With the exceptions of the Whitmore Point Member of
the Moenave Formation and the Springdale Sandstone Member of the Kayenta Formation, body
fossils are very rare. However, trace fossils (i.e., evidence of activity, such as burrows, feeding, and
locomotion, and tracks) are common, and fossil vertebrate footprints are known from the general
region around the APE in the majority of Jurassic age formations, including the Moenave, Kayenta,
Navajo, and Entrada formations (Foster et al. 2001). All vertebrate footprint fossil sites are deemed
rare, significant, and protected by PRPA. Known dinosaur tracksites occur just outside of the APE
in the Kayenta and Navajo formations, and two Navajo Formation tracksites are essentially within
the APE (LPPAzCo15t; LPPAzCo19t). The Carmel Formation can be considered essentially barren
in the APE (PFYC of 2). Please refer to the Sagebrush/Commonwealth and Stantec study reports
for precise locational details of numbered sites (Commonwealth Heritage Group 2016, Stathopoulos
and Murphey 2017).
1.4.5 Neogene/Pleistocene Fossils
In both the Sagebrush/Commonwealth and the Rocky Mountain/Stantec reports the Pleistocene
was rated a PFYC of 3, with the qualification given that it was poorly understood in the APE.
However, in March 2017, a major discovery of Pleistocene megafauna was made on Utah State
Institutional Trust Lands Administration lands immediately northwest of the town of Big Water,
close enough to be considered immediately outside the APE. Elements representing multiple
mammoths, horse, small canids, and other vertebrates were recovered from two field seasons of
work by the Natural History Museum of Utah. This site is still unpublished but is one of the most
important Pleistocene megafaunal bonebeds found in the entire region and has very high scientific
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significance. Although it is located just outside the APE, this find, along with anecdotal evidence of
similar fossils being found in the Highway 89 right-of-way east of Church Wells, changes the PFYC
rating of the deeper, older alluvial deposits (circa 100 kilo annum) in the region to a PFYC of 4. It
also necessitates a change in the rigor applied to both pre-construction clearances and synconstructional monitoring required for any potential work in those units. Additionally, a potentially
important Neogene age vertebrate tracksite (site 42Ka1978t) was not carried forward from the
Sagebrush Consultants report into the later Stantec report (Commonwealth Heritage Group 2016;
Stathopoulos and Murphey 2017). This site has been reincorporated into the analysis since it is
potentially unstable and immediately outside the APE (Universal Transverse Mercator [UTM] 12S
431409E; 4146334N).

2 Results/Environmental Consequences
Threats to known and potential sites come from two possible sources: (1) direct ground disturbance
and blasting, or (2) heavy mechanical rock crushing. Both could create shockwaves and potentially
destabilize fossil sites (e.g., a large sloping slab of rock covered with tracks could be dislodged by
seismic shaking). Given that the effects of seismic disturbance can extend well beyond the actual
footprint of ground disturbance in areas where such techniques are employed, the APE is
determined by the intensity of seismic activity combined with the mechanical vulnerability of
potentially affected resources.
A discussion of cumulative effects is provided in Appendix C-25, Cumulative Effects.

2.1 No Action Alternative
The No Action Alternative would have no additional effects on paleontological resources. If the
Proposed Project were not built, no additional effects to paleontological resources would occur.
However, under this alternative, projects already planned by the Project Proponent would occur.
Disturbance due to these projects would vary in space and time. Any known significant fossil sites
outside proposed rights-of-way but near the areas of direct disturbance could be monitored during
construction by a qualified paleontologist to ensure the integrity of those sites. A paleontologist
could also monitor areas with high potential to yield previously unknown significant fossil
sites/specimens.

2.2 Southern Alternative
The Southern Alternative begins at Lake Powell and ends at Sand Hollow, with the primary
difference between it and the Highway Alternative being that the former leaves the US Highway 89
corridor near UTM coordinates 391824E; 4100094N, and extends southwest, well south of
Fredonia, in order to avoid impinging on the Kaibab Indian Reservation (KIR). As no documented
significant fossil sites are known on the APE unique to this alternative, the only documented
significant sites that could be affected (42Ka1978t, LPPAzCo15t, LPPAzCo19t) are common to
both this and the Highway Alternative, and all are located east of the Paria River. However, there is
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a highly significant occurrence of fossil lacertoid reptile tracks at the Bitter Seep flagstone quarry
(=12AZMO-1), only 0.35 miles north of the Southern Alternative. This makes it likely that
additional important tracksites would occur in the Lower Red Member of the Moenkopi Formation
anywhere it is exposed along the Southern Alternative, which would almost entirely be on BLM
land. This also includes outcrops of Lower Red Member within the APE located north and south of
where the Southern Alternative crosses Highway 89A (between UTM coordinates 380071E;
4090829N and 370352E; 4084169N). Any ground disturbing activities at such sites would potentially
damage or destroy them. Outcrops of Chinle Formation (PFYC of 4) also occur along the west end
of the Southern Alternative where it moves north and meets with the Highway Alternative near
Colorado City (between UTM coordinates 329082E; 4084962N and 336995E; 4074535N. There is
actually very little federal land unique to the Southern Alternative west of 342350E; 4074520N, and
most potential fossil resources in that western portion would fall on private or Arizona State lands.
All other potential for site disturbance minus the stretch through the KIR would be shared with the
Highway Alternative. Areas of resource concern common to both the Southern and Highway
alternatives include pre-Holocene Neogene surficial units along the Highway 89 corridor east of the
Paria River (partly Utah SITLA holdings, partly BLM, with some minor NPS lands in Arizona);
Chinle and Moenave Formation outcrops along the Buckskin transmission line route between
412428E; 4105141N and 413221E; 4104879N (all BLM); and Navajo Formation outcrops along the
same transmission line corridor in the following sections (all BLM):
1) 421797E; 4101773N to 422411E; 4101582N
2) 433519E; 4097572N to 433604E; 4097537N
3) 433908E; 4097424N to 434014E; 4097389N
4) 436782E; 4096387N to 437252E; 4096217N
5) 439821E; 4095290N to 442807E; 4094188N
2.2.1 Arizona Strip Field Office Resource Management Plan Amendment
No provisions in the current Arizona Strip Field Office Resource Management Plan (RMP) or
proposed RMP Amendments (RMPAs) specifically address the protection of fossils beyond those
measures prescribed in PRPA and existing BLM national policy, although limitations of ground
disturbing activities within the Kanab Creek Area of Critical Environmental Concern (ACEC) could
potentially benefit fossil resources.
2.2.1.1 No Action Alternative

Under the RMPA No Action Alternative, no amendment to the RMP would occur, so current
management of the resources for which the ACEC was designated (habitat for the endangered
southwestern willow flycatcher and riparian, scenic, and cultural resources) as prescribed in the RMP
would continue. Fossils are not specifically prescribed special management in the current RMP, but
they would also not be significantly affected if there is no change to the RMP.
2.2.2 Mitigation Measures
As there are currently no known significant fossil sites in the direct construction footprint,
prescriptions for anticipatory avoidance are unnecessary. However, monitoring of sites 42Ka1978t,
LPPAzCo15t, and LPPAzCo19t should be conducted during and after any significant seismic
disturbances (blasting or high-impact mechanical rock crushing) within a 300-meter radius. On all
federal and state lands where project-related ground disturbances would occur in areas with high
significant fossil potential (PFYC of 4), a qualified monitor with specific paleontological resource
experience should be in place to inspect spoils as material comes up, and also to observe any
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redistribution of spoils/talus during backfilling and/or restoration. This would include any ground
disturbing work done in the Lower Red Member of the Moenkopi Formation, the Chinle
Formation, the Whitmore Point Member of the Moenave Formation, the Kayenta and Navajo
formations, and pre-Holocene age Neogene alluvium and other surficial units exposed along the
Highway 89 corridor east of the Paria River. For precise locations of where this would need to
occur, please refer to the maps in the 2017 Stantec Report on Paleontological resources
(Stathopoulos and Murphey 2017).
Upon discovery of significant fossil resources, the monitor would issue a stop order and make an
assessment as to what preservation/protection measures would be appropriate. In most cases, this
would involve photographing and collecting the displaced specimens, making determinations as to
their original geological context, and recording relevant site and specimen data into a standard site
form. For small isolated specimens, this process would take less than 20 minutes. For complex
bonebeds or tracksites, this process would potentially take days.

2.3 Highway Alternative
The Highway Alternative begins at Lake Powell and ends at Sand Hollow, with the primary
difference between it and the Southern Alternative being that the former generally stays next to U.S.
Highway 89 and Arizona State Highway 389, passing directly through the KIR. The fundamental
differences between the two proposed alternatives’ fossil resources are that the Southern Alternative
passes through significant exposures of the Lower Red Member of the Moenkopi Formation, where
vertebrate tracksites are a concern, while the Highway Alternative crosses greater expanses of Chinle
Formation with potential for vertebrate body fossils.
As with the Southern Alternative, the only documented significant fossil sites within the APE are
42Ka1978t, LPPAzCo15t, and LPPAzCo19t, all located east of the Paria River. All other potential
for resource disturbance is shared with the Southern Alternative and won’t be repeated here.
2.3.1 Mitigation Measures
Mitigation measures for the Highway Alternative are the same as for the Southern Alternative.

2.4 Comparative Analysis
There is no difference between the two action alternatives on documented significant fossil sites as
no such sites are known on the APE unique to these alternatives. However, there is a highly
significant occurrence of fossil lacertoid reptile tracks at the Bitter Seep flagstone quarry
(=12AZMO-1), only 0.35 miles north of the Southern Alternative. This makes it likely that
additional important tracksites would occur in the Lower Red Member of the Moenkopi Formation
anywhere it is exposed along the Southern Alternative, which would almost entirely be on BLM
land. This is the only difference between the two action alternatives regarding paleontological
resources.
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4 Glossary
Area of Potential Effect (APE). Area of Potential Effect means the geographic area or areas
within which an undertaking may directly or indirectly cause displacement of a fossil resource from
its geological context and loss of scientific or interpretive data.
Paleontological resources. Paleontological resources are defined in the PRPA as “any fossilized
remains, traces, or imprints of organisms, preserved in or on the earth's crust, that are of
paleontological interest and that provide information about the history of life on earth.
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5 Acronyms
ACEC
APE
BLM
KIR
NPS
PFYC
PRPA
RMP
RMPA
USC
UTM

Kanab Creek Area of Critical Environmental Concern
Area of Potential Effect
Bureau of Land Management
Kaibab Indian Reservation
National Park Service
Potential Fossil Yield Classification
Paleontological Resources Preservation Act
Arizona Strip Field Office Resource Management Plan
Arizona Strip Field Office Resource Management Plan Amendment
United States Code
Universal Transverse Mercator
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1 Introduction/Affected Environment
This section describes the existing ambient sound and vibration environment for the Lake Powell
Pipeline Project(LPP, or Proposed Project) and analyzes the potential noise and vibration effects
that may occur with implementation of the alternatives carried forward as part of this draft
environmental impact statement (i.e., No Action Alternative, Southern Alternative, and Highway
Alternative). A discussion of cumulative effects is provided in Appendix C-25, Cumulative Effects.
For the purposes of this evaluation, the affected environment includes land use or receptors within
500 feet of construction of the proposed alternatives. The Federal Highway Administration
(FHWA) uses this distance for evaluating noise effects from proposed improvement projects
(FHWA 2010). Even though the affected environment is considered as 500 feet from the Proposed
Project alternative alignments, receptors at distances as far as 2,278 feet away were evaluated as a
precaution.
This evaluation considers both noise and vibration. Airborne sound is the rapid fluctuation of air
pressure caused by mechanical vibrations. Noise is any unwanted sound that interferes with normal
activities, including hearing or speech, is intense enough to cause damage, is generally annoying, or
in some way reduces the quality of the environment. The ambient sound level of a region is defined
by the total noise generated within the specific environment and is usually composed of sound
emanating from natural sources and from human activities. Ambient sound levels vary with time of
day, wind speed and direction, and level of human activity. The ambient noise level represents the
normal or existing level of environmental noise at a given location.
The amplitude of sound is usually described by decibel (dB), which is a logarithmic measure of the
sound pressure level. Noise levels in most environments normally range from 30 dB to 100 dB
(Table 1-1). Noise levels in a quiet natural area can be as low as 20 A-weighted decibels (dBA) (with
no wind).
The “A-weighted” noise scale, which weights the frequencies to which humans are sensitive, is used
to describe noise in the human environment; noise levels using A-weighted measurements are
written as dBA.
Sound levels cannot be added or subtracted directly when there are multiple sources of noise.
Instead, sound levels must be added logarithmically. For example, when adding two identical
sources, the maximum increase in sound level is 3 dBA, assuming there is no reflection or other
outside influences. Thus, for example, 60 dBA + 60 dBA = 63 dBA, and 80 dBA + 80 dBA = 83
dBA. This increase in sound decreases when the dBA difference between the sources decreases.
The average person perceives a change in sound level of 10 dBA as a doubling (or halving) of the
sound’s loudness; this relation holds true for sounds of any loudness. People generally cannot detect
differences of 1 to 2 dBA. Differences of 3 dBA can be detected by most people with average
hearing abilities. A 5 dBA change would likely be perceived by most people under normal listening
conditions.
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In general, sound intensity decreases with distance from the source according to the inverse square
law. Sound decreases in intensity by approximately 6 dBA at double the distance from the source or
a 20 dB decrease at 10 times the distance. However, there are numerous environmental factors that
affect sound propagation and actual sound levels in an outdoor setting. Object, vegetation, and
weather conditions have an influence by muffling or reflecting sound. The inverse square method
works best as a screening tool or for simple situations with few noise sources and where there is
little environmental influence on sound propagation. Sound modeling may be necessary for complex
situations such as multiple sound sources and evaluating environmental factors on sound
propagation.
Table 1-1 Relative Sound Levels and Thresholds as Perceived by a Human Receptor
Sound Level
Noise Description
(dBA)

Threshold of Human Hearing
Breathing
Quiet Natural Area with No Wind
Whisper
Quiet Residential Area at Night
Conversational Speech (at 3 feet)
Street Traffic
Airplane (at 1 mile)
Garbage Disposal/OSHA Required Hearing Protection
Farm Tractor/Sustained Exposure May Cause Hearing Loss
Power Mower
Pain Begins
Shotgun/Jet Takeoff
Chest Wall Begins to Vibrate
Ear Drum Breaks Instantly
Death of Hearing Tissue
Loudest Possible Sound

0
10
20
25
40
60
70
80
85
90
107
120
140
150
160
180
194

Source: Yale 2020
Key:
dBA = A-weighted decibel
OSHA = Occupational Safety and Health Administration

Vibration is a change in pressure that at certain levels may be perceived as a nuisance. Vibration can
be felt outdoors, but the perceived intensity of vibration effects is much greater indoors due to the
shaking of structures. Human response to vibration is difficult to quantify, and vibration can be
perceived at levels that are below those required to produce any damage to structures. Typically,
perception and annoyance are higher for transient rather than for continuous vibration. The
background vibration velocity level in residential areas is usually 50 vibration decibels (VdB) or
lower, and the threshold of perception for humans is approximately 65 VdB. A vibration level of 85
VdB in a residence can result in strong annoyance (FTA 2018).
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1.1 Regulatory Framework
The Proposed Project would be located primarily within designated utility corridors and along
existing paved highways, in areas managed by federal, state, and local agencies, as well as private
land. This section describes the rules, regulations, plans, and policies related to noise and vibration
applicable to the Proposed Project construction and operation activities.
The following units of government or agencies do not have noise rules or regulations that would
pertain to the Proposed Project and are not addressed further in this section:
Utah Department of Environmental Quality;
Arizona Department of Environmental Quality; and
Local counties and agencies, except for Kane County (see Section 1.1.5, below).
1.1.1 National Park Service
The National Park Service (NPS) regulates noise levels within their units. The Glen Canyon
National Recreation Area is located within the affected environment.
1.1.1.1 36 Code of Federal Regulations § 2.12 - Audio Disturbances

Chapter I of the Code of Federal Regulations (CFR) Title 36. Parks, Forests, and Public Property
includes the requirements for the proper use, management, government, and protection of persons,
property, and natural and cultural resources within areas under the jurisdiction of the NPS.
Part II, Section 2.12 describes the following prohibited audio disturbances applicable to the
Proposed Project construction and operation within NPS units:
(1) Operating motorized equipment or machinery such as an electric generating plant, motor
vehicle, motorized toy, or an audio device, such as a radio, television set, tape deck or
musical instrument, in a manner: (i) That exceeds a noise level of 60 decibels measured on
the A-weighted scale at 50 feet; or, if below that level, nevertheless; (ii) makes noise which is
unreasonable, considering the nature and purpose of the actor's conduct, location, time of
day or night, purpose for which the area was established, impact on park users, and other
factors that would govern the conduct of a reasonably prudent person under the
circumstances.
(3) In non-developed areas, operating any type of portable motor or engine, or device
powered by a portable motor or engine, except pursuant to the terms and conditions of a
permit. This paragraph does not apply to vessels in areas where motor boating is allowed.
1.1.1.2 2006 National Park Service Management Policies

Section 4.9, Soundscape Management, of the 2006 NPS Management Policies defines natural
soundscape resources as the natural sounds that occur in parks, including the physical capacity for
transmitting those sounds and the interrelationships among park natural sounds of different
frequencies and volumes. Natural sounds occur within and beyond the range of sounds that
humans can perceive and can be transmitted through air, water, or solid materials. The NPS is
dedicated to preserving, to the greatest extent possible, the natural soundscapes of parks. Some
natural sounds in the natural soundscape are also part of the biological or other physical resource
components of the park. As stated by the NPS, examples of such natural sounds include the
following:
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Sounds produced by birds, frogs, or katydids to define territories or aid in mating;
Sounds produced by bats to locate prey or navigate;
Sounds received by mice or deer to detect and avoid predators or other danger; and
Sounds produced by physical processes, such as wind in the trees, claps of thunder, or falling
water.
The NPS requires restoration to the natural condition wherever possible for those park soundscapes
that have become degraded by unnatural sounds (noise) and protects natural soundscapes from
unacceptable impacts (NPS 2006).
1.1.2 Environmental Protection Agency and Occupational Safety and Health
Administration
The affected environment for the Proposed Project involves the presence of human receptors at
different types of locations (e.g., residential, commercial, government, and recreational). There is no
federal regulation on average public exposure limit for environmental noise. However, in 1974 the
U.S. Environmental Protection Agency (EPA) recommended a 75 dBA over 8-hour average
exposure limit to protect public health and welfare with an adequate margin of safety (EPA 1974).
Even though public health and safety often excludes the consideration of occupational health
standards, the Occupational Safety and Health Administration (OSHA) has also established specific
criteria for noise exposure to prevent adverse effects on human health, including hearing loss
prevention. Table 1.1-1 outlines permissible noise exposure as defined by OSHA. As shown, OSHA
allows up to 8 hours per day at a 90 dBA exposure level. When workers are subjected to sound
levels exceeding those listed in Table 1.1-1, personal hearing protection should be used to reduce the
sound levels to the permissible levels, as shown in the table (OSHA 2009).
Table 1.1-1 Occupational Safety and Health Administration Permissible Noise Exposure Limits
Duration Per Day (hours)
Sound Level (dBA)

8
6
4
3
2
1.5
1
0.5
0.25 or less

90
92
95
97
100
102
105
110
115

Source: OSHA 2009
Key:
dBA = A-weighted decibel

1.1.3 Bureau of Land Management
The Project Area traverses lands within four different management units of the Bureau of Land
Management (BLM), each managed according to its own resource management plan. The four
relevant resource management plans are Kanab-Escalante Planning Area Resource Management
Plan, Kanab Field Office Planning Area Resource Management Plan, Arizona Strip Field Office
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Resource Management Plan, and St. George Field Office Planning Area Resource Management Plan.
Two of these resource management plans include management direction on soundscapes.
1.1.3.1 Kanab-Escalante Planning Area Resource Management Plan (approved February
2020)

The Kanab-Escalante Planning Area Resource Management Plan (BLM 2020) contains the following
goal and management actions related to natural soundscapes:
Goal 2: Manage uses to protect the quality of night sky and natural soundscape resources.
Management Actions:
Develop a natural soundscape management plan; and
Inventory and monitor night skies and natural soundscapes in partnership with local
communities, universities, other agencies, and stakeholders.
1.1.3.2 Arizona Strip Field Office Resource Management Plan (approved February 2008)

The following management direction is contained within the Arizona Strip Field Office Resource
Management Plan (BLM 2008) regarding soundscapes. Decision No. DFC-SN-01: Natural quiet and
natural sounds will be preserved or restored, where practicable.
1.1.4 Kaibab Band of Paiute Indians
No specific resource management goals pertaining to noise or vibration were identified as part of
this assessment for the Kaibab Band of Paiute Indians (Tribe), other than to adhere to the goals and
requirements established by state and federal regulations.
The Comprehensive Cultural Ecology Ordinance of the Tribe allows for creation of procedures to
protect natural and cultural resources. However, this ordinance does not identify specific noise
resource management goals (see LPP Final Study Report 7 – Noise [UBWR 2016]).
1.1.5 Kane County
The Kane County Code, Chapter 3, Section 4-3-3 identifies noise-related nuisances and prohibits
any noise inconsistent with the zoning area between the hours of 11:00 p.m. and sunrise. Any noise
heard outside the limits of the real estate from which said noise has its source and heard by another
person during this timeframe is prohibited and constitutes a basis for code violation.

1.2 Methodology
The analysis of potential effects on ambient noise and vibration encompassed both alternatives of
the Proposed Project’s affected environment. The affected environment consisted of receptors
within 500 feet of proposed construction. The scope of the analysis considered potential noise
effects on areas of cultural sensitivity, tourism, environmental sensitivity, special status species
habitats, locations of economic or aesthetic value, relatively dense population areas, designated
wilderness areas, and national parks.
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1.2.1 Assumptions
The effects analysis described in this appendix is based on the methodology used in LPP Final Study
Report 7 – Noise (UBWR 2016), with modified assumptions regarding thresholds. This analysis used
the following assumptions:
Construction of the Proposed Project would utilize construction techniques in native soils
and rocks that use standard construction equipment for trenching, boring, and blasting
activities.
Sound dispersion is based on a standard decay calculation that reduces point source noise by
6 dBA as the distance from the point source doubles (FHWA 2011). The initial 6 dBA
reduction was assumed to occur at 100 feet from the point where the sound waves would be
generated. A-weighting (dBA) is the relative decibel gain based on various frequency ranges
(10 hertz to 20 kilohertz) and is the standard most typically used.
Construction noise from one or more pieces of equipment in one general construction area
was considered a point source. Operational sound emanating from one facility was
considered a point source. Traffic sound was considered a linear source.
Disruptive and perceptive noise levels for humans can be highly variable and difficult to
quantify; however, long-term noises over 60 dBA are potentially disruptive and disturbing to
humans and hence were used as a threshold for analysis.
A 45 dBA sound level was assumed to be the impact level for potential reduction of habitat
value for wildlife. According to Shannon et al. (2016), terrestrial wildlife biological responses
to industrial noise sources can occur at sound levels as low as 45 dBA. The adverse impact
level on public health and safety is based on EPA guidelines for protecting human health
and welfare (EPA 1974). Permanent hearing loss risks are higher for humans exposed up to
8 hours to 90 dBA levels (OSHA 2009). Sensitive receptors identified within the
75 to 90 dBA noise corridor could be significantly affected. Any unmitigated construction
with noise levels exceeding 75 dBA could result in significant effects to residents.
Noise level estimates were based on conservative parameters to represent maximum, worstcase noise levels that reasonably could be expected. For example, noise levels were calculated
with all construction equipment in use at peak noise levels. These peaks would be infrequent
and for short periods but were used in the analysis to obtain conservative results.
A 1-hour period of interest was used, as most equipment operates continuously for at least
1 hour.
Helicopter use would occur for several weeks during power transmission line construction
and would be used mainly for electrical transmission tower installation in remote areas.
The actual noise from construction activities and operations would be field verified; the
noise levels included in this report are calculated estimates.
Noise and vibration from blasting and jackhammers would be localized and temporary.
Blasting or jackhammers may be required in some areas along the pipeline alignment where
bedrock cannot be loosened by mechanical ripping. Blasting would occur largely underground
and is not expected to have higher noise levels than more routine construction activities. The
nominal noise level for jackhammers at 50 feet is 88 dBA. Blasting and jackhammering
would be used as stand-alone activities from other construction.
Sounds are free from enclosures or boundaries that interfere with propagation of sound
waves (free field conditions). Ground effects were ignored.
Additive noise from multiple construction sites would not occur because (in most cases) the
noise from each site would decay to baseline levels before it reaches another Proposed
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Project construction site. A maximum addition of 3 dBA in overall noise would occur if site
noises overlapped, based on the noise addition rules.
Traffic noise near construction activities can also add to the cumulative construction noise,
but the contribution to peak noise would be minimal based on the noise addition rules.
Operational activities include maintenance of the pipeline and facilities and operation of the
pumping stations.
Most wildlife would temporarily evacuate the immediate construction area, and there would
be minimal wildlife use within 200 feet of construction operations.
Industry standards or practice would be used as practicable in all construction and operation
activities to minimize noise.
Sound attenuating buildings would be constructed as masonry buildings with baffling and
sound attenuation insulation or blanketing inside.
Silencers would be installed on all back-up generator exhaust systems and would limit noise
to less than 72 dBA at 50 feet from the noise source. Generators located within permanent
facilities and buildings would be subject to the sound attenuation measures described above.
Noise within the ranges of the equipment operation parameters used for this analysis would
not affect plant life.
Implementation of environmental protection measures (EPMs) would provide a noise
reduction of up to 15 dBA over constriction peak noise levels.
For purposes of this analysis, a 75 dBA sound level averaged over an 8-hour period was
chosen as the recommended threshold for public health and welfare with a margin of safety
per EPA guidelines (EPA 1974) and 90 dBA as the maximum noise level for adverse effect
(hearing loss protection) per OSHA standards (Table 1.1-1). The minimum distance for the
maximum calculated construction noise levels to decay to 75 dBA is approximately 750 feet
from the noise source, while the minimum distance for adverse human health effects is
approximately 150 feet.
The significance criteria for the Proposed Project address effects on human health and
wildlife from loud noise levels and long-term cumulative noise and vibration levels. Potential
receptors include persons working on the construction sites, visitors, tourists, local residents,
wildlife, and other living things capable of sensing the sounds and/or vibration from the
Proposed Project.
Short-term effects are considered to be the duration of the construction period, which is
estimated to be six years. Long-term effects are considered anything longer than the six-year
construction period.
Potential human receptors are defined as persons in the area that could be affected by the
construction noise. Locations of potential human receptors are identified in Table 1.4-2,
below.
The analysis was performed by reviewing existing information, performing field investigations to
determine background sound levels, calculating probable construction and operation noise levels,
and determining the spatial extent of the noise effect.
Effects from vibration are discussed qualitatively. Vibration from construction activities would be
intermittent, temporary, and impulsive in nature. The threshold of perception for humans is
approximately 65 VdB and used as reference for comparison with data available in the existing
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literature for trench blasting and other vibration sources that would be used for the Proposed
Project.
1.2.2 Review of Existing Information
Limited background noise and vibration data are available for background noise levels in the affected
environment; however, it is assumed they are typical of desert, rural areas. In July 2009, the State of
Utah, specifically the Utah Board of Water Resources (Project Proponent), conducted a field
investigation to obtain background noise data at numerous locations within the affected
environment because of the lack of specific data for the region. Sound level readings were taken at
28 different points along the Proposed Project alignment alternatives (see Table 1.4-1, below).
The data obtained during the field study were supplemented with published information from the
FHWA. The FHWA information provided typical construction-equipment noise levels and was used
as source data for determining average and maximum expected sound levels for the construction and
operation of the Proposed Project (FHWA 2017). Table 1.2-1 lists equipment that would be
expected to be used during construction of the Proposed Project with the corresponding average
and peak noise levels.
Table 1.2-1 Construction Equipment/Operational Noise Levels(a)
Average
Equipment
Peak (dBA)
(dBA)

Pickup Truck
Dump Truck
Grader
Loader
Dozer
Excavator
Paver
Backhoe
Roller
Welder
Drill Rig (Auger)
Concrete Pump
Compactor
Crane
Blasting (above ground)
Blasting (below ground)
Jackhammer
Helicopter

75
76
75
79
82
81
77
76
80
74
84
81
83
81
<94 (variable)
<90 (variable)
<89
90 (fly over)
92 (take off)
94 (approach)

78
90
94
94
94
93
89
85
92
87
85
93
95
86
94 (variable)
<90 (variable)
89
93 (fly over)
97 (take off)
99 (approach)

Source: LPP Final Study Report 7 – Noise (UBWR 2016)
Note:
(a) Average and peak noise values at the equipment source with no silencers.
Key:
dBA = A-weighted decibel
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1.2.3 Construction Noise Calculations
Based on assumptions made for each phase of the construction and the planned equipment usage,
the Project Proponent estimated average and peak noise levels (Table 1.2-2). These estimated noise
levels were based on conservative parameters and used as a basis of the analysis of potential effects
on sensitive receptors.
As shown in Table 1.2-2, the peak hourly equivalent sound level – without implementation of
EPMs - would be 99 dBA for clearing and grubbing and restoration and site work phases; this is a
result of the greater amount of equipment that would be used in these phases as compared to others.
Construction of the power transmission lines would also have a peak noise level of 99 dBA due to
the use of helicopters. Since these operations would be noise point sources on land, noise levels
would decay in approximate 6 dBA increments with each doubling of distance (FWHA 2011). Table
1.2-3 reports the noise level decay of the peak construction-phase noise levels at various distances
from the point sources (table sourced from LPP Final Study Report – Noise; UBWR 2016). Noise
levels – without implementation of EPMs – would decay below the significance threshold for
human hearing protection (90 dBA, 8-hour average) within 150 feet of the source. Further, noise
levels – without implementations of EPMs - would achieve the EPA recommended environmental
noise threshold (75 dBA, 8-hour average) at 750 feet from the source.
Table 1.2-2 Estimated Noise by Construction Phase(a)
Average Noise
(dBA)

Construction Phase

Clearing & Grading / Earthwork
Pipeline Installation
Transmission Line Installation (utilizing helicopters)
Facility Construction (pump station, hydrostation, etc.)
Cleaning, Restoring, and Site Work at Facility

88
85
92
86
86

Source: LPP Final Study Report 7 - Noise (UBWR 2016)
Note:
(a) Average and peak noise values at the equipment source.
Key:
dBA = A-weighted decibel

Peak Noise
(dBA)

99
92
99
94
99

Table 1.2-3 Noise Decay (Peak) per Construction Type
Distance
from Point
Source
(feet)

50
100
200
400
800
1,600
3,200
6,400

Clearing and
Grubbing/
Earthwork

Noise Source (dBA)
Pipeline and
Facility
Transmission
Construction
Line Installation

Cleaning,
Restoring, and Site
Work at Facilities

99
93
87
81
75
69
63
57

92
86
80
74
68
62
56
50

99
93
87
81
75
69
63
57

94
88
82
76
70
64
58
52

Source: LPP Final Study Report 7 - Noise (UBWR 2016)
Key:
dBA = A-weighted decibel
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The data shown in Table 1.2-3 indicate that peak noises from all of the construction phases would
be at or below the 60 dBA level within 1,900 to 5,300 feet of the point source. These peak noise
calculations represent worst-case estimates based on all of the equipment operating simultaneously
at their loudest mode within a 100-foot-diameter work area.
Figure 1.2-1 presents the estimated construction noise levels key map for the water conveyance
system, including the project facilities, pipeline routing, and the associated decibel contouring.
Figures 1.2-2 and 1.2-3 show the water conveyance system and the dB contouring.
Trench blasting would be performed under partially buried conditions, and if performed, is expected
to result in noise levels less than 90 dBA (see Table 1.2-1, above). Figures 1.2-4 and 1.2-5 show the
potential blasting locations for the Proposed Project.
Decibel contouring of the noise from transmission line construction (primarily from helicopters) is
shown on Figures 1.2-6 and 1.2-7.
1.2.3.1 Pipeline and Facilities Construction Noise

The potential maximum noise level would be 99 dBA, which would decay to 90 dBA at
approximately 150 feet and 60 dBA at approximately 4,800 feet from the noise source during
pipeline and facility construction. Peak noise levels used for this analysis were those that would
occur for short periods of time and represent a worst-case scenario.
1.2.3.2 Transmission Lines Construction Noise

The potential maximum noise level would be 99 dBA, which would decay to 90 dBA at
approximately 150 feet and 60 dBA at approximately 4,800 feet from the noise source. For this
analysis, this level of noise was assumed to occur only during helicopter operation, which is expected
to be much shorter in duration than pipeline or facility construction.
1.2.4 Operations and Maintenance Noise Calculations
The mechanical equipment within each facility would be housed in noise attenuating buildings.
Noise levels from facilities, such as pump stations and hydro stations, that operate within sound
attenuating buildings would not be greater than 60 dBA outside the perimeter of each facility.
Maintenance activities at each facility would be infrequent and were assumed to include only traffic
noise to and from the site.
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Figure 1.2-1 Decibel Levels Key Map for the Project Water Conveyance System
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Figure 1.2-2 LPP East Decibel Contours – Construction Impacts
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Figure 1.2-3 LPP West Decibel Contours – Construction Impacts

13

Figure 1.2-4 Highway Alternative Blasting Noise Receptors and Sample Locations
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Figure 1.2-5 Southern Alternative Blasting Noise Receptors and Sample Locations
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Figure 1.2-6 LPP East Transmission Decibel Contours – Construction Impacts
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Figure 1.2-7 LPP West Transmission Decibel Contours – Construction Impacts
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1.3 Environmental Protection Measures
Environmental Protection Measures (EPMs) as outlined in the LPP Plan of Development are
measures or procedures that are part of the Proposed Project and would be implemented as
standard practice, including measures or procedures that could reduce or avoid adverse impacts
(UDWRe 2020; provided in Appendix E, Plan of Development). EPMs would be applied regardless
of landownership, except where the jurisdictional agency or landowner determines changes to the
EPM(s) would ensure greater consistency with governing statutes, policies, or plans. Proper
communication and coordination would occur with the jurisdictional agency, private landowner, etc.,
to ensure changes to EPMs are modified and applied appropriately.
The following EPMs from the Proposed Project’s Plan of Development apply to noise and
vibration:
B.9.1. All construction equipment will be equipped with manufacturer’s standard noise control
devices (i.e., mufflers, acoustical lagging, and/or engine enclosures). All construction equipment will
be inspected at periodic intervals to ensure proper maintenance and presence of noise control
devices.
B.9.2. Pumping stations and hydroelectric generating stations will be enclosed and utilize noise
design features (e.g., acoustical louvers and noise absorbing panels) to minimize operational noise
levels. Pressure reducing station valves will be fully enclosed in vaults. Potential facility noise levels
will be estimated during facility design, and features incorporated to minimize normal operational
noise levels with an objective of 60 dBA or less at the boundary of the facility.
B.9.3. Equipment will be operated conservatively, which means the operator will not throttle the
engine excessively and will keep engine speed as low as necessary to perform required tasks. In
addition, the operator will not leave equipment running or idling needlessly.
B.9.4. When construction occurs in the vicinity of occupied residences located within 0.5 mile of the
project, the occupants will be notified of the construction schedule with a written letter. To the
extent feasible, construction will occur during daytime hours (6:00 a.m. to 6:00 p.m., 7 days per
week; 24-hour operations may be approved for tunneling or drilling) within 0.5 mile of the
residences to minimize the impacts from construction noise during evening and nighttime hours.
Where campgrounds, recreation sites, other similar facilities, and high use areas are located within
0.5 mile of the project, signage will be posted at appropriate locations indicating the construction
schedule and construction will occur during daytime hours to avoid disturbances to campground
users.

1.4 Existing Conditions
A field investigation was performed along the Proposed Project alternative routes in July 2009. The
ambient sound levels in the Proposed Project corridor varied depending upon location, as shown in
Table 1.4-1. The ambient noise was found to be higher along roadways, streams, or in developed or
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windy areas. In undeveloped areas away from roads and out of the wind, ambient levels were
considerably lower. Publicly available data from the NPS geospatial ambient model suggests
estimated natural ambient sound levels in undeveloped areas are 24 to 25 dBA and estimated
existing ambient sound levels are 35 to 38 dBA on NPS lands in the vicinity of the intake pump
station and BPS-1 (NPS 2020). Wind was a major factor in the sound measurements reported in
Table 1.4-1, and most of the peak sound levels were observed during wind gusts or windy periods,
although sites along roadways experienced peak sound levels based on traffic noise. Information
from typical rural background sound levels (45 dBA) were compared to field measurements for
verification (see LPP Final Study Report 7 – Noise [UBWR 2016]).
Table 1.4-1 details the background noise level field data gathered in the affected environment, and
Table 1.4-2 lists the potential human receptors and their locations. The approximate locations of
field data measurements collected along the affected environment are shown in Figures 1.2-4 and
1.2-5. Most noise sampling locations shown in Table 1.4-1 were in undeveloped areas, except for
sites located in the proximity of the Sand Hollow Reservoir West Dam and the Hurricane West
substation. Monitoring equipment used during field measurements could not measure sound levels
below 50 dBA.
Table 1.4-1 Proposed Project Background Sound Level Measurement Field Data
Date and
Background
Peak Level
Time of
Location
Level (dBA)
(dBA)
Monitoring

Not Listed
7/24/2009
8:20 a.m.
7/24/2009
8:45 a.m.
7/24/2009
9:40 a.m.
7/24/2009
10:15 a.m.
7/24/2009
11:20 a.m.
7/24/2009
1:20 p.m.
7/24/2009
3:15 p.m.
7/23/2009
7:13 p.m.
7/23/2009
12:20 p.m.
7/23/2009
11:45 a.m.

LPP Project Water Intake
Site
Unnamed wash east of Blue
Pool Wash at LPP crossing
Blue Pool Wash at LPP
crossing
“Wetland” West of Blue Pool
Wash at LPP crossing
2nd wash east of Big Water at
LPP crossing
Unnamed wash at BLM
trailhead east of Paria River at
LPP crossing
Paria River south side at LPP
crossing alternative
Johnson Canyon Wash at
LPP crossing
White Sage Wash access road
in Arizona
Jacob Canyon at LPP
crossing on Southern
Alternative
Jacob Canyon at LPP
crossing on SE corner KIR –
Southern Alternative

Comments

<50

66

Vehicle traffic on
Highway 89, wind
Vehicle traffic on
Highway 89, wind
Vehicle traffic on
Highway 89, wind
Vehicle traffic on
Highway 89, wind
Vehicle traffic on
Highway 89, wind
Vehicle traffic on
Highway 89, wind

<50

54

<50

62

<50

54

<50

64

<50

68

54

70

51

64

<50

64

Vehicle traffic on
Highway 89, wind
Vehicle traffic on
Highway 89, wind
Sound caused by wind

51

79

Sound caused by wind

<50

51

Slight sound caused by
wind
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Table 1.4-1 Proposed Project Background Sound Level Measurement Field Data (continued)
Date and
Background
Peak Level
Comments
Time of
Location
Level (dBA)
(dBA)
Monitoring

7/23/2009
4:10 p.m.
7/22/2009
6:15 p.m.
7/23/2009
8:00 a.m.
7/23/2009
10:30 a.m.
7/23/2009
9:20 a.m.
7/23/2009
1:40 p.m.
7/23/2009
9:40 a.m.
7/23/2009
8:15 a.m.

7/22/2009
3:05 p.m.
7/22/2009
12:00 p.m.
7/22/2009
2:00 p.m.

Not Listed

Jacob Canyon at confluence
with Kanab Creek at LPP
crossing – Southern
Alternative
Bitter Seeps Wash at LPP
crossing for Proposed
Action
14-Kanab Creek at LPP
crossing of Highway
Alternative
Cottonwood Creek at LPP
crossing on KIR - Highway
Alternative
Two-Mile Wash at LPP
crossing on KIR - Highway
Alternative
Two-Mile Wash at Antelope
Valley Road crossing
Unnamed wash east of TwoMile Wash at LPP crossing
on KIR - Highway
Alternative
Unnamed wash west of Pipe
Spring National Monument
at LPP crossing on KIR Existing Highway
Alternative
Short Creek at LPP crossing
in Colorado City

<50

64

Sound caused by wind

<50

<50

No wind

<50

<50

No wind

<50

68

Vehicle traffic on
Highway 389

<50

59

Vehicle traffic on
Highway 389

<50

60

Sound caused by wind

51

89

Vehicle traffic on
Highway 389; sound
caused by wind

<50

78

Vehicle traffic on
Highway 389

52

64

Short Creek at LPP crossing
in Canaan Gap area (East
Crossing)
Short Creek at LPP crossing
in Canaan Gap area (West
Crossing)
Unnamed wash south of
HS-4 and HS-5
Gould Wash at transmission
line crossing

<50

62

Proximity to Highway
389 traffic influenced
sound levels
Measurable sound caused
by wind

<50

51

Slight sound caused by
wind

<50

53

<50

50

Slight sound caused by
wind
Slight sound caused by
wind
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Table 1.4-1 Proposed Project Background Sound Level Measurement Field Data (continued)
Date and
Background
Peak Level
Comments
Time of
Location
Level (dBA)
(dBA)
Monitoring

Not Listed
Not Listed

Sand Hollow Reservoir West 66
Dam
Hurricane West substation
68
site

72
77

Measurable sound caused
by wind
Measurable sound caused
by wind

Notes:
1. All sound level measurements recorded on a Realistic Sound Level Meter. All sound level measurements recorded in dBA.
2. Sound level measurements <50 dBA were used because meter does not measure sounds below 50 dBA.
3. Vehicle traffic sounds are generated by mobile sources. Sound generated by wind is considered temporary.
4. Background sound levels were recorded over a 30-second period.
5. Peak sound levels recorded represent maximum sound generated over the 30-second period of measurement.
6. Data collected on 7/23/2009 and 7/24/2009 as part of the MWH Americas, Inc. field investigations of ambient noise levels
(see LPP Final Study Report 7 – Noise [UBWR 2016]).
Key:
BLM = Bureau of Land Management
dBA = A-weighted decibel
KIR = Kaibab Indian Reservation
LPP = Lake Powell Pipeline

Table 1.4-2 Potential Human Receptors
Receptor
Potential Human
Receptor
ID
Receptor Location
Pipeline Construction
Water Intake System to HS-1 – Both Alternatives

1
2
3
4
5
7
6

Glen Canyon Dam
Facilities
Greenehaven
Lower Big Water
Upper Big Water
Church Wells
Adairville (W. of Paria
R.)
Paria River Crossing

Receptor Distance to
Noise Source (feet)

Land
Manager/Owner

Visitor Center

2,278

Reclamation

Residential
Residential
Residential
Residential
Residential/Business

752
175
200
450
460

Private
Private
Private
Private
Private

Visitors in Vehicles

140

BLM/Private

Residential

70

Private

Residential

261

Private

Residential

328

Private

Residential

105

Private

Residential
Residential
Residential

36
302
78

Private
Private
Private

Residential/business/
Government facility

63

Kaibab Indian
Reservation

HS-1 to HS-2 - Highway Alternative

18
19
20
21
22
23
24
25

Near S. Johnson Rd
and 89
Near Bryce Canyon Rd
and 89
Near Kaibab Trail and
90
Near Old Hwy 89 and
89
Near Fredonia
Stagger Mountain Rd.
Stagger Mountain Rd.
and Highway 389
Pipe Springs
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Table 1.4-2 Potential Human Receptors (continued)
Receptor
Potential Human
Receptor
ID
Receptor Location
HS-1 to HS-2 – Southern Alternative

17

LPP intersection with
Toroweap Road

Visitors in Vehicles

Receptor Distance to
Noise Source (feet)

Land
Manager/Owner

20

BLM

Residential
Residential

137
133

Private
Private

Business
Residential

53
32

Private
Private

Business

151

Private

Residential
Residential

241
287

Private
Private

School/Residential
Campground

237
1,168

Private
State/Private

HS-2 to Sand Hollow Terminal Station – Both Alternatives

8
9
10
11
12
13
14

Cane Beds Area
Near School Bound
Rd. S. of Colorado City
Colorado City
Colorado City Johnson
Ave.
Colorado City
Township Ave.
Uzona Ave.
Canaan Gap

Transmission Line Construction

15
16

Olympus Academy
Sand Hollow State Park

Sources: LPP Final Study Report 7 – Noise (UBWR 2016); UBWR 2020

1.4.1 Wilderness and Wildlife Receptors
Table 1.4-3 lists the distance of wilderness and recreational areas from the Proposed Project (see
Figure 1.4-1). This analysis assumes all of these areas would have presence of wildlife receptors.
Both Proposed Project alternatives would traverse Glen Canyon National Recreation Area, Sand
Hills Special Recreation Management Area, Sand Mountain Special Recreation Management Area,
and Sand Hollow State Park. Both alternatives would also be adjacent to Cockscomb Wilderness
Study Area.
Under American National Standards Institute (ANSI) S12.40-1990 (see LPP Final Study Report 7 –
Noise [UBWR 2016]), an outdoor noise level of 60 dBA is considered compatible with land use for
extensive natural wildlife and recreational areas. The level of 57 dBA has been deemed appropriate
for “...lands in which serenity and quiet are of extraordinary significance...” by the FHWA (FHWA
2011). Specific thresholds for noise disturbance are not known for most species, and noise effects
may be difficult to separate from the visual effects of the noise sources. A synthesis of two decades
of research documenting the effects of noise on wildlife published by Shannon et al. (2016) shows
that terrestrial wildlife responses begin at noise levels of approximately 40 dBA, with documented
impacts below 50 dBA. For example, desert bighorn sheep are sensitive to human disturbance, such
as through increased noise. Numerous researchers have documented altered bighorn sheep behavior
in response to human-related disturbance, including hiking, camping, and motorized vehicle use.
Bighorn sheep may alter their use of essential resources resulting in physiological effects or
abandonment of traditional habitat as a result of human disturbance and noise (Wallis 2005), which
can cause sheep to reduce or abandon their use of water sources and surrounding areas.
Many species have become tolerant of sound over time (i.e., have acclimated) and would resume use
of habitat that may have been initially abandoned even as the noise continues. General population
health and reproductive success of most species are not documented to be affected by moderately
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loud sounds up to 70 dBA (Manci et al. 1988). However, effects from industrial construction and
operation have been reported in birds and terrestrial mammals at levels as low as 45 dBA (Shannon
et al. 2016). The 45 dBA noise level is recommended as significance threshold for continuous
construction and operation noise in NPS-managed lands (specifically in Glen Canyon National
Recreational Area, Pipe Spring National Monument and Old Spanish Historic Trail), in compliance
with 36 CFR § 2.12. The selection of the 45 dBA sound level as a significance threshold for pipeline
construction is based on the research results of Blickley et al. (2012) and consistent with the
standards from ANSI and Acoustical Society of America (ASA) S12.9 Part 5 (ANSI/ASA 1998) and
ANSI/ASA S12.100-2014 (ANSI/ASA 2014).
Table 1.4-3 Wilderness and Recreational Areas with Potential Presence of Wildlife Receptors
Distance of Wilderness/Recreational Area to Proposed
Wilderness or Recreational Area
Project Alternative
National Park Service

Glen Canyon National Recreation Area
Pipe Springs National Monument

Both alternatives traverse the southwest section of the park,
along U.S. Highway 89
Southern Alternative is approximately 20,600 feet from
border; Highway Alternative is approximately 1,000 feet
from border

Bureau of Land Management

Sand Hills SRMA
Grand Staircase-Escalante National
Monument, Kaiparowits Unit
Grand Staircase-Escalante National
Monument, Grand Staircase Unit
Paria Canyon-Vermillion Cliffs Wilderness
The Cockscomb Wilderness Study Area
Wahweap Wilderness Study Area
Paria-Hackberry Wilderness Study Area
Kanab Community SRMA
Freedonia SRMA
Canaan Mountain SRMA
St. George Basin SRMA
Sand Mountain SRMA

Both alternatives (transmission lines only) traverse the area
Both alternatives are approximately 800 feet from the
border
Southern Alternative is approximately 5,700 feet from
border; Highway Alternative is approximately 1,775 feet
from border
Both alternatives are approximately 15,000 feet from the
border (pipeline), and approximately 900 feet from the
border (transmission line)
Both alternatives are adjacent to the southern border, along
U.S. Highway 89
Both alternatives are approximately 7,750 feet from the
border
Both alternatives are approximately 6,600 feet from the
border
Highway alternative is approximately 2,500 feet from the
border
Southern Alternative is approximately 5,600 feet from
border; Highway Alternative traverses the area
Both alternatives are approximately 7,500 feet from the
border
Both alternatives are approximately 11,000 feet from the
border
Both alternatives traverse the area

Utah State Parks

Sand Hollow State Park

Both alternatives traverse the area

Key:
SRMA = Special Recreation Management Area
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Figure 1.4-1 Noise Sensitive Receptors and Recreational/Wilderness Areas
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2 Results/Environmental Consequences
2.1 No Action Alternative
Under the No Action Alternative, the Proposed Project would not be built. There would be no
temporary or long-term or temporary effects since there would be no construction equipment noise,
no blasting noise or vibrations, and no new operational noise sources. Only existing electric power
facilities at Glen Canyon Substation would continue operations with noise levels regulated in
compliance with 36 CFR § 2.12. Therefore, this alternative would not result in changes to existing
background noise levels in the affected environment described in Table 1.4-1.
However, under this alternative, projects already planned by the Project Proponent would occur.
Disturbance, due to these projects, would vary in space and time. Most impacts would be short-term
and project-specific, particularly during construction of these other planned projects. Noise levels
would return to prior existing conditions, depending on new infrastructure. Most effects to noise
and vibration would be minimized through implementation of standard industry practices by the
Project Proponent.

2.2 Southern Alternative
Table 1.4-2 lists 17 potential receptor locations for the Southern Alternative. Among these
receptors, 14 are located within 750 feet of construction areas. These areas are not expected to be
affected over the long term by implementation of the Southern Alternative.
Due to the distance from construction and operations activities to nearest sensitive receptors
identified for the Southern Alternative, potential increases in background noise and vibration levels
from the Proposed Project would not be expected to be long-term. Table 1.4-2 lists the potential
receptor locations. Fifteen possible receptors are listed for the Southern Alternative and over 60
percent of these sensitive receptors are residences.
2.2.1 Construction
2.2.1.1 Noise

The area of the affected environment with estimated construction noise levels above 60 dBA is
designated by the decibel contours shown in Figures 1.2-2 and 1.2-3. Fourteen of the human
receptors identified in Table 1.4-2 for the Southern Alternative would be exposed to peak noise
levels above the 75 dBA threshold. However, the maximum calculated noise levels used in this
analysis were worst-case projections based on temporary construction activities, without
implementation of EPMs (see LPP Final Study Report 7 – Noise [UBWR 2016]). Assuming the
implementation of EPMs would reduce peak noise levels up to 15 dBA at the source, the number of
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receptors to be exposed above the 75 dBA threshold would include three residences located in
private property and visitors in lands administered by BLM (Toroweap [Mt. Trumbull] Road).
In addition, construction noise would be perceived by wildlife at most of the wilderness and
recreational areas identified in Table 1.4-3, above, with potential exposure to levels above 45 dBA in
lands managed by the NPS (Glen Canyon National Recreation Area, Pipe Springs National
Monument), BLM (Sand Hills Special Recreation Management Area, Sand Mountain Special
Recreation Management Area, Cockscomb Wilderness Study Area) and Utah State Parks (Sand
Hollow State Park).
Sensitive wildlife receptors in the area could be affected temporarily by construction noise; however,
pipeline construction near most habitat areas would occur within a few weeks, and facility
construction would be completed within a few months. Construction noise effects within NPSmanaged lands would occur over a longer period of time because the Proposed Project facilities (IPS
and BPS-1) would take a longer construction period compared to pipeline construction. Wildlife are
expected to return to the area after the short-term construction disturbance ceases.
Much of the Southern Alternative alignment would be more than 1 mile south of the KIR boundary,
and average construction noise levels from this alignment alternative would decay to background
noise levels within 0.6 mile from the construction activities. Where the Southern Alternative
alignment would be parallel to the KIR boundary near the southeast corner of the KIR for about 3.5
miles, the alignment center line would be 300 feet south of the KIR boundary. The short-term
construction noise (average levels) extending onto the KIR in this extremely rugged area would be
about 79 dBA.
The remaining portion of the Southern Alternative alignment from Highway 389 to Sand Hollow
Reservoir would be shared by the Highway and Southern Alternatives. Residential areas were
identified along this portion of the alignment. Short-term noise effects on residents and visitors
would occur, since most residential areas are expected to be outside of the 75 dBA noise corridor
without implementation of EPMs. Those receptors located within the 75 dBA noise corridor (within
750 feet of construction activities) could be exposed to levels above recommended guidelines for
public safety, but the use of mitigation measures (in addition to EPMs) would reduce the potential
for effects to occur; these measures are described in Section 2.2.4, below.
2.2.1.2 Vibration

Construction of the Southern Alternative would create perceptible vibration and groundborne noise
from blasting, use of heavy-duty construction equipment (e.g., trucks, backhoes, excavators, loaders,
and cranes), tamping or compacting of ground surfaces, the passing of heavy trucks on uneven
surfaces, and excavation of trenches. Vehicle and heavy-duty truck use during the Proposed Project
construction would generate a continuous but relatively low level of vibration. Construction would
occur during daytime hours, when residents are least sensitive to vibration. Construction in these
areas would also be temporary, and vibration would be intermittent.
Trench blasting would be used in areas where rock is present and may preclude excavation using
conventional pipeline construction equipment. Blasting could take place at multiple locations along
the proposed Southern Alternative alignment (Figure 1.2-4). Table 2.2-1, below, lists the blasting
noise receptor locations and the land manager/owner of those locations. Seven of the locations are
owned by NPS and the remaining locations are privately owned. Typically, only a portion of the
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energy is consumed in breaking up and moving the rock when a blast is detonated. The remaining
energy is dissipated in the form of seismic waves expanding rapidly outward from the blast, either
through the ground (as vibration) or through the air (as air overpressure or airblast). Seismic waves
from blasting dissipate rapidly with distance, normally by two-thirds for each doubling of distance
from the source. Underground blasting from the Proposed Project would likely decay to 60 dBA in a
shorter distance than the pipeline construction. Blasting would be an instantaneous noise event and
not a continuous event; therefore, effects associated with vibration at nearest sensitive receptors to
blasting sites would be expected to be moderate and temporary.
Table 2.2-1 Blasting Noise Receptors within the Southern Alternative
Land Type
Owner
Longitude
Latitude

Residence
Government Facility
Government Facility
Government Facility
Government Facility
Government Facility
Government Facility
Government Facility
Government Facility
Government Facility
Residence
Residence
Residence
Residence
Residence
Residence
Business Facility
Residence
Residence
Residence
Residence
Other
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence

Private
National Park Service
National Park Service
National Park Service
National Park Service
National Park Service
National Park Service
National Park Service
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private

-112.8086215
-111.5019896
-111.5018357
-111.5021878
-111.5021318
-111.5017346
-111.5019005
-111.5020506
-112.9596628
-112.9600969
-112.9681391
-112.9668082
-112.9681916
-112.9671939
-112.9667682
-112.9684061
-112.974706
-112.9743805
-112.9749974
-112.975874
-112.9754063
-112.9766345
-112.975945
-112.9750105
-112.9768766
-112.9772142
-112.9745913
-112.9746303
-112.9760037
-112.974832
-112.9754075
-112.9766299
-112.9771071
-112.9775976
-112.9771255
-112.9781105
-112.9758826
-112.9754551

36.80275625
36.94748886
36.94781746
36.94825721
36.94878216
36.94939203
36.94976698
36.94999889
36.95272018
36.95296102
36.9574185
36.95766233
36.9587626
36.95915532
36.95924107
36.95931765
36.97111501
36.97377339
36.97378101
36.97377238
36.97378613
36.97387299
36.97450568
36.97457489
36.9746726
36.97496744
36.97508623
36.97521435
36.97557066
36.97560089
36.97561636
36.97564966
36.97565602
36.97617367
36.97619227
36.97618301
36.97623085
36.9762487
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Table 2.2-1 Blasting Noise Receptors within the Southern Alternative (continued)
Land Type
Owner
Longitude
Latitude

Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Other
Other
Other
Residence
Other
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence

Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private

-112.9766164
-112.9788947
-112.9782429
-112.9765537
-112.9776775
-112.979046
-112.9771631
-112.9767812
-112.9781715
-112.979995
-112.9777345
-112.9801038
-112.9789362
-112.9795312
-112.9794659
-112.9800027
-112.9781268
-112.9803868
-112.9789297
-112.979944
-112.9811573
-112.9811455
-112.9790565
-112.9811599
-112.9798768
-112.9793336
-112.9811566
-112.9804647
-112.9798254
-112.981169
-112.981152
-112.9811665
-112.9811343
-113.0505128
-113.0496664
-113.0499715
-113.0492192
-113.2315434
-113.2314202
-113.2313467
-111.6436177
-111.6368147
-111.6378647
-111.6359534
-111.6434313
-111.6381419
-111.6360971
-111.6424984

36.9763331
36.97668145
36.97716091
36.97735717
36.97736706
36.97735856
36.97747222
36.97753223
36.97802058
36.97801879
36.97818883
36.97843191
36.97845496
36.97853089
36.97876448
36.97883422
36.97921963
36.9792034
36.97923486
36.97983677
36.97985945
36.98026385
36.9805169
36.98064635
36.98102904
36.98105956
36.9810363
36.98117662
36.98162726
36.98168711
36.98206298
36.98244906
36.98292534
36.99828865
36.99905077
36.99911704
36.9993375
37.01107071
37.01125044
37.01125755
37.05711282
37.05727288
37.05739245
37.05747426
37.05759083
37.05762946
37.05775373
37.05777238
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Table 2.2-1 Blasting Noise Receptors within the Southern Alternative (continued)
Land Type
Owner
Longitude
Latitude

Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Business Facility
Residence
Residence
Business Facility
Residence
Residence
Residence
Residence
Business Facility
Residence

Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private

-111.6386061
-111.6420969
-111.638199
-111.6389358
-111.6435978
-111.6366263
-111.6375841
-111.6384323
-111.644725
-111.6391549
-111.6379128
-111.6393573
-111.6379107
-111.6423885
-111.6441636
-111.6452422
-111.6394809
-111.63981
-111.6387241
-111.6430381
-111.6441339
-111.6457648
-111.6459164
-111.6393331
-111.6443833
-111.6465042
-111.6440407
-111.6447303
-111.6446432
-111.6402803
-111.6404621
-111.6478835
-111.6456885
-111.6433524
-111.6435653
-111.649085
-111.6471871
-111.6423842
-111.6439164
-111.6422615
-111.6429449
-111.6444297
-111.6425995
-111.6501074
-111.6432003
-111.6434585
-111.6450658
-111.6436162

37.05797279
37.05815615
37.05821944
37.05825721
37.05827681
37.05844831
37.0585328
37.05854016
37.05855689
37.05866149
37.05869798
37.05883331
37.05887472
37.05885577
37.05903217
37.05918849
37.05938716
37.05959407
37.05962377
37.05966315
37.0597383
37.05975328
37.06008635
37.06038369
37.06037612
37.06061739
37.06068326
37.06129008
37.06154813
37.06165743
37.06204401
37.06252741
37.06268248
37.06366706
37.06385194
37.0638326
37.06392883
37.06410857
37.06455719
37.0646228
37.06493512
37.0649837
37.06499661
37.0650672
37.06521695
37.06539144
37.06541551
37.06556648
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Table 2.2-1 Blasting Noise Receptors within the Southern Alternative (continued)
Land Type
Owner
Longitude
Latitude

Residence
Business Facility
Residence
Business Facility
Residence
Business Facility
Residence
Residence
Residence
Residence
Business Facility
Business Facility
Residence
Government Facility

Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private

-111.6437331
-111.6451999
-111.6435116
-111.6452885
-111.649362
-111.645751
-111.6454191
-111.645234
-111.645655
-111.6466185
-111.6482415
-111.6485524
-111.6482344
-111.9688582

37.06575367
37.06587091
37.06596058
37.06623116
37.06630672
37.06681297
37.06803113
37.06814542
37.06821468
37.0686447
37.07033396
37.07048967
37.07159805
37.15968601

2.2.2 Operation
The Southern Alternative would generate noise from the long-term use of electrical and mechanical
equipment at the intake pump station, booster pump stations, inline hydrostations, electrical
facilities, and water conveyance components. All of these facilities would operate per manufacturers’
specifications and would follow occupational health and safety codes and the regulations listed
above in Section 1.1.2, which would reduce the potential for generating operational noise levels in
excess of 60 dBA at the nearest human receptors and 45 dBA at wildlife receptor areas in Table 1.42 and Table 1.4-3, above. EPMs include design measures for permanent facilities at NPS-managed
lands to operate at noise levels of 60 dBA at the site boundary and mitigation measures (which
include further reductions for operations within recreational areas, including NPS-managed lands)
would require further reductions for facilities located in in the proximity of recreational areas;
therefore, peak operational noise levels are not anticipated to exceed human and wildlife noise
thresholds at the nearest sensitive receptors.
2.2.3 Mitigation Measures
Minor changes to the EPMs should be implemented to meet agency-specific goals and objectives for
management of noise and vibration resources
Mitigation measures would be implemented to mitigate noise effects from construction and
operation of the Southern Alternative of the Proposed Project. These measures include the
following:
Use of sound barriers for construction occurring within 150 feet of any human receptors;
Monitoring field noise levels during construction; and
Construction noise levels within recreational areas would not exceed 52 dBA, in order to
prevent speech interference of outdoor interpretive programs (assumes a raised voice
speaker at a maximum distance of 10 meters [EPA 1974]).
2.2.4 Summary of Unavoidable Effects
Temporary construction activities of the Southern Alternative would result in noise levels exceeding
background sound levels near homes, businesses, and other buildings proximate to the pipeline
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right-of-way (Table 1.4-2, above). Temporary noise would also be perceived at wilderness and
recreational areas proximate to the pipeline right-of-way (Table 1.4-3, above). Occasional blasting
would also result in instantaneous noise levels that could extend outside the construction rights-ofway (see Table 2.2-1, above). These short-term noise effects would be unavoidable. Noise effects
during operation and maintenance activities would be minimized thorough implementation of EPMs
and mitigation measures.

2.3 Highway Alternative
Table 1.4-2 lists 22 potential receptor locations for the Highway Alternative. Among these receptors,
21 are located within 750 feet of construction areas. These areas are not expected to be affected over
the long term by implementation of the Highway Alternative.
2.3.1 Construction
The Highway Alternative would be located near 17 residential areas between the intake pump station
and Pipe Spring National Monument and could possibly affect human receptors during
construction. Residential areas located within the 75 dBA noise corridor (within 750 feet of
construction activities) and could be affected, but the potential effects would be mitigated through
implementing EPMs as part of protection, mitigation, and enhancement measures noted as part of
the Southern Alternative. Wildlife receptors identified in Table 1.4-3, above, could be affected
temporarily; however, the effects would be short-term. Wildlife are expected to return to the
construction areas after the temporary construction disturbance ceases.
Construction through the KIR along Highway 389 would have average sound levels of 88 dBA, 50
feet from the construction noise source. Construction around Pipe Spring National Monument and
at the Tribe headquarters could cause short-term, noise effects to people using the facility. These
short-term noise effects would persist for several days as the construction approaches, passes, and
departs the Pipe Spring National Monument area.
The remaining portion of the Highway Alternative alignment from Highway 389 to Sand Hollow
Reservoir would include residential areas. Temporary noise would occur in these areas during
construction, but the effects on residents located within 750 feet of construction would be
mitigated through the use of the EPMs described in Section 1.3, above.
Construction of the Highway Alternative would create perceptible vibration and groundborne noise
from blasting, use of heavy-duty construction equipment (e.g., trucks, backhoes, excavators, loaders,
and cranes), tamping or compacting of ground surfaces, passing of heavy trucks on uneven surfaces,
and excavation of trenches. Vehicle and heavy-duty truck use during the Proposed Project
construction would generate a continuous but relatively low level of vibration. Construction would
occur during daytime hours, when residents are least sensitive to vibration. Construction in these
areas would also be temporary, and vibration would be intermittent.
Trench blasting would be used in areas where rock is present and may preclude excavation using
conventional pipeline construction equipment. Blasting locations could be at multiple locations
along the proposed Highway Alternative alignment, as shown in Table 2.2-2, below, and Figure 1.25. Typically, only a portion of the energy is consumed in breaking up and moving the rock when a
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blast is detonated. The remaining energy is dissipated in the form of seismic waves expanding
rapidly outward from the blast, either through the ground (as vibration) or through the air (as air
overpressure or airblast). Seismic waves from blasting dissipate rapidly with distance, normally by
two-thirds for each doubling of distance from the source. Underground blasting from the Proposed
Project would likely decay to 60 dBA in a shorter distance than the pipeline construction. Blasting
would be an instantaneous noise event and not a continuous event; therefore, effects associated with
vibration at nearest sensitive receptors to blasting sites would be expected to be moderate and
temporary.
Table 2.2-2 Blasting Noise Receptors within the Highway Alternative
Land Type
Owner
Longitude
Latitude

Government Facility
Government Facility
Government Facility
Government Facility
Government Facility
Government Facility
Government Facility
Government Facility
Government Facility
Residence
Residence
Residence
Residence
Residence
Residence
Business Facility
Residence
Residence
Residence
Residence
Other
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence

National Park Service
National Park Service
National Park Service
National Park Service
National Park Service
National Park Service
National Park Service
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private

-111.5019896
-111.5018357
-111.5021878
-111.5021318
-111.5017346
-111.5019005
-111.5020506
-112.9596628
-112.9600969
-112.9681391
-112.9668082
-112.9681916
-112.9671939
-112.9667682
-112.9684061
-112.974706
-112.9743805
-112.9749974
-112.975874
-112.9754063
-112.9766345
-112.975945
-112.9750105
-112.9768766
-112.9772142
-112.9745913
-112.9746303
-112.9760037
-112.974832
-112.9754075
-112.9766299
-112.9771071
-112.9775976
-112.9771255

36.94748886
36.94781746
36.94825721
36.94878216
36.94939203
36.94976698
36.94999889
36.95272018
36.95296102
36.9574185
36.95766233
36.9587626
36.95915532
36.95924107
36.95931765
36.97111501
36.97377339
36.97378101
36.97377238
36.97378613
36.97387299
36.97450568
36.97457489
36.9746726
36.97496744
36.97508623
36.97521435
36.97557066
36.97560089
36.97561636
36.97564966
36.97565602
36.97617367
36.97619227
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Table 2.2-2 Blasting Noise Receptors within the Highway Alternative (continued)
Land Type
Owner
Longitude
Latitude

Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Other
Other
Other
Residence
Other
Residence
Residence
Residence
Residence
Residence
Residence
Residence

Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private

-112.9781105
-112.9758826
-112.9754551
-112.9766164
-112.9788947
-112.9782429
-112.9765537
-112.9776775
-112.979046
-112.9771631
-112.9767812
-112.9781715
-112.979995
-112.9777345
-112.9801038
-112.9789362
-112.9795312
-112.9794659
-112.9800027
-112.9781268
-112.9803868
-112.9789297
-112.979944
-112.9811573
-112.9811455
-112.9790565
-112.9811599
-112.9798768
-112.9793336
-112.9811566
-112.9804647
-112.9798254
-112.981169
-112.981152
-112.9811665
-112.9811343
-113.0505128
-113.0496664
-113.0499715
-113.0492192
-113.2315434
-113.2314202
-113.2313467
-111.6436177
-111.6368147
-111.6378647
-111.6359534
-111.6434313

36.97618301
36.97623085
36.9762487
36.9763331
36.97668145
36.97716091
36.97735717
36.97736706
36.97735856
36.97747222
36.97753223
36.97802058
36.97801879
36.97818883
36.97843191
36.97845496
36.97853089
36.97876448
36.97883422
36.97921963
36.9792034
36.97923486
36.97983677
36.97985945
36.98026385
36.9805169
36.98064635
36.98102904
36.98105956
36.9810363
36.98117662
36.98162726
36.98168711
36.98206298
36.98244906
36.98292534
36.99828865
36.99905077
36.99911704
36.9993375
37.01107071
37.01125044
37.01125755
37.05711282
37.05727288
37.05739245
37.05747426
37.05759083
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Table 2.2-2 Blasting Noise Receptors within the Highway Alternative (continued)
Land Type
Owner
Longitude
Latitude

Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Residence
Business Facility
Residence
Residence
Business Facility
Residence
Residence
Residence

Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private

-111.6381419
-111.6360971
-111.6424984
-111.6386061
-111.6420969
-111.638199
-111.6389358
-111.6435978
-111.6366263
-111.6375841
-111.6384323
-111.644725
-111.6391549
-111.6379128
-111.6393573
-111.6379107
-111.6423885
-111.6441636
-111.6452422
-111.6394809
-111.63981
-111.6387241
-111.6430381
-111.6441339
-111.6457648
-111.6459164
-111.6393331
-111.6443833
-111.6465042
-111.6440407
-111.6447303
-111.6446432
-111.6402803
-111.6404621
-111.6478835
-111.6456885
-111.6433524
-111.6435653
-111.649085
-111.6471871
-111.6423842
-111.6439164
-111.6422615
-111.6429449
-111.6444297
-111.6425995
-111.6501074
-111.6432003

37.05762946
37.05775373
37.05777238
37.05797279
37.05815615
37.05821944
37.05825721
37.05827681
37.05844831
37.0585328
37.05854016
37.05855689
37.05866149
37.05869798
37.05883331
37.05887472
37.05885577
37.05903217
37.05918849
37.05938716
37.05959407
37.05962377
37.05966315
37.0597383
37.05975328
37.06008635
37.06038369
37.06037612
37.06061739
37.06068326
37.06129008
37.06154813
37.06165743
37.06204401
37.06252741
37.06268248
37.06366706
37.06385194
37.0638326
37.06392883
37.06410857
37.06455719
37.0646228
37.06493512
37.0649837
37.06499661
37.0650672
37.06521695

34

Table 2.2-2 Blasting Noise Receptors within the Highway Alternative (continued)
Land Type
Owner
Longitude
Latitude

Residence
Business Facility
Residence
Residence
Business Facility
Residence
Business Facility
Residence
Business Facility
Residence
Residence
Residence
Residence
Business Facility
Business Facility
Residence
Government Facility

Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private

-111.6434585
-111.6450658
-111.6436162
-111.6437331
-111.6451999
-111.6435116
-111.6452885
-111.649362
-111.645751
-111.6454191
-111.645234
-111.645655
-111.6466185
-111.6482415
-111.6485524
-111.6482344
-111.9688582

37.06539144
37.06541551
37.06556648
37.06575367
37.06587091
37.06596058
37.06623116
37.06630672
37.06681297
37.06803113
37.06814542
37.06821468
37.0686447
37.07033396
37.07048967
37.07159805
37.15968601

Kaibab Indian Reservation
Persons travelling through, located at, or temporarily in the construction area within the Kaibab
Indian Reservation (KIR) boundaries could be affected by or at least be able to hear the
construction noise as shown in Figure 1.4-1. During construction around Pipe Spring National
Monument, persons could experience short-term effects from construction equipment noise. The
construction would only occur during normal working hours; noise producing activities would
typically move several hundred feet per day with the disturbance transiting a specific area within
several weeks.
2.3.2 Operation
The Highway Alternative would generate noise from the permanent use of electrical and mechanical
equipment at the intake pump station, booster pump stations, inline hydrostations, electrical
facilities, and water conveyance components. All of these facilities would operate per manufacturers’
specifications and would follow occupational health and safety codes and the regulations listed in
Section 1.1.2, above, which would reduce the potential for generating operational noise levels in
excess of 60 dBA at nearest human receptors and 45 dBA at wildlife receptor areas. EPMs include
design measures for permanent facilities to operate at noise levels of 60 dBA at the site boundary
and mitigation measures would require further reductions for facilities located in in the proximity of
recreational areas; therefore, peak operational noise levels are not anticipated to exceed human and
wildlife noise thresholds at the nearest sensitive receptors.
2.3.3 Mitigation Measures
The mitigation measures used for the Highway Alternative would be the same as those listed for the
Southern Alternative in Section 2.2.4, above.
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2.3.4 Summary of Unavoidable Effects
The Highway Alternative would have the same unavoidable effects on sensitive receptors as those
listed for the Southern Alternative in Section 2.2.5, above.

2.4 Comparative Analysis of Alternatives
No noise and vibration effects would be expected under the No Action Alternative. There would be
short-term noise effects anticipated to human and wildlife receptors within the affected environment
during construction of the Southern Alternative. There would be localized long-term effects from
operations of the Southern Alternative. Effects would be similar for the Southern and Highway
Alternatives.
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4 Glossary
Ambient Sound Level. The ambient sound level of a region is defined by the total noise generated
within the specific environment and is usually composed of sound emanating from natural sources
and from human activities. Ambient sound levels vary with time of day, wind speed and direction,
and level of human activity. The ambient noise level represents the normal or existing level of
environmental noise at a given location.
A-Weighted Average. A-weighting is the relative decibel gain based on various frequency ranges
(10 hertz to 20 kilohertz) and is the standard most typically used. Noise levels using A-weighted
measurements are written as dBA.
Decibel. A unit for expressing the relative intensity of sounds on a scale from zero for the average
least perceptible sound to about 130 for the average pain level.
Equivalent Sound Level. Equivalent sound levels (Leq) are used to develop single-value
descriptions of average noise exposure over various periods of time. Such average noise exposure
ratings often include additional weighting factors for potential annoyance due to time of day or
other considerations. The Leq data used for these average noise exposure descriptors are generally
based on dBA sound level measurements.
Noise. Noise is any unwanted sound that interferes with hearing or speech, is intense enough to
cause damage, or is generally annoying.
Pipeline: A line of connected pipes used for carrying water over a long distance.
Vibration. Vibration is a change in pressure that at certain levels may be perceived as a nuisance.
Vibration can be described by its amplitude and frequency. Amplitude may be characterized by
displacement, velocity, and/or acceleration. Frequency of vibration can also change human
perception—usually the longer the event and the higher the frequency, the more adverse the effect
on human response (Caltrans 2013).
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5 Acronyms
ANSI
ASA
BLM
CFR
dB
dBA
EPM
EPA
FHWA
KIR
LPP
NPS
OSHA
Tribe
UBWR
VdB

American National Standards Institute
Acoustical Society of America
Bureau of Land Management
Code of Federal Regulations
decibel
A-weighted decibel
Environmental Protection Measure
U.S. Environmental Protection Agency
Federal Highway Administration
Kaibab Indian Reservation
Lake Powell Pipeline Project
National Park Service
Occupational Safety and Health Administration
Kaibab Band of Paiute Indians
Utah Board of Water Resources
vibration decibel
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Reclamation
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National Park Service
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Introduction/Affected Environment
This appendix summarizes the potential levels of public exposure to electric and magnetic fields
(EMFs) associated with the Proposed Project electric power facilities, and includes an assessment of
the potential exposure levels with reference to guidelines released by professional and scientific
organizations and scientific literature, and it provides a review of current evidence related to possible
health effects of chronic (long-term) or acute (short-term) exposure to extremely low frequency
(ELF) EMFs in the affected environment. ELF EMFs are commonly associated with the operation
of electrical power facilities and other existing sources, such as transmission lines, electrical
equipment, and appliances, operating under the same frequency range in the affected environment.
For purposes of evaluating human exposure to ELF EMFs for the Proposed Project, this appendix
assesses the existing conditions and potential consequences of EMF exposure and abbreviates ELF
EMFs as EMFs.
The geographic scope of analysis (geographic study area) includes lands adjacent to (within 500 feet
of) the Proposed Project facilities. At distances greater than 500 feet from the Proposed Project
facilities, the EMFs generated by transmission lines and other electrical facilities would decrease in
strength and be indistinguishable from typical EMF background levels. The time frame for shortterm effects is during a temporary exposure adjacent to or near an EMF source, and the time frame
for long-term effects refers to a permanent exposure during the life of the Proposed Project. A
discussion of cumulative effects is provided in Appendix C-25, Cumulative Effects.

1.1 Regulatory Framework
Currently, no federal regulations have been established to limit public or occupational exposure to
EMFs produced by electrical transmission lines. However, some states have set standards for
transmission line fields limits or prudent avoidance policies for siting electrical power facilities. The
States of Utah and Arizona are within the affected environment for the Proposed Project; however,
neither state has established laws or regulations limiting exposure to the EMFs produced by
electrical lines (SRP 2020; Utah Department of Environmental Quality 2020).
In Utah, the Department of Environmental Quality Division of Waste Management and Radiation
Control “has the responsibility and authority to control all sources of radiation, including nonionizing sources [like ELF EMFs]” (Utah Department of Environmental Quality 2020). In 2019,
after studying available resources on the potential health effects of exposure to EMFs, the Utah
Radiation Control Board, which enacts policy and rules related to sources of radiation, determined
that existing scientific evidence does not warrant legislation or regulation controlling sources of
EMFs; therefore, the state does not regulate these sources (Utah Department of Environmental
Quality 2020).
The Arizona Bureau of Radiation Control is responsible for protecting public health and safety by
regulating, inspecting, licensing, and providing information on the use and sources of radiation
statewide. The Bureau has studied the health effects of various sources of EMFs, including
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electronic products, but does not regulate EMFs produced by transmission lines (Arizona Revised
Statutes §§30-651).
Limits to human exposure can vary over the full range of frequencies. A number of national and
international professional and scientific organizations have adopted guidelines for public exposure to
EMFs from power lines and electrical facilities; these are shown in Table 1.1-1. These guidelines are
used as reference levels for occupational and general public use in order to provide protection
against potential human health risks associated with exposure to EMF sources. However, these
guidelines are not intended to be used as public health policy.
Table 1.1-1 International EMF Guidelines for Electric Power Facilities (60 Hz)
Organization
Electric Field (kV/m)
Magnetic Field (mG)
General
General
Occupational
Occupational
Public
Public

IEEE
ICNIRP
ACGIH
NRPB

5
4.2
4.2

20
8.3
25
-

9,040
2,000
830

27,100
4,200
10,000/1,000(a)
4,200

Source: Data from EMFs.info n.d.
Notes:
(a) For persons with cardiac pacemakers or other medical electronic devices.
Key:
ACGIH = American Conference of Industrial Hygienists
EMF = electric and magnetic field
Hz = Hertz
ICNIRP = International Commission on Non-ionizing Radiation Protection
IEEE = Institute of Electrical and Electronics Engineers
kV/m = kilovolt per meter
mG = milligauss
NRPB = United Kingdom National Radiological Protection Board

1.2 Methodology
The potential exposure to EMFs and the related public health effects were assessed using qualitative
and quantitative analyses, which predicted or estimated levels of EMFs that would be generated by
the transmission lines and other electrical facilities constructed and operated as part of the Proposed
Project. The qualitative analysis used existing published technical literature about EMF levels from
electrical power facilities similar to those included in the Proposed Project. The quantitative analysis
used a specialized software model to estimate the EMFs from those Proposed Project facilities
identified within 300 feet from human receptors with higher potential for permanent exposure (e.g.,
residences).
Because transmission lines are most prevalent in and closest to consistently occupied structures
identified in the affected environment, modeling was conducted to evaluate the potential for EMF
exposure associated with the proposed transmission lines. At 300 feet, and at times of average
electricity demand, the magnetic fields from electric transmission lines could be similar to typical
background levels found in most homes. The distance at which the magnetic field from the line
becomes indistinguishable from typical background levels differs depending on the type of line, the
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power rating of the line and its electrical circuit configuration, and the location of the line with
respect to other existing lines (NIEHS 2002).
As EMF strength levels vary with distance, both qualitative and quantitative analyses evaluated
predicted or estimated EMF levels at the closest occupied structures (sensitive receptors) located
within 500 feet from the centerlines of the proposed transmission lines and other electrical power
facilities. Sensitive receptors evaluated for EMFs included occupied buildings, such as residences,
schools, and commercial facilities. A list of sensitive receptors for potential public and occupational
EMF exposure was prepared for the Proposed Project alternatives. Effects were determined to be
adverse if short- and long-term predicted levels of EMFs exceeded the most restrictive guideline
levels shown in Table 1.1-1 at the nearest sensitive receptors.
As previously indicated, the geographic scope of analysis (geographic study area) includes lands
within 500 feet of the Proposed Project facilities. At distances greater than 500 feet from the
Proposed Project facilities, the EMFs generated by transmission lines and other electrical equipment
would be indistinguishable from typical EMF background levels.

1.3 Environmental Protection Measures
Environmental Protection Measures (EPMs) as outlined in the LPP Plan of Development (POD)
are measures or procedures that are part of the Proposed Project and would be implemented as
standard practice, including measures or procedures that could reduce or avoid adverse impacts
(UDWRe 2020; provided in Appendix E, Plan of Development). EPMs would be applied regardless
of landownership, except where the jurisdictional agency or landowner determines changes to the
EPM(s) would ensure greater consistency with governing statutes, policies, or plans. Proper
communication and coordination would occur with the jurisdictional agency, private landowner, etc.,
to ensure changes to EPMs are modified and applied appropriately.
The Proponent has proposed various EPMs to be taken as part of the Proposed Project to avoid or
minimize adverse effects. Although no environmental protection measures have been developed
specifically to address potential effects from EMFs during construction and operation of the
Proposed Project, design and construction of electric power system facilities must comply with all
federal, state, and local regulations and applicable safety codes related to exposure to potential
human health hazards.
Reducing field strength from electrical facilities and power lines is generally achieved through design
features, such as establishing increased setbacks from the facility or an increased width of the
transmission line right-of-way (ROW) (i.e., the distance from the centerline). Design features can
also include increasing the height of the conductor above ground, using compact structures with
reduced distance between wires, or a combination of these techniques. For substations, placing
major electrical equipment, such as switch racks and power transformers, near the center of the
substation can minimize the magnetic fields outside of the property line (Southern California Edison
2004).
In addition, the Lake Powell Pipeline Project water intake system, booster pump stations (BPS)
(BPS-1 through BPS-4), and the hydroelectric generating stations would be enclosed and use noise
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attenuation barriers to minimize potential effects in ambient sound levels, which also provide a
physical barrier for shielding and indirectly minimizing the strength of electrical fields from these
Proposed Project components.

1.4 Existing Conditions
This section discusses existing conditions in the affected environment related to EMFs, including
existing sources and typical background levels. A summary of research related to the potential health
effects of EMFs is also included in this section.
1.4.1 Magnetic Field Background Levels
Because man-made EMFs are produced by all electrical devices and electrical lines, they exist
wherever electricity is generated, transmitted, distributed, or used. People are regularly exposed to
EMFs during their day-to-day lives. A federal study conducted by the EMF Research and Public
Information Dissemination Program determined that most people in the United States are on
average exposed daily to magnetic fields of 2 milligauss (mG) or less (NIEHS 2002). Electric fields
produced by transmission lines and other electrical devices are shielded (weakened) by most
materials, including buildings, trees, and human skin. Magnetic fields pass through most materials,
however, and are more difficult to shield. Recent research on the potential health effects of EMFs
has focused on magnetic fields. Typical measurements of magnetic fields generated by common
office and home sources are shown in Table 1.4-1.
Table 1.4-1 Typical Sources of Magnetic Fields
Source
Distance from Source:

Air cleaners
Copy machines
Florescent lights
Computer displays
Hair dryers
Baby monitors
Microwave ovens
Vacuum cleaners
Color televisions

Typical Magnetic Fields (mG)
0.5 foot
1 foot
2 feet
4 feet

180
90
40
14
300
6
200
300
N/A

20
20
6
5
1
1
4
60
7

3
7
2
2
10
10
2

-(a)
1
2
1
-

Source: NIEHS 2002
Notes:
(a) (–) means that the magnetic field at this distance from the operating appliance could not be distinguished from
background measurements taken before the appliance had been turned on.
Key:
mG = milligauss
N/A = not applicable

In addition to common electrical devices and facilities, such as substations, EMFs are produced by
electrical transmission and distribution lines in the geographic study area. Existing sources of EMFs
in the affected environment include electrical power lines and associated facilities owned and
operated by Page Utility Enterprise, Garkane Energy Cooperative, Inc., PacifiCorp, and Dixie
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Power. These facilities include four existing substations: Glen Canyon, Buckskin, Paria, and Twin
Cities, as well as the following existing transmission lines (UDWRe 2020):
Navajo-McCullough 500- kilovolt (kV) transmission line;
Glen Canyon substation to Buckskin substation 138 kV line;
Buckskin-Johnson 69 kV line;
Cane Beds-Hack Junction 34.5 kV line;
Underground 12.47 kV line at Twin Cities substation; and
Windy Ridge-Twin Cities 69 kV line.
Most of these existing transmission lines facilities are in remote, non-populated, or low-density
populated areas, at a distance greater than 300 feet from occupied residences. Except for the
underground 12.47 kV distribution line at the Twin Cities substation, which serves the city of
Hildale, Utah, most of the existing overhead transmission lines and substations are not adjacent to
or within 300 feet of sensitive receptors.
1.4.2 Health Studies and Potential Health Effects
A concern related to EMFs is the potential for adverse human health effects due to exposure to
electric and/or magnetic fields. EMFs emitted from electrical transmission lines do not have the
energy to ionize molecules; however, they are fields of energy and thus have the potential to produce
health effects.
In the 1970s, epidemiological studies indicated a possible association between childhood leukemia
and EMF levels. Since then, various types of research have been conducted to examine EMFs and
potential health effects, including animal studies, epidemiological studies, clinical studies, and cellular
studies. Scientific panels and commissions have reviewed and studied this research data. These
studies have been conducted by, among others, the National Institute of Environmental Health
Sciences (NIEHS), the World Health Organization (WHO), the International Agency for Research
on Cancer (IARC), and the Scientific Committee on Emerging and Newly Identified Health Risks
(SCENIHR). In general, these studies concur as follows:
Based on epidemiological studies, there is a weak association between childhood leukemia
and EMF exposure. There is no consistent association between EMF exposure and other
diseases in children or adults.
Laboratory, animal, and cellular studies fail to show a cause and effect relationship between
disease and EMF exposure at common EMF levels. A biological mechanism for how EMFs
might cause disease has not been established.
Because a cause and effect relationship cannot be established, yet a weak association
between childhood leukemia and EMF exposure has been shown, (1) the potential health
effects of EMFs are uncertain; (2) no methodology for estimating health effects based on
EMF exposure exists; (3) further study of the potential health effects of EMFs is needed;
and (4) a precautionary approach, including regulations and guidelines, is needed in designing
and using all electrical devices.
Researchers continue to study potential health effects related to EMFs and potential causal
mechanisms. The following sections provide brief summaries from scientific panels and
commissions that have examined the potential health effects of EMFs.
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1.4.2.1 Electric and Magnetic Fields Research and Public Information Dissemination
Program

Based on the NIEHS review of potential health risks associated with exposure to EMFs, NIEHS
concluded that exposure to EMFs “cannot be recognized as entirely safe because of weak scientific
evidence that exposure may pose a leukemia hazard. In our opinion, this finding is insufficient to
warrant aggressive regulatory concern. However, because virtually everyone in the United States uses
electricity and therefore is routinely exposed to ELF-EMF, passive regulatory action is warranted
such as a continued emphasis on education [in] both the public and regulated community on means
aimed at reducing exposures. The NIEHS does not believe that other cancers or non-cancer
outcomes provide sufficient evidence of a risk to currently warrant concern” (NIEHS 1999).
1.4.2.2 International Commission on Non-Ionizing Radiation Protection

In 2001, the International Commission on Non-Ionizing Radiation Protection published a review of
epidemiological studies on the potential health effects of EMFs. The review concludes that “a large
body of high-quality data exists, with measurements of exposure, strong methodology, and large
study sizes, for childhood leukemia and brain tumors. Among all the outcomes evaluated in
epidemiological studies of EMF, childhood leukemia in relation to postnatal exposures above 0.4 T
[4 mG] is the one for which there is most evidence of an association. . . . [This association] is
difficult to interpret in the absence of a known mechanism or reproducible experimental support”
(ICNIRP 2001). The review also notes that exposure measurement is particularly difficult in EMF
epidemiology in several respects, including exposure source(s), exposure period, and exposure
metrics (ICNIRP 2001).
1.4.2.3 World Health Organization

In 1996, the WHO established the International EMF Project to study the potential health effects of
EMFs. The project develops and disseminates information on EMFs and public health. In 2007, the
WHO issued an environmental monograph on EMFs, concluding that epidemiological studies of
chronic, low-intensity power-frequency magnetic field exposure have demonstrated “a consistent
pattern of increased risk for childhood leukemia” (WHO 2007). However, the monograph also
states that “uncertainties in the hazard assessment include the role that control selection bias and
exposure misclassification might have on the observed relationship between magnetic fields and
childhood leukemia” (WHO 2007).
1.4.2.4 International Agency for Research on Cancer

The IARC evaluates the carcinogenic risks of chemicals and other agents, such as viruses and
radiation. In 2001, the IARC convened a working group of scientists to evaluate possible
carcinogenic risks to humans from exposure to EMFs (IARC 2002). These scientists concluded that
EMFs are possibly carcinogenic to humans (a Group 2B carcinogen). Group 2B carcinogens are
agents for which there is limited evidence that they cause cancer in humans and less than sufficient
evidence that they cause cancer in experimental animals. The working group concluded that no
consistent relationship has been shown in studies of childhood brain tumors or other cancers and
residential EMFs. The working group also noted that “reliable data on adult cancer and residential
exposure to EMF, including the use of appliances, are sparse and methodologically limited” (IARC
2002).
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1.4.2.5 Scientific Committee on Emerging and Newly Identified Health Risks

The SCENIHR serves as an advisory committee to the European Commission. At the request of the
Commission, the SCENIHR reviewed and opined on possible adverse health effects due to EMFs in
2007 (SCENIHR 2007), 2009 (SCENIHR 2009), and 2015. Most recently, the committee adopted
an updated opinion. The 2015 opinion concludes that “new epidemiological studies are consistent
with earlier findings of an increased risk of childhood leukemia. As stated in the previous opinions,
no mechanisms have been identified and no support from experimental studies could explain these
findings, which, together with shortcomings of the epidemiological studies prevent a causal
interpretation” (SCENIHR 2015). With regard to potential effects on the nervous system, the
opinion concludes that epidemiological studies do not provide convincing evidence of an increased
risk of neurodegenerative diseases (including dementia) related to ELF magnetic field exposure.
Furthermore, they show no evidence for adverse pregnancy outcomes in relation to ELF magnetic
fields (SCENIHR 2015).

Results/Environmental Consequences
2.1 No Action Alternative
The No Action Alternative would result in no effect on the environment or public health as a result
of changes in existing EMF levels.
Under the No Action Alternative, the Proposed Project would not be built. New electrical
transmission lines or other facilities that would generate EMFs would not be constructed or
installed; therefore, this alternative would not result in changes in existing background levels of
EMFs in the affected environment. Existing substations, electrical transmission lines, and other
electrical facilities in the affected environment that are not part of the Proposed Project would
continue to generate EMFs. As mentioned above in Section 1.4, these existing electrical power
transmission lines and associated facilities include four substations (Glen Canyon, Buckskin, Paria,
and Twin Cities) and six existing transmission lines:
Navajo-McCullough 500 kV line;
Glen Canyon substation to Buckskin substation 138 kV line;
Buckskin-Johnson 69 kV line;
Cane Beds-Hack Junction 34.5 kV line;
Underground 12.47 kV line at Twin Cities substation; and
Windy Ridge-Twin Cities 69 kV line.
Electric fields from these existing facilities are easily shielded by objects and materials that conduct
electricity, even those that conduct electricity poorly, such as trees or buildings, while magnetic fields
are not easily shielded or weakened by objects or materials (NIEHS 2002). As noted above in
Section 1.4, most people in the United States are exposed daily to magnetic fields of 2 mG or less,
on average (NIEHS 2002).
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Under the No Action Alternative, bus bars within the existing substations and/or any underground
cables between transformers and bus bars can produce higher magnetic fields outside the substation
boundary than what is produced by the incoming/outgoing power lines. However, no sensitive
receptors were identified within 500 feet from the existing electrical power facilities. The nearest
sensitive receptors to existing transmission lines are residences and other occupied structures
adjacent to the existing 12.47 kV underground line at the Twin Cities substation in the city of
Hildale, Utah. In underground electric lines, magnetic fields tend to be lower than those produced
by overhead lines. However, the conductors may only be 3 feet below ground instead of 30 feet
above ground, so they can be approached more closely for maintenance. The net result is that the
magnetic field is usually significantly lower for the sides of the underground cable than for the
equivalent overhead line, but on the line of the route itself the field can be higher (WHO 2007).
Existing literature reports that magnetic fields from a 33-kV underground line can be 10 mG directly
above the centerline and quickly drop to 1.5 mG at 33 feet (WHO 2007).

2.2 Southern Alternative
EMFs would be produced by new or upgraded electrical transmission lines and associated electric
power facilities constructed as part of the Proposed Project. All proposed electric power
transmission lines and associated facilities (e.g., water intake system on Lake Powell, Glen Canyon
substation, BPSs, inline hydrostations, and the Sand Hollow terminal station) would produce EMFs.
Table 2.2-1 lists the sensitive receptors identified within 500 feet of the electric power facilities
under the Southern Alternative and the land manager or owner of the property on which the electric
power facility would be located. As described in Section 1.2, above, public and occupational
exposure to EMFs is generally reported within 300 feet from a source. This analysis considers a
conservative radius of 500 feet from the Proposed Project electrical facilities to discuss the potential
public and occupational effects at sensitive receptors (e.g., exposure at occupied buildings, such as
residences, schools, offices, and commercial buildings). No changes to the existing Paria, Buckskin,
and Twin Cities substations are proposed as part of the Southern Alternative; therefore, EMFs from
these substations would be the same reported for the No Action Alternative.
2.2.1 Qualitative Electric and Magnetic Field Analysis
Table 2.2-2 shows estimated magnetic field levels that would be generated by Proposed Project
electric power facilities at various distances. Because electric fields are easily shielded, it is unlikely
that electric fields generated by Proposed Project would result in measurable increases in electric
fields in the nearest sensitive receptors or within the bodies of people outside of the Proposed
Project ROW or the boundaries of Proposed Project facilities. As noted above in Section 1.4, most
people in the United States are exposed daily to magnetic fields of 2 mG or less, on average (NIEHS
2002). Magnetic fields produced by transmission lines that would be constructed and operated as
part of the Proposed Project would degrade below 2 mG within 300 feet of the line and would not
result in measurable variations in magnetic field measurements at distances greater than 300 feet.
Unlike higher frequency ionizing radiation, EMFs associated with power lines and associated
electrical facilities do not have enough energy to remove electrons. The EMFs generated by electric
power facilities and the level of exposure associated to this source depend on multiple factors,
including the size and configuration of electrical components, their distance from the receptor, and
the amount and type of shielding between the electrical component and receptor. Electric fields are
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easily shielded by objects and materials that conduct electricity, even those that conduct electricity
poorly, such as trees or buildings, while magnetic fields are not easily shielded or weakened by
objects or materials (NIEHS 2002).
The strength of the electric fields from electrical equipment within substations and proposed
switchyards decreases rapidly with increasing distance. Beyond the substation or switchyard fence or
wall, the electric fields produced by the substation equipment are typically indistinguishable from
background levels (NIEHS 2002). However, bus bars within the substation and/or any underground
cables between transformers and bus bars can produce higher magnetic fields outside the substation
boundary than what is produced by the incoming/outgoing power lines.
Table 2.2-1 Sensitive Receptors within Approximately 500 Feet of Proposed Project Electric Power
Facilities (Southern Alternative)
Distance to
Land
Voltage
Nearest
Facility
Manager/
Receptor Description
(kV)
Receptor
Owner
(feet)

BPS-1 (center of pump building)
BPS-1 transmission line
Glen Canyon to Buckskin line
BPS-2 transmission line
BPS-2 transmission line
HS-3 (center of generator
building)
HS-3 transmission line

NPS
NPS
Reclamation
State
State
Private

69
69
230
138
138
12.47

415
365
500
75
425
510

ADOT maintenance building
ADOT maintenance building
Communication tower building
Communication tower building
Water tank maintenance building
Commercial scrap yard

Private

12.47
(buried)

0

HS-4 transmission line
Sand Hollow Terminal Station
transmission line
Sand Hollow Terminal Station
transmission line
Sand Hollow Terminal Station
transmission line
Sand Hollow Terminal Station
transmission line
Sand Hollow Terminal Station
transmission line
Sand Hollow Terminal Station
transmission line

Private
State/Private

69
69

140
150

Directly adjacent to multiple
commercial properties in Hildale,
Utah
Youth therapy facility buildings
Recreational camp site

State/Private

69

250

Recreational camp site

State/Private

69

300

Parking maintenance building

State/Private

69

100

Boat rental building

State/Private

69

200

Groundwater pump building

State/Private

69

180

Residence

Source: Data from UBWR 2020a, 2020b, 2020c
Key:
ADOT = Arizona Department of Transportation
BPS = booster pump station
HS = hydrostation
kV = kilovolt
NPS = National Park Service
Reclamation = Bureau of Reclamation
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Table 2.2-2 Estimated Magnetic Field Levels Generated by Project Components (mG)
Maximum
Usage/
Facility
field (on
Distance from Component
Load
ROW)
15 m
30 m
61 m
91 m
(49 ft)
(98 ft)
(200 ft)
(299 ft)

69 kV transmission line(a)
138 kV transmission
line(b)
230 kV transmission line
34.5 kV transmission
line(c)
12.47 kV Underground
transmission line(d)

Average
Peak
Average
Peak
Average
Peak
Average
Peak

30
63
58
118
58
118
30
63

Typical
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7
14
20
40
20
40
7
14
5m
(16 ft)
2.9

2
4
7
15
7
15
2
4
10 m
(33 ft)
1.5

0.4
0.9
1.8
3.6
1.8
3.6
0.4
0.9
20 m
(66 ft)
0.7

0.2
0.4
0.8
1.6
0.8
1.6
0.2
0.4

Source: WHO 2007
Notes:
(a) Estimates of magnetic fields that would be produced by a 69 kV transmission line is not available. Estimated
measurements for a 115-kV transmission line have been included as a conservative proxy. Magnetic field
measurements for the 69 kV transmission line that would be constructed and operated as part of the Proposed
Project would be lower than the measurements shown in the table.
(b) Estimates of magnetic fields that would be produced by a 138-kV transmission line are not available. Estimated
measurements for a 230-kV transmission line have been included as a conservative proxy. Magnetic field
measurements for the 138 kV transmission lines that would be constructed and operated as part of the Proposed
Project would be lower than the measurements shown in the table.
(c) Estimates of magnetic fields that would be produced by a 34.5 kV transmission line are not available. Estimated
measurements for a 115-kV transmission line have been included as a conservative proxy. Magnetic field
measurements for the 34.5 kV transmission line that would be constructed and operated as part of the Proposed
Project would be lower than the measurements shown in the table.
(d) Estimates of magnetic fields that would be produced by a 12.47 kV underground transmission line are not
available. Estimated measurements for a 33-kV transmission line buried at a depth of approximately 0.5 meters (2
feet) have been included as a conservative proxy. Magnetic field measurements for the 12.47 kV transmission line that
would be constructed and operated as part of the Proposed Project would be lower than the measurements shown in
the table.
Key:
ft = feet
kV = kilovolts
m = meter
ROW = right-of-way

2.2.2 Quantitative Magnetic Field Analysis
This analysis focuses on the proposed electric power facilities listed in Table 2.2-1, above, that are
located less than 300 feet away from occupied structures and associated human receptors,
specifically:
EMFs from the proposed hydrostation (HS)-4 69 kV transmission line, located 140 feet
away from a youth therapy facility building.
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EMFs from the proposed switchyard and transmission line connecting to the Sand Hollow
hydrostation, which is less than 200 feet away from multiple commercial and government
recreation facilities.
This quantitative analysis does not include the proposed underground 12.47 kV line connecting HS3 with the existing Twin Cities substation, since it is expected that the magnetic field at both sides of
the underground cable would be significantly lower than for the equivalent overhead line. As shown
in Table 2.2-2, above, magnetic fields from a low voltage underground line would be well below the
most restrictive occupational and general public exposure limits listed in Table 1.1-1, above.
Therefore, no quantitative analysis was performed for this Proposed Project component.
The fields associated with the two new 69 kV overhead lines depend on the geometry of the
conductors. The Draft Plan of Development includes some typical proposed geometries for 69 kV
lines as shown on Figure 2.2-1 (see Appendix E, Plan of Development).

Figure 2.2-1 Typical Pole Top Geometries for Single Circuit 69 kV Overhead Line
Figure 2.2-1 shows a single circuit overhead line, and it has been advised that both the HS-4 and
Sand Hollow Terminal Station overhead lines would be double circuits (UBWR 2020b). A
conservative estimate of the double circuit geometry is assumed for the modelling based on the
following:
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Conductor spacing of 12 feet. As the distance between conductors increases, the magnetic
fields at ground level would also increase. The distance between overhead line conductors at
69 kV typically ranges from 5 feet to 12 feet depending on the span lengths.
Circuit spacing of 16 feet. This is based on the use of 7-foot post insulators either side of a
2-foot-diameter pole, which is typical for 69 kV double circuits.
Ground clearance of 26 feet. This is based on minimum National Electric Safety Code
(ground clearance plus typical design margin. As the ground clearance reduces, the magnetic
fields at ground level would increase. Assuming minimum National Electric Safety Code
ground clearance is a conservative assumption as the actual conductor would sag and would
only reach 26 feet ground clearance at the lowest point in the span.
The magnetic fields at ground level also depend on the electrical current flowing through the line. As
the line current increases, the magnetic field levels also increase. The following information was
provided by the Proponent (UBWR 2020b):
The current through the HS-4 transmission line would be 2.5 megavolt amperes, which
corresponds to a 21 A line current (10.5 A per circuit).
The current through the Sand Hollow Terminal Station transmission line would be 6
megavolt amperes, which corresponds to a 50 A line current (25 A per circuit).
The three conductors of a three-phase circuit operate 120 degrees out of phase with one another.
The relative phasing between the two circuits of a double circuit line affects the magnetic field levels.
The phasing can be optimized to either reduce the fields directly below the line, or to reduce the
fields at the edge of the ROW, but not both. Typically, a change in magnetic fields of 10% to20%
can be realized by optimizing the phasing configuration. For this analysis, no phasing optimization
was assessed since the magnetic fields associated with the overhead lines would be very low, and
phasing optimization would not be necessary. Figures 2.2-2 and 2.2-3 show the projected magnetic
field levels that would be produced by the HS-4 overhead line and Sand Hollow overhead line at
various distances from the line.
The modelling results indicate that the maximum contribution to the existing magnetic field
environment due to the HS-4 and Sand Hollow Terminal Station 69 kV transmission lines would be
1.9 mG and 4.3 mG, respectively.
It is important to note that the field contribution for both lines would decay to less than 0.5 mG by
the nearest sensitive receivers. This would be in the same order of magnitude as the expected
background magnetic field levels.
Table 2.2-3, below, shows estimated magnetic field levels at the nearest sensitive receptors within
approximately 500 feet of electrical facilities that would be constructed or upgraded as part of the
Proposed Project. As shown in the table, magnetic field levels would be below background levels at
most sensitive receptors, with the exception of the closest receptors to the BPS-2 transmission line
and the HS-3 buried transmission line. While magnetic field levels at the communication tower
building and commercial properties near these facilities are estimated to exceed background levels,
these magnetic field levels would not exceed the guideline exposure limits shown in Table 1.1-1,
above. Therefore, potential effects were not determined to be adverse. In addition, these facilities
are not continuously occupied, which would limit the exposure of occupants to magnetic fields
generated by Project facilities.
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Table 2.2-3 Estimated Magnetic Field Levels at Nearest Sensitive Receptors by Project Facility
(Southern Alternative)
Distance to
Magnetic
Voltage
Nearest
Receptor
Fields Above
Facility
Basis
(kV)
Receptor
Description
Background
(feet)
Levels?

BPS-1 (center of pump
building)

69

415

ADOT
maintenance
building

No

BPS-1 transmission line

69

365

ADOT
maintenance
building

No

Glen Canyon to Buckskin
line

230

500

Communication
tower building

No

BPS-2 transmission line

138

75

Communication
tower building

Yes

BPS-2 transmission line

138

425

Water tank
maintenance
building

No

HS-3 (center of generator
building)

12.47

510

Commercial
scrap yard

No

HS-3 transmission line

12.47
(buried)

0

Directly
adjacent to
multiple
commercial
properties in
Hildale, Utah

Yes

HS-4 transmission line

69

140

No

Sand Hollow Terminal
Station transmission line

69

100

Youth therapy
facility buildings
Boat rental
building

No

Estimated
magnetic field
levels shown in
Table 2.2-2.
Estimated
magnetic field
levels shown in
Table 2.2-2.
Estimated
magnetic field
levels shown in
Table 2.2-2.
Estimated levels
would be below
guidelines shown
in Table 1.1-1.
Facility is not
regularly occupied.
Estimated
magnetic field
levels shown in
Table 2.2-2.
Estimated
magnetic field
levels shown in
Table 2.2-2.
See discussion in
Section 2.2.2.
Estimated levels
would be below
guidelines shown
in Table 1.1-1.
Facilities are not
continuously
occupied.
See discussion in
Section 2.2.2.
See discussion in
Section 2.2.2.

Source: Data from UBWR 2020a, 2020b, 2020c
Key:
ADOT = Arizona Department of Transportation
BPS = Booster pump station
HS = Hydrostation
kV = kilovolt
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Figure 2.2-2 Contribution to the Existing Magnetic Field Environment from
HS-4 Overhead Line

Figure 2.2-3 Contribution to the Existing Magnetic Field Environment from
Sand Hollow Overhead Line
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Based on the information provided in Sections 2.2.1. and 2.2.2 above, the sensitive receptors that are
closest to the Proposed Project electric power facilities would not be exposed to magnetic fields
above the most stringent occupational and general public magnetic field exposure limits listed in
Table 1.1-1. Therefore, effects associated with EMF exposure would not be adverse over the
operational life of the Proposed Project.
2.2.3 Mitigation Measures
Minor changes to the EPMs should be implemented to meet agency-specific goals and objectives for
management of EMF resources.
There are no EMF mitigation measures required under this alternative. EMF reduction strategies are
generally included in the Proposed Project design features.

2.3 Highway Alternative
The sensitive receptors and estimated magnetic field levels discussed above in Section 2.2 for the
Southern Alternative are applicable to the Highway Alternative. The effects discussed throughout
Section 2.2 are also the same as discussed for the Southern Alternative.
2.3.1 Mitigation Measures
EMF mitigation measures are not required under this alternative. EMF reduction strategies are
generally included in the Proposed Project design features.

2.4 Comparative Analysis of Alternatives
Effects under both Proposed Project alternatives are identical, since the Proposed Project electric
power facilities would have the same location and technical specifications. Table 2.4-1 summarizes
the effects of the Proposed Project by land management agency.
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Table 2.4-1 Summary of Effects from Each Alternative by Agency
Agency

Alternative
BLM

No Action
Southern
Alternative

Highway
Alternative

Tribe

NPS

Reclamation

The No Action Alternative would result in no effect on the environment or public
health as a result of changes in existing EMF levels.
No electric power No electric power BPS-1 and the BPS- The Glen Canyon to
facilities would be facilities would be 1 transmission line
Buckskin line would
constructed or
constructed or
would be
be constructed on
upgraded on BLM upgraded on
constructed on NPS Reclamation land
land within 500
Tribal-managed
land within 500 feet within 500 feet of one
feet of receptors.
land within 500
of one receptor, an
receptor, a
feet of receptors.
ADOT maintenance communication tower
building. Magnetic
building. Magnetic
field levels would be field levels would be
below background
below background
levels at this
levels at this receptor.
receptor.
Effects to the receptors of EMFs, as a result of new electrical transmission lines and
new or upgraded electric power facilities, would be identical to those discussed for the
Southern Alternative.

Key:
ADOT = Arizona Department of Transportation
Tribe = Kaibab Band of Paiute Indians
BLM = Bureau of Land Management
BPS = booster pump station
EMF = electric and magnetic field
NPS = National Park Service
Reclamation = Bureau of Reclamation
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Glossary
Bus bar(s). An uninsulated metallic strip or bar used to connect high voltage equipment at electrical
switchyards, allowing cooling of conductors and additional points of connection between pieces of
equipment.
Electric and magnetic fields (EMFs). Invisible areas of energy or radiation produced by the
movement of electrons and are produced by power transmission and distribution lines, wiring, and
electrical appliances (National Cancer Institute n.d.). Man-made EMFs are caused by electrical
devices and are characterized by their wavelength, amplitude (strength), and the frequencies at which
they alternate—that is, the rate at which the fields change direction each second. Overhead
transmission and distribution lines produce EMFs. At a distance of 300 feet and at times of average
electricity demand, the magnetic fields from electric transmission lines could be similar to typical
background levels found in most homes.
Extremely Low Frequency (ELF) EMFs. Occupy the lower part of the electromagnetic
spectrum in the frequency range 0-3000 Hz. All alternating current electrical lines in the United
States, including the electrical transmission lines proposed as part of the Proposed Project, have a
frequency of 60 cycles per second or 60 Hertz.
Electric fields. Occur in nature; an example of which are the electric fields caused by the build-up
of electric charges in the atmosphere during air turbulence and other atmospheric activity like
thunderstorms (NIEHS 2002; WHO n.d.). Electric field strength is measured in kilovolts per meter.
Magnetic fields. Also occur in nature. An example is the Earth’s geomagnetic field, which causes a
compass needle to orient in a north-south direction, and is used by migrating animals, such as birds
and marine mammals, for navigation (NIEHS 2002; WHO n.d.). Magnetic fields result from the
flow of electrical current through wires or other electrical devices and increase in strength as the
current increases. In the United States, magnetic fields are typically measured in mG.

Acronyms
ACEC
BPS
ELF
EMF
HS
IARC
kV
m
mG
NIEHS
ROW
SCENIHR
WHO

Kanab Creek Area of Critical Environmental Concern
booster pump stations
extremely low frequency
electric and magnetic field
hydrostation
International Agency for Research on Cancer
kilovolt
meters
milligauss
National Institute of Environmental Health Sciences
right-of-way
Scientific Committee on Emerging and Newly Identified Health Risks
World Health Organization
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1 Introduction/Affected Environment
This section includes a description of the existing environmental setting for the consideration of air
quality and an evaluation of the potential effects from specific proposed Lake Powell Pipeline
Project (LPP, or Proposed Project) components on these baseline conditions. The purpose of the
analysis, as originally defined in the 2008 Air Quality Study Plan prepared for the Federal Energy
Regulatory Commission (FERC), is to identify potential effects from Proposed Project air emissions
during construction and operation, document the potential influence of emissions on human and
wildlife receptors, and identify measures to mitigate effects from the various sources, as necessary.
Information provided in this section draws upon the LPP Final Study Report 1 - Air Quality
(UBWR 2016). This section also includes discussion of greenhouse gas (GHG) emissions for the
proposal action and climate change effects.
The affected environment encompasses the areas surrounding the LPP facilities and construction
activities that could be potentially affected by air emissions from construction and operational
activities, including emissions from equipment and the generation of particulate matter (PM) or dust.
The assessment of effects is determined through the identification of the areas that have the
potential to exceed National Ambient Air Quality Standard (NAAQS) limits within the impact
corridor. It also considers air quality effects on areas of possible cultural sensitivity, tourism,
environmental sensitivity, special status species, sensitive wildlife habitats, locations of economic or
perceived aesthetic value, relatively dense population areas, or Class I areas (wilderness areas, parks,
etc.) in accordance with Clean Air Act (CAA) requirements.

1.1 Regulatory Framework
This section describes the rules, regulations, plans, and policies applicable to the Proposed Project
construction and operation activities.
1.1.1 Federal Regulations
1.1.1.1 Air Quality

The CAA (42 United States Code Section 7401) requires that federal standards be set to limit the
maximum levels of pollutants in the outdoor air. Per the CAA, each state is responsible for
developing plans to achieve and maintain the federal standards, known as state implementation
plans (SIPs). The rules set forth in the plans are enforced by the states; however, the rules are also
federally enforceable once the plans have received federal approval. These plans are the framework
for each state’s program to protect air quality.
The CAA also establishes the NAAQS for six criteria pollutants: carbon monoxide (CO), lead (Pb),
nitrogen dioxide (NO 2 ), particulate matter with a nominal aerodynamic diameter of less than 10
micrometers (particulate matter 10 micrometers or less; PM 10 ), and fine particulates with a nominal
aerodynamic diameter of less than 2.5 micrometers (particulate matter 2.5 micrometers or less;
PM 2.5 ). Areas in which levels of a criteria pollutant measure below the NAAQS are designated
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“attainment” areas; when a designated air quality area or airshed within a state exceeds the NAAQS,
that area may be designated a “non-attainment” area. An unclassified designation indicates that the
status of attainment has not been verified through data collection. However, this is typical of rural
areas, where air quality is assumed to meet the NAAQS because few air emission sources are
present.
In areas where the air quality has improved to the point that the NAAQS are no longer exceeded, a
maintenance plan is prepared to demonstrate how the air would be kept clean for the next 20 years
or longer. These maintenance plans become part of the SIP.
The CAA and subsequent amendments have provided the authority and framework for the U.S.
Environmental Protection Agency (EPA) regulations of ambient air and pollutant emission sources.
It gives federal land managers certain responsibilities and opportunities to participate in decisions
being made by regulatory agencies that might affect air quality in federally protected Class I areas.
1.1.1.2 State Regulations

The SIPs in Utah and Arizona apply to the entire state, but most elements are primarily focused on
the population centers in each respective state where non-attainment areas exist. Washington and
Kane Counties in Utah and Mohave and Coconino Counties in Arizona are considered to be in
attainment for all NAAQS (ADEQ n.d.; UDEQ 2020).
The Utah SIP has identified parks, including Zion National Park, to be protected from Significant
Deterioration of Air Quality. This also includes visibility protection in Zion National Park.
Consideration of effects on visibility in Zion National Park is included in this evaluation because
portions of the park are in the vicinity of the Proposed Project.
Federal permitting standards are maintained by the Department of Environmental Quality in Utah
and the Department of Environmental Quality in Arizona. In Utah, the administrative code for air
quality is Title R307 (Utah Department of Administrative Services 2020). In Arizona, the Revised
Statutes that cover air quality are included in Title 49, Chapter 3 (401-593) (Arizona State Legislature
2020). Stationary Reciprocating Internal Combustion Engines are regulated under Part 63-NESHAP Subpart ZZZZ Stationary Reciprocating Internal Combustion Engines (EPA 2020a).
Sources can be exempted from being required to receive an approval order if they emit:
Less than 5 tons/year of sulfur dioxide (SO 2 ), CO, nitrogen oxides (NO X ), PM 10 , ozone
(O 3 ), or volatile organic compounds;
Less than 500 pounds per year of any hazardous pollutant and less than 2,000 pounds per
year of any combination of hazardous air pollutants; and
Less than 500 pounds per year of any air contaminant not listed above and less than 2,000
pounds per year of any combination of air contaminants not listed above (EPA 2020a).
1.1.2 Local Regulations
Dust control permits may be required for a construction contract in accordance with local, county,
and/or state requirements. The permits would contain a Dust Control Plan listing all construction
activities that would occur and the industry standards or practice that would be used to mitigate
construction dust.
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1.2 Methodology
1.2.1 Air Quality
The LPP Final Study Report 1 – Air Quality (UBWR 2016) included an evaluation of the air quality
effects resulting from the Proposed Project alternatives as defined in the FERC application, which
included the Southern and Highway Alternatives, as well as additional variations and alternatives.
The methodology for the analysis of air quality is described in Section 2.2, below. The methods
described in the LPP Final Study Report 1 - Air Quality (UBWR 2016) are utilized for this analysis.
Emissions from the Proposed Project would include exhaust from facility- and construction-related
equipment. The facilities would not be anticipated to include any combustion equipment, except for
possible backup generators. The facilities (pump stations and hydrostations) would use electricity
and have little or no pollutant emissions from standard operations; therefore, pollutant emissions
from operations have not been quantified. The primary concern for this analysis is from emissions
associated with construction activities. Construction emissions would be localized and short term
(i.e., limited to the six-year construction period) and may also be subject to permitting and regulatory
requirements.
Particulate emissions from operations have not been quantified or carried forward for analysis;
however, particulate emissions would result from the construction of the pipeline and associated
facilities, which would require installation through native soils and rock. These activities were
analyzed to characterize and quantify the pollutants and dust resulting from the operation of the
required construction equipment.
Air pollutant levels would be considered to have a significant effect on human receptors if they are
above NAAQS levels. Potential human receptors are defined as persons in the area that could
potentially receive or be affected by the air pollutants created by the Proposed Project, such as
persons working on construction sites, visitors, tourists, and local residents.
The air quality analysis in the LPP Final Study Report 1 - Air Quality (UBWR 2016) was performed
by reviewing existing information and data and calculating probable emission air pollution levels
consistent with EPA-approved methodologies. The analysis included the following elements:
Determine background levels of pollutants;
Determine if there are any existing areas of non-attainment;
Determine typical construction layout for emissions;
Calculate potential emissions from construction of the Proposed Project;
Calculate potential emissions from operation of the Proposed Project;
Utilize EPA’s SCREEN3 Model to provide maximum ground-level concentrations from
emission sources (EPA 2020b) and levels of pollutants at various distances from the point
sources;
Compare dispersion model results to significance criteria (i.e., NAAQS) to determine if
significant air quality impacts would occur; and
Document air quality effects that are expected to occur.
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1.2.2 Greenhouse Gas Emissions and Climate Change
GHGs are gas emissions that trap heat in the atmosphere. These emissions occur from natural
processes and human activities. Scientific evidence indicates a trend of increasing global temperature
over the past century due to an increase in GHG emissions from human activities. The climate
change associated with this global warming is predicted to produce negative environmental,
economic, and social consequences across the globe.
Global climate change is a current effect and will continue to threaten ecosystems, water resources,
coastal regions, crop and livestock production, and human health. These changes would occur
regardless of the Proposed Project. The analysis of GHG emissions from the proposed action
provides a proxy for climate effects from the LPP.
A discussion of cumulative effects is provided in Appendix C-25, Cumulative Effects.

1.3 Environmental Protection Measures
Environmental Protection Measures (EPMs) as outlined in the LPP Plan of Development (POD)
are measures or procedures that are part of the Proposed Project and would be implemented as
standard practice, including measures or procedures that could reduce or avoid adverse impacts
(UDWRe 2020; provided in Appendix E, Plan of Development). EPMs would be applied regardless
of landownership, except where the jurisdictional agency or landowner determines changes to the
EPM(s) would ensure greater consistency with governing statutes, policies, or plans. Proper
communication and coordination would occur with the jurisdictional agency, private landowner, etc.,
to ensure changes to EPMs are modified and applied appropriately.
The following EPMs from the POD apply to air quality:
B.10.1. Dust control permits will be obtained for each construction contract in accordance with
local, county and/or state requirements. The permits will contain a Dust Control Plan listing all
construction activities that will occur and the best management practices (BMPs) that will be used to
mitigate construction dust. The BMPs will include site-specific dust control measures that are based
on each project soil type, specific construction activities, phases and stages. They may include:
Moisture conditioning of construction materials
Controlling dust on access roads
Covering or stabilizing soil with vegetation
Using phased construction
Limiting size and number of ingress and egress points
Limiting size of staging areas
Limiting vehicle speeds on the work site to minimize dust generation
Proactive measures to prevent unauthorized access to disturbed areas
Application of track-out controls
B.10.2. The Utah Division of Water Resources (UDWRe) will comply with all requirements of
applicable dust control permits.
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B.10.3. Any dust palliative, dust suppressant, or tackifier used within threatened and endangered
species habitat or active drainages will be approved by the Bureau of Land Management (BLM).
BLM will coordinate with the U.S. Fish and Wildlife Service as needed.
B.10.4. Operating permits will be obtained as required from the local county and/or the state for
stationary sources as necessary, such as aggregate rock handling equipment, rock crushers,
conveyors, and screening equipment which may emit particulate matter. UDWRe will comply with
all requirements of the operating permits.
B.10.5. Operating permits will be obtained for combustion equipment such as stationary internal
combustion engines (greater than 250 horsepower) used during construction or operation of the
project. The Operating Permit will include operating requirements, reporting requirements and
pollutant emission limits.
B.10.6. Active construction sites and unpaved roads used for construction will be watered or a
chemical dust suppression approved by the BLM will be applied, as needed, to maintain effective
dust control.
B.10.7. Equipment will be operated conservatively, which means the operator will not throttle the
engine excessively and will keep engine speed as low as necessary to perform required tasks. In
addition, the operator will not leave equipment running or idling needlessly.

1.4 Existing Conditions
The existing air quality in the affected environment is expected to be typical of undeveloped regions
in the western United States, where there are low concentrations of development and, therefore, low
concentrations of combustion-related air emissions sources. Data collected in the affected
environment are limited. Areas with limited ambient air quality data typically indicate that ambient
pollution levels are usually near or below detection limits. Locations vulnerable to air quality effects
include the areas immediately surrounding surface-disturbing activities, such as energy and mineral
development projects, farm tilling, and local population centers affected by residential emissions.
Existing air quality conditions in the affected environment are assumed to be typical of desert, rural
areas with low pollutant levels and occasional fugitive dust storms.
The LPP Final Study Report 1 - Air Quality (UBWR 2016) provides a description of existing air
quality conditions, regional air quality data, and meteorological conditions. Much of the region is
described as having an arid to semi-arid climate. Precipitation has ranged from less than 10 inches
per year near St. George to nearly 20 inches per year south of Cedar City. Temperatures in the
region are extreme, with maximum temperatures over 100 degrees Fahrenheit in the summer and
minimum temperatures below 0 degrees Fahrenheit in the winter. Average air quality conditions and
meteorological conditions in the region have not changed in the four years since the 2016 report. As
previously mentioned, Washington and Kane Counties in Utah and Mohave and Coconino Counties
in Arizona are considered to be in attainment for all NAAQS (ADEQ n.d.; UDEQ 2020).
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Fugitive dust is a type of nonpoint source air pollution with small airborne particulate matter (PM)
that does not originate from a specific point, such as a gravel quarry or grain mill. Fugitive dust
originates in small quantities over large areas. Fugitive dust can originate in large amounts, although
this is usually short term (except during wind events). The PM in fugitive dust is generally a mixture
of dust from various sources (e.g., soot is from combustion emissions, but is also PM) and is usually
labeled as PM 10 or PM 2.5 . Sources of fugitive dust include, but are not limited to, unpaved roads,
agricultural cropland, desert areas, and construction sites.
There may be significant health considerations resulting from overexposure to PM. These particles
are sufficiently small to become embedded in human lung tissue, causing or exacerbating respiratory
diseases and cardiovascular problems. Other negative effects include reduced visibility and
accelerated deterioration of buildings.

2 Results/Environmental Consequences
2.1 No Action Alternative
Under the No Action Alternative, there would be no new long-term or short-term emission sources,
and no surface disturbances that would generate fugitive dust emissions.

2.2 Southern Alternative
This section describes the effects on air quality that are associated with the Southern Alternative.
2.2.1 Construction
2.2.1.1 Air Quality

The LPP Final Study Report 1 – Air Quality (UBWR 2016) includes quantification of criteria
pollutant emissions from construction, including dispersion calculations emissions. The potential
maximum pollutant concentrations were calculated for typical construction activities associated with
the construction of pipelines and facilities, including trucks, dozers, loaders, dump trucks, and
excavators. The effort to construct transmission lines was assumed to not create as many pollutants
as the pipeline or facility construction; therefore, it is conservative to estimate pollution from the
transmission line construction by using the emissions estimates from pipelines and facilities
construction.
To assess the effects of these air emissions, the EPA’s SCREEN3 Model was used in the LPP Final
Study Report 1 – Air Quality (UBWR 2016) to calculate dispersion of pollutants from point sources
and determine levels of pollutants at various distances from the point sources. The SCREEN3
Model conservatively provides maximum ground-level concentrations from emission sources (EPA
2020b), including area and volume sources typically evaluated from construction operations.
Pollutant levels of CO, NO 2 , PM 10 , and SO 2 were calculated to determine the distance from the
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activities that result in exceedances of the NAAQS for these pollutants. Background data were
provided by the Utah Division of Air Quality, as presented in the LPP Final Study Report 1 – Air
Quality (UBWR 2016). Table 2.2-1 provides a summary of the resulting pollutant dispersion
concentrations at 300 feet from the source and at the point (distance) of NAAQS concentrations
(distance of pollutant dispersion zone). The estimates were evaluated for different types of
construction activities, covering construction of the pipeline, facilities, and transmission lines (LPP
Final Study Report 1 – Air Quality [UBWR 2016]). The results of the pollutant dispersion modeling
show that all criteria pollutants disperse to concentrations below NAAQS standards at a distance
less than 643 feet from the source. Most of the PM would be dispersed or settle out of the air before
it leaves the construction area (LPP Final Study Report 1 – Air Quality [UBWR 2016]). The PM
levels are conservative estimates, and most of the construction effort would emit significantly less
PM and would disperse at shorter distances.
Table 2.2-2 indicates that construction activities at BPS-1 would require the largest area of daily
construction and, therefore, would produce the most particulate matter and fugitive dust.
Table 2.2-1 Pipeline and Facility Construction Pollutant Dispersion
Background
Concentration
NAAQS
Concentration
at 300 Feet
Concentration
Pollutant
3
3
3
)
)
)
Pipeline and Facility Construction Pollutant Dispersion (
)

CO (8-hour
estimates)
CO
NO 2 (estimates of
annual mean)
NO 2
PM 10 (24-hour
estimates)
SO 2

3,206

Distance to NAAQS
Concentration
(feet)

13,524

10,000)

528

4,809 (1-hour)
23

29,325

40,000 (1-hour)

<300

191

100

640

37 (1-hour)
83

191

189 (1-hour)

467

429

150

643

Not available

97

196 (1-hour)

<300

Source: LPP Final Study Report 1 – Air Quality (Table 3-7, 3-9 [background concentrations]) (UBWR 2016)
Key:
3

NO 2
PM 10
SO 2

Table 2.2-2 provides a summary of estimated daily particulate emissions. Information is
incorporated from the LPP Final Study Report 1 - Air Quality and adapted to account for those
elements that are part of the Proposed Project under the Southern Alternative (UBWR 2016).
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Table 2.2-2

PM 10
Area of Active
Construction
(acres)

Activity

IPS-1 Pump Station
BPS1
BPS2
BPS3
BPS4
High Point Regulating
Tank (Reg Tank -2)
HS1
HS2
HS3
HS4
Hurricane Cliffs Waterway
Sand Hollow Station
Pipeline Construction

TSP

(

PM 10

,

PM 10

Total

50%
suppression)

4.6
13.1
5.5
4.1
3.6
2

181
515
217
163
143
79

27
77
33
24
21
12

0.60
0.60
0.60
0.60
0.60
0.60

28
78
33
25
22
12

3.1
4.6
4
1.7
9.4
2.1
2.3

122
181
158
68
371
82
181

18
27
24
10
56
12
27

0.60
0.60
0.60
0.60
0.60
0.60
0.60

19
28
24
11
56
13
28

Source: LPP Final Study Report 1 – Air Quality (Table 3-5) (UBWR 2016)
Key:
HS =
IPS =
lbs = pounds
PM 10
TSP = total suspended pollutants

The Southern Alternative water conveyance system would be routed near several residential and
recreational areas, which could possibly affect human receptors during construction on a localized,
short-term basis. Most residential areas are outside the pollutant dispersion zone. Residential areas
were not identified along the eastern portion Southern Alternative from the High Point Regulating
Tank 2 to the intersection of Yellowstone Road with Highway 389. Therefore, human receptors
would not be affected by construction emissions along these sections of the Southern Alternative
other than occasional visitors, whose activities and presence are temporary in nature. The proposed
pipeline alignment from the Yellowstone Road-Highway 389 intersection to Sand Hollow Reservoir
is shared by the Southern and Highway Alternatives. Residential and potential visitor areas were
identified along this portion of the alignment. Most air quality effects (e.g., high emissions) would be
localized and short term, because they could only occur during construction at the particular
location and would be corrected with EPMs to address dust issues.
Emissions during construction of the Southern Alternative would not produce ambient air
exceedances of the NAAQS beyond the construction boundary. Most of the fugitive dust would
disperse or settle out of the air to concentrations below the NAAQS criteria within the construction
site boundary. EPMs were included in the POD (UDWRe 2020; provided in Appendix E, Plan of
Development) to address fugitive emissions. If the NAAQS standards are exceeded despite the
planned mitigation, it is unlikely this would result in a violation of the NAAQS that would require a
change in the attainment designations for the areas since construction emissions are temporary. All

8

construction equipment emissions below the NAAQS criteria would have minimal, short-term,
unavoidable adverse effects on air quality.
Residents living within the dispersion zone could be temporarily affected by pollutant levels above
NAAQS, but these direct effects would be mitigated by implementing the EPMs. In addition, many
of the NAAQS are based on annual mean values or other averaged values, thereby reducing the
effect of temporary construction emissions. Wildlife receptors in the area are expected to
temporarily relocate during construction and should not be affected by the Proposed Project
emissions because primary NAAQS are not exceeded outside the dispersion zone. Wildlife resources
are expected to return to the area following construction completion. The Draft Environmental
Impact Statement (DEIS) Section 3.14, Sensitive Species – Fish and Wildlife provides additional
information on the potential effects associated with wildlife.
During construction of the Proposed Project, the generation of combustion-related emissions and
fugitive dust associated with the Proposed Project would not affect visibility in national parks or
starry night observations. Dust emissions would be localized and short term, and controlled by
EPMs; therefore, they would not cause dust plumes or haze that would affect general visibility from
nearby national parks and monuments. While not identified in the Utah SIP as Class I sites, the
BLM has established the additional priorities of Glen Canyon National Recreational Area and Pipe
Spring National Monument, where one of the important features of the monument is the view
across the Arizona Strip and the quality of the air. Dust emissions may be visible from Pipe Springs
National Monument, because it has a view that includes the Southern Alternative. The visual effects
of the Proposed Project are addressed in detail in the DEIS Section 3.16, Visual Resources, and in
Appendix C-19, Visual Resources.
2.2.1.2 Greenhouse Gas Emissions and Climate Change

Table 2.2-3 summarizes the annual CO 2 emissions from construction of the Southern Alternative.
Construction activities associated with the Southern Alternative would contribute to GHG
emissions, but such emissions would be short term and would not be discernible at a regional scale.
Table 2.2-3
Year 1

Laborer Trips
Haul Truck
Trips(a)
Equipment Use(a)
Totals

Annual CO 2
Year 2
Year 3

Year 4

Year 5

Year 6

646
1,643

1,205
1,643

1,405
1,643

3,744
3,833

3,336
3,833

2,068
3,833

8,187
10,456

8,187
11,015

8,187
11,259

19,103
26,529

19,103
26,121

19,103
24,957

Source: UBWR 2020
Notes:
Key:
CO 2
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2.2.2 Operation
2.2.2.1 Air Quality

Except for backup generators, equipment would be run via electrical power with virtually no
emissions at the Proposed Project location—less than would be attributed to construction
emissions. Vehicular emissions would increase as a result of traffic to and from each facility. The
Proposed Project would require a net increase in electricity use, although additional power
generating facilities would not be needed to supply electricity for the project because there is
currently sufficient power available to meet the projected power demands. Because facility operation
emissions would be controlled and regulated under air quality permitting requirements and are likely
to be lower than construction activities, the construction activities are assumed to represent
conservative estimates for all operations.
The generation of combustion-related emissions and fugitive dust associated with the Proposed
Project operations would not affect visibility in national parks or starry night observations. or
general visibility (i.e., haze) from nearby national parks and monuments. The visual effects of the
Proposed Project are addressed in detail in the DEIS Section 3.16, Visual Resources, and Appendix
C-19, Visual Resources.
2.2.2.2 Greenhouse Gas Emissions and Climate Change

GHG emissions from project operations would come from the net electricity use from facilities.
GHG emissions from back-up generators would be a small fraction of those compared to emissions
from equipment use during construction, as quantified in Section 2.2.2.1, above; these emissions
have not been quantified. Table 2.2-4 summarizes net energy use and associated GHG emissions for
the Southern Alternative. These GHG emission estimates are conservative as the carbon intensity of
power production is expected to decrease over time. The projected net energy use is less than one
percent of Utah’s annual 39 million megawatt hours per year electricity generation, and the net
GHG emissions are less than one fourth of a percent of the annual 28 million metric tons of GHG
emissions from electricity generation (USEIA 2019).
Table 2.2-4
Alternative

No Action(a)
Southern
Notes:

Net Energy Use

0
232,494

through Energy Recovery
(MT CO 2

(MT CO 2

0
67,387

0
24,652

EPA
LPP

Key:
CO 2
MWH =
yr = year
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2.2.3 Mitigation Measures
Minor changes to the EPMs should be implemented to meet agency-specific goals and objectives for
management of air quality resources. As described in Section 1.3, above, EPMs would be designed
and implemented as site-specific dust control measures that are based on each project soil type,
specific construction activities, phases, and stages. Some of these measures would be used to
preemptively address dust issues, while others would be used on an as-needed basis to mitigate
effects. No additional mitigation measures are recommended.

2.3 Highway Alternative
Since the potential maximum pollutant concentrations were calculated for typical construction
activities associated with conservative but typical assumptions regarding the construction of pipeline
and facilities, the Highway Alternative would have the same effects on air quality as described for
the Southern Alternative. The assumptions of activities, including trucks, dozers, loaders, dump
trucks, and excavators would remain the same, and the assessment using the SCREEN3 Model to
calculate dispersion of pollutants from point sources and determine levels of pollutants at various
distances from the point sources would also remain the same.
The hydrostations of the Highway Alternative would be constructed near residential areas from
White Sage Wash (east of Kanab) to Fredonia and in the Pipe Springs area on the Kaibab Indian
Reservation. Localized, short-term effects on human and wildlife receptors would be similar to those
described for the Southern Alternative, and these effects would be mitigated through the use of the
EPMs described in Section 1.3, above.
2.3.1 Mitigation Measures
Minor changes to the EPMs should be implemented to meet agency-specific goals and objectives for
management of air quality resources. As described in Section 1.3, above, EPMs would be designed
and implemented as site-specific dust control measures. No additional mitigation measures are
recommended.

2.4 Comparative Analysis of Alternatives
The LPP would result in localized and short term criteria pollutant and GHG emissions, which
would only occur during construction at the particular location and would be mitigated with EPMs
to address dust issues. The Proposed Project would adhere to all air permitting requirements and
would not violate NAAQS. The Arizona Strip Field Office Resource Management Plan Amendment
(RMPA) sub-alternatives proposed as part of this alternative would not change management of the
Kanab Creek Area of Environmental Concern as it relates to air quality. No effects to air quality
would therefore occur from the proposed RMPA sub-alternatives.
2.4.1 Bureau of Land Management
The BLM has an expressed goal to “maintain air quality in accordance with standards prescribed by
federal and state laws and regulations.” Within the jurisdiction of the Kanab Field Office, the BLM
has adopted federal and state requirements through the Kanab Office Management Resource Plan
(BLM 2008). The BLM does not maintain regulatory control over air quality. The BLM relies on the
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agency with jurisdiction over air quality to set regulatory standards and criteria to protect the air
quality in a particular area. Once these standards are established, the BLM references them in its
permitting documents and ensures that all permitted activities on public lands refer to the
appropriate agency’s standard. Since the Proposed Project would adhere to all air permitting
requirements and would not violate NAAQS, it would be completed in accordance with standards
prescribed by federal and state laws and regulations.
2.4.2 National Park Service
The NPS has a responsibility to protect air quality under both the 1916 Organic Act and the CAA.
Class I areas (parks greater than 6,000 acres) are to be protected from human-created visibility
impairment. The CAA recognizes the importance of integral vistas, and the NPS strives to protect
these vistas through cooperative means. The NPS would review new sources of pollution and would
recommend denial of a construction permit if they are determined to cause an adverse impact. There
would be no new major emission sources, and EPMs would limit any short-term dust emissions.
2.4.3 Bureau of Reclamation
Reclamation defers to federal and state air quality requirements for lands and facilities under its
jurisdiction. Since the Proposed Project would adhere to all air permitting requirements and would
not violate NAAQS, it would be completed in accordance with standards prescribed by federal and
state laws and regulations. GHG emissions have been estimated using appropriate information and
analysis.
2.4.4 Bureau of Indian Affairs
The Bureau of Indian Affairs defers to federal and state air quality requirements for lands and
facilities under its jurisdiction. The Proposed Project would adhere to all air permitting
requirements, would not violate NAAQS, and would be completed in accordance with standards
prescribed by federal and state laws and regulations.
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4 Glossary
Attainment. An area considered to have air quality as good as or better than the national ambient
air quality standards as defined in the Clean Air Act.
Fugitive Dust. Particulate matter (PM) consisting of small liquid and solid particles that can be
suspended in the air by the wind and human activities. It originates primarily from soil disturbance.
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NAAQS (National Ambient Air Quality Standards). Standards established by the United States
Environmental Protection Agency under authority of the Clean Air Act (42 USC 7401 et seq.) that
apply for outdoor air throughout the country. Primary standards are designed to protect human
health, with an adequate margin of safety, including sensitive populations such as children, the
elderly, and individuals suffering from respiratory disease. Secondary standards are designed to
protect public welfare from any known or anticipated adverse impacts of a pollutant (e.g., building
facades, visibility, crops, and domestic animals).
PM 10 . Particulate matter smaller than 10 microns.
PM 2.5 . Particulate matter smaller than 2.5 microns.

5 Acronyms
BLM
BMP
CAA
CO
DEIS
EPA
EPM
FERC
LPP
NAAQS
NEPA
NO 2
NO X
NPS
O3
Pb
PM
PM 10
PM 2.5
POD
Reclamation
RMPA
SIP
SO 2
UDWRe

Bureau of Land Management
best management practice
Clean Air Act
carbon monoxide
Draft Environmental Impact Statement
U.S. Environmental Protection Agency
environmental protection measure
Federal Energy Regulatory Commission
Lake Powell Pipeline Project
National Ambient Air Quality Standards
National Environmental Policy Act
nitrogen dioxide
nitrogen oxides
National Park Service
ozone
lead
particulate matter
particulate matter 2.5 micrometers or less
particulate matter 10 micrometers or less
Plan of Development
Bureau of Reclamation
Arizona Strip Field Office Resource Management Plan Amendment
State Implementation Plan
sulfur dioxide
Utah Department of Water Resources
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6 Consultation and Coordination
Agency

Bureau of Land Management
National Park Service

Lorraine Christian
Fred Armstrong-PISP
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Affected Environment
This appendix describes land use within the Lake Powell Pipeline Project (LPP, or Proposed
Project) Project Area that comprises the affected environment for the consideration of land use and
an evaluation of the potential effects from specific project components on land use, including land
management and existing uses. Information provided in this section is supplemental to draft
environmental impact statement (DEIS) Section 3.4, Land Use. It draws upon data provided in the
LPP Final Study Report 6 – Land Use Plans and Conflicts (UBWR 2016); LPP Plan of
Development (POD), updated February 2020 (UDWRe 2020; provided in Appendix E, Plan of
Development); and data acquired from federal, state, and municipal agencies. A discussion of
cumulative effects is provided in Appendix C-25, Cumulative Effects.
The Proposed Project would be located along the southern Utah–northern Arizona border. This
area is characterized by large, multi-colored geological formations that make up several cliffs and
canyons throughout the project region. The overall character of the landscape is rural and
undeveloped, comprising mostly desert terrain. The lands are primarily federally managed, but there
are also state, tribal, and private lands in the area. The primary land uses within the Arizona portion
of the Project Area are livestock grazing and recreation, although the federal and state areas are also
used for mineral exploration and mining, wildlife habitat, and scientific research. Land use within the
Utah portion is more developed, including a variety of uses for irrigated farmland, livestock grazing,
recreation, urban development, and special management areas (see Appendix C-7, Special
Designations) such as national parks and monuments. Lands associated with the Proposed Project
are diverse and include desert, open range, pinyon pine and juniper woodlands, large expanses of
sagebrush, springs, and ephemeral washes. Land cover in less developed areas is primarily desert
vegetation, including desert scrub, desert grassland, desert shrub, sagebrush, and pinyon-juniper
woodlands. In addition to land, the project also uses the water bodies of Lake Powell and Sand
Hollow Reservoir, which are largely used for recreation, habitat, and urban water supply (see the
LPP Final Study Report 6 – Land Use Plans and Conflicts [UBWR 2016]).

1.1 Regulatory Framework
The Proposed Project would cross 2,443 acres of federal lands under the Southern Alternative and
1,832 acres of federal lands under the Highway Alternative (see Table 1.2-1 for more details). These
federal lands are managed by the Bureau of Reclamation (Reclamation), National Park Service (NPS)
and the Bureau of Land Management (BLM). Two hundred thirty-nine acres of Kaibab Band of
Paiute Indians (Tribe) lands would be affected under the Highway Alternative. The Bureau of Indian
Affairs (BIA) assists the Tribe in land management. Each federal agency is given authority to
manage federal lands, including the issuance of rights-of-way (ROWs), permits, leases, and
easements (Outgrants), and is subject to laws, codes, regulations, and policies listed below. All
Outgrants requested by the Utah Board of Water Resources (UBWR) for the Proposed Project
would be processed in accordance with each agency’s regulations and policy. Additionally, other
federal laws and regulations that may apply to this project, including Federal Highway
Administration laws, the Agriculture and Food Act of 1981 (Public Law 97-98) containing the
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Farmland Protection Policy Act, and Executive Order 11988 - Federal Emergency Management
Agency (FEMA) Floodplains.
1.1.1 Bureau of Reclamation
The Reclamation Act of 1902 (32 Stat. 388) (Reclamation Laws) established the Bureau of
Reclamation and created a restoration fund for the construction and maintenance of irrigation works
for storage, diversion, and development of water in the arid and semiarid lands in the western
United States. In addition:
The Reclamation Project Act of 1939 (53 Stat. 1187) provided a feasible and comprehensive
plan for the variable payment of construction charges.
Section 10 (43 United States Code [USC] § 387) gives authority to grant leases, licenses,
easements, and ROWs.
Section 14 (43 USC § 389) gives authority to grant perpetual easements.
The Colorado River Storage Project Act of 1956 (70 Stat. 105) (43 USC §§ 620-620o)
authorized construction of the Colorado River Storage Project, including the Flaming Gorge
and Glen Canyon Units.
43 Code of Federal Regulations (CFR) 429 outlines the process by which an applicant may
request ROWs on Reclamation-managed lands.
1.1.2 National Park Service
The following NPS regulations apply:
54 USC § 100101(a) directs the Secretary of the Interior, acting through the NPS, “to
conserve the scenery, natural and historic objects, and wild life” in units of the National Park
System and to provide for their enjoyment “in such manner and by such means as will leave
them unimpaired for the enjoyment of future generations.”
54 USC § 100101(b)(2) provides that the authorization of activities in the National Park
System “shall be construed and the protection, management, and administration of the
System units shall be conducted in light of the high public value and integrity of the System
and shall not be exercised in derogation of the values and purposes for which the System
units have been established, except as directly and specifically provided by Congress.”
54 USC §§ 100902(a) and 100902(b): Rights of way for public utilities and power and
communication facilities, authorizes the Secretary of the Interior to grant ROWs over,
across, on, or through the Park for the purposes enumerated in those laws and subject to the
other conditions in them, provided that the Secretary finds that the ROWs are not
incompatible with the public interest.
36 CFR 14 – Rights-of-Way: Regulations codified at 36 CFR part 14, governs the issuance,
use, and management of ROWs over, across, on, or through federally owned or controlled
lands administered by the NPS.
Additional applicable NPS policies include:
8.6.4 Rights-of-Way for Utilities and Roads;
Director’s Order #53 – Special Park Uses; and
Director’s Order #12 – Conservation Planning, Environmental impact Analysis, and
Decision-Making.
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1.1.3 Bureau of Land Management
The Federal Land Policy and Management Act (FLPMA) authorizes the Secretary of the Interior to
grant ROWs across federal lands administered by the BLM. The FLPMA requires that: each ROW
shall contain such terms and conditions deemed necessary to protect federal property and economic
interests; protect lives and property; protect the interest of individuals who rely on the fish, wildlife,
and other biotic resources; and protect the public interest in the lands (Sec. 505 [43 USC 1765]). The
BLM is also generally obligated to avoid unnecessary or undue degradation of the public land (43
USC 1732).
Federal Lands Policy and Management Act of 1976 (43 USC 1707 et seq.)
Title IV, Section 402, of FLPMA provides the BLM the authority to issue permits and leases for
domestic livestock grazing on federal lands.
Title V of FLPMA provides the BLM the authority, to grant, issue, or renew ROWs over, upon,
under, or through BLM-managed lands for:
Reservoirs, canals, ditches, flumes, laterals, pipes, pipelines, tunnels, and other facilities and
systems for the impoundment, storage, transportation, or distribution of water;
Systems for generation, transmission, and distribution of electric energy; and
Other activities as prescribed in 43 USC § 1761(a).
Taylor Grazing Act of 1934 (Public Law 73-482), as amended
The Taylor Grazing Act is a federal law that provides for the regulation of grazing on the federal
lands (excluding Alaska) to improve rangeland conditions and regulate their use.
Public Rangelands Improvement Act of 1978
The Public Rangelands Improvement Act of 1978 (among other things) established and reaffirmed
the national policy and commitment to inventory and identify current public rangeland conditions
and trends; manage, maintain and improve the condition of public rangelands so that they become
as productive as feasible for all rangeland values in accordance with management objectives and the
land use planning process.
Code of Federal Regulations
43 CFR Part 2800 – Rights-of-Way under the FLPMA provides guidance on administration
of the BLM’s ROW program on the federal lands.
43 CFR Part 4100 – Grazing Administration provides guidance for administration of grazing
on the federal lands exclusive of Alaska, including implementing the standards for rangeland
health and range improvements.
1.1.4 Bureau of Indian Affairs
25 USC § 323 authorizes the Secretary of the Interior to grant ROWs for all purposes,
subject to the conditions as he may prescribe, over and across any lands now or hereafter
held by the United States for Indians or Indian tribes, communities, bands, or nations.
25 CFR Part 169 establishes the procedures and conditions under which the BIA will
consider a request to approve ROWs. This is also intended to support tribal selfdetermination and self-governance by incorporating tribal law and policy.
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1.2 Methodology
The following methods were used to gather data and develop the analysis of land use, land
ownership, and related subjects:
Review resource management plans from the BLM Arizona Strip, Kanab, and St. George
Field Offices;
Research and review the applicable existing land use authorizations and agreements;
Review land use policy and procedures for Reclamation, BLM, BIA, and NPS. Also, research
and review the applicable existing land use authorizations and agreements;
Conduct research on the county websites to obtain general plans and land use maps from
the following counties: Kane County and Washington County in Utah and Coconino County
and Mohave County in Arizona;
Review Comprehensive Economic Development Strategy for the Tribe (November 2015)
and any other land use planning documents/resolutions associated with the Tribe (KaibabPaiute Tribe 2015);
Review and consider Energy Transport Corridor Siting for Tribal Planners Guidance Manual
(BIA 2010), which provides guidance on establishing corridors that may be used by utilities
to minimize effects;
Research Federal Highway Administration laws, the U.S. Department of Agriculture
Farmland Impact Rating Form, FEMA’s No-rise Certificate for Floodways, and other
federal regulations related to land management; and
Review research provided by the UDWRe in the POD, updated February 2020 (provided in
Appendix E, Plan of Development).
Effects described in this section would occur if the Proposed Project:
Conflicts with any applicable land use plan, policy, or regulation of an agency with
jurisdiction over the Proposed Project adopted for the purpose of avoiding or mitigating an
environmental effect;
Conflicts with existing ROWs;
Conflicts with other existing or authorized land uses, specifically where the Proposed Project
would create a direct long-term adverse effect;
Causes effects (as described below) that, although not incompatible with other land uses,
would otherwise not occur unless an action alternative was selected;
Conflicts with existing residential, commercial, industrial, military, or agricultural uses (i.e.,
displacement of homes, businesses, solar energy facilities, or center-pivot irrigation agriculture
fields);
Conflicts with planned land uses, specifically residential subdivisions or other sensitive land
uses at the final plat approval stage;
Does not return to preconstruction use and existing land uses (for areas disturbed and not
containing permanent structures); or
Creates nuisance effects to existing land uses.
The intensity of effect is determined by duration using the following terms and definitions:
Temporary – limited to active construction;
Short term – effects lasting up to five years; and
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Long term – effects lasting more than five years.
The scope of work covers the lands needed to construct, operate, and maintain the pipeline and
associated infrastructure. The Southern Alternative would total 141 miles and includes 4,401 acres.
The Highway Alternative would total 134 miles and includes 4,062 acres. The federal lands, as
shown in Table 3.4-1 are managed by the BLM, NPS and Reclamation. This includes 36 acres in the
controlled access area near Glen Canyon Dam administered by Reclamation, 280 acres in GCNRA
administered by the NPS, and as many as 2,127 acres administered by the BLM (UDWRe 2020).
Table 1.2-1 LPP Right-of-Way Summary by Alternative
Southern Alternative
Land
Total ROW (acres)
Ownership/Management

BLM
NPS
Reclamation
Tribe
State
Private

2,127
280
36
0
874
1,083
Total 4,401

Highway Alternative
Total ROW (acres)

1,516
280
36
239
790
1,201
4,062

Source: UDWRe 2020
Key:
BLM = Bureau of Land Management
LPP = Lake Powell Pipeline Project
NPS = National Park Service
Reclamation = Bureau of Reclamation
ROW = right-of-way
Tribe = Kaibab Band of Paiute Indians

1.3 Environmental Protection Measures
Environmental Protection Measures (EPMs) as outlined in the LPP POD are measures or
procedures that are part of the Proposed Project and would be implemented as standard practice,
including measures or procedures that could reduce or avoid adverse impacts (UDWRe 2020;
provided as Appendix E, Plan of Development). EPMs would be applied regardless of
landownership, except where the jurisdictional agency or landowner determines changes to the
EPM(s) would ensure greater consistency with governing statutes, policies, or plans. Proper
communication and coordination would occur with the jurisdictional agency, private landowner, etc.,
to ensure changes to EPMs are modified and applied appropriately.
The UBWR has proposed various EPMs to be taken as part of the Proposed Project to avoid or
minimize adverse effects. The following list provides detailed descriptions of proposed EPMs
specific to lands and land use (UDWRe 2020).
B.1.9. UDWRe will conduct boundary surveys of the edges of the ROWs prior to the start of
construction of each work package. The outer boundaries will be clearly marked with stakes and
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colored flagging, placed about 100 feet apart or within sight of each adjacent flag. All grounddisturbing activities will be confined to the designated ROWs.
B.1.13. Permanent site security fencing will be used to enclose facility sites, including pumping
stations, regulating tanks, hydro stations, and remote substations and switchyards. This fencing will
generally consist of standard chain-link fencing with a minimum height of 6 feet and topped with
serpentine razor, or similar wire. Block walls may be constructed at some facility sites instead of
fencing, depending on site requirements. Fence color may vary at some facility sites and will be
coordinated with the BLM during final design (see B.11.1).
B.1.14. Temporary construction fencing may be installed, as necessary, for management of wildlife
resources and grazing livestock during both construction and restoration efforts. The type and
location of fencing will be coordinated with the appropriate landowner or mand-manager.
B.1.17. Where feasible, vegetation within the ROWs will be crushed instead of removed by blading,
to minimize impacts to soils.
B.1.20. All available growth medium (topsoil and cleared vegetation) will be salvaged and marked
with signage for redistribution during restoration. Growth medium will be windrowed along the
edge of the ROWs or placed in stockpiles and temporarily stabilized (if stockpiled for more than 14
days) with temporary seeding, natural fiber geotextiles, mulch, periodic water applications, or other
techniques to reduce or eliminate erosion or dust. Any temporary seeding mixes will be a BLM
approved certified weed-free seed mix. Topsoil and cleared vegetation will not be stockpiled in one
location for longer than two years unless approved by land management agency for specific
activities. Topsoil and cleared vegetation stockpiles maintained longer than one growing season will
be planted with an annual seed mix to help control erosion and keep soil micro-organisms active.
B.1.22. A record will be maintained of when construction-related major vegetation and grounddisturbing activities begin and are completed, and when restoration activities are initiated as a
function of the Storm Water Pollution Prevention Plan inspection report.
B.1.35. Escape ramps will be placed at each end and every ¼-mile of any open trench or other
excavation deeper than 4 feet to allow escape of wildlife or livestock that may become entrapped.
Escape ramps will not be required at the end of a trench where active pipelaying and backfilling is
occurring. The spacing of escape ramps may be adjusted upon approval of the BLM to ensure ramps
are placed in areas near water sources and visible livestock/wildlife trails. The escape ramps will
consist of loose dirt at a 2:1 or shallower slope. Excavation areas that are left open overnight will be
checked by construction personnel every morning and evening and directly prior to backfilling.
B.1.42. When construction practices overlap with an existing authorized ROW on BLM land,
UDWRe will inform the other ROW holder of LPP construction plans that will occur within, or
could affect, that other ROW.
B.8.1. UDWRe will coordinate in advance of construction with the BLM, other applicable agencies,
and permit holders that may be affected by construction activities. This coordination will allow for
advance planning of grazing practices to minimize access and use conflicts. A grazing deferment
plan may be developed with willing landowners, grazing permittees, and land management agencies
to address grazing disturbance of revegetation efforts. Land use on affected parcels after
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construction and restoration activities will be negotiated between UDWRe and the landowner or
manager.
B.8.2. Range improvements, including fence lines and cattle guards, corrals, or other non-watering
facilities, located within the ROWs and along permanent access roads will be documented prior to
the start of construction. If range improvements are temporarily removed or damaged as a result of
construction, they will be repaired to the grazing permittee requirements and be functional upon
completion of construction. Temporary fencing and needed facilities will be used during
construction to keep cattle confined to grazing areas as intended by the existing range improvements
temporarily moved for construction.
B.8.3. If livestock is struck by a vehicle directly associated with construction activities, UDWRe will
compensate permittee for the livestock at market value.
B.8.4. If access to livestock watering sources or facilities is restricted, alternate source(s) will be
made available in consultation with the BLM or the NPS for the duration that access is restricted.
Restricted access points and alternate sources will be made during final design. If livestock watering
sources or facilities are damaged during construction, they will be repaired to BLM or NPS
standards and be functional upon completion of construction.

1.4 Existing Conditions
Within the Proposed Project boundary, the federal government is the largest land manager, and the
BLM manages the largest share of those lands followed by private landowners, state agencies, and
state parks. Federally managed and state land crossed by the Proposed Project is administered by the
following agencies: the NPS, Reclamation, BLM, Arizona State Land Department, Utah School
Institutional Trust Lands Administration, Tribe, Western Area Power Administration, Utah State
Parks, and Washington County Water Conservancy District. Tribal lands within the Project Area are
held in trust by the federal government and administered by the BIA.
1.4.1 Farmland
The Proposed Project would cross about 393 acres under the Southern Alternative and 276 acres
under the Highway Alternative of prime farmland. Farmlands are protected by the Farmland
Protection Policy Act of 1981, which is intended to minimize effects federal programs can have on
farmland to nonagricultural uses. Farmlands are used to produce high value food and fiber crops or
are of statewide or local importance for the production of food, feed, fiber, forage, or oilseed crops.
Prime farmland is land that has the best combination of physical and chemical characteristics for
producing food, feed, fiber, forage, oilseed, and other agricultural crops with minimum inputs of
fuel, fertilizer, pesticides, and labor, and without intolerable soil erosion, as determined by the
Secretary of the Interior. Prime farmland includes land that possesses the above characteristics but is
being used currently to produce livestock and timber. It does not include land already in or
committed to urban development or water storage (NRCS 1981).
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1.4.2 Floodplains
FEMA performs hydrologic and hydraulic studies to identify and map special flood hazard areas,
known as 100-year storm event, or 1 percent chance of flood occurring. Under Executive Order
11988, federal agencies are required to avoid, to the extent possible, long- or short-term adverse
effects associated with the occupancy and modification of floodplains and indirect support of
floodplain development where possible. An analysis of flood insurance rate maps by FEMA within
the Proposed Project vicinity and its alternatives led to the identification of several waterways with
associated floodplains that would be crossed during construction. Table 1.4-1 summarizes the
waterways and quantifies the potentially affected areas of designated floodplain. The UBWR states
that several dry washes convey storm water runoff; however, these washes have no defined
floodplain regulatory boundaries (LPP Final Study Report 6 – Land Use Plans and Conflicts [UBWR
2016]). The only federal lands these waterways cross are BLM-managed lands. The other owners of
the underlying lands are state and private.
Table 1.4-1 100-Year Floodplain Crossings
County

Mohave
Mohave
Mohave
Mohave
Mohave
Mohave
Kane
Kane
Kane
Kane
Coconino
Coconino
Coconino

Waterway

Alternative

Short Creek
Cottonwood Wash
Sand Wash
Two-mile Wash
Bitter Seeps Wash
Kanab Creek
Johnson Canyon
Buckskin Gulch
Sand Gulch
Paria River
Lost Spring Wash
Kanab Creek(a)
White Sage Wash

Southern & Highway
Highway
Highway
Highway
Southern
Southern & Highway
Highway
Southern & Highway
Southern
Southern & Highway
Highway
Southern & Highway
Southern

Disturbance Area
(acres)

0.6
20.5
2.4
1.8
1.4
1.4
2.5
1.4
1.0
13.3
10.6
1.1
11.9

Source: LPP Final Study Report 6 - Land Use Plans and Conflicts (UBWR 2016), Exhibit E
Note:
(a) The centerline of Kanab Creek serves as the boundary between Mohave and Coconino Counties.

1.4.3 Grazing Land
The BLM, NPS, Tribe, states, and private owners all administer grazing land along the Utah-Arizona
border where the Proposed Project would be located. Grazing leases on NPS managed lands are
administered by the BLM in accordance with NPS resource management mandates. Livestock
grazing on federal lands occurs on areas of land called grazing allotments, which are areas of land
designated and managed for grazing of livestock.
The Proposed Project would cross approximately 3,715.9 acres of grazing land under the Southern
Alternative and approximately 3,077.3 acres under the Highway Alternative. Table 1.4-2 shows the
breakout by agency. Range improvements (e.g., corrals, stock ponds, and pipelines) that support
grazing are also present in the Project Area (UDWRe 2020).
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Table 1.4-2 Total Grazing Effects
Land Manager/Owner

BLM
NPS
Reclamation
Tribe
State
Private

Southern
Alternative
(acres)

1,963.6
199.1
7.9
0.0
763.9
781.4
Total 3,715.9

Highway
Alternative
(acres)

1,341.3
199.1
7.9
239.0
629.8
660.2
3,077.3

Key:
BLM = Bureau of Land Management
NPS = National Park Service
Reclamation = Bureau of Reclamation
Tribe = Kaibab Band of Paiute Indians

As part of the process to manage soil and vegetation communities to maintain land health, the BLM
conducts rangeland health assessments, checking on the health of plants, wildlife, water quality, and
other resources in a grazing allotment. The Proposed Project would cross allotments that are
classified as either meeting all applicable standards, which means the desired condition of the
biological and physical components and characteristics of rangelands within those allotments are
being achieved, or they are making progress toward meeting the applicable standards for rangeland
health. In Arizona those standards can be found in Arizona Standards and Guidelines for Grazing
Administration, 1997, Federal Register, Volume 60, Number 35, page 9955. In Utah they are found
in Utah Standards and Guidelines for Grazing Administration, 1997, BLM-UT-GI-97-001-4000.
The Southern Alternative would cross through 17 grazing allotments on federal lands in Arizona and
15 allotments on federal lands in Utah. Of the 17 allotments in Arizona, nine are meeting all
applicable standards for rangeland health, while the remaining eight are making progress toward
meeting the applicable standards. In Utah, 11 allotments are meeting all applicable standards for
rangeland health, while the remaining four are making progress toward meeting the applicable
standards.
The Highway Alternative would cross through seven grazing allotments on federal lands in Arizona
and the same 15 allotments in Utah as the Southern Alternative. Of the seven allotments in Arizona,
four are meeting all applicable standards for rangeland health; while the remaining three allotments
are making progress toward meeting the applicable standards. In addition to the BLM-managed
grazing lands, under the Highway Alternative the Proposed Project would also cross the Kaibab
Indian Reservation (KIR) and 12 grazing allotments managed by the Tribe.
1.4.4 Existing Rights-of-Way
While grazing is the predominant existing use, there are other existing Outgrants on the federal lands
that would be affected by the Proposed Project. These Outgrants include pipelines, utility crossings
(e.g., fiber-optic lines), roads, and other access trails. Each agency will have record of the location
and protection criteria needed for the site-specific crossings for these various Outgrants.
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1.4.5 Kanab Creek Area of Critical Environmental Concern
The Kanab Creek is an area of critical environmental concern. An area of critical environmental
concern is a designation to highlight areas where special management attention is needed to protect
and prevent irreparable damage to important historic, cultural, and scenic values; fish or wildlife
resources; or other natural systems or processes. Additional information about the Kanab Creek
Area of Critical Environmental Concern (ACEC) is contained in the DEIS Section 3.5, Special
Designations, and Appendix C-7, Special Designations.
The Arizona Strip Field Office Resource Management Plan (RMP) designated a 1-mile-wide utility
corridor from Glen Canyon Dam to the Arizona/Nevada border. This utility corridor crosses the
ACEC, within the RMP planning area.
The RMP allows for the consideration of issuance of Outgrants. Requests for Outgrants would be
evaluated on a case-by-case basis in accordance with other RMP provisions and National
Environmental Policy Act compliance. New Outgrants are discouraged within avoidance areas
(defined as “areas with sensitive resource values” such as critical habitat, lands supporting listed
species, riparian areas, national historic trails, areas managed to maintain wilderness characteristics,
and areas of critical environmental concern). Authorizations made in avoidance areas must be
compatible with the purpose for which the area was designated/allocated and not otherwise feasible
on lands outside the avoidance area (BLM 2008a).
Livestock grazing occurs within the ACEC. Four grazing allotments overlap the ACEC—Kanab
Creek, Wildband, Rock Canyon Tank, and Loco Point. Range improvements (including fences,
corrals, and water developments) are constructed and maintained within the allotments to
implement the authorized grazing systems. Within the ACEC, new corrals or water developments
for management of livestock grazing are not allowed.
1.4.6 Utility Corridors
The designation of utility corridors is generally achieved only through the planning process, either in
the RMP itself or through a plan amendment. However, there are congressionally designated
corridors as well.
In Utah, there is a congressionally designated corridor, authorized via Sec. 202 of Public Law 105355 (1998), which states, in part: “There is hereby designated a utility corridor with regard to U.S.
Highway 89, in Kane County, Utah. The utility corridor shall run from the boundary of Glen
Canyon National Recreation Area westerly to Mount Carmel Jct. and shall consist of the
following: (1) Bureau of Land Management lands located on the north side of U.S. Route 89 within
240 feet of the center line of the highway. (2) Bureau of Land Management lands located on the
south side of U.S. Route 89 within 500 feet of the center line of the highway.”
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The Kanab-Escalante Planning Area Resource Management Plan describes it further (BLM 2020).
Decision No. LAR-1 states “Maintain 11,378 acres as designated ROW corridors in the Planning
Area. This includes Section 368 corridor 68-116 and the congressionally designated utility corridor
along U.S. Highway 89 in Kane County, which extends 240 feet north and 500 feet south of the
highway centerline. Nothing in these plans would prevent the use of the congressionally designated
utility corridor along U.S. Highway 89 in Kane County for its designated purpose.” See Figure 1.4-1,
below, which depicts the ROW corridor and ROW allocations in the Kanab-Escalante Planning
Area (BLM 2020).
The BLM’s St. George Field Office also manages a part of a Section 368 (of the Energy Act) utility
corridor that would be crossed by the Proposed Project. The St. George Field Office Resource
Management Plan designated this corridor (shown on Map 2.2 of the Resource Management Plan)
(see also Figure 1.4-2 below) and states that it would be managed “to provide a preferred location
for meeting utility transmission and distribution needs (BLM 1999). Such corridors are generally 1
mile wide on federal lands but may vary in width according to topography, surrounding land use,
and the need to protect adjacent resources” (Decision No. LD-14). This Resource Management Plan
decision also states that the corridor is “designed to conform to the long-range corridor needs
established by the utility industry in the Western Regional Corridor Study (Western Utility Group
1992). [It also correlates] to the extent possible with corridor designations on adjacent federal lands
in Arizona and Nevada and with corridors on the adjacent Dixie National Forest.”
Lastly, in accordance with Section 368(a) of the Energy Policy Act of 2005, the BLM designated
5,000 miles of energy corridors (commonly referred to as “Section 368 energy corridors” or “Westwide energy corridors”) for potential placement of future oil, gas, and hydrogen pipelines and
electricity transmission and distribution infrastructure.
West-wide energy corridors are considered preferred locations for energy transport projects on lands
managed by the BLM and are intended to facilitate long-distance transport of oil, gas, or hydrogen
via pipelines and transmission and distribution of high-voltage electricity via transmission and
distribution lines. Figure 1.4-3 below shows the West-wide energy corridor for Arizona and
Southern Utah (BLM 2008b).
Much of the LPP construction would take place within several existing highway ROWs while other
portions lie within existing utility corridors. Use of existing ROWs helps restrict construction and
minimize associated disturbance (see LPP Final Study Report 6 - Land Use Plans and Conflicts
[UBWR 2016]).
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Figure 1.4-1 ROW Corridor and ROW Allocations
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Figure 1.4-2 Section 368 Utility Corridor
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Figure 1.4-3 West-wide Energy Corridors: Arizona and Southern Utah
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1.4.7 Glen Canyon National Recreation Area
The portion of GCNRA that would be affected by the Proposed Project has been identified in the
1979 Glen Canyon General Management Plan as a Development and Recreation and Resource
Utilization zone. The General Management Plan/Environmental Impact Statement states:
The GCNRA Recreation and Resource Utilization Zone (RRU) consists of areas possessing
somewhat less scenic value (than the Natural Zone), greater susceptibility to the activities of
man, potential or actual mineral resources, or value for utility rights-of-way or development.
The RRU zone is characterized by maintenance of natural processes while allowing to the
extent possible both mining and grazing as well as maintenance of natural processes,
enhancement of fish and game populations, and consumption of renewable and nonrenewable resources subject to protection of recreational values. The GCNRA RRU Zone
has similar management objectives to the BLM VRM Class II and III objectives. The
GCNRA Development Zone centers around the existing developed areas, in which
provision of visitor services and maintenance of facilities is practiced. Relatively elaborate
and permanent structures necessary to support recreational activities are appropriate in the
Development Zone. The area immediately surrounding the Glen Canyon Dam as well as the
associated utility structures are within the Development Zone. The GCNRA Development
Zone has similar management objectives to the BLM VRM Class IV objectives. (NPS 2008)

Environmental Consequences
2.1 No Action Alternative
Under the No Action Alternative, land use would be the same as the existing conditions. There
would be no amendment to the RMP. Existing ROWs and grazing leases would continue without
any disturbance from the Proposed Project.
However, under this alternative, projects already planned by the UBWR (Project Proponent) would
continue to occur. Disturbance, due to these projects, would vary in space and time. Most impacts
would be short-term and project-specific, including effects to existing land use (e.g., grazing, prime
farmland, and floodplains). Most effects to land use would be minimized through implementation of
standard industry practices by the Project Proponent and coordination with landowners and landmanaging agencies.

2.2 Southern Alternative
Lands in the Project Area would be affected by construction and operation of the Southern
Alternative in several different ways. All aboveground pipeline facilities except for Booster Pump
Station (BPS)-4 and Hydrostation (HS)-2 would be located on federal lands, requiring ROW
approvals from the applicable land management agency prior to construction and operation. Under
the Southern Alternative, the permanent ROWs for the pipeline would mostly be 100 feet wide, with
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25 feet on either side as temporary construction easement. The Proposed Project would affect a
total of 2,443 acres of federal lands, of which 115 acres would be a permanent adverse effect and
2,293 acres would be a temporary adverse effect. Table 2.2-1 below shows the acres by land
ownership/management. The 115 acres represent the land needed for aboveground ancillary
facilities, which include BPSs, HSs, and access roads on federal lands. Amongst all owner/managing
agencies these facilities would affect 168 acres (UDWRe 2020).
The land for the various aboveground facilities would be converted from generally open space use
and enjoyment to utility use. The land for the Proposed Project where the buried pipeline and the
overhead transmission lines would occur would remain open space, compatible with the current or
existing land use for the BLM and Reclamation. For NPS-managed lands, the land proposed for the
buried pipeline and the overhead transmission lines would not generally be considered open space.
Access to the general public for motorized vehicle use would not generally be allowed and the land
would be considered for utility use only.
The Southern Alternative would not cross the KIR and, therefore, would have no direct effect on
reservation lands, nor require an Outgrant from the Tribe.
Adverse effects on land use would generally be minimized as the Project Proponent would be
required to meet with each land-managing agency to obtain the necessary Outgrants. This would be
a similar process with the BLM, NPS, and Reclamation to determine the terms and conditions of the
Outgrant to be issued. This provides an opportunity to each agency to impose proprietary
conditions on their specific resource, thereby minimizing the effects.
Table 2.2-1 Southern Alternative LPP Right-of-Way Summary
Permanent ROW (acres)

Land Ownership/Management

BLM
NPS
Reclamation
Tribe
State
Private

Pipeline(a)

876
126
1
0
302
382
Total 1,687

Transmission
Lines(a)

533
55
8
0
375
95
1,067

Pumping,
Hydro, and
Road
Facilities(b)

68
20
27
0
11
42
168

Short-Term or
Temporary
Construction
Easement,
ROW,
or Permit(a)
(acres)

Total
ROW
(acres)

649
79
0
0
186
565
1,479

2,127
280
36
0
874
1,083
4,401

Source: UDWRe 2020
Notes:
(a) Disturbed ROW would be restored.
(b) Disturbed ROW would not be restored due to permanent aboveground facilities.
Key:
BLM = Bureau of Land Management
NPS = National Park Service
Reclamation = Bureau of Reclamation
ROW = right-of-way
Tribe = Kaibab Band of Paiute Indians
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2.2.1 Farmland
The Southern Alternative would have permanent, adverse effects on 5 acres of prime farmland and
temporary adverse effects on 393 acres of prime farmland, as designated by the Natural Resources
Conservation Service (NRCS) (see LPP Final Study Report 6 - Land Use Plans and Conflicts
[UBWR 2016]). Construction, operation, and maintenance would require converting approximately
5 acres of designated prime farmland soil to industrial use for one proposed permanent facility (HS2) and new road access. The temporary adverse effects would be a result of the construction of the
pipeline and transmission lines. However, due to the aforementioned EPMs, topsoil crucial to the
designation of prime farmlands would be stockpiled and replaced after construction. Adverse effects
would be temporary, with construction timed to minimize interruptions to farming production.
However, if construction would occur during the growing season, it could impact the linear
alignment of the pipeline for up to a single season.
Adverse effects on existing farmland would be negligible along the electrical transmission line
system for two reasons. First, the area where transmission lines would cross farmland near Sand
Hollow Reservoir is adjacent to the new Southern Corridor Highway and would not require
excessive excavation. Second, the remaining transmission line features would either not cross
farmland or an existing access road would be utilized during construction, operation, and
maintenance.
The data to show prime farmland by owner/managing agency is not readily available. Based on
general maps provided by the NRCS, the majority of prime farmland affected by the Proposed
Project is privately owned (see LPP Final Study Report 6 - Land Use Plans and Conflicts UBWR
2016).
2.2.2 Floodplains
The Southern Alternative would have a temporary, direct, adverse effect on 33 acres of floodplains
at pipeline crossings during LPP construction (LPP Final Study Report 6 - Land Use Plans and
Conflicts [UBWR 2016]). The No-rise Certification for Floodways under the National Flood
Insurance Program would be met by the Southern Alternative because of the nature of construction
and operation. Any action in a floodway must be reviewed to determine if the Proposed Project
would increase flood heights. The No-Rise Certificate is the local community permit based on
engineering analysis and computer modeling that the Proposed Project would not increase flood
heights. Within all floodplains, the pipeline would be installed underground, and the landscape
would be restored to the original contours of the area. Flooding risk increase and encroachments
would not be experienced either during construction, operation, or maintenance. The Proposed
Project would have temporary adverse effects on vegetation and habitat at each of the floodplains
crossed, but disturbed vegetation in floodplains and riparian areas would be restored and the
floodway would remain unrestricted.
2.2.3 Grazing Land
Table 2.2-2, below, shows total acreage of grazing allotments, or potential grazing lands. Not all of
these allotments have grazing leases or permits.
There would be intermittent disruption of grazing activities depending on the location of the
crossing with respect to the specific allotment. Adverse effects on grazing land would also result
from converting grazing land use to aboveground, permanent features of the Southern Alternative.
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The Southern Alternative would cross approximately 3,716 acres of grazing land, of which 2,171
acres are managed by federal agencies (see Table 2.2-2, below). This includes 17 grazing allotments
in Arizona and 15 in Utah, all administered by the BLM. Due to construction of permanent,
aboveground features, the Proposed Project would permanently remove vegetation from 112.7 acres
of grazing land, 77.2 acres of which are under federal management (UDWRe 2020).
Table 2.2-2 Southern Alternative-Grazing Effects (in acres)
Owner/Manager
Temporary Effects
Permanent Effects

BLM
Reclamation
NPS
State
Tribe
Private

1,903.8
7.9
181.8
755.4
0
754.4
Total 3,603.3

59.8
0.1
17.3
8.5
0
27
112.7

Total Acres

1,964
8
199
639
0
776
3,716

Source: UDWRe 2020
Key:
BLM = Bureau of Land Management
NPS = National Park Service
Reclamation = Bureau of Reclamation
ROW = right-of-way
Tribe = Kaibab Band of Paiute Indians

The areas temporarily disturbed due to construction would be devoid of vegetation for a minimum
of one growing season during revegetation and restoration activities. In many locations, reestablishment of vegetation may take several growing seasons. Notification would be made, and
coordination with all grazing permittees and landowners would occur prior to construction activities
to identify potential concerns that would help reduce potential effects on grazing activities. As some
disruption of grazing activities would occur, UBWR would coordination with all grazing permittees
and landowners would prior to construction to identify potential concerns that would minimize
effects on grazing activities.
The loss of grazing forage from access road widening and the addition of new access roads would be
a permanent adverse effect. Some existing range resources would be lost on private land occupied by
aboveground Proposed Project facilities, and coordination with landowners and grazing
lessees/permittees would be necessary before construction begins. In areas affected by permanent
facilities, the UBWR’s commitment to some form of compensation would minimize the effect.
The length of time to restore vegetation to preconstruction conditions may take up to five years or
more, depending on the vegetation community, resulting in short-term adverse effects on grazing
permittees and landowners. Following construction and after restoration efforts are made,
vegetation communities would likely return to their preconstruction condition. Where permanent
Proposed Project facilities are located, the land would not be restored to preconstruction conditions.
However, these permanent facilities would affect about 3 percent of the total acres.
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BLM monitoring of grazing allotments (including those the LPP would cross) would continue in
order to document changes over time in vegetation attributes and condition of vegetation
communities, and to determine if rangeland health standards are being met. Since most disturbed
areas (e.g., those without permanent facilities or roads) would be reclaimed and revegetated, it is
unlikely that the Proposed Project would affect rangeland health in the affected grazing allotments.
Overall, fences, water lines, corrals, water tanks, loading chutes, and reservoirs that need to be
removed for construction purposes would be replaced, resulting in negligible effects on permittees
and landowners. If livestock watering facilities are damaged or access to waters is restricted, the
UBWR would provide alternate water sources so that grazing operations are not disrupted (UDWRe
2020). In addition, there would be intermittent disruption of grazing activities due to removal of
fences and blocked access to certain parts of allotments. These would likely be temporary adverse
effects, depending on the allotment. Again, coordination with the landowners by the Project
Proponent to identify and plan for potential concerns would minimize effects on grazing operations
(UDWRe 2020).
The UBWR would prepare and follow a Restoration Plan for vegetation, including reseeding and
monitoring for multiple years. Each agency would coordinate with the UBWR to oversee the
Restoration Plan and be responsible for deeming the work complete.
2.2.4 Existing Rights-of-Way
Effects on existing ROWs would be negligible. As previously stated, the Project Proponent will
meet with each federal land-managing agency to receive an Outgrant. The agency will provide the
necessary information about all existing ROWs, including location and any special provisions or
protection in-place measures needed. Coordination with other Outgrant holders will be necessary as
well. In some cases, the existing ROW will need to be removed and replaced, which will be the
responsibility of the Project Proponent. In other cases, the existing ROW can be built around. There
are not any existing ROWs that would prohibit the Proposed Project from being built.
2.2.5 Resource Management Plan Amendment Sub-alternatives
All three sub-alternatives would resolve RMP management decision inconsistencies between the
ACEC and the utility corridor, making this project and future projects in conformance with the
RMP, thereby causing a beneficial effect on land use.
2.2.5.1 Sub-alternative 1

Utility Corridor and Land Use Authorizations within the ACEC
Decision No. MA-LR-06 would be amended so that the ACEC would no longer be an avoidance
area for land use authorizations. The effects of the RMP amendment on land use would be that it
allows the LPP and potential future land uses to be located within the utility corridor in the ACEC
even when a reasonable alternative exists.
Livestock Grazing
The proposed amendments to Decision Nos. MA-LR-06 and LA-VR-01 would not change the
current restriction on new corrals or water developments for management of livestock grazing
within the ACEC. This alternative would therefore not affect livestock grazing management in the
RMPA planning area.
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2.2.5.2 Sub-alternative 2

Utility Corridor and Land Use Authorizations within the ACEC
Decision No. MA-AC-11 (stating that only temporary upgrading of existing roads could occur) and
Decision No. MA-AC-12 (stating that “New roads will be authorized on a temporary basis only or
when beneficial for relevant resources”) would no longer apply to lands excluded from the ACEC.
Upgrading of existing roads, and construction of new roads, could therefore be authorized on any
lands removed from the ACEC (905 acres), subject to site-specific environmental review and
analysis, providing additional opportunities for access to these federal lands for management of land
use authorizations. While this alternative would not change the boundary of the designated utility
corridor, the provision for mitigation for new land use authorizations would no longer apply to the
area excluded from the ACEC. Thus, the potential for new land use authorizations could increase.
Livestock Grazing
Decision No. MA-AC-04(KC) (stating that “No new corrals or water developments will be
authorized or constructed within the ACEC boundary”) would no longer apply to lands excluded
from the ACEC. These types of range developments could therefore be authorized and constructed,
subject to site-specific environmental review and analysis, on any lands removed from the ACEC
(905 acres), providing additional management options for livestock grazing operations.
2.2.5.3 Sub-alternative 3

Utility Corridor and Land Use Authorizations within the ACEC
Sub-alternative 3 would include the amendment of Decision No. MA-LR-06 as outlined in Subalternative 1, so the potential for additional land use authorizations could increase, as described for
Sub-alternative 1. Additionally, moving the corridor northward would allow LPP and potentially
other projects to cross Kanab Creek at an easier point, potentially increasing the opportunities for
future land use authorizations. However, the utility corridor would decrease by 175.5 acres as
compared to Sub-alternative 1, so opportunities for new land use authorizations would be reduced
due to the change in land designation (e.g., smaller utility corridor). Sub-alternative 3 would not
change the boundary of the ACEC and would not change any other RMP decisions related to the
management of land use authorizations.
Livestock Grazing
The effects would be the same as those described for Sub-alternative 1 because no change to the
boundary of the ACEC would occur, and no RMP decisions that affect livestock grazing
management would be amended.
2.2.6 Utility Corridors Outside the Area of Critical Environmental Concern
Construction of the pipeline through designated utility corridors would be in accordance with the
intent of these corridors – to provide a preferred location for meeting utility transmission and
distribution needs, and to conform to the long-range corridor needs established by the utility
industry in the Western Regional Corridor Study (Western Utility Group 1992). The Proposed
Project would not interfere with current or future use of these corridors for other utility needs.
2.2.7 Glen Canyon National Recreation Area
The Proposed Project would be located within management zones that are consistent with the
project purpose/land use. So long as there is no impairment to park resources as a result of this
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project (which is determined through the environmental impact statement analysis process and then
the issuance of a non-impairment determination with the Record of Decision), then there would not
be a violation of the mandate given to the NPS under the 1916 Organic Act (54 USC 100101 et
seq.).
2.2.8 Mitigation Measures
Minor changes to the EPMs should be implemented to meet agency-specific goals and objectives for
management of land use resources.
To reduce impacts to livestock grazing operations, mitigation measures could be implemented as
part of the Southern Alternative. In addition to the EPMs previously discussed in Section 1.3,
Existing Conditions, the following measures could be implemented:
Staging Area 2 on the Arizona Strip Field Office (adjacent to the Ryan Road, or Forest Road
22) should be relocated to the site of an inactive mineral material pit. This would ensure that
livestock use would not cause a safety hazard to motorists or the potential loss of livestock
from being hit by vehicles, since the staging area would remove a fence that prevents
livestock from entering the roadway.
Staging Area 3 on the Arizona Strip Field Office (southeast of Key Observation Point-27, in
Muggins Flat) should be relocated just south of the proposed location, on the other side of a
small two-track dirt road, to eliminate conflicts with a livestock watering facility.
Potential conversion of farmland to non-agricultural use would be mitigated through the Farmland
Protection Policy Act; specifically, the use of the U.S. Department of Agriculture’s AD 1006,
Farmland Impact Rating Form. The form assesses non-soil related criteria such as the potential for
an adverse effect on the local agricultural economy if the land is converted to non-farm use and
compatibility with existing agricultural use. Specific mitigation options (e.g., payment of fees equal to
or greater than the value of the farmland being converted, farmland conservation easements of equal
or greater acreage) on would be explored and implemented after submittal and evaluation of the
Farmland Impact Rating Form.

2.3 Highway Alternative
Land use would be affected by construction and operation of the Highway Alternative in similar
ways as the Southern Alternative. All pipeline facilities except for BPS-4 and HS-2 would be located
on federal lands, requiring ROW approvals from the applicable land management agency prior to
construction and operation. As in the Southern Alternative, the permanent ROWs for the pipeline
would mostly be 100 feet wide, with 25 feet on either side as temporary construction easement. The
Proposed Project would affect a total of 1,832 acres of federal lands, of which 115 acres would be a
permanent adverse effect and 1,717 acres would be a temporary adverse effect. Table 2.3-1, below
shows the acres by land ownership/management (UDWRe 2020).
The effects on lands ownership/management on the Highway Alternative would otherwise be the
same as the Southern Alternative.
The Highway Alternative would cross the KIR and would therefore require an Outgrant from the
Tribe. Similar to federal land-managing agencies, the consent of the Tribe is at its discretion and
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could be subject to terms and conditions that the BIA would incorporate into the ROW permit. The
Tribe would be able to minimize effects on the lands through these terms and conditions. Tribal
consent could be negotiated between the Tribe and the Project Proponent should the Highway
Alternative be chosen in the Record of Decision. At this time there is no agreement between the
Project Proponent and the Tribe to cross the KIR.
Table 2.3-1 Highway Alternative LPP Right-of-Way Summary
Permanent ROW (acres)
Land
Ownership/Management

BLM
NPS
Reclamation
Tribe
State
Private

Pipeline(a)

524
126
1
140
242
492
Total 1,526

Transmission
Lines(a)

529
55
8
0
375
93
1,060

Pumping,
Hydro, and
Road
Facilities(b)

68
20
27
0
11
44
170

Short-term or
Temporary
Construction
Easement,
ROW,
or Permit(a)
(acres)

Total
ROW
(acres)

395
79
0
99
161
571
1,305

1,516
280
36
239
790
1,201
4,062

Source: UDWRe 2020
Notes:
(a) Disturbed ROW would be restored.
(b) Disturbed ROW would not be restored due to permanent aboveground facilities.
Key:
BLM = Bureau of Land Management
LPP = Lake Powell Pipeline Project
NPS = National Park Service
ROW = right-of-way
Tribe = Kaibab Band of Paiute Indians

2.3.1 Farmland
The Highway Alternative would have permanent, adverse effects on 5 acres of prime farmland and
temporary adverse effects on 276 acres of prime farmland, as designated by the NRCS (see LPP
Final Study Report 6 - Land Use Plans and Conflicts [UBWR 2016]). Like the Southern Alternative,
the 5 acres would be for the construction, operation, and maintenance of HS-2 and associated road
access. All effects on farmland under the Highway Alternative would be the same as those described
for the Southern Alternative.
2.3.2 Floodplains
The Highway Alternative is proposed to parallel a waterway (Lost Spring Wash), thus potentially
affecting the floodplain for an extended length of the stream (see Final Study Report 6 – Land Use
Plans and Conflicts [UBWR 2016]) However, the alignment is located outside of the floodplain to
avoid disturbance of existing floodplain functions. Otherwise, the effects on floodplains under the
Highway Alternative would be the same as those described for the Southern Alternative.
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2.3.3 Grazing Land
Table 2.3-2 shows total acreage of grazing allotments, or potential grazing lands. Not all of these
allotments have grazing leases.
Table 2.3-2 Highway Alternative-Grazing Effects (in Acres)
Owner
Temporary Effects
Permanent Effects

BLM
Reclamation
NPS
Tribe
State
Private

1,281.5
7.9
181.8
239
621.6
630.6
Total 2,962.4

59.8
0.1
17.3
0
8.2
29.6
115

Total Acres Affected

1,341.3
8
199.1
239
629.8
660.2
3,077.4

Source: UDWRe 2020
Key:
BLM = Bureau of Land Management
NPS = National Park Service
Reclamation = Bureau of Reclamation
ROW = right-of-way
Tribe = Kaibab Band of Paiute Indians

Similar to the Southern Alternative, there would be intermittent disruption of grazing activities
depending on the location of the crossing with respect to the specific allotment. Permanent adverse
effects on grazing land would also result from converting grazing land use to aboveground,
permanent features of the Highway Alternative. The Highway Alternative would cross
approximately 3,077.4 acres of grazing land, 1,548.4 of which is managed by federal agencies
(UDWRe 2020), including seven grazing allotments in Arizona and 15 in Utah, all administered by
the BLM. This alternative would also cross 12 allotments and 239 acres of grazing lands managed by
the Tribe. Due to construction of permanent, aboveground features, the Proposed Project would
permanently remove vegetation from 115 acres of grazing land, of which 77.2 acres are managed by
federal agencies. The land permanently effected by the Proposed Project is about 3.7 percent of the
total affected lands under this alternative.
Otherwise, the effects on grazing lands under the Highway Alternative would be the same as those
described for the Southern Alternative.
2.3.4 Existing Rights-of-Way
The effects under the Highway Alternative are the same as those described for the Southern
Alternative.
2.3.5 Arizona Strip Field Office Resource Management Plan Amendment Subalternatives
This alternative would not cross the ACEC and would therefore have no effect on the RMPA subalternatives.
2.3.6 Utility Corridors
The effects on utility corridors under the Highway Alternative would be the same as those described
for the Southern Alternative.
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2.3.7 Glen Canyon National Recreation Area
The effects on GCNRA under the Highway Alternative would be the same as those described for
the Southern Alternative.
2.3.8 Mitigation Measures
Mitigation for potential farmland conversion is the same as described for the Southern Alternative.
No mitigation would be required for staging areas under this alternative.

2.4 Comparative Analysis of Alternatives
Under the No Action Alternative, land use would be the same as the existing conditions. There
would be no amendment to the RMP. Existing ROWs and grazing leases would continue without
any disturbance from the Proposed Project.
However, under this alternative, projects already planned by the Project Proponent would continue
to occur. Disturbance, due to these projects, would vary in space and time. Most impacts would be
short-term and project-specific, including effects on existing land use (e.g., grazing, prime farmland,
and floodplains). Most effects to land use would be minimized through implementation of standard
industry practices by the Project Proponent and coordination with landowners and land-managing
agencies.
A comparison of the two action alternatives shows similar effects between the two. As shown in
Table 2.4-1 below, the Southern Alternative would affect an additional 339 acres, but the permanent
effects, not restorable due to aboveground construction of facilities and roads is the same between
the two alternatives: 115 acres. Compared to the overall total acres, these permanent effects account
for 2.6 percent of the overall land totals affected on the Southern Alternative and 2.8 percent on the
Highway Alternative.
Table 2.4-1 Comparison of Total ROW
Land Ownership/Management

BLM
NPS
Reclamation
Tribe
State
Private

Southern Alternative
Total ROW (Acres)

2,127
280
36
0
874
1,083
Total 4,401

Highway Alternative
Total ROW (Acres)

1,516
280
36
239
790
1,201
4,062

Source: UDWRe 2020
Key:
BLM = Bureau of Land Management
NPS = National Park Service
Reclamation = Bureau of Reclamation
ROW = right-of-way
Tribe = Kaibab Band of Paiute Indians
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Effects on farmland, floodplains, existing ROWs, utility corridors, and GCNRA are likewise similar
between the action alternatives, short term to temporary in duration, account for small percentages
of the total effect and minimized by planning and EPMs.
As shown below in Table 2.4-2, the Southern Alternative affects about 640 acres more land than the
Highway Alternative. However, including the Tribe’s grazing, the two action alternatives have almost
the same number of allotments (32 and 34, respectively) and the same number of permanent acres
of lost grazing lands: 115 acres. Again, this accounts for 3.1 percent of the total lands on the
Southern Alternative and 3.7 percent of the Highway Alternative totals.
Table 2.4-2 Total Grazing Effects (in acres)
Total Grazing Effects (in acres)
Southern
Land Manager/Owner
Alternative

BLM
NPS
Reclamation
Tribe
State
Private

1,963.6
199.1
7.9
0.0
763.9
781.4
Total 3,715.9

Highway
Alternative

1,341.3
199.1
7.9
239.0
629.8
660.2
3,077.3

Source: UDWRe 2020
Key:
BLM = Bureau of Land Management
NPS = National Park Service
Reclamation = Bureau of Reclamation
ROW = Right-of-Way
Tribe = Kaibab Band of Paiute Indians

The Southern Alternative would cross the ACEC, but the land use effects would be negligible. The
Highway Alternative would cross the KIR, resulting in temporary adverse effects on 239 acres and
12 grazing allotments. These effects would be minimized by the EPMs and coordination between
the Project Proponent and the landowner/managing agency or Tribe.
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Glossary
Allotment. An area of land designated and managed for grazing of livestock.
Outgrant. A grant of interest or right to use government real property by right-of-way, permit,
license, or easement.
Right-of-way. The legal right, established by usage or grant, to pass along a specific route through
grounds or property belonging to another.
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Introduction/Affected Environment
Special designations that could be affected by the Lake Powell Pipeline Project (LPP) include areas
that are designated by Congress (such as wild and scenic rivers or national historic trails), by
Presidential proclamation (such as national monuments established under the Antiquities Act),
identified by an agency-evaluation process (wilderness study areas [WSAs]), or through the resource
management planning process (areas of critical environmental concern). The LPP Project Area
includes five special designation areas: the Kanab Creek Area of Critical Environmental Concern
(referred to herein as “the ACEC”), Cockscomb WSA, Paria River (suitable for designation as a
Wild and Scenic River), the Old Spanish National Historic Trail, and Pipe Spring National
Monument (PSNM).

1.1 Regulatory Framework
Kanab Creek Area of Critical Environmental Concern
The Federal Land Policy and Management Act provides for Areas of Critical Environmental
Concern designation and establishes national policy for the protection of public land areas where
special management attention is needed to protect important historic, cultural, and scenic values, or
habitat for endangered, sensitive, or threatened species. Section 202(c)(3) of FLPMA mandates the
agency to give priority to the designation and protection of Areas of Critical Environmental
Concern s in the development and revision of land use plans, while the Bureau of Land
Management’s (BLM’s) planning regulations (43 Code of Federal Regulations [CFR] 1610.7-2) and
policy (BLM Manual 1613 – Areas of Critical Environmental Concern) establish the process and
procedural requirements for Area of Critical Environmental Concern designations. The designation
of Areas of Critical Environmental Concern is achieved only through the Resource Management
planning, either in the pertinent resource management plan) itself or through a plan amendment—
areas having potential for Areas of Critical Environmental Concern designation and protective
management are identified and considered through the resource management planning process using
the best available information and extensive public involvement (see 43 CFR 1610.4-1 through
1610.4-9).
The Area of Critical Environmental Concern designation indicates to the public that the BLM
recognizes that an area has significant values and has established special management measures to
protect those values. In addition, this designation also serves as a reminder that significant values
or resources exist that must be accommodated when future management actions and land use
proposals are considered near or within an Area of Critical Environmental Concern. Designation
may also support a funding priority. To be designated as an Area of Critical Environmental
Concern, both of the following criteria must be met (43 CFR 1601.0-5(a)):
1. Relevance – There shall be present a significant historic, cultural, or scenic value; a fish or
wildlife resource or other natural system or process; or natural hazard.
2. Importance – The above described value, resource, system, process, or hazard shall have
substantial significance and values. This generally requires qualities of more than local
significance and special worth, consequence, meaning, distinctiveness, or cause for concern.
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The BLM recognizes that Areas of Critical Environmental Concern have significant values and
establishes special management measures to protect and prevent irreparable damage to those values.
“Special management attention” refers to management prescriptions developed during preparation
of a resource management plan expressly to protect the relevant and important values of an area
from the potential effects of actions permitted by the resource management plan. These are
management actions that would not be necessary if the relevant and important values were not
present—the designation is a reminder that significant values exist that must be accommodated
when future management actions and land use proposals are considered within the Area of Critical
Environmental Concern.
Cockscomb Wilderness Study Area
The BLM manages WSAs consistent with BLM Manual 6330, which states: “The BLM’s
management policy is … to continue resource uses on lands designated as WSAs in a manner that
maintains the area’s suitability for preservation as wilderness. The BLM’s policy will protect the
wilderness characteristics of all WSAs in the same or better condition than they were on October 21,
1976 (or for Section 202 WSAs not reported to Congress, the date the WSA was designated), until
Congress determines whether or not they should be designated as wilderness” (BLM 2012b).
Additionally, “[f]or actions that are proposed on public lands adjacent to a WSA the NEPA
[National Environmental Policy Act] document for the proposed action should consider impacts on
the WSA.” The Cockscomb WSA is adjacent to the LPP Project Area, so effects on that WSA are
considered in this Draft Environmental Impact Statement (DEIS).
Paria River
Although several river segments are located in the vicinity of the Proposed Project that were found
eligible for congressional designation under the Wild and Scenic Rivers Act, none of these rivers or
river segments have been formally designated by the Wild and Scenic Rivers Council as of this
writing. The Paria River is the only river deemed by the BLM to be suitable for designation as a wild
and scenic river that is within the analysis area for the LPP. Until Congress acts to designate or
release from further consideration rivers determined to be eligible and suitable, the rivers’ freeflowing condition, identified tentative classification, and outstandingly remarkable values are to be
preserved. However, the portion of the Paria River overlapped by the Project Area is within a
designated utility corridor, where avoidance of rights-of-way for wild and scenic rivers is not
applicable (Public Law 90-542; 16 United States Code [USC] 1271 et seq.). The Record of Decision
for the Kanab-Escalante Planning Area Resource Management Plan states that all suitable river
corridors “will be … managed to avoid ROWs [rights-of-way] (including communication sites)
except in designated utility corridors” (also Resource Management Plan Decision No. WSR-5, from
BLM 2020a).
Old Spanish National Historic Trail
The National Historic Trails System was created in 1968 by the National Trails System Act (16
USC) was established to identify and protect historic routes and their remnants for public use and
enjoyment. These are extended trails that follow as closely as possible original routes of travel that
are of national historical significance. National historic trails are authorized and designated only by
an Act of Congress.
Public Law 107-325 was signed on December 4, 2002 and amended the National Trails System Act
to designate the Old Spanish Trail as a National Historic Trail. This legislation recognizes
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approximately 2,700 miles of trail routes from Santa Fe, New Mexico, to Los Angeles, California.
Portions of this trail cross the Project area in both Arizona and Utah. By memorandum from the
Secretary of the Interior, the Old Spanish National Historic Trail is jointly administered by the BLM
and the National Park Service (NPS), working in partnership with other federal, state, and local
government agencies, as well as private landowners who manage or own lands along the trail route.
The legislation authorizing the Old Spanish National Historic Trail requires protection of the
resources and values of the trail. Section 5(f) of the National Trails System Act requires the
development of a comprehensive plan for all designated trails. The BLM and NPS jointly prepared
the Comprehensive Administrative Strategy for the Old Spanish National Trail (BLM and NPS
2017), which establishes the protocols, processes, and management guidelines necessary to fulfill the
preservation and public use goals established by Congress in the National Trails System Act. This
strategy does not change existing land use planning decisions for the trail corridor.
BLM Manual 6280 establishes the agency’s policies for managing National Trails and trails under
study for National Trail designation, and it provides direction for identifying and evaluating effects
on “the nature and purposes of the trail, trail resources, qualities, values, uses (including public
access and enjoyment) and associated settings” (BLM 2012a).
The LPP corridor crosses the trail on BLM-managed lands in the Kanab-Escalante Planning Area
and the Arizona Strip Field Office. The following management objectives from the Kanab-Escalante
Planning Area Resource Management Plan (BLM 2020a) apply to the Old Spanish Trail:
Goal 1: Promote the preservation and appreciation of the Old Spanish National Historical Trail
for the enjoyment of the American people.
Objectives:
Identify and manage an appropriate trail management corridor for the Old Spanish National
Historical Trail.
Manage the landscape (viewshed) associated with the Old Spanish National Historical Trail
so that visitors continue to get a sense of how this landscape influenced commercial trade
along the trails.
Provide appropriate interpretation and signage for the Old Spanish National Historical Trail
to improve visitor experiences.
Management Actions:
Develop interpretive signs or other features to increase access to trail, recognize trail
location, and help guide users.
Establish a National Trail Management Corridor along the Box of the Paria High-Potential
Segment, to include lands up to 0.5 miles on either side of the trail centerline or within the
viewshed, whichever is less.
Manage High-Potential Sites and Segments per the National Trails System Act as follows:
o Allow discretionary uses that would be compatible with the protection of the purpose
and nature, resources, qualities, values, and settings of the Old Spanish National Historic
Trail.
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The following management objectives from the Arizona Strip Field Office Resource Management
Plan (referred to herein as “the RMP”) apply to the Old Spanish Trail (BLM 2008):
Visitors seeking to experience the trail will understand and appreciate the trail’s history and
significance.
Visitors will appreciate and respect the rights of landowners in the area.
High-potential trail segments and historic sites will be protected from overuse, inappropriate
use, and vandalism.
Scenic values related to historical resources will be protected.
The viability of trail resources for comprehensive planning will be ensured through effective
interim management.
Maximum protection of historic and prehistoric properties within the trail corridor will be
provided.
Pipe Spring National Monument
President Harding signed the proclamation establishing PSNM (Presidential Proclamation No. 1663)
on May 31, 1923. The monument was primarily set aside because of the natural springs that flow out
of the Sevier Fault at this location and for the sandstone fort known as Winsor Castle. Public use of
this monument is provided for in the 1916 act establishing the NPS (39 Stat. 535), stating that its
“…purpose is to conserve the scenery and the natural and historic objects and the wildlife therein
and to provide for the enjoyment of the same in such manner and by such means as will leave them
unimpaired for the enjoyment of future generations.” The significance of PSNM “lies in its
preservation of an early Mormon settlement site and its commemoration of an important segment
of the history of American westward migration” (NPS 1987).
PSNM is listed on the National Register of Historic Places (NRHP) and is classified as an historic
zone. As a result, Advisory Council clearance is required under Section 106 of the National Historic
Preservation Act of 1966 before any kind of development can be initiated within the monument.
Additional legal constraints affecting the monument’s cultural and natural resources include
Executive Order (E.O.) 11593 (Protection and Enhancement of the Cultural Environment), E.O.
11988 (Floodplain Management), E.O. 11990 (Protection of Wetlands), and the Antiquities Act of
1916. PSNM is also identified as a High Potential Site for the Old Spanish National Historic Trail.
In 1987, a Statement for Management of the monument was prepared, to “[provide] a format for
evaluating conditions and identifying major issues and information voids.” One important part of
the monument is the quality of the air, and the view across the Arizona Strip.
BLM Plan Conformance
After a BLM resource management plan is approved, any authorizations or management actions
approved must be specifically provided for in the resource management plan or be consistent with
the terms, conditions, and decisions in the approved resource management plan. The BLM can
consider proposals that do not conform to the current land use plan. In those cases, the BLM can: a)
deny the proposal, b) adjust the action to conform to the plan, or c) amend the plan. In assessing
conformance with resource management plans related to special designation areas on BLM-managed
lands, the BLM has determined that the LPP Highway Alternative and the No Action Alternative are
in conformance with the applicable land use plans (the RMP, and the Kanab-Escalante Planning
Area Resource Management Plan). The BLM has determined that the Southern Alignment is not in
conformance with the RMP (due to conflicts between the proposed LPP and ACEC management
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prescriptions), so that alternative includes a proposal to amend the RMP (see Chapter 2, Alternatives
Development and Screening).

1.2 Methodology
The methodology used to analyze effects on special designations included review of the ACEC,
Cockscomb WSA, Paria River, Old Spanish National Historic Trail, and PSNM, and analysis of
effects from construction and operation of the LPP on these areas, as described below for each
special designation.
The environmental consequences or effects of the LPP alternatives on special designations identified
in this appendix are described as temporary (up to one year during construction and restoration),
short term (one to five years), and long term (more than five years). Potential effects of the LPP on
the identified special designations may be adverse (negative) or beneficial (positive). In addition,
effects on special designations may be direct or indirect. Direct effects are effects “which are caused
by the action and occur at the same time and place” (40 CFR 1508.8(a)). Indirect effects are effects
that are caused by construction, operation, and maintenance of a project (in this case, the LPP) that
occur later in time or that are farther removed in distance but are still reasonably foreseeable (40
CFR 1508.8(b)). Direct effects alter the resources for which the special designation(s) were
established, while indirect effects result from noise, air pollution, and visual changes that affect the
setting of the special designations. The LPP’s anticipated effects on cultural resources, visual
resources, air quality, recreation, riparian habitat, and southwestern willow flycatcher are described
briefly in this appendix and described in detail in the pertinent sections of the DEIS and associated
appendices.
The special designations analysis methodology commenced with a review of management goals for
agencies with jurisdiction over public lands potentially affected by the LPP (i.e., the BLM and NPS).
Existing resource data and information were collected and compiled for use in determining effects
from construction and operation of the LPP relative to the affected environment for the ACEC,
Cockscomb WSA, Paria River, Old Spanish National Historic Trail, and PSNM. The amount of
change between the affected environment and conditions under the alternatives was documented as
effect. Direct and indirect were analyzed and documented based on the available information. A
discussion of cumulative effects is provided in Appendix C-25, Cumulative Effects. Mitigation
measures were developed to offset potential effects whenever possible.
Kanab Creek Area of Critical Environmental Concern
Effects to the ACEC involve the proposed Arizona Strip Field Office Resource Management Plan
Amendment (RMPA) sub-alternatives, and the related change in size and management of the
ACEC. Specific effects to the resources for which this ACEC was designated (southwestern willow
flycatcher habitat, riparian resources, scenic resources, and cultural resources) are discussed under
those specific resource sections in the DEIS.
Cockscomb Wilderness Study Area
The Proposed Project would be located adjacent to the Cockscomb WSA in the Kanab-Escalante
Planning Area. The geographic scope for the area of analysis includes the entirety of the Cockscomb
WSA, which is approximately 10,080 acres. Opportunities for solitude and a primitive and
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unconfined recreation experience in the WSA could be affected by construction and operation
activities.
Paria River
The Proposed Project would cross the Paria River on private lands. However, in accordance with
BLM policy (Manual 6400 – Wild and Scenic Rivers) and the Kanab-Escalante Planning Area
Resource Management Plan, all suitable rivers or river segments (including the Paria River) are
managed by assessing potential impacts to a study corridor. The study corridor for this segment of
the Paria River “includes 0.25 mile of land from the ordinary high water mark on each side of [the
river]” (BLM 2019).
Old Spanish National Historic Trail
The Old Spanish National Historic Trail crosses Glen Canyon National Recreation Area; BLMadministered lands in the Arizona Strip Field Office, the Kanab-Escalante Planning Area, and St.
George Field Office; the Kaibab Indian Reservation; and state and private lands. The trail would be
crossed by the LPP in the Kanab-Escalante Planning Area and the Arizona Strip Field Office. The
geographic scope for the area of analysis uses the Congressionally designated alignment for the trail
as a starting point to determine the most probable avenue(s) of travel and extent of scenic resources.
The geographic scope for the area of analysis also includes the visible landscape (viewshed) on either
side of the centerline of the Old Spanish National Historical Trail, including the National Trail
Management Corridor. To evaluate potential impacts and visibility of the LPP from the trail, an
analysis area of up to 5 miles was used for the high potential segments, including the Box of the
Paria High-Potential Segment and the Pipe Spring National Monument High Potential Site. The area
in which management actions/mitigation would be implemented was determined to be 0.5 miles on
either side of the centerline of the Box of the Paria High-Potential Segment and up to 5.0 miles
from the Pipe Spring National Monument High-Potential Site (since the larger landscape,
particularly that viewed by the visitor to PSNM looking south, west, and east remains largely
unchanged from the historic period of significance). Adverse effects are those that would interfere
with the nature and purpose of the trail or result in an intact trail segment or associated resource
losing the integrity it now possesses for inclusion in the NRHP.
Pipe Spring National Monument
PSNM was administratively listed on the NRHP in 1966. Details of the NRHP nomination for the
Pipe Spring historic district were completed in 1986 and updated in 2000. This property contributes
to preserving the understanding of a major pattern of American history. The historic district’s
primary resources retain a high degree of integrity of location, design, feeling, and association with
the historic period. Exclusive of the historic district, the much larger landscape, particularly that
viewed by the visitor looking south, west, and east, remains largely unchanged from the historic
period of significance. An NRHP property is to be managed in a manner to preserve, as much as
possible, a high degree of integrity of location, design, feeling, and association with the historic
period. While the proposed LPP alternatives would not cross PSNM, but would instead pass to the
south at various distances depending on the alternative, the presence of a visual “scar” within view
from the historic district, and suspended dust from construction of the pipeline and associated
infrastructure, would adversely affect local visibility and adversely affect a visitor’s feeling and
association with the historic period from within the historic district.
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1.3 Environmental Protection Measures
Environmental Protection Measures (EPMs) as outlined in the LPP Plan of Development (POD)
are measures or procedures that are part of the Proposed Project and would be implemented as
standard practice, including measures or procedures that could reduce or avoid adverse impacts
(UDWRe 2020; provided as Appendix E, Plan of Development). EPMs would be applied regardless
of landownership, except where the jurisdictional agency or landowner determines changes to the
EPM(s) would ensure greater consistency with governing statutes, policies, or plans. Proper
communication and coordination would occur with the jurisdictional agency, private landowner, etc.,
to ensure changes to EPMs are modified and applied appropriately.
There are no EPMs proposed specifically for management of special designations. However, the
applicant’s EPMs identified in Appendix B of the POD)were considered when assessing initial and
residual effects on special designations (the ACEC, Cockscomb WSA, Paria River, Old Spanish
National Historic Trail, and PSNM). EPMs for other resources would provide benefits to special
designations such as those identified for restoration, biological resources, cultural resources, air
quality, and visual resources.
The following are examples of some of the EPMs that would provide benefits to special
designations:
Restoration
B.1.63. Soils and cut/fill areas will be restored to reasonably blend into existing landforms and will
be placed in a manner to minimize stark contrast with adjacent undisturbed areas. Topsoil from
cut/fill activities will be spread on freshly disturbed areas to reduce color contrast and aid rapid
revegetation. Disposal of excess fill material downslope will be completed in such a fashion as to
avoid creating stark color contrast with existing vegetation/soils. Cut slopes will be randomly
scarified and roughened to reduce texture contrasts with existing landscapes.
B.1.66. Within disturbed portions of the ROWs located within critical habitat of listed species or
areas of critical environmental concern, additional shrub salvage or enhanced seed application may
be conducted to enhance restoration efforts in coordination with the BLM. Additional shrub salvage
may be accomplished by either 1) salvaging from the BLM lands within the ROWs, 2) salvaging
from an approved off-site harvest site, and/or 3) propagation of shrubs from native seed in an
approved nursery.
B.1.70. Salvaged plants in special designation areas will be maintained for the duration of
construction activities if identified for replanting within the ROWs as part of site restoration, in
coordination with the BLM. Maintenance will include necessary watering and other care to ensure
reasonable survival of the salvaged plants.
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Biological Resources – Migratory Birds
B.5.66. If nesting migratory birds are found during the pre-construction surveys, the Utah Division
of Water Resources (UDWRe) will follow measures identified within the Bird Conservation Strategy
(see measure B.1.1). If feasible, the bird nests will be avoided until the birds have fledged. T-posts
and rope fencing will be used to mark the avoidance areas, which will also be signed to inform
construction personnel to avoid the area. If avoidance is not feasible, UDWRe will consult with the
BLM.
Cultural Resources
B.7.1. The Programmatic Agreement and subsequent Historic Property Treatment Plans will direct
the appropriate avoidance, monitoring, or mitigation measures that may be used for adversely
impacted eligible cultural resources. Those measures will be developed under those processes and
should not be separately developed in the Environmental Impact Statement (EIS). The Historic
Property Treatment Plans will address monitoring. The EIS should reference the appropriate
processes or documents.
Air Quality
B.10.1. Dust control permits will be obtained for each construction contract in accordance with
local, county and/or state requirements. The permits will contain a Dust Control Plan listing all
construction activities that will occur and the best management practices that will be used to mitigate
construction dust. The best management practices will include site-specific dust control measures
that are based on each project soil type, specific construction activities, phases, and stages. They may
include:
Moisture conditioning of construction materials
Controlling dust on access roads
Covering or stabilizing soil with vegetation
Using phased construction
Limiting size and number of ingress and egress points
Limiting size of staging areas
Limiting vehicle speeds on the work site to minimize dust generation
Proactive measures to prevent unauthorized access to disturbed areas
Application of track-out controls
B.10.4. Operating permits will be obtained as required from the local county and/or the state for
stationary sources as necessary, such as aggregate rock handling equipment, rock crushers,
conveyors, and screening equipment which may emit particulate matter. UDWRe will comply with
all requirements of the operating permits.
B.10.6. Active construction sites and unpaved roads used for construction will be watered or a
chemical dust suppression approved by the BLM will be applied, as needed, to maintain effective
dust control.
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Visual Resources
B.11.2. Lighting needed to conduct construction at night will be limited to the basic requirements to
conduct the work. Lighting will be shielded, and directed down towards the site and not into
surrounding areas or onto roads. Lighting for night construction will be coordinated and approved
by the BLM and other applicable agencies.
B.11.4. Rock cuts and other construction areas along the ROWs in sensitive visual areas or
landscapes will be restored to blend with adjacent geological structure and may be painted or
sprayed with an artificial desert varnish following construction completion and prior to revegetation
to reduce the visual contrast. Application rates and color tint will be site-specific. Available artificial
desert varnish materials used for visual resource impact mitigation purposes will be approved by the
BLM prior to use.
B.11.6. Existing vegetation that screens pipeline alignments, flow-control facilities, parking lots and
other features from key viewing areas will be retained if it does not impede construction activities.
B.11.7. Pitting and vertical mulching in sensitive locations may be used in coordination with the
BLM to reduce contrast and visibility of the pipeline.

1.4 Existing Conditions
Kanab Creek Area of Critical Environmental Concern
To be designated as an Area of Critical Environmental Concern, an area must require special
management attention to protect the important and relevant values (43 CFR 1601.0-5(a)). “Special
management attention” refers to management prescriptions developed during preparation of a
resource management plan expressly to protect the important and relevant values of an area from
the potential effects of actions permitted by the resource management plan. These are management
actions that would not be necessary if the relevant and important values were not present.
The ACEC was designated for its cultural, endangered bird species, riparian, and scenic values. The
relevance and importance of these values are as follows:
Cultural – Significant regionally important cultural resources are vulnerable to vandalism
and impacts.
Endangered Bird Species and Riparian Values – The riparian area is a natural system
that includes rare, endemic plant communities and suitable unoccupied habitat for
endangered southwestern willow flycatcher and has regional significance. The riparian area is
fragile, irreplaceable, and unique and is vulnerable to adverse change. Causes for concern
include dewatering, loss of habitat due to development, flooding, soil erosion, sedimentation
and alteration of the stream channel.
Scenery – The canyon depths, intricacies, and colors of Kanab Creek provide high scenic
quality.
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The RMP includes special management prescriptions that provide additional protection to the values
listed above. See Table 2.15 in the RMP for the complete suite of applicable management
prescriptions (BLM 2008).
Cockscomb WSA
The Cockscomb WSA is approximately 40 miles east of Kanab, Utah, and covers 10,827 acres. The
WSA is bounded on the south by U.S. Highway 89 and State and private land, on the west by private
land, and on the north and east by state lands and a powerline. This WSA was recommended for
wilderness designation in the October 1991 Wilderness Report to Congress. Approximately 5,000
acres, including the portion adjacent to Highway 89, were not recommended for wilderness
designation in the Wilderness Report to reduce or avoid conflict with wilderness preservation near
portions of the area that are easily accessible and popular for recreation and other land uses. The
WSA possesses naturalness, outstanding opportunities for solitude, outstanding opportunities for
primitive and unconfined recreation, as well as an impressive geologic formation, a sandstone ridge
known as the Cockscomb, which is a supplemental value. Wilderness characteristics vary across the
WSA. Visitors can explore the Paria River by foot or horseback, while the Cockscomb affords
visitors a challenging and scenic trek to the top, which can be accomplished by rock scrambling or
by following a side canyon to the summit. Sightseeing, cultural site investigation, photography,
nature study, day hiking, outdoor artwork, bird watching, and other pursuits are possible recreation
endeavors within this WSA.
Paria River
The Paria River is the only river determined by the BLM to be suitable for designation as a wild and
scenic river that is within the analysis area for the Proposed Project. The Paria River, in the vicinity
of the Project Area, flows south through private land at the Highway 89 crossing to the Arizona
state line. The segment outside of wilderness (which is the segment that would be crossed by the
LPP) was tentatively classified as recreational, while the segment within the Paria Canyon-Vermilion
Cliffs Wilderness (several miles downstream) was tentatively classified as wild. The outstandingly
remarkable values of this segment are high quality scenery, recreational attraction, exposed geologic
strata and arches, and historic sites (BLM 2019).
The Paria River is the only river determined by the BLM to be suitable for designation as a wild and
scenic river that is within the Project Area. While the actual LPP crossing of the Paria River would
be on private land, the river study corridor is 0.25 miles of land from the ordinary high water mark
on each side of the river, so part of the study corridor is on BLM-managed land. This portion of the
Paria River corridor within the LPP analysis area already has substantial existing development—
there are large gravel pits on the adjacent private lands, the highway runs directly across this
segment, and several private residences/buildings are located south of the highway. In addition, the
LPP alignment would be within a utility corridor (designated by Congress in 1998, pursuant to
Section 202 of Public Law 105-355), so avoidance of ROWs for wild and scenic rivers is not
applicable. (Public Law 90-542; 16 USC 1271 et seq.; BLM 2020a).
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Old Spanish National Historic Trail
The Old Spanish National Historic Trail extends 2,700 miles and links Santa Fe and Los Angeles
across six states. It traverses red rock mesas, passes below snow-capped peaks, and fords untamed
rivers, avoiding the immense depths of the Grand Canyon and skirting the continent’s harshest
deserts. The trail takes its name from the Spanish colonies in northern New Mexico and southern
California that were linked by this rugged route. The Spanish outpost of Santa Fe, New Mexico was
founded in the early 1600s and the pueblo of Los Angeles, California was founded in 1781, but it
was not until 1829 when Santa Fe merchant Antonio Armijo led 60 men and 100 pack mules
northward on the trails blazed by native peoples that a suitable land passage between these colonies
was established. Armijo’s mules carried woolen goods for trade in California. On the return trip,
Armijo backtracked along the route Spanish padres Dominguez and Escalante recorded as they
returned to Santa Fe from southern Utah more than 50 years earlier. He and his men drove mules,
horses, and donkeys obtained in California for trade in New Mexico. Some of the several Old
Spanish Trail trade routes were eventually replaced by wagon roads, and many portions of the routes
remain today in state highway transportation networks. The Old Spanish Trail was designated by
Congress as a National Historic Trail in December 2002. By memorandum from the Secretary of the
Interior, the Old Spanish National Historic Trail is jointly administered by the BLM and NPS,
working in partnership with other federal, state, and local government agencies, as well as private
landowners who manage or own lands along the trail route (BLM 2020b).
The Old Spanish Trail was primarily a mule- and horse-pack trade route between the Mexican
frontier outposts of Santa Fe, New Mexico, and Mission San Gabriel, California between 1829 and
1848. A travel route was first pioneered in 1829, when Santa Fe merchant Antonio Armijo led 60
men and 100 mules on a journey of exploration. Armijo’s group left Abiquiú, New Mexico, in
November 1829 with woven woolen goods to sell in California. They followed a route that took
them through the Four Corners area to the Colorado River, southeastern Utah, and across
northeastern Arizona to the Virgin River in Washington County, Utah, south to a campsite near
Littlefield, Arizona, and ultimately southwest across the Mojave Desert of Nevada to Santa Barbara,
California. In the late 1820s and early 1830s, American explorer Jedediah Smith and fur trappers
blazed a “northern route” from New Mexico to Green River, Utah, then westward to the Utah Lake
area. During these years, Mexican and American traders who traded New Mexico woolen goods for
California-bred horses and mules used it extensively. The trail trade had a significant impact on the
American Indian tribes along the trail. Southern Paiutes on the Arizona Strip participated in the
trade and, on occasion, were enslaved by neighboring tribes to be traded as commodities on the trail
(BLM 2007).
The trail routes resembled stock driveways more than well-worn trails and connected water and
forage. Each caravan deviated slightly from the path taken by the last, so that no single set of tracks
developed along the route. The Northern and Southern (Armijo) Route ultimately came to be
known as the “Old Spanish Trail.” Although few traces of the trail routes have survived, the
landscapes through which the pack mule trains, and New Mexico traders passed remain.
The Old Spanish National Historic Trail generally follows the Highway 89 corridor through Utah
and the Highway 389 corridor across the Arizona Strip. Maps of the trail can be found in Chapter 2
of the Old Spanish National Historic Trail Comprehensive Administrative Strategy (BLM and NPS
2017), with the section of trail that intersects the Project Area shown on Maps 5D and 5J. As stated
previously, within the Project Area, the trail crosses BLM-managed lands in the Kanab-Escalante
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Planning Area and the Arizona Strip Field Office; the Kaibab Indian Reservation; and state and
private lands. Table 1.4-1 displays land ownership of the trail within the Project Area.
Table 1.4-1 Land Ownership of the Old Spanish National Historic Trail within the Project Area
Length of the Old Spanish National Historic Trail
Overlapped by the LPP Project Area (feet)
Land Ownership
Southern Alternative
Highway Alternative

BLM

Utah
Arizona

NPS
Reclamation
Tribe
State

Utah
Arizona

Private
Total

3,337
285
0
0
0
533
0
1,376
5,551

5,229
0
0
0
5,693
553
2,822
8,112
22,409

Key:
BLM = Bureau of Land Management
NPS = National Park Service
Tribe = Kaibab Band of Paiute Indians

Recreational opportunities along the trail include camping, hiking, landscape photography, and
wildlife viewing. The trail passes through the Box of the Paria, which is one of the more popular
hikes in the Kanab-Escalante Planning Area. Many points of historical or cultural interest can be
found along the trail as well. The trail does not currently have any visitor facilities or services, except
at PSNM, which encompasses the PSNM High-Potential Site of the trail (see below for information
on the national monument).

Historic Character: The entirety of the trail within the Project Area is along the Armijo (or

Southern) Route of the Old Spanish National Historic Trail. The Armijo expedition was the first to
use this route across southern Utah and northern Arizona.
The LPP is associated with the trail both inside and outside of the Box of the Paria High Potential
Route Segment, and the Pipe Spring National Monument High Potential Site (located in
PSNM). The top resources, qualities and values that were identified in the inventory for the entirety
of the trail in this area are the integrity of the setting and the scenery. Opportunities for recreation
were also identified. No cultural artifacts or trail trace from the period of significance were
identified, but general route location was verified. The scenic inventory for the trail is covered in the
visual resources section of this DEIS. With no cultural sites identified on the ground this leaves the
resource of historic character and setting to be addressed here.
Antonio Armijo traversed the Old Spanish Trail in 1828 and kept a brief journal; thus, this route is
the only portion of the Old Spanish Trail for which there are descriptions (albeit terse and cryptic
ones) from the period of significance. Archaeological survey verified trail location based on the
assumption that Armijo used pre-existing trails which likely continued to be used after his 1828
journey. As a result, trails and wagon roads depicted on General Land Office survey plats of the area
(from 1877) were initially considered and inspected as the basis for a travel corridor, taking into
account topography that would either hinder or facilitate travel. Descriptions in Armijo’s journal are
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minimal and vague, although a general picture of the trail setting can be established from interviews
with expedition members published in the June 5, 1830 United States of Mexico government
register. The archeological survey conducted in 2010 recorded inscriptions along the trail route, all
of which post-date the Old Spanish Trail period of significance, but may be historic.

Existing Condition: The Box of the Paria High Potential Route Segment is 12.7 miles, all of which

is on BLM-managed land in Utah. The trail route today is typified by land that has been reclaimed by
the river, erosion, and vegetation; no traces of the trail (e.g. ruts) were positively identified by
pedestrian archeological survey as being from the period of significance for the Old Spanish Trail. In
some cases, later wagon roads and trails appear to overlay the route. From east to west, this analysis
unit crosses the Rimrocks into the Paria River Canyon and heads north to avoid crossing the
Cockscomb. The Rimrocks have changed somewhat due to development, but the Paria River
Canyon is virtually unchanged except for the bladed access road (Cottonwood Canyon Road) and a
power transmission line. As the analysis unit reaches the eastern mouth of the Box of the Paria,
Cottonwood Canyon Road continues to the northeast and the analysis unit turns northwest through
the Box. There is no vehicular access through the Box, and the Paria River weaves back and forth
through the bottom of the steep-sided canyon, making it impossible to walk the length of the
canyon without fording the river several times. At the western mouth of the Box, the Paria town site
is evident at the base of the cliffs. The analysis unit continues west from this point, through the low
area between Calico Peak and the Cockscomb.

Non-contributing and non-compatible with historic setting character: The most noticeable

non-historic features in the historic setting of this analysis unit are the existing transmission line and
Highway 89.

Non-contributing but compatible with historic setting character: The Paria town site and

associated movie set elements are not from the period of significance but may be considered historic
in their own right. They do not intrude on the historic setting.

Integrity assessment: The Box of the Paria analysis unit’s historic setting retains integrity.
Pipe Spring National Monument
PSNM serves as a water oasis for American Indians, Mormon ranchers, and includes historic forts,
gardens, and a ridge trail. The water of Pipe Spring has made it possible for plants, animals, and
people to live in this dry, desert region. Ancestral Puebloans and Kaibab Paiute Indians gathered
grass seeds, hunted animals, and raised crops near the springs for at least 1,000 years. A large pueblo
ruin that is partially within the monument boundary is the earliest substantial evidence of use of the
spring. Antonio Armijo discovered the springs when he passed through the area in 1829, when he
established the Armijo Route of the Old Spanish Trail. In the 1860s Mormon pioneers brought
cattle to the area and by 1872 a fort (Winsor Castle) was built over the main spring and a large cattle
ranching operation was established.
This isolated outpost served as a way station for people traveling across the Arizona Strip, that part
of Arizona separated from the rest of the state by the Grand Canyon. It also served as a refuge for
polygamist wives during the 1880s and 1890s. Although their way of life was greatly impacted, the
Paiute Indians continued to live in the area and by 1907 the Kaibab Paiute Indian Reservation was
established, surrounding the privately-owned Pipe Spring ranch. In 1923, Pipe Spring ranch was
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purchased and set aside as a national monument (National Park Foundation 2020) to commemorate
western pioneer settlement and American Indian-pioneer interactions on the frontier.
Administered by the NPS, Pipe Spring was listed on the NRHP on October 15, 1966, and the
boundaries of the Pipe Spring National Monument Historic District (a portion of the monument)
were expanded in October 2000 (NPS 2000). The monument maintains all of the historic structures
except the Whitmore dugout (constructed by James Whitmore, the first permanent white settler who
homesteaded the area in 1863), which has been excavated but not reconstructed. The 40-acre
monument contains gardens, orchards, fields, corrals, and sandstone cliffs that provided the building
material for the historic structures are all maintained as part of the historic setting of the site. As
stated previously, an important part of the monument’s historic character is the view across the
Arizona Strip because it provides an appreciation of the settlement’s isolation and of the
commanding position provided by its location. The Arizona Strip comprises about 10,000 square
miles; about one-third of this area can be viewed from the monument, extending from the Kaibab
Plateau on the east to Mt. Trumbull on the west, with the north escarpment of the Grand Canyon
between (NPS 1987).
PSNM is a day-use park that includes a visitor center, bookstore, museum, ranch building and
grounds (including corrals, an orchard, a seasonal garden, and cabins), Winsor Castle fort, and a 0.5mile loop known as the Ridge Trail. The ranch and buildings are open daily, and tours are offered at
the historic fort every 30 minutes. In the summer, rangers also give “living history” demonstrations
(KCOTFC 2018). Scenic views of the Arizona Strip can be observed along the Ridge Trail.
Approximately 55,000 people visit Pipe Spring annually.

Results/Environmental Consequences
2.1 No Action Alternative
Kanab Creek Area of Critical Environmental Concern
The No Action Alternative would have no effect on the ACEC. This alternative would have no
construction or operation effects because no construction or operational activities would occur—no
pipeline or associated infrastructure would be constructed, so current management of the resources
for which the ACEC was designated (habitat for the endangered southwestern willow flycatcher and
riparian, scenic, and cultural resources) as prescribed in the RMP would continue, as the RMP would
not be amended.
Cockscomb WSA
The No Action Alternative would have no effect on the Cockscomb WSA. This alternative would
have no construction or operation effects because no construction or operational activities would
occur—no pipeline or associated infrastructure would be constructed. No activities would be
authorized that would affect the WSA’s wilderness characteristics of naturalness, outstanding
opportunities for solitude, outstanding opportunities for primitive and unconfined recreation, or the
Cockscomb geologic formation.
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Paria River
The No Action Alternative would have no effect on the Paria River. This alternative would have no
construction or operation effects because no construction or operational activities would occur—no
pipeline or associated infrastructure would be constructed. No activities would be authorized that
would affect the river’s free-flowing condition, tentative recreational classification, and outstandingly
remarkable values.
Old Spanish National Historic Trail
The No Action Alternative would have no effect on the Old Spanish National Historic Trail. This
alternative would have no construction or operation effects because no construction or operational
activities would occur—no pipeline or associated infrastructure would be constructed. No changes
to any trail segments or associated resources (including historic sites and scenic values related to
historical resources) would occur. No activities would occur that would affect the nature and
purpose of the trail or result in the trail losing the integrity it now possesses for inclusion in the
NRHP.
Pipe Spring National Monument
The No Action Alternative would have no effect on PSNM. This alternative would have no
construction or operation effects because no construction or operational activities would occur—no
pipeline or associated infrastructure would be constructed. No activities would occur that would
result in changes to the visual landscape or views across the Arizona Strip. The scenery, the natural
and historic objects, and the wildlife therein for which the monument was established would be
unaffected by the LPP.

2.2 Southern Alternative
Kanab Creek Area of Critical Environmental Concern
Under the Southern Alternative, the RMP would need to be amended to allow for authorization of
the LPP. While amending the RMP under any of the three sub-alternatives would not directly
involve ground disturbance or development, these actions would allow for the construction,
operation, and maintenance of the LPP and potentially other utility lines. Future development
proposals would be analyzed under project-specific National Environmental Policy Act review and
analysis.
Amending the RMP could also allow for additional ground-disturbing activities other than utility
ROWs, since management direction for the area would change due to reducing the size of the
ACEC or changing the configuration of the utility corridor. Thus, amending the RMP could affect
salable, locatable, and leasable mineral resources, livestock grazing management, land use, and other
resources. Changing the visual resource management (VRM) classifications would affect the
management of visual resources within the area. While these effects are discussed under the
corresponding sections in the DEIS, a summary of effects to the relevant and important values
(based upon the analysis in those other DEIS sections) is presented below in Table 2.2-1.
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2.2.1 Resource Management Plan Amendments
2.2.1.1 Sub-alternative 1

Under RMPA Sub-alternative 1, no changes to the size of the ACEC or the utility corridor are
proposed. This alternative does, however, propose an amendment to Decision No. MA-LR-06 so
that the portion of the ACEC overlapped by the utility corridor would no longer be an avoidance
area for land use authorizations. The proposed amendment would allow for new land use
authorizations in the ACEC when impacts to the sensitive resources for which the area was
designated could be mitigated. Potential effects from this RMPA sub-alternative to the resource
values for which the ACEC was designated are addressed in those specific resource sections in the
DEIS and summarized in Table 2.2-1.
2.2.1.2 Sub-alternative 2

Under RMPA Sub-alternative 2, the ACEC would be reduced by 905 acres, but no changes to
management of the amended ACEC area would occur. For lands no longer within the ACEC, the
following changes to management would occur:
Salable minerals would become available;
Special mitigation for leasable mineral exploration and development would no longer be
required;
The area would no longer be an avoidance area for new land use authorizations;
Upgrading of existing roads, and construction of new roads, could be authorized; and
New corrals and water developments (for management of livestock grazing) could be
authorized and constructed.
As with RMPA Sub-alternatives 1 and 3, potential effects from this alternative to the resource values
for which the ACEC was designated are addressed in those specific resource sections in the DEIS
and summarized in Table 2.2-1.
2.2.1.3 Sub-Alternative 3

Effects to the ACEC under RMPA Sub-alternative 3 would be similar to those described for RMPA
Sub-alternative 1. However, this sub-alternative would result in a net decrease of 175.5 acres within
the ACEC that is overlapped by the utility corridor (no change in the size of the ACEC would
occur). Thus, these lands would no longer be identified as an area where new ROWs are encouraged.
Potential effects from this RMPA sub-alternative to the resource values for which the ACEC was
designated are addressed in those specific resource sections in the DEIS and summarized in Table
2.2-1.
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Table 2.2-1 Summary of Impacts to Kanab Creek Area of Critical Environmental Concern Relevant and
Important Values
Relevant and
RMPA Sub-alternative
Important
No Action
Sub-alternative 1
Sub-alternative 2
Sub-alternative 3
Value

Habitat for
southwestern
willow
flycatcher

No effect.

Short-term
disturbance to
willow flycatcher
habitat from LPP
construction.
Effects would be
mitigated to the
extent possible.

Riparian
resources

No effect.

Scenic
resources

No effect.

Short-term
disturbance to the
Kanab Creek and
Bitter Seeps Wash
riparian areas from
construction,
operation, and
maintenance of the
LPP (and other
potential future
ROWs).
No effect – no
change to the
existing VRM
classification.

Potential for loss of
southwestern willow
flycatcher habitat without
provision for mitigation of
impacts in the excluded
portion of the ACEC (905
acres). However, ESA
requirements would still
apply so impacts would be
mitigated to the extent
possible.
Construction, operation, and
maintenance of the LPP
(and other potential future
ROWs) would result in
direct effects to riparian
vegetation, as well as indirect
effects to riparian resources
from sedimentation and
erosion as vegetation is
removed.

Similar to Subalternative 1
(requirement for
mitigation where utility
corridor overlaps the
ACEC) with a smaller
utility corridor/ACEC
overlap area (reduced
by 175.5 acres).

Would allow for notable
changes to the landscape
character that could attract
attention on the 905 acres
excluded from the ACEC.

The areas being
reclassified from VRM
Class II or III to Class
IV would allow
substantial changes to
existing visual
resources. The visual
resources in areas being
reclassified from VRM
Class IV to either Class
II or Class III would
allow for less change to
the existing
characteristic landscape.

Similar to Subalternative 1
(requirement for
mitigation where utility
corridor overlaps the
ACEC) with a smaller
utility corridor/ACEC
overlap area (reduced
by 175.5 acres).

17

Table 2.2-1 Summary of Impacts to Kanab Creek Area of Critical Environmental Concern Relevant and
Important Values (continued)
Relevant and
RMPA Sub-alternative
Important
No Action
Sub-alternative 1
Sub-alternative 2
Sub-alternative 3
Value

Cultural
resources

No effect.

New utilities would
be routed away
from cultural
resources, with
mitigation for
effects from new
land use
authorizations
(determined during
site-specific project
planning).

Construction, operation, and
maintenance of new land use
authorizations, as well as the
use and maintenance of
designated routes,
construction of new range
facilities, and management
of salable or leasable
minerals (due to reducing
the size of the ACEC) could
result in direct effects on
cultural resources, and
indirect effects on sites from
erosion as vegetation is
removed. However, existing
federal laws would still
apply, so effects would be
mitigated to the extent
possible.

Same as Sub-alternative
1.

Key:
ACEC = Kanab Creek Area of Critical Environmental Concern
ESA = Endangered Species Act
LPP = Lake Powell Pipeline Project
RMPA = Arizona Strip Field Office Resource Management Plan Amendment
ROW = right-of-way
VRM = visual resource management

Cockscomb WSA
The pipeline, BPS-3, and BPS-4 would have temporary direct and indirect effects on visitors to the
Cockscomb WSA during construction of these features. Direct effects would result from pipeline
construction blocking established access (via Cottonwood Canyon Road) to this WSA from U.S.
Highway 89. This temporary direct effect would have a maximum duration of 8 hours. A temporary
bypass road would provide access to the area, and the original access would be restored to preconstruction condition by the end of the 8-hour duration. Indirect effects would result from visual
changes, air pollutants, noise, and additional LPP construction traffic. Noise generated during
construction activities would decay to below baseline levels within 0.6 mile from the construction
activities (see Appendix C-3, Noise and Vibration) and would disrupt recreational experiences of
users in the south and west portions of the WSA. Air pollutants would mostly disperse to below
National Ambient Air Quality Standards (NAAQS) concentrations within the ROW corridor.
Visitors to the WSA may temporarily detect nitrogen dioxide from construction equipment
emissions under worst-case conditions. Construction activities would therefore temporarily affect
opportunities for solitude and outstanding opportunities for primitive and unconfined recreation.
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Following construction and restoration, LPP operations would have no direct effects on visitors to
the Cockscomb WSA. These operations would not interfere with access to, or use of, the WSA.
However, visitors to the WSA could experience indirect effects from viewing BPS-3 and BPS-4
facilities, if recreating on the edges of the WSA where these facilities would be visible, because of
their close proximity to the WSA boundary.
Paria River
The Paria River corridor within the LPP analysis area already has substantial existing development.
There are large gravel pits on the adjacent private lands, the highway runs directly across this
segment, and several private residences/buildings are located south of the highway. The segment is
tentatively classified as recreational, and the applicable resource management plan (the KanabEscalante Planning Area Resource Management Plan) states that wild and scenic river corridors will
not be managed as ROW avoidance within designated utility corridors. While there may be some
short-term effects to the Paria River’s values during construction activities, these impacts would be
relatively unnoticeable due to the existing development in the area. Long-term effects are also likely
to be unnoticeable due to Project Area restoration and the existing development in the area.
Old Spanish National Historic Trail
Under the Southern Alternative, the pipeline alignment and associated appurtenances would run
parallel to and cross the Old Spanish National Historic Trail and associated high potential segments
and sites and would be located within the viewshed of the trail. As shown in Table 1.4-1, above,
approximately 1.0 mile of the trail would be within the ROW areas, and the LPP would cross the
trail six times under this alternative. Construction-related activities would result in increased dust,
noise, creation of a visual land disturbance, and presence of construction-related equipment within
the viewshed of the trail and may temporarily prevent access to portions of the trail that would
affect recreational opportunities in some locations. These construction activities would result in
short-term effects to the historic character, historic setting, scenery, and recreational opportunities
of the trail. The Southern Alternative would attract attention, create strong contrast, and begin to
dominate the landscape in the foreground of the trail near the BPS-2, BPS-3, HS-1, and HS-2 South
facilities. The placement of facilities and appurtenances, and the presence of access routes that
would remain throughout pipeline operations, would result in long-term effects to the historic
character, historic setting, scenery, and recreational opportunities of the Box of the Paria High
Potential Segment, and long-term effects to the historic character, historic setting, scenery, and
recreational opportunities of the Pipe Spring High Potential Site. For the pipeline alignment, effects
would be short term until revegetation and restoration are successful, which would minimize the
view of the pipeline corridor, so the nature and purpose of the trail would be preserved. Direct
effects related to the Old Spanish National Historic Trail viewshed are analyzed in the DEIS Section
3.16, Visual Resources, and in Appendix C-19, Visual Resources.
The hydrostations, including HS-2 South and HS-3, would have short-term, direct, and indirect
effects on recreational users of the trail during construction. Short-term direct effects would occur
on recreational users as the pipeline construction crosses the trail. These short-term direct effects
would have a maximum duration of 8 hours per day (potentially over several days, as construction of
the pipeline occurs) at each trail crossing. Temporary bypass trails would provide temporary access
to the trail, and the original access would be restored to pre-construction conditions by the end of
the 8-hour duration. Short-term indirect effects would occur due to increased dust, noise, creation of
a visual land disturbance, and presence of construction-related equipment within the viewshed of the
trail. Following construction and restoration, LPP operations would have no direct effects on
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recreational users of the trail. These operations would not interfere with access to, or use of, the
historic trail. However, users would experience indirect effects as they view HS-2 South and HS-3.
For further discussion of effects of the LPP on recreation resources, please refer to the DEIS
Section 3.7, Recreation, and Appendix C-9, Recreation.
Noise generated during construction activities would attenuate to background levels within 0.6 miles
of the pipeline alignment and facility sites and would disrupt recreational experiences of historic trail
users. Air pollutants would mostly disperse to below National Ambient Air Quality Standards
concentrations within the ROW corridors; recreational users along the trail may temporarily detect
nitrogen dioxide from construction equipment emissions under worst-case conditions. Several
dispersed access points for the trail would be temporarily affected by construction activities and
traffic during construction. Following construction and restoration, LPP operations would have no
direct effects on the trail from noise, although long-term indirect effects would occur.
The LPP would generate noise from the long-term use of electrical and mechanical equipment at the
booster pump stations, inline hydrostations, electrical facilities, and water conveyance components.
All of these facilities would operate per manufacturers’ specifications and would follow occupational
health and safety codes and the regulations, and EPMs include design measures for permanent
facilities to operate at noise levels near background levels beyond the site boundary, although noise
would be noticeable to trail users near these facilities. LPP operations would not interfere with
access to, or use of, the trail. For further discussion of effects of the LPP on noise, please refer to
the DEIS Section 3.3, Noise and Vibration, and Appendix C-3, Noise and Vibration.
Pipe Spring National Monument
The LPP alignment proposed under this alternative would be approximately 4 miles from PSNM
and would therefore not directly affect lands or resources within the monument boundary. From
that distance, views of the Project components from the monument would not be visually evident,
with no apparent change to the setting. While fugitive dust generated from construction activities
would temporarily affect visibility/views across the area, most air pollutants would disperse to below
National Ambient Air Quality Standards concentrations within the ROW corridor. Following
construction and restoration, LPP operations would have no direct effect on PSNM. Indirect effects
could occur if maintenance activities require ground disturbance (that generate fugitive dust), but
this would be a rare occurrence.
2.2.2 Mitigation Measures
Minor changes to the EPMs should be implemented to meet agency-specific goals and objectives for
management of special designation resources.
In addition to the EPMs described in Section 1.3, above, and the POD (provided as Appendix E,
Plan of Development), the following mitigation measures would be implemented as part of the
Southern Alternative to reduce effects to Special Designations, in particular the ACEC and the Old
Spanish National Historic Trail:
The construction methods for each crossing would ultimately be determined in coordination
between the Utah Board of Water Resources and the applicable jurisdictional agency during
final design stages.
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Revegetation efforts within 0.5 miles on either side of the centerline of the Old Spanish
National Historic Trail, or 5.0 miles of the Pipe Spring National Monument High Potential
Site, should adequately match the adjacent vegetation communities and landscape to
minimize the visual land disturbance resulting from construction-related activities. In
accordance with the National Trails System Act, trail administrators shall be consulted
during the design of pipeline appurtenances and infrastructure viewable from the Old
Spanish National Historic Trail to minimize effects to the viewscape and historic
feeling/setting and to preserve to a high degree the integrity of location, design, feeling, and
association with the historic period.

2.3 Highway Alternative
Kanab Creek Area of Critical Environmental Concern
Under the Highway Alternative, no pipeline or associated infrastructure would be constructed within
the ACEC, so current management of the ACEC and the resources for which it was designated
(habitat for the endangered southwestern willow flycatcher and riparian, scenic, and cultural
resources) as prescribed in the RMP would continue. This alternative would therefore not result in
effects to the ACEC, its relevant and important values, or its management.
Cockscomb WSA
Impacts would be the same as those described for the Southern Alternative.
Paria River
Impacts would be the same as those described for the Southern Alternative.
Old Spanish National Historic Trail
Under the Highway Alternative, effects to the Old Spanish National Historic Trail would be similar
to those described for the Southern Alternative, except that more of the trail (4.2 miles, as compared
to 1.0 mile for the Southern Alternative) would be within the LPP area of effect, an additional 6
miles are in close proximity to the LPP corridor (but outside the proposed ROW areas), and effects
to the Pipe Spring National Monument High-Potential Site are much more likely to occur under the
Highway Alternative since this site is immediately adjacent to the LPP corridor (see Table 1.4-1).
The hydrostations would have short-term, direct, and indirect effects on recreational users of the
trail during construction of the pipeline as this construction crosses the trail. These short-term direct
effects would have a maximum duration of 8 hours at each trail crossing. Temporary bypass trails
would provide temporary access to the trail, and the original access would be restored to preconstruction conditions by the end of the 8-hour duration. The hydrostations would have shortterm, indirect visual, noise, and air pollution effects during construction. Noise generated during
construction activities would attenuate to background levels within 800 feet of the penstock
alignment and facility sites and would disrupt recreational experiences of historic trail users. Air
pollutants would mostly disperse to below National Ambient Air Quality Standards concentrations
within the ROW corridor; recreational users along the trail may temporarily detect nitrogen dioxide
from construction equipment emissions under worst-case conditions. Several dispersed access
points for the historic trails would be temporarily affected by construction activities and traffic
during construction. Direct effects related to the Old Spanish National Historic Trail viewshed are
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analyzed in the visual resources section in the DEIS Section 3.16, Visual Resources, and in
Appendix C-19, Visual Resources.
Pipe Spring National Monument
The LPP alignment proposed under this alternative would be approximately 0.25 miles from PSNM
and would therefore not directly affect lands or resources within the monument boundary.
However, from this distance, views of the Project components from the monument would be
visually evident. Although the LPP alignment would be alongside an existing paved two-lane
highway, which would minimize changes to the setting, fugitive dust generated from construction
activities would temporarily affect visibility/views across the Arizona Strip. Temporary indirect
effects, including visual changes, air pollutants/dust, and noise, would be visible and audible from
the monument trails and fort and would temporarily affect the historic setting. Indirect effects from
construction noise would attenuate to background levels within about 0.6 miles of the sources along
the pipeline alignment. Most air pollutants and dust would disperse to below NAAQS
concentrations within the construction ROW. Windblown dust from the unconsolidated pipeline
construction area would continue to affect local visibility until vegetation is sufficiently reestablished.
In the short term, this would adversely affect local visibility and a visitor’s feeling and association
with the historic period from within the historic district. Direct effects related to the Old Spanish
National Historic Trail viewshed are analyzed in the visual resources section in the DEIS Section
3.16, Visual Resources, and in Appendix C-19, Visual Resources.
Construction of the LPP would have temporary direct effects on access to the monument. Pipeline
construction along Highway 389 at the access road intersection would temporarily delay or disrupt
access to and from the monument for a maximum of 8 hours during the construction of this
crossing. A temporary bypass road would provide access, and the original access would be restored
to pre-construction conditions by the end of the 8-hour duration. LPP operations would have longterm indirect effects on recreational users of the monument following construction and restoration
as a result of the ROW access corridor, which would be visible from the monument and could affect
the historic setting.
2.3.1 Mitigation Measures
In addition to the EPMs described in Section 1.3, above, and in the POD (provided in Appendix E,
Plan of Development), the following mitigation measure should be implemented as part of the
Highway Alternative to reduce effects to the Old Spanish National Historic Trail:
Revegetation efforts within 0.5 miles on either side of the centerline of the Old Spanish
National Historic Trail, or 5.0 miles of the Pipe Spring National Monument High Potential
Site, should adequately match the adjacent vegetation communities and landscape to
minimize the visual land disturbance resulting from construction related activities. In
accordance with the National Trails System Act, trail administrators shall be consulted
with in the design of pipeline appurtenances and infrastructure viewable from the Old
Spanish National Historic Trail to minimize effects to the viewscape and historic
feeling/setting and to preserve to a high degree the integrity of location, design, feeling and
association with the historic period.
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2.4 Comparative Analysis of Alternatives
Kanab Creek Area of Critical Environmental Concern: The No Action Alternative and Highway
Alternative would have no effect on the ACEC. The Southern Alternative could allow for additional
ground-disturbing activities to occur since management direction for the ACEC/utility corridor
overlap area would change due to the RMPA, and (depending on RMPA sub-alternative chosen) the
size of the ACEC or the utility corridor could change.

Cockscomb WSA: The No Action Alternative would have no effect on the WSA. The two action

alternatives would have temporary direct and indirect effects on visitors to the Cockscomb WSA
during construction of the LPP and associated features the pipeline, BPS-2 and BPS-4). Direct
effects would result from pipeline construction blocking established access (via Cottonwood Canyon
Road) to this WSA from U.S. Highway 89, although a temporary bypass road would provide access
to the area. Indirect effects would result from visual changes, air pollutants, noise, and additional
LPP construction traffic. Construction activities would temporarily affect opportunities for solitude
and outstanding opportunities for primitive and unconfined recreation. Following construction and
restoration, LPP operations would have no direct effects on visitors to the Cockscomb WSA,
although visitors to the WSA could experience indirect effects from viewing BPS-3 and BPS-4
facilities, if recreating on the edges of the WSA where these facilities would be visible.

Paria River: The No Action Alternative would have no effect on the Paria River’s outstandingly

remarkable values. While there may be some short-term effects to the Paria River’s values during
construction activities from both of the action alternatives, these impacts would be relatively
unnoticeable due to the existing development in the area. Long-term effects are also likely to be
unnoticeable due to Project Area restoration and the existing development in the area.

Old Spanish National Historic Trail: The No Action Alternative would have no effect on the

trail. Under the two action alternatives, construction-related activities would result in increased dust,
noise, creation of a visual land disturbance, and presence of construction-related equipment within
the viewshed of the trail and may temporarily prevent access to portions of the trail that would
affect recreational opportunities in some locations. These construction activities would result in
short-term effects to the historic character, historic setting, scenery, and recreational opportunities
of the trail. The placement of facilities and appurtenances, and the presence of access routes that
would remain throughout pipeline operations, would result in long-term effects to the historic
character, historic setting, scenery, and recreational opportunities of the Box of the Paria High
Potential Segment.
Effects from the Highway Alternative would be similar to the Southern Alternative, except that
more of the trail (4.2 miles, as compared to 1.0 mile for the Southern Alternative) would be within
the LPP area of effect, an additional 6 miles are in close proximity to the LPP corridor (but outside
the proposed ROW areas), and effects to the Pipe Spring National Monument High-Potential Site
are much more likely to occur under the Highway Alternative since this site is immediately adjacent
to the LPP corridor.
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Pipe Spring National Monument: The No Action Alternative would have no effect on PSNM.

The two action alternatives would have local, temporary visibility effects from fugitive dust during
construction, although this would be more noticeable for the Highway Alternative due to its closer
proximity to the national monument.
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Consultation and Coordination
The formal public scoping process for the proposed RMPA began on June 22, 2018, with the
publication of the Notice of Intent (NOI) in the Federal Register. The NOI initiated the public
scoping process and served to notify the public of the BLM’s intent to incorporate the analysis for
the RMPA into the LPP DEIS. The BLM also issued a media release and sent a mail and email
announcement of the scoping period to the project mailing list. Under Council on Environmental
Quality regulations, the public comment period must continue for at least 30 days. As noted in the
NOI, the comment period was either the close of the 30-day scoping period or within 15 days after
the last public meeting, whichever was later. Because the last public meeting was held on July 19,
2018, the comment period extended through August 3, 2018.
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The BLM hosted two public scoping meetings and an economic strategies workshop to provide the
public with an opportunity to become involved and offer comments on the proposed RMPA (Table
5-1).
Table 5-1 List of Public Scoping Meetings and Workshop
Event
Date
Time

Public Scoping Meeting

July 17, 2018

5:00 pm to
8:00 pm

Public Scoping Meeting

July 18, 2018

5:00 pm to
8:00 pm

Economic Strategies
Workshop

July 19, 2018

1:00 pm to
4:00pm

Location

Fredonia Elementary School Gym
222 N. 200 E.
Fredonia Arizona 86022
Dixie Center
1835 Convention Center Drive
St. George, Utah 84790
Kaibab Village Community Center
2230 N. Pipe Spring Road
Fredonia, Arizona 86022

A letter announcing the public scoping meetings and public scoping period was sent to the
Proposed Project’s mailing list of interested parties via U.S. Postal Service and email. The public
scoping meetings and public scoping comment period were also advertised through media releases,
newspaper notices, and the BLM’s website. Newspaper and media releases were sent to the
following outlets:
Southern Utah News on June 28, 2018; July 5, 2018; and July 12, 2018; and
The Spectrum & Daily News on June 28, 2018;
The public scoping meetings served to provide information on the proposed RMPA and to give
members of the public, agency personnel, and tribal members the opportunity to ask questions or
make comments. The public scoping meetings were open-house format. The BLM developed
several posters that were on display throughout the room, showing an overview of the proposed
RMPA, an overview of the National Environmental Policy Act process, and a summary of issues
previously identified for detailed analysis in the DEIS. In addition to the posters provided at the
public scoping meetings, the economic strategies workshop included a brief presentation by the
BLM. Following the presentation, participants were invited to provide feedback to members of the
Project team. Participants were also invited to provide written statements either at the workshop or
following it.
In addition to the public meetings and economic strategies workshop, an agency-specific meeting
was held at the BLM’s Arizona Strip District Office on July 18, 2018, from 1:00 to 3:00 p.m. The
posters on display at the public meetings also were on display for the agency-specific meeting. The
meeting included a presentation by the BLM and a discussion of the role of cooperating agencies.

5.1 Cooperating Agencies on Resource Management Plan
Amendment
State and local governments, tribes, and other federal agencies were invited to be cooperating
agencies during the planning process. To serve as a cooperating agency, an agency or government
must have either jurisdiction by law or special expertise relevant to the environmental analysis. Table
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5.1-1 lists agencies or tribes invited to be cooperators and responses received. Those that accepted
the BLM’s invitation and are participating as cooperating agencies are noted.
Table 5.1-1 Cooperating Agencies
Agency or Tribe

Arizona Game and Fish
Kaibab Band of Paiute Indians
San Juan Southern Paiute
Navajo Nation
Hualapai Tribe
Havasupai Tribe
Chemehuevi Indian Tribe
Hopi Tribe
Las Vegas Paiute Tribe
Moapa Band of Paiutes
Paiute Indian Tribe of Utah
Pueblo of Zuni
Washington County Commission
To’Nanees’ Dizi Chapter
Shivwits Band of Paiutes
Pahrump Band of Paiutes
Mohave County Board of Supervisors
LeChee Chapter
Koosharem Band of Paiutes
Kanosh Band of Paiutes
Kane County Commission
Indian Peak Band of Paiutes
CRIT
Coconino County Board of Supervisors
Coalmine Canyon Chapter
Cedar Band of Paiutes
Cameron Chapter
Bodaway/Gap Chapter
Coppermine Chapter
Hualapai Cultural Resources
Bureau of Reclamation
Washington County Water Conservancy District

Response

Declined
Accepted
None
None
None
None
None
Declined
None
None
None
None
Accepted
None
None
None
Inquired about RMPA
None
None
None
Accepted
None
None
Inquired about RMPA
None
None
None
None
None
None
None
Accepted

Collaboration and Consultation with Tribes on the RMPA
Tribal consultation was initiated on November 16, 2017. On that date, the Arizona Strip District
Manager and Field Office Manager made a presentation to the Kaibab Paiute Tribal Council at the
Tribal Office in Pipe Springs, Arizona informing them about the proposed RMPA. On June 21,
2018, the District Manager, Assistant Field Manager, and District Planning and Environmental
Coordinator met with the Kaibab Paiute Tribal Council and discussed the RMPA in more detail, as
well as reiterating the invitation for the Tribe to become a Cooperating Agency on the project.
In addition to the formal tribal consultation, the BLM held the economic strategies workshop
mentioned above on the Kaibab Paiute reservation, directly engaging with tribal members and tribal
representatives who had concerns about the social and economic impacts of the proposed RMPA.
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The economic strategies workshop was advertised and open to the public. The BLM District and
Field Manager were present at this workshop, as were a number of BLM staff.
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1 Introduction/Affected Environment
This appendix describes the existing roadways near the Lake Powell Pipeline Project (LPP, or the
Proposed Project) that compose the affected environment for the consideration of transportation
and evaluates the potential effects from specific LPP components on these transportation facilities.
Information provided in this section supplements Section 3.6 of the LPP Draft Environmental
Impact Statement (DEIS). It draws on data provided in Section 5.3.15 of the license application for
the Federal Energy Regulatory Commission (UBWR 2016a) and the LPP Final Study Report 14 –
Transportation (UBWR 2016b), as well as transportation plans and data acquired from federal, state,
and municipal agencies.
For the purposes of this evaluation, the affected environment consists of U.S. and state highways,
including U.S. Highway 89, U.S. Highway 89A, and Arizona State Route (SR) 389; county and local
roads that are crossed or adjacent to the Proposed Project; roadways proposed for access under the
ownership of the Bureau of Land Management (BLM), the National Park Service (NPS), and other
federal agencies; and private roads near the Proposed Project. The affected environment is limited to
those roadways used for motor vehicle traffic.
Recreational use of these roadways, such as for off-highway vehicle (OHV) use, is discussed in
DEIS Section 3.7, Recreation. Air quality effects from vehicular traffic related to construction and
operation activities are discussed in Appendix C-5, Air Quality. Potential effects associated with the
construction of access roads on vegetation and wildlife are discussed in DEIS Sections 3.11,
Vegetation Communities, and 3.15, Threatened and Endangered Species, respectively. A discussion
of cumulative effects is provided in Appendix C-25, Cumulative Effects.

1.1 Regulatory Framework
A variety of federal, state, and local agencies administer and regulate roadways. The American
Association of State Highway and Transportation Officials sets standards for construction and
operation of interstate and U.S. highways that are regulated by the Federal Highway Administration
(FHWA). State departments of transportation are responsible for state highways and routes and may
assist the FHWA in maintenance and/or permitting activities. County and local roads are controlled
by the presiding jurisdiction in which the road is present. Other roads on federal lands are under the
ownership and jurisdiction of the applicable federal agency (e.g., the BLM or the NPS).
The primary roadways within the affected environment consist largely of U.S. highways and state
roadways. State transportation agencies with jurisdiction over these roadways include the Utah
Department of Transportation (UDOT) and the Arizona Department of Transportation (ADOT).
Additional agencies with jurisdiction over the roadways within the affected environment include
regional, county, and non-FHWA federal agencies.
The regulatory authorities and agency plans discussed herein are meant to guide transportation
management and development in Utah and Arizona within the affected environment.
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1.1.1 Utah
1.1.1.1 Utah Department of Transportation

UDOT is the primary agency responsible for managing transportation in Utah and providing safe,
efficient, and effective transportation methods for citizens and visitors. UDOT plans for the rural
areas of the state, while Utah’s urban areas are under the planning jurisdiction of four metropolitan
planning organizations (MPOs). For transportation facilities in the affected environment, regulatory
agencies for the Proposed Project include UDOT and the Dixie MPO (UDOT 2018a).
UDOT reviews long-term forecasts for growth and transportation requirements state-wide. The
2019–2050 Utah Statewide Rural Long-Range Transportation Plan provides the basis for decisions
regarding future roadway improvements and funding allocations for rural parts of the state and
identifies future transportation projects and organizes them by phases with implementation
timelines.
Approved transportation projects that are in the affected environment of the Proposed Project are
described below. The major transportation projects to note are the expansions of U.S. Highway 89
in areas where the proposed pipeline would be collocated. The following projects are organized by
phase and include the timeframe for implementation:
Phase 1 (2019 to 2030 timeframe)
o U.S. Highway 89 – construct southbound interval passing lane from milepost (MP) 34.50
to 38.65.
o U.S. Highway 89 – construct northbound interval passing lane from MP 37.15 to 38.65.
Phase 2 (2031 to 2040 timeframe)
o U.S. Highway 89 – widen northbound from one lane to two lanes from MP 15.00 to MP
16.00.
Phase 3 (2041 to 2050 timeframe)
o U.S. Highway 89 – construct extension of existing northbound passing lane and provide
turn lanes at House Rock Valley Road.
o U.S. Highway 89 – construct southbound interval passing lane from MP 26.50 to 28.25
(UDOT 2019a).
In addition to physical improvements near the proposed rights-of-way (ROWs), UDOT is also
responsible for the management of permits and approvals that are required for projects affecting its
system. Utah Code Section 72-7-102 prohibits digging or excavating within the state ROW to place,
construct, or maintain any approach road, driveway, pole, pipeline, conduit, sewer, ditch, culvert,
billboard or advertising sign, or any other structure or object of any kind or character without first
obtaining a permit (UDOT 2018b). An encroachment permit allows for time-limited construction to
occur within the state ROW in conformity with state and federal laws. To acquire an encroachment
permit, an applicant must complete several procedural requirements including agreements,
performance and warranty bonds, liability coverage, and design (UDOT 2018b).
If construction vehicles are used that exceed legal limits for width, height, length, or weight, an
oversize permit is required through UDOT, Motor Carrier Division.
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1.1.1.2 Dixie Metropolitan Planning Organization

The Dixie MPO is designated by the State of Utah to oversee transportation planning in the
urbanized areas of Washington County. The boundaries of the Dixie MPO encompass St. George,
Utah; Washington City, Utah; Santa Clara, Utah; Ivins City, Utah; and portions of unincorporated
Washington County. Like UDOT, the Dixie MPO outlines future transportation projects through a
long-range regional transportation plan. The 2019–2050 Regional Transportation Plan is currently
under development and details two projects that would be located near the Proposed Project. Also,
like UDOT, the Dixie MPO organizes projects by phases with implementation timeframes.
A draft project and phasing map details two transportation projects located near the Proposed
Project. The first project is the expansion of SR-7 (Southern Parkway) from its current terminus at
Sand Hollow Road to a future eastern terminus at SR-9 (this project is fully funded). The second
project noted on the draft map is a Phase II project (2030 to 2039) that includes a small dirt road
(unnamed) located near Sand Hollow Road (Dixie MPO 2019).
1.1.1.3 Kane County

The Kane County Road Department maintains roads and associated infrastructure in
unincorporated areas of Kane County. Because of general safety concerns and the amount of traffic
on U.S. Highway 89, the county developed the Kanab East Transportation Corridor Plan. The
corridor plan details a planned frontage road system from the city of Kanab to Vermilion Cliffs, and
then to Seaman Wash. The purpose of the plan is to reduce safety hazards associated with traffic
needing to enter or leave the U.S. Highway 89 corridor (Kane County n.d.; Craven 2010).
1.1.1.4 Washington County

The Washington County Road Department maintains roads and associated infrastructure in
unincorporated areas of Washington County. Most of the roadways in Washington County are
located on BLM-managed lands. The Washington County General Plan considers these roadways,
along with arterial highways, collectors, special roads, and those not otherwise defined. The
Washington County General Plan also accounts for future roadways, including Southern Parkway,
which is constructed between Interstate 15 and the St. George Airport; the Western Corridor; the
Southern Link of the Southern Corridor, near Hurricane Cliffs; and the Northern Corridor
(Washington County 2012).
Per discussions with county staff, an encroachment permit is required for any ground disturbance
that occurs within a county ROW. Permit applications and general coordination is conducted
through the Washington County Public Works Department (Bowers-Iron 2020).
1.1.2 Arizona
1.1.2.1 Arizona Department of Transportation

ADOT is responsible for planning, building, and operating the state highway system, bridges, and
Grand Canyon Airport (ADOT n.d.). ADOT’s 2020–2024 Five-Year Transportation Facilities
Construction Program serves as the current blueprint for future projects and funding allocations. No
projects identified in the 2020–2024 Five-Year Transportation Facilities Construction Program
project map are near the Proposed Project in Arizona (ADOT 2019).
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Encroachment permits and ROW occupancy permits are required for any work within the state
ROW, such as highways, driveways, grading, fence removal or replacement, surveying, and
geotechnical investigation. Depending on construction vehicle type and size, other additional
permits may be required through the ADOT (e.g., oversize/overweight permits or class C truck
permits).
1.1.2.2 Coconino County

The Coconino County Public Works Department is charged with maintaining the roadways
throughout the county. The department includes an engineering and road maintenance division; it
also administers the county’s flood control district. “Coconino County features many types of
roadways: federal and state highways, a variety of County roads, U.S. Forest Service (FS) roads, and
private roads. [The] primary, long-distance roadways include federal interstate highways, U.S.
highways, and designated State Routes” (Coconino County 2015). Other roadways and
transportation infrastructure in the county are maintained by the Bureau of Indian Affairs (BIA), the
BLM, the U.S. Fish and Wildlife Service, the NPS, ADOT, and incorporated cities (Coconino
County 2015).
All public and private activities that occur within Coconino County ROWs must obtain an
encroachment permit. As part of the encroachment permit application, the county requires project
plans that detail utility dimensions, locations of crossings or encroachment including mile markers,
and a traffic control plan (Nicolella 2020).
1.1.2.3 Mohave County

The Road Maintenance Division of the Mohave County Public Works Department is responsible
for constructing and maintaining county roads for the citizens of Mohave County. The Mohave
County 2015 General Plan includes a transportation element. The plan emphasizes the need for
multi-jurisdictional cooperation and coordination. The County has established goals of improving
the efficiency of its transportation system by “identifying potential urban and suburban development
areas; preserving rights-of-way required to serve those areas; and managing the timing, design and
construction of roadway extensions in cooperation with private developers. Monitoring traffic
conditions, through the County’s traffic volume count program, and planning to meet future
demands, through the Mohave County Transportation Commission, will help ensure that the
County maintains a system that adequately meets needs of the County’s residents” (Mohave County
2015).
All public and private activities that occur within Mohave County ROWs must obtain an
encroachment permit. As part of the encroachment permit application, the county requires project
plans that detail utility dimensions, locations of crossings or encroachment including mile markers,
and a traffic control plan (Larsen 2020).
1.1.3 Bureau of Land Management
To guide the development and management of the BLM’s land areas, including its roadways,
resource management plans are developed to ensure that the public lands are managed in
accordance with the intent of Congress as stated in the Federal Land Policy and Management Act
(FLPMA) under the principles of multiple use and sustained yield. The public lands must be
managed in a manner that protects the quality of the environment; provides food and habitat for
wildlife and domestic animals; and provides for outdoor recreation and human occupancy and use
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(BLM 2005). Existing roadways on BLM-managed land include a portion of the affected
environment for the evaluation of transportation resources.
The BLM conducts comprehensive travel and transportation planning to determine how to manage
roads, trail systems, and associated areas of public lands to meet transportation needs. All forms of
transportation are addressed through the creation of comprehensive travel and transportation
management plans within the local field office’s travel management areas (BLM n.d.). As part of
travel management planning, the BLM maintains inventories of and plans for OHV use on public
lands. OHV use is discussed in DEIS Section 3.7, Recreation.
Existing roadways on BLM-managed land in the affected environment include a few paved roads
and numerous unpaved roads in both Utah and Arizona. In Utah, the Proposed Project would cross
through two travel management areas. The Kanab Field Office is currently developing a travel
management plan for the Trail Canyon Travel Management Area, which is scheduled to be
completed by May 2021 (BLM n.d.). The St. George Field Office is in the early stages of travel
management planning office wide and is currently working on a Draft Environmental Assessment
and Travel Management Plan (BLM n.d.). In Arizona, the Proposed Project would cross through the
Arizona Strip Field Office. A travel management plan for the St. George Basin/Colorado City
portions of the Arizona Strip Field Office was completed in 2018; travel management plans for the
Fredonia area are in progress. Until such time as route designations are completed, the route
network would be based on existing routes, as documented by current route inventories.
The Arizona Strip Field Office Resource Management Plan (RMP) contains specific direction for
management of roads within areas of critical environmental concerns. These management decisions
are listed below:
Decision No. MA-TM-16, which states in part:
o Criteria must be met for modifications to existing roads.
o Establishment of new permanent roads and/or upgrades may be restricted.
Decision No. MA-AC-11: the BLM will authorize only temporary upgrading of existing
roads.
Decision No. MA-AC-12: new roads will be authorized on a temporary basis only or when
beneficial for relevant resources (i.e., the resources for which the area of environmental
concern was designated).
1.1.4 National Park Service
The NPS manages roadways within its lands; this includes maintenance and management of access.
Within the NPS units, a park “road” is one that has been identified as open to the public.
The Glen Canyon National Recreation Area General Management Plan identifies both paved and
unpaved park roads that are open to public use. Other road-like linear disturbances within Glen
Canyon typically consist of administrative routes for authorized grazing operations, park
administrative access, and ROW access. These administrative routes are generally not open to the
public. Glen Canyon also has designated off-road vehicle (OHV) routes, which have been identified
in the park’s Off-road Vehicle Management Plan/Environmental Impact Statement.
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Existing roadways on NPS-managed land make up a portion of the affected environment for the
evaluation of transportation resources and include numerous paved and unpaved roads located near
the Glen Canyon Access Dam Road and Lakeshore Drive, near the eastern terminus of the
Proposed Project and Glen Canyon National Recreation Area (GCNRA).
1.1.5 Federal Aviation Administration
The Federal Aviation Administration (FAA) is the federal agency responsible for regulating air
traffic and airspace availability across the United States. Code of Federal Regulations, Title 14, Part
77, “Objects Affecting Navigable Airspace,” establishes requirements for providing notice to the
FAA of proposed construction activities that may affect navigable airspace. The Proposed Project
would coordinate all movements of helicopters used for construction of the transmission lines with
the FAA. In addition, the Proposed Project would adhere to all local government and power
company regulations for the construction and operation of the project as related to height
restrictions and flight.
1.1.6 Kaibab Indian Reservation and Bureau of Indian Affairs
The BIA is responsible for reviewing and approving procedures, conditions, and compensation for a
ROW on or across to lands held in trust for the benefit of the Kaibab Band of Paiute Indians
(Tribe). SR-389 traverses the Kaibab Indian Reservation (KIR). Public travel on the KIR typically
occurs on roads within the vicinity of the Highway Alternative, including County Road 109
(Antelope Valley Road [also referred to as Mt. Trumbull Road]), County Road 241 (Rouch Road),
and Tribal Road 12 (Moccasin Road). Spur access roads would cross lands managed by the Tribe as
part of the Highway Alternative and therefore would require a grant-of-easement.
1.1.7 Other Considerations
As considered in the LPP Final Study Report 14 – Transportation (UBWR 2016b), other
transportation requirements include consideration of the Highway Beautification Act, the National
Scenic Byway Program, and FLPMA.
The Highway Beautification Act of 1965, as amended, places limits and restrictions on signs and
advertising along the U.S. Interstate Highway System. The initiative also requires certain junkyards
along interstates and primary highways to be removed or screened and encourages scenic
enhancement and roadside development (FHWA 2017).
The National Scenic Byway Program recognizes roads for their archaeological, cultural, historic,
natural, recreational, and/or scenic qualities. One scenic byway is located within the affected
environment, the Fredonia – Vermilion Cliffs Scenic Road (U.S. Highway 89A) in Arizona. The
Southern Alternative would cross this scenic byway once. No scenic byways in Utah are within the
affected environment for the Proposed Project.
FLPMA is a federal law that governs the management of public lands administered by the BLM
(United States Code, Title 43). In FLPMA, Congress uses the term “multiple use” management,
defined as “management of public lands and their various resource values so that they are utilized in
the combination that will best meet the present and future needs of the American people” (BLM
2001). There are numerous potential uses of public land, including but not limited to the following
(see LPP Final Study Report 14 – Transportation [UBWR 2016b]):
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Grazing;
Agriculture;
Recreational; and
Mining.
Revised Statute 2477 (RS 2477), enacted by Congress in 1866, was passed to encourage settlement in
the western United States by the design of a system of highways. The law states that, “the ROW for
the construction of highways across public lands not otherwise reserved for public purposes is
hereby granted.” RS 2477 granted counties and states a ROW across federal land when a highway
was built. RS 2477 was repealed in 1976 by Congress when it established the FLPMA (Utah Public
Lands n.d.).

1.2 Methodology
This section describes the methodology adopted to evaluate effects on transportation resources as a
result of the construction and operation of the Proposed Project. To describe effects, an analysis
was conducted, which included reviewing existing information and data resources, comparing
estimated additional traffic added as a result of the construction and operation of the Proposed
Project, evaluating potential disruptions to service and/or access to roadways, confirming
conformance with existing regulations, policies, and plans, and considering public safety as related to
transportation resources.
The following data sources were used to analyze transportation resources:
Geographic Information System data for major roads, public roads, roadways, and railroads
identifying the location, size, and general characteristics of the facilities; and
Annual average daily traffic (AADT) counts for points along roadways from UDOT (2016)
and ADOT (2018).
This evaluation focuses only on roadways used by motorized vehicles (e.g., cars and trucks). Nonmotorized trails and facilities, OHVs, and ORVs are considered as part of the evaluation of
recreational resources (see DEIS Section 3.7, Recreation). Information on potential effects to the
Old Spanish Trail is discussed in DEIS Section 3.5, Special Designations.
In addition, no railroads are located near the Proposed Project (i.e., paralleled or crossed by the
Proposed Project) and therefore are not within the affected environment for transportation. Public
transportation (e.g., buses and bus routes) is also not considered. Because construction and
operation of the Proposed Project would largely occur outside metropolitan areas (in which many of
the public transportation services and facilities are located), public transportation was determined to
not warrant inclusion in this analysis.
Airports and airstrips are present within 2 miles of the Proposed Project; however, construction and
operation activities would not typically affect these facilities on a permanent basis. Helicopters may
be used to assist in the construction of the transmission facilities for the Proposed Project; however,
airports, air strips, and helipads are not considered in this analysis because helicopter use during
construction would follow applicable federal and local regulations and would all flight plans would
be coordinated with the FAA.
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The assumptions used in this transportation evaluation are consistent with those used in the LPP
Final Study Report 14 – Transportation; a full listing of these assumptions is included in this report
in Chapter 2, Methodology (UBWR 2016b). They note that road closures and traffic closures may be
required and that these activities would be coordinated with the appropriate jurisdictions. In
addition, traffic control plans would be reviewed by the appropriate agency prior to construction in
order to be approved before construction of the Proposed Project begins (see LPP Final Study
Report 14 – Transportation [UBWR 2016b]). The LPP Final Study Report – Transportation also
indicates that field investigations, which included reconnaissance level observations, recorded low
traffic levels, and noted that pipeline construction would occur in areas of little local traffic, typical
of rural areas. In this regard, while variable, drivers would have extended fields of view, and
obstructions other than traffic controls would be infrequent (see LPP Final Study Report 14 –
Transportation UBWR [2016b]).
These areas typically experience high seasonal levels of tourism, which increases overall traffic, with
additional traffic in the area from local residents commuting to and from Kanab and St. George,
Utah.
1.2.1 Impact Assessment
Potential effects on transportation resources as a result of construction and operation of the
Proposed Project would occur in areas where LPP facilities, including the pipeline and access roads,
cross or would be located adjacent to existing transportation infrastructure. The evaluation of effects
considers the following:
Use of existing roadways and roadway ROW;
Number and locations of roadway crossings and those in which the pipeline would parallel
existing roads;
Amount of traffic added (i.e., changes in AADT);
Qualitative changes to the level of service (LOS);
Total mileage of disturbance through the construction and operation of access roads;
Conformance with existing transportation regulations, policies, and/or plans; and
Measures taken to address public safety and traffic management.
This section discusses the scope of the potential transportation effects from the Proposed Project
on roadways within the affected environment. The transportation assessment of existing conditions
and environmental consequences focuses on the geographic areas where the potential exists for
construction and/or operation of the Proposed Project to either directly or indirectly affect
transportation and primarily includes roads that would be either directly crossed by the Proposed
Project or located immediately adjacent to it. The assessment only includes analysis of existing
conditions and effects from roadways used for motor vehicle traffic. The temporal scope generally
accounts for the present and immediate future (i.e., less than 10 years).
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1.3 Environmental Protection Measures
Environmental Protection Measures (EPMs) as outlined in the LPP Plan of Development (POD)
are measures or procedures that are part of the Proposed Project and would be implemented as
standard practice, including measures or procedures that could reduce or avoid adverse impacts
(UDWRe 2020; provided as Appendix E, Plan of Development). EPMs would be applied regardless
of landownership, except where the jurisdictional agency or landowner determines changes to the
EPM(s) would ensure greater consistency with governing statutes, policies, or plans. Proper
communication and coordination would occur with the jurisdictional agency, private landowner, etc.,
to ensure changes to EPMs are modified and applied appropriately.
The Utah Board of Water Resources has identified EPMs that would be implemented as part of the
construction and operation and maintenance (O&M) of the Proposed Project. The EPMs listed
below are the key construction practices related to transportation resources:
B.1.3. All activities directly or indirectly associated with the construction of the project will be
conducted within the authorized limits of the ROW grants. Any facility relocation, additional
construction area, additional access, or other use that is not in accord with the ROW grants will not
be initiated without prior approval of the BLM, or applicable land-managing agency.
B.1.23. A Construction Traffic Management plan will be developed and coordinated with the BLM,
or applicable land-managing agency and other relevant state and local authorities prior to the start of
construction for each major phase of the project. The plan will include measures to reduce the
number of construction trips by scheduling of work shifts and materials deliveries, designation of
access routes, traffic monitoring, and other measures to minimize traffic effects. The plan will also
take into account active seasons for hunting, camping, and/or other recreational activities that occur
within the same time and place as each phase of construction.
B.1.24. While driving on paved roads or marked dirt roads, posted speed limits will be maintained
by construction vehicles and personnel. While driving within the construction area, ROW, or on unposted dirt roads, a maximum speed limit of 25 miles per hour (20 miles per hour in Mojave Desert
tortoise habitat) will be required of construction vehicles and personnel to reduce dust and allow for
observation and avoidance of wildlife, livestock or visitors in the road.
B.1.25. Public access routes (roads or designated trails) within or crossing the ROWs will be
maintained, closed, or detour routes will be identified during construction activities. Open-cut road
crossings of public roads will be completed in one day to the extent feasible. Road closures will be
coordinated with the BLM and other permitting and local authorities. Detours needed for temporary
road closures because of safety concerns will be established in coordination with the BLM and other
permitting and local authorities, depending on detour routes. Site specific recreation access issues
will be coordinated with applicable agencies during construction.
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B.1.26. Signing and traffic controls will be placed well in advance of the construction area to warn
motorists of detour routes available during construction.
B.1.27. Signs and persons with flags will be used within the construction area as necessary to direct
traffic in accordance with all applicable Utah Department of Transportation requirements, Arizona
Department of Transportation requirements, county, and local rules and ordinances.
B.1.28. Designated construction exit locations from the ROWs onto existing paved or improved
roads will be identified. These exit locations will be stabilized with crushed rock underlain by
geotextile filter fabric to prevent sediment from being tracked onto asphalt, concrete, or improved
road surfaces and to limit other damage such as road shoulder rutting.
B.1.29. Sediment transported onto a public paved road surface by construction equipment or other
vehicles that will require removal by sweeping will be disposed of in an approved landfill. Road
washing and/or street sweeping on public paved roads will be conducted, as needed.
B.1.30. During construction and maintenance, all unpaved access roads used by construction
personnel, equipment, and materials deliveries will be maintained in coordination with permit ROW
requirements. All unpaved, public access roads would be maintained during construction to meet
local county standards and federal land management agency requirements, as applicable.
Maintenance may include appropriate materials to maintain road integrity and drainage and to avoid
erosion and damage to adjacent soil resources, consistent with NPDES permit requirements.
B.1.31. At the completion of construction, temporary access roads will be restored to preconstruction condition. Improvements to existing roads made for construction will be left in place
in coordination with the BLM., or applicable land-managing agency
B.1.71. At the completion of construction, coordination with the BLM, or applicable land-managing
agency on road decommissioning will occur. In areas where there are no above-ground facilities,
permanent access roads, or facilities no less than 12 inches below the ground surface, the ground
surface will be ripped as needed to an appropriate depth based on site characteristics to help relieve
compaction, to establish an adequate seed bed to provide good seed-to-soil contact during seeding,
and facilitate penetration and plant establishment (see comprehensive seeding program EPMs).
Topsoil and mulched vegetation removed from the ROW at the start of construction, if any, and, if
necessary, additional stabilization measures such as straw will be re-spread across the ROWs at the
completion of construction.
B.1.80. Construction vehicles and equipment will be cleaned with a high pressure washer or high
pressure air and wire brush prior to arrival on the ROWs and prior to departure from areas of
known noxious weed infestations to minimize the introduction or spread of noxious weeds.
Cleaning efforts will concentrate on tracks, tires, and vehicle undercarriage, with special emphasis on
axles, frames, cross members, motor mounts, on and underneath steps, running boards, and front
bumper/brush guard assemblies. Vehicle cabs will be swept out and refuse will be disposed of in
waste receptacles. Cleaning stations will be designated and will be recorded using global positioning
systems or other mutually acceptable equipment and provided to the BLM Weed Coordinator or
designated contact person. All water and material at the vehicle cleaning stations will be contained
and collected and hauled off site for disposal at an approved disposal site.
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The EPMs listed below are the key operation practices related to transportation resources:
B.2.1. Facility inspection and maintenance will only use established access roads, and no off-road
travel will be allowed. While driving on paved roads, routes, or marked dirt roads, posted speed
limits will be maintained by inspection and maintenance vehicles and personnel. While driving on
un-posted dirt roads, a maximum speed limit of 25 miles per hour (20 miles per hour in Mojave
Desert tortoise habitat) will be maintained by inspection and maintenance vehicles and personnel to
reduce dust and allow for observation of desert tortoise, other wildlife or livestock in the road.
B.2.7. UDWRe will limit maintenance of existing BLM, or applicable land-managing agency roads to
the existing disturbance, and perform maintenance in accordance with specifications provided by the
BLM field offices, or applicable land-managing agency offices.

1.4 Existing Conditions
Two pipeline alignments are being evaluated as part of this assessment: the Southern Alternative and
the Highway Alternative. Both alternatives begin and end in the same locations. The Southern
Alternative would travel south of the KIR, while the alignment for the Highway Alternative would
cross lands held in trust by the United States for the benefit of the Tribe, following Arizona SR-389
(see DEIS Section 2.3, Description of Alternatives Carried Forward for Detailed Analysis). Both
alternatives would cross lands managed by the BLM and NPS in Utah and/or Arizona.
Table 1.4-1 provides a list of roads that are included within the affected environment because of
their potential to be affected by the Southern Alternative of the Proposed Project; Table 1.4-2
provides this information for the Highway Alternative. The tables include the road name, location
description, and whether the pipeline would cross or be located parallel to the road for each of the
two alternatives.
Table 1.4-1 Proposed Project Southern Alternative Road Crossings/Parallel Alignments
Pipeline
Crossing or
Roadway
Location Description
Parallel to LPP

U.S. Highway 89
Glen Canyon Access Road
U.S. Highway 89
Glen Canyon Access Road
Glen Canyon Access Road
Lakspur Road
U.S. Highway 89
U.S. Highway 89
American Way Road
Old Glory Road
Yankee Doodle Road
Cannon Ball Road

1/3 mile Southwest of intake
1.5 miles Northwest of intake
U.S. Highway 89, near MP 553 (AZ)
to near MP 55 (UT)
South of Greenehaven
North of the UT/AZ State Line
Near U.S. Highway 89, MP 3
Blue Pool Wash - South
Blue Pool Wash - North
Lower Big Water
Lower Big Water
Lower Big Water
Lower Big Water

Ownership(a)

Crossing
Crossing
Parallel

ADOT
NPS
ADOT/UDOT

Crossing
Crossing
Crossing
Crossing
Crossing
Crossing
Crossing
Crossing
Crossing

NPS
NPS
Kane County, UT
UDOT
UDOT
Big Water, UT
Big Water, UT
Big Water, UT
Big Water, UT
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Table 1.4-1 Proposed Project Southern Alternative Road Crossings/Parallel Alignments (continued)
Pipeline
Crossing or
Ownership(a)
Roadway
Location Description
Parallel to LPP

Ethan Allen
Cottonwood Canyon Road
U.S. Highway 89
U.S. Highway 89
House Rock Valley Road
U.S. Highway 89
Five Mile Mountain. Road
Road 720
Road K4000
Old Arizona Road
U.S. Highway 89A
Ryan Road (Forest Road
22)
Mt. Trumbull Road
(County Road 109)
Yellowstone Road (County
Road 239)
Yellowstone Road (County
Road 239)
AZ Highway 389
Yellowstone Road (County
Road 239)
AZ Highway 389
Road E 3600 S
School Bound Road
Clayhole Road
South Central Street
Mohave Avenue
Arizona SR-389
Township Avenue
Arizona Avenue
Uzona Road
Uzona Road
Honeymoon Trail Road

Upper Big Water
Near U.S. Highway 89, MP 18
At Cottonwood Canyon Road
Near U.S. Highway 89, MP 25
Near the Cockscomb
Near U.S. Highway 89, MP 29
Near U.S. Highway 89, MP 35
Near U.S. Highway 89, MP 40
Near U.S. Highway 89, MP 45
1.3 miles southeast of U.S. Highway
89, MP 48
Near U.S. Highway 89A, MP 603
1 to 2 miles east of Kaibab Paiute
Indian Reservation
1.9 miles south of Kaibab
Reservation
Between Navajo-McCullough
Transmission Line and Arizona SR389
1/2 mile south of Arizona SR-389

Crossing
Crossing
Crossing
Crossing
Crossing
Crossing
Crossing
Crossing
Crossing
Crossing

Big Water, UT
BLM
UDOT
UDOT
BLM
UDOT
BLM
BLM
Kane County, UT
BLM

Crossing
Crossing
Crossing

ADOT
Coconino County,
AZ
Mohave County, AZ

Parallel

Mohave County, AZ

Crossing

Mohave County, AZ

at Yellowstone Road
Near Arizona SR-389, MP 8

Crossing
Crossing

ADOT
Mohave County, AZ

Arizona SR-389, near MP 8 to near
MP 1
Near Arizona SR-389, MP 6
Near Arizona SR-389, MP 6
Near Arizona SR-389, MP 4
Colorado City
Colorado City
at Township Avenue
Colorado City
Colorado City
West of Road 1500
West of Road 1500
West of Little Creek Mountain

Parallel

ADOT

Crossing
Crossing
Crossing
Crossing
Crossing
Crossing
Parallel
Crossing/Parallel
Crossing
Parallel
Crossing/Parallel

Mohave County, AZ
Mohave County, AZ
Mohave County, AZ
Colorado City, AZ
Colorado City, AZ
ADOT
Colorado City, AZ
Colorado City, AZ
Hildale, UT
Hildale, UT
BLM

12

Table 1.4-1 Proposed Project Southern Alternative Road Crossings/Parallel Alignments (continued)
Pipeline
Crossing or
Ownership(a)
Roadway
Location Description
Parallel to LPP

Road South 1100 West

South of Sky Ranch

Crossing/Parallel

Sand Hollow Road

Southeast of Sand Hollow
Reservoir

Crossing

BLM/Washington
County, UT
Washington County,
UT

Source: UBWR 2020b – Update of Table 3-1 in LPP Final Study Report 14 - Transportation
Note:
(a) Ownership does not necessarily indicate the agency responsible for maintenance.
Key:
ADOT = Arizona Department of Transportation
AZ = Arizona
BLM = Bureau of Land Management
LPP = Lake Powell Pipeline Project
MP = milepost
NPS = National Park Service
SR = State Route
UDOT = Utah Department of Transportation
UT = Utah

Table 1.4-2 Proposed Project Highway Alternative Road Crossings/Parallel Alignments
Roadway

Location Description

U.S. Highway 89
Glen Canyon Access Road
U.S. Highway 89

0.3 mile Southwest of intake
1.5 mile Northwest of intake
U.S. Highway 89, near MP 553
(AZ) to near MP 55 (UT)
South of Greenehaven
North of the UT/AZ State Line
Near U.S. Highway 89, MP 3
Blue Pool Wash - South
Blue Pool Wash - North
Lower Big Water
Lower Big Water
Lower Big Water
Lower Big Water
Upper Big Water
Near U.S. Highway 89, MP 18
At Cottonwood Canyon Road
Near U.S. Highway 89, MP 25
Near the Cockscomb
Near U.S. Highway 89, MP 29
Near U.S. Highway 89, MP 35
Near U.S. Highway 89, MP 40
Near U.S. Highway 89, MP 45
Near U.S. Highway 89, MP 48
Near U.S. Highway 89, MP 49

Glen Canyon Access Road
Glen Canyon Access Road
Lakspur Road
U.S. Highway 89
U.S. Highway 89
American Way Road
Old Glory Road
Yankee Doodle Road
Cannon Ball Road
Ethan Allen
Cottonwood Canyon Road
U.S. Highway 89
U.S. Highway 89
House Rock Valley Road
U.S. Highway 89
Five Mile Mt. Road
Road 720
Road K4000
Road 706
Seaman Canyon Road

Pipeline Crossing
or Parallel to LPP

Ownership(a)

Crossing
Crossing
Parallel

ADOT
NPS
ADOT/UDOT

Crossing
Crossing
Crossing
Crossing
Crossing
Crossing
Crossing
Crossing
Crossing
Crossing
Crossing
Crossing
Crossing
Crossing
Crossing
Crossing
Crossing
Crossing
Crossing
Crossing

NPS
NPS
Kane County, UT
UDOT
UDOT
Big Water, UT
Big Water, UT
Big Water, UT
Big Water, UT
Big Water, UT
BLM
UDOT
UDOT
BLM
UDOT
BLM
BLM
Kane County, UT
BLM
BLM
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Table 1.4-2 Proposed Project Highway Alternative Road Crossings/Parallel Alignments (continued)
Roadway

Road K3210
Road 7800 East
Johnson Canyon Road
U.S. Highway 89

Location Description

Pipeline Crossing
or Parallel to LPP

Ownership(a)

Near U.S. Highway 89, MP 52
Near U.S. Highway 89, MP 54
Near U.S. Highway 89, MP 55
U.S. Highway 89, near MP 55
(UT) to near MP 58 (UT)
Near U.S. Highway 89, MP 56
Near U.S. Highway 89, MP 56
Near U.S. Highway 89, MP 57
Between U.S. Highway 89 and
Old U.S. Highway 89
At Vista Avenue
East of Kanab, UT
Near U.S. Highway 89, MP 57
North of Fredonia, AZ
Near U.S. Highway 89A, MP
610
West of Fredonia, AZ

Crossing
Crossing
Crossing
Parallel

Kane County, UT
Kane County, UT
Kane County, UT
UDOT

Crossing
Crossing
Crossing
Parallel

Kane County, UT
Kane County, UT
Kane County, UT
Kane County, UT

Crossing
Parallel
Crossing
Parallel
Crossing

Kane County, UT
Kane County, UT
Kane County, UT
Fredonia, AZ
ADOT

Parallel
Parallel

6 Mile Road

AZ SR-389, near MP 32 to near
MP 8
Near AZ SR-389, MP 31

Mohave County,
AZ
ADOT

Magles Road

Near AZ SR-389, MP 27

Crossing

North Pipe Spring Road

Near AZ SR-389, MP 19

Crossing

Yellowstone Road (County
Road 239)
AZ SR-389

Near AZ SR-389, MP 8

Crossing
Parallel

Road East 3600 South

AZ SR-389, near MP 8 to near
MP 1
Near AZ SR-389, MP 6

School Bound Road

Near AZ SR-389, MP 6

Crossing

Clayhole Road

Near AZ SR-389, MP 4

Crossing

South Central Street
Mohave Avenue
AZ SR-389
Township Avenue
Arizona Avenue
Uzona Road
Uzona Road
Honeymoon Trail Road
Road South 1100 West

Colorado City
Colorado City
At Township Avenue
Colorado City
Colorado City
West of Road 1500 South
West of Road 1500 South
West of Little Creek Mountain
South of Sky Ranch

Crossing
Crossing
Crossing
Parallel
Crossing/Parallel
Crossing
Parallel
Crossing/Parallel
Crossing/Parallel

Bryce Canyon Way
Kaibab Trail
Canyon Avenue
Vista Avenue
Old U.S. Highway 89
Old U.S. Highway 89
Mountain View Drive
Woodhill Road
U.S. Highway 89A
Stagger Mountain Road
AZ SR-389

Crossing

Crossing

Kaibab Indian
Reservation
Kaibab Indian
Reservation
Kaibab Indian
Reservation
Mohave County,
AZ
ADOT
Mohave County,
AZ
Mohave County,
AZ
Mohave County,
AZ
Colorado City, AZ
Colorado City, AZ
ADOT
Colorado City, AZ
Colorado City, AZ
Hildale, UT
Hildale, UT
BLM
BLM / Washington
County, UT
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Table 1.4-2 Proposed Project Highway Alternative Road Crossings/Parallel Alignments (continued)
Pipeline Crossing
Roadway
Location Description
Ownership(a)
or Parallel to LPP

Sand Hollow Road

Southeast of Sand Hollow
Reservoir

Crossing

Washington
County, UT

Source: UBWR 2020b - Update of Table 3-1 LPP Road Crossings/Paralleling in LPP Final Study Report 14 Transportation
Note:
(a) Ownership does not necessarily indicate the agency responsible for maintenance.
Key:
ADOT = Arizona Department of Transportation
AZ = Arizona
BLM = Bureau of Land Management
LPP = Lake Powell Pipeline Project
MP = milepost
NPS = National Park Service
SR = State Route
UDOT = Utah Department of Transportation
UT = Utah

1.4.1 Existing Transportation Infrastructure
Existing transportation infrastructure consists of roadways within the area evaluated for this
assessment. Traffic in the region of the Proposed Project is typical of rural areas; however, because
these roads are the main connectors between several national parks in the region (including Grand
Canyon, Zion, and Bryce Canyon), traffic also reflects high seasonal levels of tourism. The following
subsections detail the existing conditions of these roadways, including roadway characteristics,
AADT, and LOS.
1.4.1.1 Transportation Rights-of-Way

Typical ROWs for U.S. and state roads and highways through federal, state, county, city, and private
lands in the Project Area are detailed in Table 1.4-3. Construction on Tribal lands must be
coordinated and approved by Tribal officials. Authorization to install the pipeline and related
Proposed Project facilities in highway ROWs would be received following approval of applications
and coordination with the UDOT and ADOT.
Portions of the pipeline would be sporadically located within designated utility corridors along the
route. Additional information regarding the installation of the pipeline in these corridors is provided
in DEIS Section 2.3, Description of Alternatives Carried Forward for Detailed Analysis.
Table 1.4-3 Rights-of-Way for Federal and State Roadways
Typical Approximate ROW Width
Roadway
(feet)

U.S. Highway 89
U.S. Highway 89A
Arizona SR-389

130 to 400
130 to 400
100 to 200

Source: UBWR 2016b - LPP Final Study Report 14 – Transportation
Key:
ROW = right-of-way
SR = State Route
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1.4.1.2 Average Annual Daily Traffic

The AADT data was analyzed for both Utah and Arizona to provide the baseline traffic utilization
of the potentially affected roadways in the Project Area. Table 1.4-4 details the AADT data for the
U.S. and state highways that may be affected by the Proposed Project. AADT data for both Utah
and Arizona are not available for most local and county roads located in the affected environment
for this evaluation. For this analysis, traffic counts were drawn from highway segments proximate to
the Proposed Project.
Table 1.4-4 Baseline Traffic Levels
Roadway
Utah

U.S. Highway 89
U.S. Highway 89
U.S. Highway 89

Location Description(a)

AADT

Arizona State Line to
Big Water, Utah
Big Water, Utah to
Johnson Canyon Road
Johnson Canyon Road to
900 East, Kanab, Utah

4,000
3,000
3,800
Average 3,600

Arizona

U.S. Highway 89A
U.S. Highway 89A
U.S. Highway 89A
Arizona SR-389
Arizona SR-389
Arizona SR-389
Arizona SR-389
Arizona SR-389

Utah State Line to
Arizona SR-389, Fredonia, Arizona
Arizona SR-389, Fredonia Arizona to
Ryan Road
Ryan Road to
Arizona State Route 67 – Jacob Lake
Altus Lane, Fredonia, Arizona to
BIA 50
BIA 50 to
Pipe Spring National Monument Road
Pipe Spring National Monument Road to
Cane Beds Road
Cane Beds Road to
Central Road
Central Road to
Utah State Line
Average

5,321
1,647
850
3,840
2,909
2,410
3,253
4,495
3,091

Source: UDOT 2016; ADOT 2018
Note:
(a) Traffic counts were drawn from highway segments proximate to the Proposed Project that may be used for
construction and/or operation and maintenance traffic.
Key:
AADT = Annual Average Daily Traffic
BIA = Bureau of Indian Affairs
SR = State Route
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1.4.1.3 Level of Service

Detailed information on the definitions of the transportation LOS system (LOS A through LOS F)
can be found in the LPP Final Study Report 14 – Transportation (UBWR 2016b); summaries of the
LOS definitions are provided in Table 1.4-5.

LOS

General Description

A
B

Free flow.
Reasonably free flow.

C

Stable flow.

D
E

Approaching unstable flow.
Unstable flow.

F

Forced or breakdown flow.

Motorist Experience

Motorists have a high level of physical and psychological comfort.
Motorists still have a high level of physical and psychological
comfort.
Most experienced drivers are comfortable, roads remain safely
below but efficiently close to capacity, and posted speed is
maintained.
Drivers’ comfort level is decreased.
Any incident will create serious delays. Drivers’ level of comfort
becomes poor.
Travel time cannot be predicted, and drivers’ level of comfort is
poor.

Source: AASHTO 2001; UBWR 2016b - LPP Final Study Report 14 – Transportation
Key:
LOS = level of service

LOS is a qualitative measure to describe the quality of traffic. LOS is influenced by a variety of
characteristics, such as speed, density, and delays. According to UDOT’s Roadway Design Manual,
the goal for LOS is to provide a LOS C or higher for a 20-year design in rural areas and a LOS D or
higher for a 20-year design in urban areas (UDOT 2019b). ADOT does not specify LOS levels for
regions; however, state and local officials indicate that most if not all roadways in the region are
likely LOS A or B (see LPP Final Study Report 14 – Transportation [UBWR 2016b]).
1.4.2 Access Roads
The Proposed Project would use existing roads to the greatest extent practicable for access to the
LPP facilities during construction and O&M. The following existing roads are within the affected
environment and may be used as Proposed Project access roads:
Yellowstone Road;
8 Mile Gap Road; and
Booster Pump Station (BPS)-3 Transmission Line Access Road (UBWR 2020c).
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2 Results/Environmental Consequences
This section describes the effects of the Proposed Project alternatives on transportation. Section 1.2,
above, describes the methodology for describing effects. This evaluation provides a discussion of
the roadway ROW usages, roadway crossings, and roads paralleled; compares existing AADT counts
to those that would occur as a result of construction and operation of the Proposed Project; and
notes the effects to LOS. It also provides a qualitative assessment regarding the construction and
improvements associated with access roads; conformance with existing transportation regulations,
policies, and plans; and effects to public safety and traffic management.
The effects of the No Action Alternative and two alternative alignments (Southern Alternative and
Highway Alternative) are evaluated based on the design, construction, and operational
considerations described in Section 1.2, above.

2.1 No Action Alternative
No effects would occur to transportation resources as a result of the Proposed Project under the No
Action Alternative, because it would not be constructed. No roadway crossings or parallel locations
would be needed; no additional traffic or increases to AADT or interruptions of traffic that may
affect LOS would result from the Proposed Project. In addition, no access roads would be
constructed. Under this alternative, no conformance issues would be experienced due to the lack of
activity that would affect existing transportation regulations, policies, and/or plans. No public safety
and traffic management issues would occur beyond those associated with the No Action Alternative.
However, under this alternative, projects already planned by the Project Proponent would occur.
Disturbance, due to these projects, would vary in space and time. Most impacts would be short-term
and project-specific, including roadway closures or delays. Most effects to transportation would be
minimized through implementation of standard industry practices by the Project Proponent in
future projects.

2.2 Southern Alternative
The following provides a discussion of the potential effects of the Southern Alternative during
construction and O&M on transportation resources.
2.2.1 Construction of Pipeline and Facilities
The LPP Final Study Report 14 – Transportation and the LPP POD (provided in Appendix E, Plan
of Development) detail the sequences that would be used for construction of the pipeline (UBWR
2016b; UDWRe 2020).
2.2.1.1 Use of Existing Roadways and Right-of-Way

The approximately 141-mile Southern Alternative generally would parallel U.S. Highway 89 and
Arizona SR-389. In portions of the Southern Alternative, the Proposed Project would be
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constructed outside of the running surface of the roads and within the established road ROW
(UDWRe 2020).
Approximately 77 miles of the pipeline would be within Department of Transportation, highway
ROW, and/or within a designated utility corridor. Table 2.2-1 shows the ROW and utility corridors
for the Southern Alternative.
Table 2.2-1 Miles of LPP Southern Alternative within Department of Transportation ROW and/or
Designated Utility Corridors
Within
Within U.S.
Within UDOT ROW
Land
Within
Within
West Wide
Highway 89
and U.S. Highway 89
Manager/Owner ADOT ROW UDOT ROW
Energy
Utility Corridor
Utility Corridor
Corridor

BLM
NPS
Reclamation
State
Private
Total

1.0
3.4
0.0
0.4
6.6
11.4

0.0
3.5
0.0
0.0
1.1
4.6

10.3
0.3
0.0
12.5
3.0
26.2

15.7
0.0
0.0
0.0
0.0
15.7

19.0
0.0
0.0
0.0
0.0
19.0

Source: UBWR 2020d
Key:
ADOT = Arizona Department of Transportation
BLM = Bureau of Land Management
LPP = Lake Powell Pipeline Project
NPS = National Park Service
Reclamation = Bureau of Reclamation
ROW = right-of-way
UDOT = Utah Department of Transportation

As shown in Table 2.2-1, approximately 54.5 percent of the overall Southern Alternative is located
within an existing UDOT ROW or within an existing utility corridor.
Figure 3-4 and Figure 3-5 of the LPP POD illustrate the typical ROW for the LPP Construction
along highways and away from highways (see UDWRe 2020; provided in Appendix E, Plan of
Development). The roadway ROW typically would be restored after construction activities to its
pre-construction conditions or in accordance with the regulations or requirements of the individual
jurisdiction in which alterations were permitted or approved.
2.2.1.2 Ownership and Number of Crossings/Parallel Locations

The Southern Alternative would cross existing roadways 35 times, would cross/parallel existing
roadways three times, and would parallel existing roadways five times (UBWR 2020b). Table 2.2-2
identifies the number of the crossings and locations in which the Southern Alternative would parallel
existing roadways by ownership.
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Table 2.2-2 Ownership and Number of Proposed Project Southern Alternative Road Crossings/Parallel
Alignments
Number of
Number of
Number
of
Crossing
and
Parallel
Total
Ownership(a)
Crossings
Parallel
Locations
Locations

ADOT
ADOT/UDOT
Big Water, UT
BLM
BLM/Washington County, UT
Coconino County, AZ
Colorado City, AZ
Hildale, UT
Kane County, UT
Mohave County, AZ
NPS
UDOT
Washington County, UT

4
5
5
1
2
1
2
6
3
5
1

1
1
1
1
1
0
-

1
1
1
0
-

5
1
5
6
1
1
4
2
2
7
3
5
1

Source: UBWR 2020b – Update of Table 3-1 in LPP Final Study Report 14 - Transportation
Note:
(a) Ownership does not necessarily indicate the agency responsible for maintenance.
Key:
ADOT = Arizona Department of Transportation
AZ = Arizona
BLM = Bureau of Land Management
LPP = Lake Powell Pipeline Project
NPS = National Park Service
UDOT = Utah Department of Transportation
UT = Utah

As shown in Table 2.2-2, the highest number of crossings or locations in which the Proposed
Project would parallel roads would be along roadways under the jurisdiction of Mohave County,
Arizona. Six crossings or parallel locations would occur on those roadways under the jurisdiction of
the BLM, as well as one location identified as being jointly under the jurisdiction of BLM and
Washington County, Utah. In three areas, the Proposed Project would cross or parallel roadways
under the jurisdiction of the NPS (UBWR 2020b).
2.2.1.3 Anticipated Traffic Levels from Construction

Vehicles added to local traffic as a result of construction of the Southern Alternative would include a
range of 14 to 212 vehicles on any given highway segment per day, as calculated from estimated
construction spreads. The calculations account for hauling, labor, and visitor trips for both the
construction of the pipeline/facilities and the transmission lines. The number of vehicles varies by
construction year, with a peak in Year 4. In years one through three, construction vehicle trips
would occur for the pipeline/facilities and for transmission lines; in years four through six, vehicle
trips largely would be limited to pipeline/facilities work (UBWR 2020b).
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Table 2.2-3 details the estimated change in traffic levels to highway segments for which AADT is
known as a result of the construction of the Southern Alternative. As noted above, the contribution
to each highway segment is expected to range between 14 and 212, depending on the year of
construction and the intensity of labor. This analysis of AADT considers the maximum number of
vehicles (i.e., 212 vehicles; UBWR 2020b).
Table 2.2-3 Average Annual Daily Traffic Changes from Southern Alternative Construction Activities
Percent
Cumulative
Change
from
Roadway
Location Description(a)
AADT(b)
Current AADT
Utah

U.S. Highway 89
U.S. Highway 89

Arizona State Line to
Big Water, Utah
Big Water, Utah to
Johnson Canyon Road

4,212

5.3%

3,212

7.1%

Average 3,712

-

Arizona

U.S. Highway 89A
Arizona SR-389
Arizona SR-389
Arizona SR-389

Ryan Road to
Arizona SR-67 – Jacob Lake
Pipe Spring National Monument Road to
Cane Beds Road
Cane Beds Road to
Central Road
Central Road to
Utah State Line
Average

1,062

24.9%

2,622

8.8%

3,465

6.5%

4,707

4.7%

2,964

-

Sources: UDOT 2016; ADOT 2018; UBWR 2020b
Notes:
(a) Traffic counts were drawn from highway segments proximate to the Southern Alternative that may be used for
construction traffic.
(b) The contribution to each highway segment is expected to range between 14 and 212, depending on year and
intensity of labor assumed. For this analysis, the highest contribution of 212 was used.
Key:
AADT = Average Annual Daily Traffic
SR = State Route

While Table 2.2-3 indicates that overall effects to traffic levels as a result of construction activities
associated with the Southern Alternative would range from 4.7 percent to 24.9 percent, it should be
noted that effects would be in specific localized areas due to the nature of construction. Except for a
single segment of U.S. Highway 89A, the percent change from the current AADT numbers would
be less than 10 percent for all segments of highways crossed. The segment of U.S. Highway 89A
may experience the highest construction traffic level increase; however, the Southern Alternative
would only cross this highway segment once.
Construction activities would affect traffic due to potential closures and/or delays near the ADOT
intake station, U.S. Highway 89, and the NPS GCNRA south entrance. During summer months,
traffic increases would result from higher visitation as drivers enter the park and travel within and
among facilities compared to winter months. Additional spikes in traffic due to high visitation to the
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NPS unit also may occur during holidays. Construction activities that occur during the summer
months in the area of the NPS GCNRA south entrance are likely to affect traffic in these locations.
During spring, summer, and fall months, traffic within the affected environment also increases due
to higher levels of tourism because the roads within the affected environment are the main
connectors between several national parks in the region (including Grand Canyon, Zion, and Bryce
Canyon). Additional spikes in traffic occur during the fall hunting season. Effects experienced by
roadway users as a result of the increased number of vehicles from construction activities in these
locations may be perceived as higher during these times.
2.2.1.4 Level of Service

Because of the temporary and segmented nature of the construction and localized traffic delays,
changes to LOS may occur for areas in which traffic controls and/or closures are implemented. Free
flow or reasonably free flow of traffic could be slowed. The localized effect would occur because of
the temporary nature of the construction activities and the anticipated length of delays. Overall LOS
on each highway segment would not be permanently affected as a result of the construction of the
Proposed Project.
As noted in the LPP Final Study Report 14 – Transportation (UBWR 2016b), UDOT and ADOT
defined 15 minutes as the maximum allowable traffic closure under state requirements. Appropriate
traffic controls and roadway closures for the Southern Alternative would be coordinated and
approved by the appropriate jurisdiction in which the construction activities would occur.
2.2.1.5 Access Road Construction and Improvements

Access roads would be required for construction and operation of the Southern Alternative; these
include temporary and permanent access roads. The width of these roads would vary and could be
up to approximately 30 feet for temporary roads and up to approximately 16 feet for permanent
roads. Access roads would be built prior to pipeline and other facility construction. Roads may be
graded to level the surface as necessary. Gravel would be applied in areas needed to maintain road
conditions during construction activities (UDWRe 2020).
For the Southern Alternative, access roads would be constructed on BLM, NPS, Bureau of
Reclamation (Reclamation), state, and private land. Access road design and construction for roads
on BLM-managed land would be coordinated with the BLM and would consider the BLM’s 9113Road Manual guidelines. New access roads built for construction may be left in place in
coordination with the BLM and may be designated as part of the BLM’s transportation network
(UDWRe 2020). New access road design and construction on other federal, state, or private lands
would be coordinated with the appropriate agency and consider ROW permits, grants, or other
approvals to minimize potential adverse effects.
Upon completion of construction, temporary construction access roads would be restored to preconstruction condition, including soil, rock, natural topography, and vegetation conditions, in
coordination with the appropriate jurisdictional authority (UDWRe 2020).
Table 2.2-4 details the access roads that would be constructed or improved for the Southern
Alternative and their lengths. Figures 2.2-1 and 2.2-2 depict the locations of the access roads for the
Southern Alternative.
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Table 2.2-4 Southern Alternative Road Construction and Improvement Lengths
Existing Dirt
Roads That Would
New Permanent
be Improved
Access Road
Road Name
during
Construction
Construction
(miles)(b,c)
(miles)(a,b,d)

Water Intake System Access Road
Water Intake System I/E Road
BPS-1 Access Road
BPS-1 I/E Road
Two-Track Buckskin
Transmission Line Access Road
Two-Track Spur roads (17 spur
roads at variable lengths) from
Existing Road along Glen Canyon
Substation to Buckskin Substation
on NPS Land
BPS-2 Access Road
BPS-2 I/E Road
Two-Track BPS-2 Transmission
Line Access Road
BPS-3 Access Road
BPS-3 I/E Road
BPS-3 Transmission Line Access
Road
BPS-4 Access Road
Two-Track Pipeline Access Road
near U.S. Highway 89
High Point Reg. Tank Access
Road
High Point Reg. Tank I/E Road
HS-1 Access Road
HS-1 I/E Road
Two-Track Spur roads from
Existing Road to Pipeline along
U.S. Highway 89 (10 at 500 feet
each)
8 Mile Gap Road
Two-Track Pipeline Access Road
near White Sage Wash
Yellowstone Road
Two-Track Spur roads from
Existing Road along County Road
239 (5 at 200 feet each)

Land Ownership or
Management(e)

0.13
0.23
0.39
0.54
0.18
22.00
11.22

-

-

Reclamation
NPS
NPS
NPS
NPS
BLM
AZ and UT State Land

1.10

-

NPS

0.02
0.38

-

UT State Land
UT State Land

7.15

-

UT State Land

0.08
0.38

-

-

1.96
3.75

0.46

-

BLM
BLM
BLM
UT State Land
Private

15.09

-

BLM

0.07

-

BLM

0.38
0.07
0.34

-

BLM
BLM
BLM

0.90

-

BLM

-

4.86
3.85

-

-

-

14.15
1.27

-

-

1.55
3.00

0.07

-

BLM
Private
BLM
AZ State Land
BLM
AZ State Land
BLM

0.13

-

AZ State Land

-

-
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Table 2.2-4 Southern Alternative Road Construction and Improvement Lengths (continued)
Existing Dirt
Roads That Would
New Permanent
be Improved
Access Road
Land Ownership or
Road Name
during
Construction
Management(e)
(b,c)
Construction
(miles)
(miles)(a,b,d)

HS-2 Access Road - Southern
HS-3 Access Road
Two-Track Pipeline Access Road
through Canaan Gap
HS-4 Access Road
HS-5 Access Road
Two-Track Spur roads from
Existing Road to Pipeline
between HS-5 to Sand Hollow
Terminal Station
Two-Track Transmission Line
Access Road HS-5 to Sand
Hollow Terminal Station
Sand Hollow Terminal Station
Access Road
Total

0.07
0.01
0.08
4.34
2.84
2.01
0.44
0.44
0.12

-

-

Private
AZ State Land
Private
BLM
Private
UT State Land
BLM
BLM
BLM

0.08

-

Private

3.73

-

BLM

0.50

-

Private

0.05
0.03

-

Private
UT State Land

-

-

91.47

18.97

-

Source: UBWR 2020c – Update of Table 3-7 LPP Road Crossings/Paralleling in LPP Final Study Report 14 - Transportation
Notes:
(a) This list only includes existing dirt roads that would be improved for access. Existing dirt roads that intersect the
ROW and would be used for access but do not need improvement are not included in this list. Existing paved and
maintained highways and local streets that would be used for access are not included.
(b) Temporary construction roads built along the ROW are not included in this list.
(c) Road construction work includes installing new access roadways to facilities, pipeline, and transmission lines. The
work would include clearing, grubbing, grading, and installing gravel to allow safe access by trucks, other vehicles,
and maintenance equipment. Permanent new access roads would be gravel or a two-track road.
(d) Road improvement work includes minor clearing and grading, where needed, and installation of gravel to existing
unimproved roads as needed to allow access to the new facilities, pipeline, and transmission lines.
(e) Existing roads may have a different owner (e.g., road easement) than the underlying landowner.
Key:
AZ = Arizona
BLM = Bureau of Land Management
BPS = booster pump station
HS = hydrostation
I/E = Ingress/Egress
NPS = National Park Service
Reclamation = Bureau of Reclamation
UT = Utah
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Figure 2.2-1 Access Road Locations - Southern Alternative (LPP – East)

25

Figure 2.2-2 Access Road Locations - Southern Alternative (LPP – West)
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As shown in Table 2.2-4, of the 91.47 miles of new permanent access road, 0.13 miles would be
located on Reclamation-managed lands and 2.44 miles on NPS-managed lands. A majority of the
new permanent access roads would be on BLM-managed lands (62.6 miles). The remaining new
permanent access roads would be placed on private or state-managed lands. Existing dirt roads
improved for access would be located on BLM-managed (8.37 miles), state-managed (6.75 miles), or
private lands (3.85 miles).
Additional changes to transportation resources may occur as a result of traffic controls or closures
to allow for construction of the access roads. Some disruptions to service along main roadways also
may occur if roadway cuts are needed to accommodate new access roads.
2.2.1.6 Conformance with Existing Regulations, Policies, and/or Plans

No conformance issues are anticipated to occur as a result of the construction of the Proposed
Project under the Southern Alternative. The Proposed Project would be consistent with existing
transportation regulations, policies, and/or plans.
As noted in the LPP POD (UDWRe 2020; provided in Appendix E, Plan of Development), the
Proposed Project would cross U.S. Highway 89, U.S. Highway 89A, and Arizona SR-389. Bore and
jack construction, which is a method for installing a casing below grade without trenching, is
anticipated for these crossings. Boring and jacking pits, approximately 100 feet long by 20 feet wide,
would be placed on either side of the highway (within the Proposed Project ROWs). Minimum
depth to the top of the pipe under highways would be 5 feet. Crossings of U.S. highways and state
routes would meet all ADOT, UDOT, and federal requirements. If roads within the Proposed
Project ROWs are temporarily widened for use during construction, those widened areas would be
restored along with other ROW restoration, in coordination with the appropriate jurisdictional
agency.
As noted in Section 1.1.7, above, the Fredonia – Vermilion Cliffs Scenic Road is located within the
affected environment. The Southern Alternative would cross this roadway approximately 0.62 mile
northwest of Winter Road and 0.17 mile southeast of an unnamed road near Fredonia, Arizona
(approximately 5 miles northwest of the crossing location). The designation of this roadway as a
scenic byway would not be affected by the pipeline construction.
2.2.1.7 Public Safety and Traffic Management

Public safety and traffic management would be addressed through the use of the EPMs and traffic
management plans. Signs and flaggers would be used during construction as necessary to direct
traffic in accordance with all applicable UDOT, ADOT, and federal agency requirements, as well as
county and local laws and ordinances.
2.2.2 Operation of Pipeline and Facilities
Under the Southern Alternative, O&M activities would not affect the use of existing roads, locations
in which crossings occurred, or where facilities paralleled existing roadways, as restoration activities
would have returned ROW or temporary access roads to pre-construction conditions.
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2.2.2.1 Anticipated Traffic Levels from Operation

The Southern Alternative O&M facilities typically would be monitored via remote supervisory
control and data acquisition systems and would not be continuously staffed. Table 2.2-5 indicates
the frequency that each facility is expected to be inspected or have maintenance personnel on-site.
Table 2.2-5 Southern Alternative Operations and Maintenance Traffic Effects
Facility
Maintenance/Inspection Frequency (visits/week)(a)

Water Intake System
BPS-1, BPS-2, BPS-3, BPS-4
High Point Regulating Tank
HS-1, HS-2, HS-3, HS-4, HS-5
Sand Hollow Terminal Station

7
8 (2 per facility)
2
10 (2 per facility)
2
Total 29

Source: UBWR 2020a – Update of Table 3-9 Operations and Maintenance Traffic Impacts in LPP Final Study Report
14 - Transportation
Note:
(a) Visits per week would be the same for the Southern and Highway Alternatives.
Key:
BPS = booster pump station
HS = hydrostation

AADT would not be anticipated to be affected during the operation of the Proposed Project due to
the limited number of vehicles and trips needed. Infrequent roadway closures or delays are expected
to occur during prolonged maintenance activities.
2.2.2.2 Level of Service

No changes to LOS would be anticipated to occur during O&M activities due to the limited number
of vehicles and trips needed under the Southern Alternative.
2.2.2.3 Access Road Operation

New permanent access roads constructed for O&M activities would be maintained as part of
Proposed Project operation. This may include repair and additional grading and graveling of
improved roads to maintain road integrity. Drainage features such as culverts under access roads
would be routinely inspected and cleaned out as necessary to maintain proper function to convey
precipitation runoff. More than routine road maintenance activities on federal lands would be
coordinated with the applicable federal agency (UDWRe 2020). Additionally, all access roads and
other project facilities would conform to and be consistent with the regulations listed in Section 1.1,
above.
Once completed, permanent access roads could allow for additional users and increased access, but
they also may open areas to users/uses that are not intended for motor vehicles. The operation of
access roads on vegetation, wildlife, and recreation are discussed in DEIS Sections 3.11, Vegetation
Communities; 3.15, Threatened and Endangered Species; and 3.7, Recreation.
2.2.2.4 Conformance with Existing Regulations, Policies, and/or Plans

No conformance issues are anticipated to occur as a result of the of the O&M activities for the
Proposed Project under the Southern Alternative. The Proposed Project would be consistent with
existing transportation regulations, policies, and/or plans. In addition, no effects are anticipated to
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occur to the scenic byway, the Fredonia – Vermilion Cliffs Scenic Road; the designation of this
roadway as a scenic byway would not be affected by pipeline operation.
2.2.2.5 Public Safety and Traffic Management

Due to the limited traffic anticipated with O&M activities, no effects on public safety and traffic
management would be anticipated to occur. However, if extraordinary roadway maintenance
activities were needed, these activities would be coordinated with the applicable federal, state, or
local agency. The LPP POD further indicates that no off-road or overland vehicle travel would
occur (UDWRe 2020; provided in Appendix E, Plan of Development).
2.2.3 Resource Management Plan Amendments
2.2.3.1 Sub-alternative 1

This alternative would not amend any RMP decisions that affect transportation resources.
2.2.3.2 Sub-alternative 2

Under this alternative, the size of the Knab Creek Area of Critical Environmental Concern would be
reduced. Three decisions would no longer apply to lands excluded from the ACEC:
Decision No. MA-AC-11 stating that only temporary upgrading of existing roads could
occur.
Decision No. MA-AC-12 stating that “New roads will be authorized on a temporary basis
only or when beneficial for relevant resources” (i.e., the resources for which the ACEC was
designated).
Decision No. MA-AC-10 stating in part that “Motorized use will keep within the designated
route with reasonable use of the shoulder and immediate roadside, allowing for vehicle
passage, emergency stopping, or parking, unless otherwise posted.”
2.2.3.3 Sub-alternative 3

This alternative would result in the same effects as Sub-alternative 1. As a result of these decisions,
upgrades of existing roads and construction of new roads could be authorized on any lands removed
from the ACEC (905 acres), subject to site-specific environmental review and analysis. Currently,
approximately 0.8 miles of designated roads are on lands that would be excluded from the ACEC.
This would provide for additional opportunities for access to these public lands and would allow
construction of new roads (including for the Proposed Project) without the requirement of being
“beneficial for relevant resources.” However, it is likely that these opportunities would be minimal
since the area is relatively remote and inaccessible.
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2.2.4 Mitigation Measures
Minor changes to the EPMs should be implemented to meet agency-specific goals and objectives for
management of transportation resources.
Mitigation measures that could be implemented in addition to the EPMs previously discussed in
Section 1.3, above, are as follows:
In areas where the potential for traffic effects is higher, conflicts between the Proposed
Project traffic and background traffic, such as movements of normal heavy trucks (dump
trucks, concrete trucks, standard size tractor-trailers or flatbeds) should be minimized by
scheduling essential deliveries only to the extent practicable during off-peak traffic
hours/times and scheduling remaining heavy truck trips during off-peak traffic hours/times.
Existing and programmed, approved, and/or funded transportation projects should be
accommodated, to the extent practicable, into the final Proposed Project design, and
coordinated with appropriate jurisdictions to avoid or minimize disruptions to roadways.
Traffic control plans should be implemented for areas where construction activities may
directly affect existing traffic on highway and roadways. Traffic control plans should be
developed and implemented in conformance with applicable permits and agencies for the
Proposed Project; these could be developed as part of the overall traffic management plan or
as standalone documents. The plans specifically should include notification requirements,
the types and locations of temporary/permanent roadway signage, and maps indicating
potential detours or other routing, if deemed necessary. These plans also should account for
O&M traffic controls.
Construction deliveries near the ADOT intake station, U.S. Highway 89, and the NPS
GCNRA south entrance should occur during off-peak hours (6 p.m. to 6 a.m.), to the extent
practicable, to avoid tourist travel through the area.
Due to the sacred nature of the Kanab Creek Canyon area, once construction is complete,
any access roads that lead into the canyon and that are owned or managed by the Tribe
would be gated and locked to prevent unauthorized access.

2.3 Highway Alternative
The following provides a discussion of the potential effects of the Southern Alternative during
construction and O&M on transportation resources.
2.3.1 Construction of Pipeline and Facilities
Utah and Arizona state ROWs would be used for pipeline installation, and construction would
primarily occur with enough clearance from the roadways to have minimal adverse effects on traffic.
The pipeline would cross existing roads either by open cut construction or boring, as permitted and
authorized by the UDOT and ADOT. The LPP Final Study Report 14 – Transportation details the
sequences that would be used for construction of the pipeline (UBWR 2016b).
2.3.1.1 Use of Existing Roadways and Right-of-Way

The approximately 134-mile Highway Alternative generally would follow U.S. Highway 89 and
Arizona SR-389. Similar to the Southern Alternative, in portion of the Highway Alternative, the
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Proposed Project would be constructed outside of the running surface of the roads and within the
established road ROW (UDWRe 2020).
Approximately 78 miles of the pipeline would be within Department of Transportation, highway
ROW, and/or within a designated utility corridor. Table 2.3-1 provides a description of the ROW
and utility corridors for the Highway Alternative.
Table 2.3-1 Miles of LPP-Highway Alternative within DOT ROW and/or Designated Utility Corridors
Within UDOT
Within U.S.
Within West
ROW and
Within ADOT Within UDOT
Highway 89
Wide Energy
U.S. Highway
Land Manager/Owner
ROW
ROW
Utility
Corridor
89 Utility
Corridor
Corridor

BLM
NPS
Reclamation
Tribe
State
Private

1.0
3.4
0.0
0.2
3.6
9.9
Total 18.0

0.0
3.5
0.0
0.0
0.0
1.1
4.6

11.5
0.3
0.0
0.0
12.3
3.0
27.2

18.4
0.0
0.0
0.0
0.2
9.1
27.7

0.0
0.0
0.0
0.0
0.0
0.0
0.0

Source: UBWR 2020d
Key:
ADOT = Arizona Department of Transportation
BLM = Bureau of Land Management
DOT = Department of Transportation
LPP = Lake Powell Pipeline Project
NPS = National Park Service
ROW = right-of-way
Tribe = Kaibab Band of Paiute Indians
UDOT = Utah Department of Transportation

As shown in Table 2.3-1, approximately 57.8 percent of the overall Highway Alternative is located
within an existing Department of Transportation ROW or within an existing utility corridor.
As noted for the Southern Alternative, Figure 3-4 and Figure 3-5 of the LPP POD illustrates the
typical ROW for the LPP construction along highways and away from highways (see UDWRe 2020;
provided in Appendix E, Plan of Development). The roadway ROW typically would be restored
after construction activities to its pre-construction conditions or in accordance with the regulations
or requirements of the individual jurisdiction in which alterations were permitted or approved.
2.3.1.2 Ownership and Number of Crossings/Parallel Locations

The Highway Alternative would cross existing roadways 43 times, would cross/parallel existing
roadways three times, and would parallel existing roadways 10 times (UBWR 2020b). Table 2.3-2
identifies the ownership of the crossings and locations in which the Highway Alternative would
parallel an existing roadway.
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Table 2.3-2 Ownership and Number of Proposed Project Highway Alternative Road Crossings/Parallel
Alignments
Number of
Number of
Number
of
Crossing
and
Parallel
Total
Ownership(a)
Crossings
Parallel
Locations
Locations

ADOT
ADOT/UDOT
Big Water, UT
BLM
BLM/Washington County, UT
Colorado City, AZ
Fredonia, AZ
Hildale, UT
Kaibab Indian Reservation
Kane County, UT
Mohave County, AZ
NPS
UDOT
Washington County, UT

3
5
6
2
1
3
10
4
3
5
1

2
1
1
1
1
2
1
1
-

1
1
1
-

5
1
5
7
1
4
1
2
3
12
5
3
6
1

Source: UBWR 2020b – Update of Table 3-1 in LPP Final Study Report 14 - Transportation
Note:
(a) Ownership does not necessarily indicate the agency responsible for maintenance.
Key:
ADOT = Arizona Department of Transportation
AZ = Arizona
BLM = Bureau of Land Management
LPP = Lake Powell Pipeline Project
NPS = National Park Service
UDOT = Utah Department of Transportation
UT = Utah

As shown in Table 2.3-2, the highest number of crossings or locations in which the Proposed
Project would be located parallel to existing roads are along roads under the jurisdiction of Kane
County, Utah. Seven crossings or parallel locations would occur on those roadways under the
jurisdiction of the BLM, as well as one jointly with Washington County, Utah. The Proposed Project
would cross or parallel locations three times for roadways under the jurisdiction of the NPS. Unlike
the Southern Alternative, the Highway Alternative also would cross, or parallel roadways located on
the KIR and in Fredonia, Arizona. It would not cross or parallel those in Coconino County,
Arizona.
2.3.1.3 Anticipated Traffic Levels from Construction

Vehicles added to local traffic as a result of construction of the Highway Alternative would be the
same as those noted for the Southern Alternative (UBWR 2020b). Table 2.3-3 notes the estimated
change in traffic levels to highway segments for which AADT is available as a result of the
construction of the Highway Alternative. The contribution to each highway segment is expected to
range between 14 and 212, depending on the year of construction and the intensity of labor. In years
four through six of construction, vehicle trips largely would be limited to pipeline/facilities work
(UBWR 2020b).
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While Table 2.3-3 indicates that overall effects to traffic levels as a result of construction activities
associated with the Highway Alternative would range between 4.0 percent and 12.9 percent, it
should be noted that effects would be in specific, localized areas due to the nature of construction.
Except for a single segment of U.S. Highway 89A, the percent change from the current AADT
numbers would be less than 10 percent for all segments of highways crossed.
Table 2.3-3 Average Annual Daily Traffic Changes from Highway Alternative Construction Activities
Percent
Cumulative
Change
from
Roadway
Location Description(a)
AADT(b)
Current AADT
Utah

U.S. Highway 89
U.S. Highway 89
U.S. Highway 89

Arizona State Line to
Big Water, Utah
Big Water, Utah to
Johnson Canyon Road
Johnson Canyon Road to
900 East, Kanab, Utah

4,212

5.3%

3,212

7.1%

4,012

5.6%

Average 3,812

-

Arizona

U.S. Highway 89A
U.S. Highway 89A
Arizona SR-389
Arizona SR-389
Arizona SR-389
Arizona SR-389
Arizona SR-389

Utah State Line to
Arizona SR-389, Fredonia, Arizona
Arizona SR-389, Fredonia Arizona to
Ryan Road
Altus Lane, Fredonia, Arizona to
BIA 50
BIA 50 to
Pipe Spring National Monument Road
Pipe Spring National Monument Road to
Cane Beds Road
Cane Beds Road to
Central Road
Central Road to
Utah State Line
Average

5,533

4.0%

1,859

12.9%

4,052

5.5%

3,121

7.3%

2,622

8.8%

3,465

6.5%

4,707

4.7%

3,622

-

Source: UDOT 2016; ADOT 2018; UBWR 2020b
Notes:
(a) Traffic counts were drawn from highway segments proximate to the Highway Alternative that may be used for
construction traffic.
(b) The contribution to each highway segment is expected to range between 14 and 212, depending on year and
intensity of labor assumed. For this analysis, the highest contribution of 212 was used.
Key:
AADT = Average Annual Daily Traffic
BIA = Bureau of Indian Affairs
SR = State Route

33

The Highway Alternative and Southern Alternative follow the same route at the eastern terminus of
the Proposed Project; therefore, effects on transportation resources associated with construction
would be similar. As previously stated, construction activities would affect traffic near the ADOT
intake station, U.S. Highway 89, and the NPS GC NRA south entrance.
During spring, summer, and fall months, traffic in the region of the Proposed Project increases from
the higher visitation associated with drivers entering GCNRA and from visitors driving the highways
in the area since these roads are the main connectors between several national parks in the region
(including Grand Canyon, Zion, and Bryce Canyon). Additional spikes in traffic also occur during
the fall hunting seasons and may occur during holidays. Effects experienced by users as a result of
the increased number of vehicles from construction activities in these locations may be perceived as
higher during these times.
2.3.1.4 Level of Service

Due to the temporary and segmented nature of the construction and localized traffic delays, changes
to LOS may occur in areas where traffic controls and/or closures are implemented. Free flow or
reasonably free flow of traffic could be slowed. The localized effect would occur because of the
temporary nature of the construction activities and the anticipated length of delays. Overall LOS on
each highway segment would not be permanently affected as a result of Proposed Project
construction.
As previously stated, UDOT and ADOT defined 15 minutes as the maximum allowable traffic
closures under state requirements. Appropriate traffic controls and roadway closures for the
Highway Alternative would be coordinated and approved by the appropriate jurisdiction in which
the construction activities would occur.
2.3.1.5 Access Road Construction and Improvements

Access roads would be required for the construction and operation of the Highway Alternative. As
noted for the Southern Alternative, access roads used for construction activities for the Highway
Alternative would be constructed prior to pipeline and other facility construction. Roads may be
graded to level the surface as necessary. Gravel would be applied in areas needed to maintain road
conditions during construction activities (UDWRe 2020).
Access roads would be constructed on BLM, NPS, Reclamation, KIR, state, and private land. Access
road design and construction for roads on BLM-managed land would be coordinated with the BLM
and would consider the BLM’s 9113-Road Manual guidelines. New access roads made for
construction may be left in place in coordination with the BLM and may be designated as part of the
BLM’s transportation network (UDWRe 2020). New access road design and construction on other
federal, state, or private lands would be coordinated with the appropriate agency and consider ROW
permits, grants, or other approvals in order to minimize potential effects.
Access roads located within the KIR would be coordinated with the Tribe and BIA. Coordination
would include seeking input from the Tribe and BIA on restoration, restoration methods, and/or
modifications required for retaining the access road. Approximately 15 acres of access roads may be
located in areas under Tribal jurisdiction (UDWRe 2020).
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Upon completion of construction, temporary construction access roads would be restored to preconstruction condition, including soil, rock, natural topography, and vegetation conditions, in
coordination with the BLM, the NPS, or other jurisdictional authorities. Improvements to existing
roads made for temporary access may be left in place in coordination with the BLM or other
jurisdictional authorities (UDWRe 2020).
Table 2.3-4 provides a list of the access roads that would be constructed or improved for the
Highway Alternative and their lengths. Figures 2.3-1 and 2.3-2 depict the locations of the access
roads for the Highway Alternative.
New access roads may allow for additional users and increased access, but they also may open areas
to users/uses that are not intended for motor vehicles. Potential effects associated with the
construction of access roads on vegetation, wildlife, and recreation are discussed in DEIS Sections
3.11, Vegetation Communities; 3.15, Threatened and Endangered Species; and 3.7, Recreation.
Table 2.3-4 Highway Alternative Road Construction and Improvement Lengths
Existing Dirt Roads That
New Permanent Access
Would be Improved
Road Name
Road Construction
During
Construction
(Miles)(b,c)
(Miles)(a,b,d)

Water Intake System
Access Road
Water Intake System I/E
Road
BPS-1 Access Road
BPS-1 I/E Road
Two-Track Buckskin
Transmission Line
Access Road
Two-Track Spur roads
(17 spur roads at variable
lengths) from Existing
Road along Glen Canyon
Substation to Buckskin
Substation on NPS Land
BPS-2 Access Road
BPS-2 I/E Road
Two-Track BPS-2
Transmission Line
Access Road
BPS-3 Access Road
BPS-3 I/E Road

0.13
0.23
0.39
0.54
0.18
22.00

Land Ownership
or
Management(e)

Reclamation
NPS
NPS

11.22

NPS
NPS
BLM
AZ and UT State
Land

1.10

NPS

0.02
0.38

UT State Land
UT State Land

7.15

UT State Land

0.08
0.38

BLM
BLM

35

Table 2.3-4 Highway Alternative Road Construction and Improvement Lengths (continued)
Existing Dirt Roads That
Land Ownership
New Permanent Access
Would be Improved
or
Road Name
Road Construction
During Construction
(e)
Management
(Miles)(b,c)
(Miles)(a,b,d)

1.96
3.75

BPS-3 Transmission Line
Access Road
BPS-4 Access Road
Two-Track Pipeline
Access Road near U.S.
Highway 89
Two-Track Pipeline
Access Road near U.S.
Highway 89
High Point Reg. Tank
Access Road
High Point Reg. Tank
I/E Road
HS-1 Access Road
HS-1 I/E Road
Two-Track Spur roads
from Existing Road to
Pipeline along U.S.
Highway 89 (10 at 500
feet each)
Two-Track Spur roads
from Existing Road to
Pipeline along Arizona
SR-389 (10 at 200 feet
each)
HS-2 Access Road Highway
HS-2 I/E Road
HS-3 Access Road
Two-Track Pipeline
Access Road through
Canaan Gap
HS-4 Access Road
HS-5 Access Road
Two-Track Spur roads
from Existing Road to
Pipeline between HS-5 to
Sand Hollow Terminal
Station

0.46
15.09
2.25

BLM
UT State Land
Private
BLM
BLM

0.07

BLM

0.38

BLM

0.07
0.34

BLM
BLM

0.90

BLM

0.28
0.05

Tribe
AZ State Land

0.07

Private

0.10

Private

0.34
0.08
4.34
2.84
2.01
0.44
0.44
0.12

Private
Private
BLM
Private
UT State Land
BLM
BLM
BLM

0.08

Private
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Table 2.3-4 Highway Alternative Road Construction and Improvement Lengths (continued)
Existing Dirt Roads That
Land Ownership
New Permanent Access
Would be Improved
or
Road Name
Road Construction
During Construction
(e)
Management
(Miles)(b,c)
(Miles)(a,b,d)

Two-Track Transmission
Line Access Road HS-5
to Sand Hollow Terminal
Station
Sand Hollow Terminal
Station Access Road

3.73

BLM

0.50

Private

0.05
0.03
Total 78.86

5.71

Private
UT State Land
-

Source: UBWR 2020c – Update of Table 3-7 in LPP Final Study Report 14 - Transportation
Notes:
(a) This list only includes existing dirt roads that would be improved for access. Existing dirt roads that intersect the
ROW and would be used for access but do not need improvement are not included in this list. Existing paved and
maintained highways and local streets that would be used for access are not included.
(b) Temporary construction roads built along the ROW are not included in this list.
(c) Road construction work includes installing new access roadways to facilities, pipeline, and transmission lines. The
work would include clearing, grubbing, grading, and installing gravel to allow safe access by trucks, other vehicles,
and maintenance equipment. Permanent new access roads would be gravel or a two-track road.
(d) Road improvements work includes minor clearing and grading, where needed, and installation of gravel to existing
unimproved roads as needed to allow access to the new facilities, pipeline, and transmission lines.
(e) Existing roads may have a different owner (e.g., road easement) than the underlying landowner.
Key:
AZ = Arizona
BLM = Bureau of Land Management
BPS = booster pump station
HS = hydrostation
I/E = Ingress/Egress
LPP = Lake Powell Pipeline
NPS = National Park Service
Reclamation = Bureau of Reclamation
SR = State Route
Tribe = Kaibab Band of Paiute Indians
UT = Utah
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Figure 2.3-1 Access Road Locations - Highway Alternative (LPP – East)
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Figure 2.3-2 Access Road Locations – Highway Alternative (LPP – West)
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As shown in Table 2.3-4, of the 78.86 miles of new permanent access road, 0.13 miles would be
located on Reclamation-managed lands and 2.44 miles on NPS-managed lands. A majority of the
new permanent access roads would be on BLM-managed lands (50.63 miles). New permanent access
roads also would be on Tribal-managed lands (0.28 miles). Remaining new permanent access roads
would be placed on private (4.52 miles) or state-managed lands (20.86 miles). Existing dirt roads
improved for access would largely be located on BLM-managed (1.96 miles) or Utah State-managed
lands (3.75 miles).
As noted for the Southern Alternative, additional changes may occur as a result of traffic controls or
closures to allow for construction of the access roads for the Highway Alternative. Some disruptions
to service along main roadways also may occur if roadway cuts for the access roads are needed.
2.3.1.6 Conformance with Existing Regulations, Policies, and/or Plans

No conformance issues are anticipated to occur as a result of the construction of the Proposed
Project under the Highway Alternative. The Proposed Project would be consistent with existing
transportation regulations, policies, and/or plans.
As noted for the Southern Alternative, crossings of U.S. highways and state routes would meet all
federal, UDOT, and ADOT requirements. If roads within the Proposed Project ROW were
temporarily widened for use during construction, those widened areas would be restored along with
other ROW restoration, in coordination with the appropriate jurisdictional agency.
2.3.1.7 Public Safety and Traffic Management

Like the Southern Alternative, public safety would be addressed using the EPMs and traffic
management plans. Signs and flaggers would be used during construction as necessary to direct
traffic in accordance with all applicable UDOT, ADOT, and federal agency requirements, as well as
county and local laws and ordinances.
2.3.2 Operation of Pipeline and Facilities
Under the Highway Alternative, O&M activities would not affect the use of existing roads, locations
in which crossings occurred, or where facilities paralleled existing roadways, as restoration activities
would have returned ROW or temporary access roads to existing conditions.
2.3.2.1 Anticipated Traffic Levels from Operation

The Highway Alternative O&M facilities typically would be monitored via remote supervisory
control and data acquisition systems and would not be continuously staffed. Table 2.3-5 indicates
the frequency that each facility is expected to be inspected or have maintenance personnel on site.
Similar to the Southern Alternative, AADT would not be anticipated to be affected during the
operation of the Proposed Project due to the limited number of vehicles and trips needed. No
roadway closures or delays are anticipated to occur, except during prolonged maintenance activities.
These effects, if present, would be similar to those experienced during construction.
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Table 2.3-5 Highway Alternative Operations and Maintenance Traffic Effects
Maintenance/Inspection Frequency
Facility
visits/week(a)

Water Intake System
BPS-1, BPS-2, BPS-3, BPS-4
High Point Regulating Tank
HS-1, HS-2, HS-3, HS-4, HS-5
Sand Hollow Terminal Station

7
8 (2 per facility)
2
10 (2 per facility)
2
Total 29

Source: UBWR 2020a – Update of Table 3-9 Operations and Maintenance Traffic Impacts in LPP Final Study Report 14
- Transportation
Note:
(a) Visits per week would be the same for the Southern and Highway Alternatives.
Key:
BPS = booster pump station
HS = hydrostation

2.3.2.2 Level of Service

No changes to LOS would be anticipated to occur during O&M activities due to the limited number
of vehicles and trips needed under the Highway Alternative.
2.3.2.3 Access Road Operation

New permanent access roads constructed for O&M activities would be maintained as part of
Proposed Project operation. This may include repair and additional grading and graveling of
improved roads to maintain road integrity. Drainage features such as culverts under access roads
would be routinely inspected and cleaned as necessary to maintain proper function to convey
precipitation runoff. More than routine road maintenance activities on federal lands would be
coordinated with the applicable federal agency (UDWRe 2020). Additionally, all access roads and
other project facilities would conform and be consistent with the regulations listed in Section 1.1,
above.
Once completed, permanent access roads could allow for additional users and increased access, but
they also may open areas to users that are not intended for motor vehicle use. Potential effects
associated with the operation of access roads on vegetation, wildlife, and recreation are discussed in
DEIS Sections 3.11, Vegetation Communities; 3.15, Threatened and Endangered Species; and 3.7,
Recreation.
2.3.2.4 Conformance with Existing Regulations, Policies, and/or Plans

No conformance issues are anticipated to occur as a result of the of the O&M activities for the
Proposed Project under the Highway Alternative. The Proposed Project would be consistent with
existing transportation regulations, policies, and/or plans.
2.3.2.5 Public Safety and Traffic Management

Due to the limited traffic anticipated with O&M activities, no effects would be anticipated to occur.
Similar to the Southern Alternative, if extraordinary roadway maintenance activities were needed,
these activities would be coordinated with the applicable federal, state, or local agency. The LPP
POD further indicates that no off-road or overland vehicle travel would occur (UDWRe 2020;
provided in Appendix E, Plan of Development).
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2.3.3 Mitigation Measures
The Highway Alternative would require the implementation of the same mitigation measures as
described for the Southern Alternative in Section 2.2.4, above.

2.4 Comparative Analysis of Alternatives
As shown in this analysis, no new effects are anticipated to occur as a result of the Proposed Project
under the No Action Alternative. Table 2.4-1 summarizes the effects from each alternative
evaluated, by agency, for the total mileage within Department of Transportation, highway ROW,
and/or within a designated utility corridor and the number of roadway crossings and locations
paralleled, as well as mileage of access roads. No quantifiable differences between the Southern
Alternative and Highway Alternative could be described for LOS; conformance with existing
regulations, policies, and/or plans; or public safety and traffic management due to the qualitative
nature of the analysis. Increases for AADT for the Southern Alternative would range from 4.7 to
24.9 percent, while AADT increases for the Highway Alternative would range from 4.0 to 12.9
percent.
Table 2.4-1 Comparative Analysis of Alternatives
Alternative

No Action Alternative
Southern Alternative
Use of Existing DOT and Highway
ROW/Utility Corridors
Roadway Crossings/Locations
Paralleled
Access Road (new
permanent/existing dirt roads)
Highway Alternative
Use of Existing DOT and
Highway/Utility Corridors
Roadway Crossings/Locations
Paralleled
Access Road (new
permanent/existing dirt roads)

Land Manager/Owner(a)
Tribe
NPS

BLM

Reclamation

As the Proposed Project would not be constructed, no effects
would be experienced on lands managed by the various agencies.
46.1 miles

0

7.2 miles

0

7 locations

0

3 locations

0

62.6/8.37
miles

0/0

2.44/0 miles

0.13/0 miles

30.9 miles

0.2 miles

7.2 miles

0

8 locations

3 locations

3 locations

0

50.63/1.96
miles

0.28/0 miles

2.44/0 miles

0.13/0 miles

Source: UBWR 2020b, 2020c, and 2020d
Note:
(a) This discussion focuses on the BLM, Tribe, NPS, and Reclamation; however, the Proposed Project also would affect
state and local agencies, as well as private landowners.
Key:
BLM = Bureau of Land Management
DOT = Department of Transportation
NPS = National Park Service
Reclamation = Bureau of Reclamation
Tribe = Kaibab Band of Paiute Indians
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As shown in Table 2.4-1, the highest mileage within Department of Transportation, highway ROW,
and/or within a designated utility corridor is on BLM-managed lands. In addition, the highest
number of crossings/locations in which roadways are paralleled and mileage of access roads for
both new permanent access and improvements to existing dirt roads would be associated with BLMmanaged lands. The Southern Alternative would require more mileage of access roads as a whole
(91.47 miles of new permanent access roads/18.97 miles of improvements) as compared to the
Highway Alternative (78.86 miles of new permanent access roads/5.71 miles of improvements), with
more mileage required on BLM-managed lands than any other land management agency. The
Highway Alternative, however, would require access roads on Tribal managed-lands. The amount of
crossings/parallel locations and access roads are the same for the two alternatives on NPS- and
Reclamation-managed lands.
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4 Glossary
Annual average daily traffic (AADT). This is the total volume of vehicle traffic on a highway or
road for a year divided by 365 days.
Level of Service (LOS). This is a qualitative measure used to relate the quality of motor vehicle
traffic service.
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5 Acronyms
ACEC
ADOT
AADT
BIA
BLM
BPS
DEIS
EPM
FAA
FHWA
FLPMA
GCNRA
KIR
LPP
LOS
MPO
MP
NPS
O&M
OHV
POD
Reclamation
RMP
RS
ROW
SR
Tribe
UDOT

Kanab Creek Area of Critical Environmental Concern
Arizona Department of Transportation
Annual Average Daily Traffic
Bureau of Indian Affairs
Bureau of Land Management
booster pump station
Draft Environmental Impact Statement
Environmental Protection Measure
Federal Aviation Administration
Federal Highway Administration
Federal Land Policy and Management Act
Glen Canyon National Recreation Area
Kaibab Indian Reservation
Lake Powell Pipeline
Level of Service
Metropolitan Planning Organization
milepost
National Park Service
operation and maintenance
off-highway vehicle
Plan of Development
Bureau of Reclamation
Arizona Strip Field Office Resource Management Plan
Revised Statute
right-of-way
State Route
Kaibab Band of Paiute Indians
Utah Department of Transportation

6 Consultation and Coordination
Federal:
Bureau of Land Management – Jon Jasper and Lorraine Christian
National Park Service – Erin Janicki
Local Counties:
Coconino County – David Nicolella
Mohave County – Curtis Larsen
Washington County – Doreen Bowers-Iron
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1 Introduction/Affected Environment
Federal recreation professionals seek to provide recreation facilities and opportunities on public
lands and waterbodies, as well as manage and protect recreation resources in accordance with agency
policies and regulations. These recreation professionals consider the following items as they manage
public recreation resources:
Give full consideration to the inclusion of outdoor recreation opportunities in project
planning that is commensurate with public needs and agency responsibilities, objectives, and
authorities.
Use effective approaches in managing land and water recreation resources in cooperation
with non-federal and federal partners.
Consider laws, regulations, and policies of managing partners when developing partnership
agreements and exercise appropriate approval authority and oversight of managing partners,
permittees, and concessionaires to ensure agreement compliance and the protection and
appropriate use of land, resources, and facilities.
Fulfill agency stewardship responsibilities by providing recreation opportunities, facilities,
and services on public lands and waterbodies consistent with authorized project purposes,
resource management plans or other planning documents, authorized uses, adjacent
commercial or recreational land uses, and applicable laws, regulations, Executive Orders,
Secretarial Orders, and appropriate agency policies and regulatory requirements.
This appendix helps to identify and determine effects on recreation resources that would result from
the Lake Powell Pipeline Project (LPP) construction, operation, and maintenance. Information
regarding potential recreation resource effects would help guide decisions regarding the LPP.
Specific recreation-related objectives include determination of how the LPP construction, operation,
and maintenance would affect local, regional, and statewide recreation resources associated with
each alternative. The primary objectives of this appendix are:
Identify recreation resources within the study area;
Identify potential effects on recreation resources and recreational users from LPP
construction and operation within the study area; and
Identify whether recreation resource effects from the LPP alternatives could be mitigated by
design, construction, or operation and maintenance practices.
A discussion of cumulative effects is provided in Appendix C-25, Cumulative Effects.
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1.1 Regulatory Framework
The federal regulations identified below provide a regulatory framework for the recreation resources
analysis provided in this appendix.
1.1.1 Bureau of Indian Affairs
The Kaibab Band of Paiute Indians (Tribe) first created the Wildlife, Fisheries & Parks Department
in the early 1990s. It was first funded by surplus monies from the Bureau of Indian Affairs (BIA)
Wildlife, Fisheries & Parks Department in Washington, D.C. The Tribe had to apply every year for
the funding. Before this time, all wildlife matters were handled by the Tribal Police under a Public
Law-638 Contract. Then on October 4, 1996, the Wildlife, Fisheries & Parks Ordinance was enacted
by the Tribal Council of the Kaibab Tribe, and, the next year, 1997, the Tribe received an Indian
Self-determination and Education Assistance Act contract for these functions from the BIA. Under
the Wildlife, Fisheries & Parks Ordinance #08-96, the Tribe provides for general management of all
big game wildlife and setting up rules and regulations for hunting, fishing, and other outdoor
activities on the KIR (BIA 2020).
1.1.2 Bureau of Land Management
Recreation resource analysis for the Bureau of Land Management (BLM) regarding LPP would be
pursuant with the Federal Land Policy and Management Act (43 United States Code [USC] §1701 et
seq.) and the BLM’s Planning for Recreation and Visitor Services Handbook (H-8320-1) and Travel
and Transportation Management Manual (M-1626).
1.1.3 Bureau of Reclamation
Recreation resource analysis for the Bureau of Reclamation (Reclamation) regarding LPP would be
pursuant to the Reclamation Act of June 17, 1902 (32 Stat. 388), the acts amendatory thereof and
supplementary thereto; the Colorado River Storage Project Act of April 11, 1956 (43 USC §620, et
seq.); and the Reclamation Project Act of 1939, Section 14 (43 USC §389).
Other Reclamation regulations specific to recreation management include: Reclamation Project Act
of 1939 (Ch. 418, 53 Stat. 1187; 43 USC 485 et seq.); Federal Water Project Recreation Act of 1965
(Public Law 89-72; 79 Stat. 213, 214; 16 USC 460l et seq.), as amended; Reclamation Recreation
Management Act of 1992 (Public Law 102-575, Title XXVIII; 106 Stat. 4690; 16 USC 460l-31-460l34), as amended; Federal Lands Recreation Enhancement Act of 2004 (Public Law 108-447, Div. J,
Title VIII; 118 Stat. 3378; 16 USC 6801 et seq.); 43 Code of Federal Regulations (CFR) part 24,
Department of the Interior Fish and Wildlife Policy; 43 CFR part 420, Off-Road Vehicles; 43 CFR
part 423, Public Conduct on Bureau of Reclamation Facilities, Lands, and Waterbodies; and 43 CFR
part 429, Use of Bureau of Reclamation Land, Facilities, and Waterbodies.
1.1.4 National Park Service
Recreation resource analysis for the National Park Service (NPS) regarding LPP would be
performed pursuant to the NPS Organic Act of August 25, 1916, (54 USC 100101 et seq.) as
amended, and other laws, regulations, and NPS Management Policies that further the purpose of the
Organic Act and the NPS mission.
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1.2 Methodology
The methodology used during the analysis of effects on recreation resources involved the review of
recreation resources within 1 mile of the alternative alignments that make up the study area, and the
analysis of effects from construction and operation on recreation areas, facilities, and use. Recreation
resources focused on within the study area include tourist use areas, locations of perceived aesthetic
value, reservoirs, waterways and surrounding areas, and national recreation areas, parks, and
monuments.
The environmental consequences or effects of the LPP alternatives on recreation resources
identified in this appendix are described as temporary (up to one year during construction and
restoration), short-term (one to five years), and long-term (more than five years). Effects on
recreation use, areas, and facilities are analyzed for lands managed by federal, state, and local
government agencies and on privately owned land.
Potential effects of the LPP on recreation resources within the study area may be adverse or
beneficial. Adverse effects are negative effects to recreation resources or resource use within the
study area. Beneficial effects are positive effects on recreation resources or resource use within the
study area.
In addition, effects on recreation resources may be direct or indirect. Direct effects are effects
“which are caused by the action and occur at the same time and place” (40 CFR 1508.8(a)). Indirect
effects are effects that would be caused by construction, operation, and maintenance of the LPP that
occur later in time or that are farther removed in distance but are still reasonably foreseeable (40
CFR 1508.8(b)). Direct effects interfere with use of a recreation facility or area, while indirect effects
result from noise, air pollutants/dust, and visual changes that affect the quality of recreation
available at a facility or use area. Additional construction traffic experienced en route to a recreation
facility or use area is also considered an indirect effect. Anticipated effects of the LPP related to
noise, air pollutants/dust, visual changes, and traffic effects are described briefly in this appendix
and described in detail in separate sections of the DEIS and associated study reports.
The recreation resources study methodology commenced with a review of management goals for
agencies with jurisdiction over public lands potentially affected by the LPP and with the Tribe for
the KIR. Existing recreation resource data and information was collected and compiled for the study
area. A field reconnaissance was performed to inspect existing recreation facilities, travel routes, and
use patterns. Field data and information were compiled for use in determining effects on recreation
resources from construction and operation of the LPP. Effects on recreation resources were
analyzed and determined relative to the affected environment for established recreation resources in
the study area. The amount of change between the affected environment and conditions under the
alternatives was documented as effect. Direct, indirect, and cumulative effects were analyzed and
documented based on the available information. Mitigation measures were developed to offset
potential major effects whenever possible.

3

1.3 Environmental Protection Measures
Environmental Protection Measures (EPMs) as outlined in the LPP Plan of Development (POD)
are measures or procedures that are part of the Proposed Project and would be implemented as
standard practice, including measures or procedures that could reduce or avoid adverse impacts
(UDWRe 2020; provided as Appendix E, Plan of Development). EPMs would be applied regardless
of landownership, except where the jurisdictional agency or landowner determines changes to the
EPM(s) would ensure greater consistency with governing statutes, policies, or plans. Proper
communication and coordination would occur with the jurisdictional agency, private landowner, etc.,
to ensure changes to EPMs are modified and applied appropriately.
This section describes EPMs designed to avoid or minimize effects of the LPP construction, and
operation and maintenance, on recreation resources. Many of these measures would be incorporated
into project standard construction procedures to be used in the field during the construction of the
proposed LPP features and facilities.
EPMs, as outlined in the POD, are measures or procedures that are part of the Proposed Project
and would be implemented as standard practice, including measures or procedures that could reduce
or avoid adverse effects. EPMs would be applied regardless of landownership, except where the
jurisdictional agency or landowner determines changes to the EPM(s) would ensure greater
consistency with governing statutes, policies, or plans. Proper communication and coordination
would occur with the jurisdictional agency, private landowner, etc., to ensure changes to EPMs are
modified and applied appropriately.
The following EPMs would be applicable to all LPP features and facilities:
Noise
B.9.1. All construction equipment will be equipped with manufacturer’s standard noise control
devices (i.e., mufflers, acoustical lagging, and/or engine enclosures). All construction equipment will
be inspected at periodic intervals to ensure proper maintenance and presence of noise control
devices.
B.9.2. Pumping stations and hydroelectric generating stations will be enclosed and utilize noise
design features (e.g., acoustical louvers and noise absorbing panels) to minimize operational noise
levels. Pressure reducing station valves will be fully enclosed in vaults. Potential facility noise levels
will be estimated during facility design, and features incorporated to minimize normal operational
noise levels with an objective of 60 A-weighted decibel (dBA) or less at the boundary of the facility.
B.9.3. Equipment will be operated conservatively, which means the operator will not throttle the
engine excessively and will keep engine speed as low as necessary to perform required tasks. In
addition, the operator will not leave equipment running or idling needlessly.
B.9.4. When construction occurs in the vicinity of occupied residences located within 0.5 mile of the
project, the occupants will be notified of the construction schedule with a written letter. To the
extent feasible, construction will occur during daytime hours (6:00 a.m. to 6:00 p.m., 7 days per
week; 24-hour operations may be approved for tunneling or drilling) within 0.5 mile of the
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residences to minimize the impacts from construction noise during evening and nighttime hours.
Where campgrounds, recreation sites, other similar facilities, and high use areas are located within
0.5 mile of the project, signage will be posted at appropriate locations indicating the construction
schedule and construction will occur during daytime hours to avoid disturbances to campground
users.
B.1.43. If blasting is determined to be necessary based on project design, a Blasting Plan will be
prepared and submitted to the BLM for approval in advance of construction. Any blasting will be
conducted conservatively and managed to avoid damage to nearby facilities, properties, or sensitive
cultural sites. Blast noise monitoring will be conducted if blasting will be in the vicinity of occupied
properties, wildlife areas, or sensitive public uses such as campgrounds or visitor facilities. Blasting
will not occur within 100 feet of an occupied Mojave Desert tortoise burrow.
Air Quality
B.10.1. Dust control permits will be obtained for each construction contract in accordance with
local, county and/or state requirements. The permits will contain a Dust Control Plan listing all
construction activities that will occur and the bet management practices that will be used to mitigate
construction dust. The best management practicess will include site-specific dust control measures
that are based on each project soil type, specific construction activities, phases and stages. They may
include:
Moisture conditioning of construction materials
Controlling dust on access roads
Covering or stabilizing soil with vegetation
Using phased construction
Limiting size and number of ingress and egress points
Limiting size of staging areas
Limiting vehicle speeds on the work site to minimize dust generation
Proactive measures to prevent unauthorized access to disturbed areas
Application of track-out controls
B.10.2. The Utah Division of Water Resources (UDWRe) will comply with all requirements of
applicable dust control permits.
Visual Resources
B.11.5. Additional trees in juniper areas will be cleared to create uneven, natural appearing openings
in vegetative cover adjacent to the pipeline alignment. Trees and shrubs will be feathered along the
edge of the right-of-way (ROW) with selective thinning to create variations in density and create
uneven edges. Slash piles will not be left in sensitive viewing areas.
B.11.6. Existing vegetation that screens pipeline alignments, flow-control facilities, parking lots and
other features from key viewing areas will be retained if it does not impede construction activities.
B.11.7. Pitting and vertical mulching in sensitive locations may be used in coordination with the
BLM to reduce contrast and visibility of the pipeline.
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B.11.4. Rock cuts and other construction areas along the ROWs in sensitive visual areas or
landscapes will be restored to blend with adjacent geological structure and may be painted or
sprayed with an artificial desert varnish following construction completion and prior to revegetation
to reduce the visual contrast. Application rates and color tint will be site-specific. Available artificial
desert varnish materials used for visual resource impact mitigation purposes will be approved by the
BLM prior to use.
B.11.1. Pumping stations, the water treatment facility, buried storage reservoir, hydroelectric
generating stations, substations, transmission lines and towers, permanent fencing, permanent access
roads, culvert ends, markers and other project facilities will utilize architectural details and be painted
or constructed of colored block or colored materials to blend with the colors of the surrounding
landscape, per BLM Manual 8400 – Visual Resources Management. Architectural details will be
coordinated with BLM during final design and approved by the BLM as part of local building permit
approvals. Site-specific paving and gravel may be needed and will be coordinated with the applicable
agencies during final design. Visual Resources Management objectives in land use plans will be
followed as applicable.
B.11.2. Lighting needed to conduct construction at night will be limited to the basic requirements to
conduct the work. Lighting will be shielded, and directed down towards the site and not into
surrounding areas or onto roads. Lighting for night construction will be coordinated and approved
by the BLM and other applicable agencies.
B.11.3. Nighttime lighting during project operations at the pumping stations, pressure reducing
stations, regulating tanks, and electrical substations will either be manually controlled or
programmed and used when occupied or when needed for safety and security. Lighting will be
shielded and directed downwards and towards the facility site and will follow NPS night sky and
International Dark Sky standards.
Planning and Permitting
B.1.1. The Final POD will incorporate mitigation contained in the BLM Record of Decision and
provide detailed project design and construction specifics, including but not limited to construction
contract timing, phasing, and any modifications to construction access roads and right-of-way
(ROW) entry points, and other details. The BLM will review and approve the updated POD prior to
notice to proceed for any surface disturbance activity.
The final project POD shall contain detailed plans, including, but not limited to, those listed below:
Agency Coordination Plan – primary contacts including the BLM authorized officers,
UDWRe, construction management, environmental compliance inspection contractor, and
construction contractors; identification of reporting procedures and frequency.
Bird Conservation Strategy – measures to reduce impacts on migratory birds, bald and
golden eagles, and other sensitive birds; the plan will identify measures to be implemented
during construction, including but not limited to, the identification of critical nesting periods
for bird species anticipated to be within the ROWs, pre-construction surveys to be
conducted for nesting raptors and migratory birds (survey to be conducted by qualified
biologist <10 days prior to work at site) , and the construction avoidance buffer size and
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time duration for active raptor and migratory bird nests (ranging from 100-feet to 1-mile,
depending on species). The plan will identify design features and measures to be
implemented during operation, including description of design standards, any postconstruction monitoring, and adaptive measures such as marking of power lines to avoid or
minimize impacts; the bird conservation strategy will be developed in coordination with the
BLM for compliance with Migratory Bird Treaty Act (MBTA) and Bald and Golden Eagle
Protection Act; for Utah, IM N. UT-2017-007 Guidance for Utah Bureau of Land
Management to Meet Responsibilities under MBTA and Executive Order 13186 will be
followed, and IM 2006-096 Utah Supplemental Planning Guidance- Raptor Best
Management Practices, and applicable BLM Resource Management Plan prescriptions.
Construction Plan – construction schedule, access roads, borrow pits, best management
practices, vehicle/equipment washing locations, etc.
Construction Traffic Management Plan – measures to reduce and manage construction
traffic.
Construction Dust Management Plan – air quality standards and permits, dust control
measures, general water sources, air quality monitoring, and reporting.
Emergency Response Plan – emergency contacts, notification procedures, available
resources, and emergency procedures.
Integrated Weed Management Plan – management of areas with noxious/invasive weeds,
treatment and control measures, monitoring, and reporting.
Mitigation Plan – summary of environmental commitments and mitigation measures,
responsible parties, timing, and reporting.
Construction Noise Management Plan – measures to manage construction noise.
Public Information Plan – public notification measures.
Recreation Resources Mitigation Plan – measures to protect and restore recreation resources
during construction and operation of the LPP.
Restoration Plan – topsoil (growth medium) and vegetative cover salvage, stockpiling and
replacement; plant salvage, maintenance and replacement, seeding, soil stabilization, and
post-construction monitoring.
Spill Prevention, Control, and Countermeasure Plan – procedures for storage and handling
of hazardous and toxic materials, necessary permits, spill response and cleanup.
Storm Water Pollution Prevention Plan – erosion and sediment control measures,
compliance inspections and reporting.
B.1.2. UDWRe will provide a Compliance Inspector (CI). The CI will provide environmental
oversight and compliance/regulatory activities for UDWRe during construction activities of the
project. The CI will be responsible for ensuring that UDWRe complies with all terms, conditions,
stipulations and other metrics and measures required for the project and will have the authority to
halt activities that are in non-compliance and assist in BLM coordination, if needed. Metrics and
measures will be defined in the various detailed plans described in B.1.1. A pre-construction meeting
between applicable permitting agencies, UDWRe, the CI, and the construction contractor will be
required prior to any surface disturbing activity occurring. The CI will provide reports to permitting
agencies detailing compliance as described in the approved Agency Coordination Plan.
If required by BLM, UDWRe will provide a Compliance Inspector Contractor (CIC). The CIC will
be a third party compliance construction monitor that will be paid for by the State but will be
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directed by and will report to the BLM during the construction process. The CIC will have similar
duties as the CI and will work in conjunction with the CI but will perform the duties on behalf of
BLM.
B.1.3. All activities directly or indirectly associated with the construction of the project will be
conducted within the authorized limits of the ROW grants. Any facility relocation, additional
construction area, additional access, or other use that is not in accord with the ROW grants will not
be initiated without prior approval of the BLM
B.1.4. UDWRe will notify each directly affected BLM field office (Arizona Strip Field Office, Kanab
Field Office, and St. George Field Office) at least 14 days before initiation of project construction.
Notification will be made to the designated BLM field office representative.
B.1.6. A Public Information Plan will be developed by UDWRe in coordination with the BLM to
notify the public and appropriate agencies in advance of the start of each construction phase.
Measures that will be implemented to inform the public may include public notices, public meetings,
letters to nearby residents, road signs, and other measures.
Access Roads
B.1.23. A Construction Traffic Management plan will be developed and coordinated with the BLM
and other relevant state and local authorities prior to the start of construction for each major phase
of the project. The plan will include measures to reduce the number of construction trips by
scheduling of work shifts and materials deliveries, designation of access routes, traffic monitoring,
and other measures to minimize traffic effects. The plan will also take into account active seasons
for hunting, camping, and/or other recreational activities that occur within the same time and place
as each phase of construction.
B.1.24. While driving on paved roads or marked dirt roads, posted speed limits will be maintained
by construction vehicles and personnel. While driving within the construction area, ROW, or on unposted dirt roads, a maximum speed limit of 25 miles per hour (20 miles per hour in Mojave Desert
tortoise habitat) will be required of construction vehicles and personnel to reduce dust and allow for
observation and avoidance of wildlife, livestock or visitors in the road.
B.1.25. Public access routes (roads or designated trails) within or crossing the ROWs will be
maintained, closed, or detour routes will be identified during construction activities. Open-cut road
crossings of public roads will be completed in one day to the extent feasible. Road closures will be
coordinated with the BLM and other permitting and local authorities. Detours needed for temporary
road closures because of safety concerns will be established in coordination with the BLM and other
permitting and local authorities, depending on detour routes. Site specific recreation access issues
will be coordinated with applicable agencies during construction.
B.1.26. Signing and traffic controls will be placed well in advance of the construction area to warn
motorists of detour routes available during construction.
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Fencing
B.1.15. To protect human safety during construction, temporary signs warning the public of the
presence and danger of open trenches in the area will be installed where paved roads, gravel roads or
off-highway vehicle (OHV) trails occur within ¼ mile of an open trench. Also, where such roads
and trails occur within ¼ mile of an open trench, temporary warning signs will be placed at intervals
along the roads and trails as required by BLM. The signs will be designed according to BLM and
other federal agency requirements and will be coordinated with agency communications staff.
Restoration
B.1.62. A detailed Restoration Plan will be submitted to the BLM for approval prior to the start of
construction. The portion of the plan pertaining to restoration in listed species habitat will be in
accordance with approved study reports and permits and submitted to the U.S. Fish and Wildlife
Service by the BLM for approval. The Restoration Plan will describe restoration and rehabilitation
objectives and methods to be used, species of plants and/or seed mixture to be used, time of
planting, blending with existing vegetation at ROW edges, fertilizer mix reviews and approvals,
success standards, and follow-up monitoring.
B.1.63. Soils and cut/fill areas will be restored to reasonably blend into existing landforms and will
be placed in a manner to minimize stark contrast with adjacent undisturbed areas. Topsoil from
cut/fill activities will be spread on freshly disturbed areas to reduce color contrast and aid rapid
revegetation. Disposal of excess fill material downslope will be completed in such a fashion as to
avoid creating stark color contrast with existing vegetation/soils. Cut slopes will be randomly
scarified and roughened to reduce texture contrasts with existing landscapes.
B.1.75. Signs and/or physical blocking barriers indicating restoration activities are being conducted
may be installed where needed to deter off-road vehicular damage to restored areas. Placement and
design of signs and barriers will be coordinated with the BLM and identified in the Restoration Plan.

1.4 Existing Conditions
This section identifies recreation areas, facilities, and use on lands managed by federal, state, and
local government agencies, and on privately owned land within the LPP study area. It also describes
the existing conditions of these recreation resources.
1.4.1 Recreation Areas, Facilities, and Use
Construction and operation activities associated with the LPP would occur on federal, state, and
private lands in Utah’s Kane and Washington Counties, and in Arizona’s Coconino and Mohave
Counties. The following recreation areas and facilities on public, tribal, and private lands are located
in the recreation resources study area:
Glen Canyon National Recreation Area (GCNRA);
BLM – Vermilion Cliffs National Monument (VCNM);
Paria Canyon – Vermilion Cliffs Wilderness (PCVCW);
BLM – Grand Staircase – Escalante National Monument (GSENM);
BLM Kanab Field Office (KFO);
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BLM Arizona Strip Field Office (ASFO);
KIR;
Pipe Spring National Monument (PSNM);
BLM St. George Field Office (SGFO); and
Private/local/state recreational facilities.
1.4.1.1 Glen Canyon National Recreation Area

GCNRA encompasses more than 1.2 million acres, stretching from Lees Ferry in northern Arizona
to the Orange Cliffs in southern Utah (NPS 2020a). Approximately 5 percent (16,687 acres) of the
recreation resources study area lies within GCNRA.
The NPS administers, operates, and maintains GCNRA, which offers water-based, front- and
backcountry recreational opportunities and includes scenic vistas, unique geologic features, and a
vast panorama of human history. GCNRA includes Glen Canyon Dam and Lake Powell, the second
largest man-made lake in North America. See Appendix A of LPP Final Study Report 09 –
Recreation Resources for photographs (UBWR 2016a).
GCNRA was established to provide for the management of public outdoor recreation use and the
enjoyment of Lake Powell and adjacent lands in Arizona and Utah (Public Law 92-593). In 2019,
there were 4.3 million visitors reported at the GCNRA (NPS 2020b). Recreation uses range from
activities that require solitude and an undisturbed setting to those that require mechanical means,
such as power boating and four-wheel driving. Popular forms of recreation include water-based
activities such as boating, fishing, water skiing, and boat camping, as well as land-based activities
such as hiking, camping, off-road vehicle (ORV) activities, sightseeing, and night-sky astronomy
activities.
According to NPS policies, the enjoyment of park resources and values by people is part of the
fundamental purpose of all park units (NPS 2007). The NPS is committed to providing appropriate,
high-quality opportunities for visitors to enjoy the parks, and maintains within the parks an
atmosphere that is open, inviting, and accessible to every segment of society. Further, the NPS
provides opportunities for forms of enjoyment that are uniquely suited and appropriate to the
superlative natural and cultural resources found in the parks. NPS policies also state that scenic
views and visual resources are considered highly valued associated characteristics that the NPS
strives to protect.
Tourist traffic to GCNRA is heaviest from spring through fall and lightest during the winter months
(NPS 2020b). However, traffic in the vicinity is characterized as moderate to heavy throughout the
year, and most roads operate at or below their design capacities throughout the year.
GCNRA points of interest in the vicinity of the LPP are shown on Figure 3-1 in LPP Final Study
Report 09 – Recreation Resources UBWR (2016a). Recreation areas and facilities within the
recreation resources study area are described in the following subsections.
Ferry Swale Area
The Ferry Swale area is located south of Glen Canyon Dam and west of the Colorado River. This
area is accessible from U.S. Highway 89 and unpaved roads south and west of the dam. This area
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contains a small designated camping area and an easy to moderate hiking trail, and provides access
to recreational ORV routes, the Ropes Trail, and dispersed camping opportunities.
Glen Canyon Rafting Hospitality d.b.a. Horseshoe Bend Rafting
Horseshoe Bend Rafting, an authorized NPS concessioner, offers motorized rafting tours of the
Colorado River below Glen Canyon Dam. One-day smoothwater float trips are offered annually
from April 1 through November 30. Trips are offered on a 15-mile stretch of the upper Colorado
River from Glen Canyon Dam to Lee's Ferry (OU 2020). Rafting trips depart from Page, Arizona,
and include a drive through the 2-mile-long Glen Canyon Dam access tunnel and a stop to view
ancient petroglyphs, and conclude at Lees Ferry. In 2019, over 60,000 visitors utilized Horseshoe
Bend Rafting to experience the Colorado River between Glen Canyon Dam and Lees Ferry.
U.S. Highway 89
U.S. Highway 89 serves as a connector between Interstate Highways 17 and 40 to the south, and
Interstate 15 to the north and west. This highway provides scenic views and is the main
thoroughfare between the Flagstaff/Grand Canyon areas to the south and Zion and Bryce Canyon
National Parks (and surrounding tourist destinations) to the north. The Page and GCNRA areas,
primarily accessed by U.S. Highway 89, are a popular midpoint stopover and destination. U.S.
Highway 89 also serves as the primary access route from Phoenix and Flagstaff to Wahweap Marina
on Lake Powell. The mix of traffic on U.S. Highway 89 includes a substantial portion of heavy
trucks, recreational traffic to include vehicles hauling boats, campers, and OHVs, as well as
recreational vehicles (RVs), tour busses, and tourist and local traffic.
Carl Hayden Visitor Center, Glen Canyon Dam, and Bridge
The Carl Hayden Visitor Center is located on U.S. Highway 89, on the west side of Glen Canyon
Dam. Attractions at the visitor center include tours of the dam (fee required and security measures
in place), exhibits, video shows, and a relief map of the entire Glen Canyon area. The facility is
owned and operated by Reclamation, which, in turn, provides space for NPS staff and exhibits.
Ranger talks are presented on a variety of subjects throughout the year, and opportunities for solar
telescope viewing are offered outside the visitor center during the high visitor use season. The visitor
center, dam, and the bridge are popular attractions for tourists, and tour busses frequently stop at
this location. NPS staff reported visitor numbers of 905,705 at Carl Hayden Visitor Center for the
2018 calendar year (Talley 2020).
Glen Canyon Dam Overlook
The Glen Canyon Dam Overlook, located on Scenic View Drive off of U.S. Highway 89, provides a
spectacular view of the dam and Colorado River from just downstream. From the paved (asphalt)
parking area, a 5- to 10-minute walk leads downhill over uneven, sandy, and rocky terrain to the
overlook. NPS staff reported visitor numbers of 59,389 at Glen Canyon Dam Overlook and
Wahweap Overlook, combined, for the 2019 calendar year (Talley 2020). The NPS categorizes this
day hike trail as “easy.”
The Chains Day Use Area and Hanging Garden Trail
East of Glen Canyon Dam and adjacent to the town of Page, Arizona, an unpaved road heading
north off of U.S. Highway 89 leads to the Chains day use area. The Chains is located directly across
the channel from the location of the proposed water intake system for the LPP. This area provides
scenic views of Lake Powell and the upstream side of the dam and includes a large gravel parking
lot, two unisex pit toilets (no water provided), and is a popular area used by local residents and
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tourists for fishing and swimming. NPS staff reported visitor numbers of 52,500 at the
Chains/Hanging Garden area for the 2018 calendar year (Talley 2020).
The Hanging Garden Trail is adjacent to the Chains area and is a 1-mile roundtrip easy-to-moderate
hike. Obscured by Jurassic Navajo sandstone, this seep spring quickly absorbs rainwater and slowly
releases it over time to create a surprisingly lush plant and animal habitat. A free guide is available
for the Hanging Garden trail and during the high visitor use season, NPS staff-guided hikes to the
hanging garden occur multiple days per week. The trail is rock-lined, and there is an informal
parking area at the trailhead (NPS 2020b).
Wahweap District
The Wahweap District can be reached from U.S. Highway 89 via fee stations at the South Entrance
access road (Lakeshore Drive) or via the North Entrance access road (Wahweap Drive) (Figure 3-1
in LPP Final Study Report 09 – Recreation Resources [UBWR 2106a]). Entrance fees are collected
at both entrance stations. The Wahweap District is heavily developed and used. Facilities at this
location include:
Lake Powell Resort (lodge, restaurant, boat tours, and gift shop);
Boat rentals and repairs;
Two boat launch ramps and marinas;
Land and water based refueling stations;
Campground stores, showers, and laundry facilities;
Picnic area;
Campground;
Amphitheater;
Ranger station; and
Fishing, swimming, and hiking areas.
Visitation for the Wahweap District was 2,983,945 for the 2019 calendar year (NPS 2020b).
Wahweap Overlook
Located between the north and south Wahweap District access road intersections with U.S.
Highway 89 is the Wahweap Overlook access road (Figure 3-1 in LPP Final Study Report 09 –
Recreation Resources [UBWR 2016a]). This graveled roadway, which is in fair condition, leads to a
large, graveled parking area and high point that offers a 360-degree panorama of Lake Powell and
surrounding landscape. A rustic shelter and bench are provided, and visitors must pack garbage out
and keep pets on leashes. NPS staff reported visitor numbers of 59,389 at the Wahweap Overlook
and Glen Canyon Dam Overlook, combined for the 2019 calendar year (Talley 2020).
Lone Rock Beach and Off-Road Vehicle Play Area
Located along U.S. Highway 89, near the western boundary of GCNRA (Figure 3-1 in LPP Final
Study Report 09 – Recreation Resources [UBWR 2016a]), is the Lone Rock access road. This paved
(asphalt) access road leads northeast to a fee station and then to the Lone Rock beach and play area.
The area consists of an informal boat launch, primitive/dispersed camping, a designated ORV play
area, a designated motorized vehicle-free camping area, micro-flush and vault toilets, a wheelchairaccessible comfort station, an outdoor (cold water) shower, a dump station, and potable water
(seasonal). No reservations are required. There were 112,387 visitors at the Lone Rock beach and
play area for the 2019 calendar year (NPS 2020b).
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Studhorse Mesa and Skylight Arch
Located along U.S. Highway 89 near Greenehaven, Arizona, and the GCNRA western boundary
with BLM-managed land, are access roads to Studhorse Mesa and Skylight Arch. The access roads
are a combination of unimproved asphalt and gravel/sand roads that cross between NPS- and BLMmanaged land. These roads are utilized by ORV users (conventional motor vehicles and OHVs), as
well as by grazing permittees. The park roads end on top of Studhorse Mesa at the Studhorse
Mesa/Skylight arch trailhead, where visitors must hike the approximately 1-mile, moderately difficult
trail to reach Skylight Arch. There are approximately 3 miles of trails on top of the mesa, which
provide a 360-degree panorama view of lower Lake Powell and the surrounding landscape. The
eastern side of the mesa overlooks the U.S. Highway 89 corridor and proposed siting of the LPP.
This location has become a popular hiking destination due to its proximity to the city of Page,
Arizona, and relatively easy access. The NPS has initiated internal planning to consider the
possibility of making these trails multi-use to include bicycle use. If this is implemented, it is likely to
increase the area’s popularity and numbers of visitors.
Blue Pools Canyon and Arch
Located along U.S. Highway 89, near the western boundary of GCNRA and just north of the Utah
state line, is the Blue Pools wash. On the east side of the highway is a dirt access road that leads to a
short, quarter-mile hike to Blue Pools arch. There is no formal parking or formal trail to the arch,
but it is popular due to its relatively easy access and proximity to Page. On the west side of the
highway, Blue Pools wash becomes a deep slot canyon that has become a popular hiking trail that
also provides technical canyoneering opportunities. There is no formal parking, and visitors park on
the shoulder of U.S. Highway 89 to access Blue Pools Canyon. The NPS has begun planning for the
Blue Pools Canyon hiking trail and will be considering parking and a formal trailhead in the future.
1.4.1.2 BLM – Vermilion Cliffs National Monument

VCNM was established on November 9, 2000, by President Clinton to “protect an array of
scientific, biological, geological, hydrological, cultural, and historical objects” (BLM 2008a). Located
in northern Coconino County, Arizona, VCNM contains 279,566 acres of BLM-managed lands,
13,438 acres of Arizona State Trust lands, and 683 acres of private land. Approximately 1 percent
(4,124 acres) of the recreation resources study area lies in VCNM. VCNM is administered by the
ASFO.
VCNM borders GCNRA, BLM’s Kanab (Utah) Field Office, and BLM’s ASFO (Figure 3-2 in LPP
Final Study Report 09 – Recreation Resources [UBWR 2016a]). Located in a remote section of
northern Arizona, accessible from Highways 89 and 89A via House Rock Valley Road, this area
includes spectacular geologic formations. VCNM includes the wooded Paria Plateau, which stretches
south, dropping 3,000 feet at the monument’s namesake (the Vermilion Cliffs) and Paria Canyon, a
sinuous slot canyon along the Paria River. VCNM also includes colorful sandstone formations,
including the geologic feature known as “The Wave.” The scenic beauty of VCNM’s Paria Canyon
and Coyote Buttes is known internationally. The colorful and winding corridors, narrow constricted
gorges, and multilayered displays of vibrantly colored sandstone attract hikers and photographers.
Permits are required within the Paria Canyon-Coyote Buttes Special Management Area (SMA).
VCNM continues to draw more and more visitors each year. In 2019, approximately 234,062 people
visited the monument (O’Reilly 2020). Recreational opportunities and features in VCNM include
vehicle touring, hiking, wildlife viewing, viewing of scenic landscape, dispersed camping, horseback
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riding, and hunting. Commercial users are required to obtain a special recreation permit for activities
within VCNM, individual recreational users are not (except for within the SMA).
1.4.1.3 Paria Canyon – Vermilion Cliffs Wilderness

Located in Arizona and Utah, PCVCW is primarily (90 percent) within VCNM, but also within the
BLM KFO (10 percent). This area is accessible from Highways 89 and 89A via House Rock Valley
Road. The BLM’s ASFO and KFO jointly manage this designated wilderness for the use and
enjoyment of visitors in a manner that leaves the area unimpaired for future use and enjoyment as
wilderness (BLM 2008b). PCVCW contains an SMA that comprises two management units: Paria
Canyon and Coyote Buttes. Coyote Buttes is managed as Coyote Buttes North (which contains the
internationally known feature, the Wave) and Coyote Buttes South. The PCVCW Wilderness
Management Plan established a daily visitor access limit of 20 people per day for each of these three
areas in order to preserve the wilderness character (BLM 1997) (as defined in the Wilderness Act of
1964, wilderness character is composed of four mandatory qualities: untrammeled, natural,
undeveloped, and solitude or primitive and unconfined recreation; a fifth optional quality is unique,
supplemental, or other features that reflect the character of the wilderness). Adaptive management
was instituted, allowing adjustment to numbers of permitted visitors based on findings from the
impact monitoring. An individual special recreation permit is required to access each of these areas.
In 2019, a total of 34,965 visitors were permitted to enter the PCVCW SMA (O’Reilly 2020).
1.4.1.4 Grand Staircase – Escalante National Monument and Kanab Escalante Planning
Area

GSENM, located in southern Utah, encompasses the spectacular grand staircase of cliffs and
terraces, stretches across the rugged Kaiparowits Plateau, and includes the Escalante River Canyons.
Managed by BLM, GSENM includes approximately 1,003,863 acres of public lands, with 68 percent
of the national monument located in Kane County and 32 percent in Garfield County (Beal 2020).
861,974 acres called the Kanab Escalante Planning Area (KEPA) encompass the same area;
however, boundary adjustments have been made via Presidential Proclamation 9682. KEPA lands
are managed by the KFO. GSENM is partially bordered on the east by GCNRA and on the south
by the BLM KFO (Figure 3-3 in LPP Final Study Report 09 – Recreation Resources [UBWR
2016a]).
Visitor development in GSENM is limited to minor facilities such as interpretive kiosks and pullouts
located in small areas of the monument’s periphery (BLM 2000). The major BLM visitor centers are
located outside of GSENM’s borders in surrounding towns. GSENM does not contain any
designated wilderness areas, although about 47 percent of GSENM is a wilderness study area (WSA)
(including the Cockscomb and Wahweap WSAs; see below).
Guided Trips
For visitors preferring guided trips, GSENM has over 100 operators offering services for auto tours,
hiking, backpacking, bicycling, horseback riding, ranch recreation, hunting, fishing, and therapeutic
recreation (KCOTFC 2018). Geology and natural history tours, photography classes, environmental
education, and pack trips are also available.
Cockscomb Wilderness Study Area
The Cockscomb WSA, located on the north side of U.S. Highway 89 between the jagged sandstone
ridge known as the Cockscomb on the west and the GSENM and KEPA boundary to the east
(Figure 3-4 in LPP Final Study Report 09 – Recreation Resources [UBWR 2016a]), provides
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opportunities for primitive recreation. Visitors can explore the Paria River by foot or horseback
(BLM 1999a). The Cockscomb ridge affords visitors a challenging and scenic trek to the top, which
can be accomplished by rock scrambling or by following a side canyon to the summit.
Sightseeing, cultural site investigation, photography, nature study, day hiking, outdoor artwork, bird
watching, and other pursuits are possible recreation endeavors within the Cockscomb WSA.
Wahweap Wilderness Study Area
The Wahweap WSA is located north of U.S. Highway 89 and east of the Cockscomb WSA (Figure
3-5 in LPP Final Study Report 09 – Recreation Resources [UBWR 2016a]). This WSA, which
includes the White Rocks “Point of Interest,” can be reached via U.S. Highway 89 at Church Wells
(BLM 1999a).
Historic Trail
The general alignments of the Old Spanish National Historic Trail and the Dominguez – Escalante
Trail are believed to follow the U.S. Highway 89 corridor through KEPA.
The Old Spanish National Historic Trail links Santa Fe and Los Angeles, traveling 3,000 miles across
six states (BLM n.d.[a]). Designated by Congress as a National Historic Trail in 2002, it is jointly
administered by the BLM and NPS in partnership with other federal, state, and local government
entities, as well as private landowners that manage or own lands along the trail route. Only a few
remnant traces of the rugged trail remain. Many points of historical or cultural interest can be found
along the trail as well. Vehicles must remain on existing roads. The trail does not currently have any
visitor facilities or services.
Fathers Francisco Dominguez and Silvestre Escalante, Spanish priests, traveled on foot from Santa
Fe, New Mexico, through western Colorado to Spanish Fork, Utah, and then down through
northern Arizona and back to Santa Fe in 1776. While the exact route of the Dominguez–Escalante
Trail is unknown, the priests may have followed the present-day U.S. Highway 89 corridor.
Additional information concerning historic trails is contained in LPP Final Study Report 16 – Visual
Resources (UBWR 2016b), Appendix C-19, Visual Resources, and in the DEIS Section 3.16, Visual
Resources. Analysis of effects on the Old Spanish National Historic Trail can be found in the DEIS
Section 3.5, Special Designations.
Grand Staircase-Escalante National Monument Visitor Center in Big Water
GSENM Visitor Center in Big Water is located east of GSENM on the south side of U.S. Highway
89 in the town of Big Water (Figure 3-3 in LPP Final Study Report 09 – Recreation Resources
[UBWR 2016a]). Constructed in 2002, this modern structure includes indoor and outdoor
paleontology exhibits, interpretive signage, an outdoor amphitheater, picnic tables, shade structures,
restrooms with running water, water fountains, a bookstore, and a sizable lighted parking lot that
can accommodate RVs and includes two universally accessible parking spaces. The center is open
daily. Visitor center staff members reported receiving over 35,000 visitors in 2008. Annual visitation
in 2015 was 36,792.
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Off-Highway Vehicle Use and Hunting
To access open/all-terrain vehicle (ATV) roads in the southern portion of GSENM/KEPA, visitors
typically use U.S. Highway 89. BLM staff reported dispersed visitor use numbers of 68,086 for the
U.S. Highway 89 corridor between October 1, 2008, and September 30, 2009 (Kiel 2009a).
Several open/ATV roads intersect with U.S. Highway 89 west of the Cockscomb. These roads,
which are popular with recreational users year-round and with rifle/muzzleloader deer hunters in the
fall, lead north and south (to Buckskin Mountain) from U.S. Highway 89. This area is part of the
Paunsaugunt hunting unit, which is well known for trophy-sized mule deer. Popular roads include
Five Mile Mountain, 580, 721, 720, and 717.
Grand Staircase-Escalante National Monument Visitor Center in Kanab
GSENM Visitor Center in Kanab is located on the north side of U.S. Highway 89, on the east side
of Kanab (within the city limits), and many miles west of GSENM/KEPA. The modern center
includes ample asphalt parking with space for cars and trailers, restrooms with running water, and
signage. Indoor exhibits provide information regarding the geology, archaeology, and anthropology
of GSENM. Hiking permits and overnight camping permits can be obtained at this visitor center.
Staff at the Kanab Visitor Center commented that the number of visitors to the center annually had
decreased in 2009 from previous years (Stewart 2009). Approximately 80 to 100 guests would
typically visit the center each day in past years, but only 40 to 60 guests were doing so in 2009.
Annual visitation in 2015 was 47,312. Many visitors come to the center seeking permits to the
geologic feature in the PCVCW known as “The Wave.”
1.4.1.5 Bureau of Land Management – Kanab Field Office

BLM’s KFO manages lands in south-central Utah (Figure 3-6 in LPP Final Study Report 09 –
Recreation Resources [UBWR 2016a]). This area is bordered by Piute and Wayne Counties to the
north, Washington County and Zion National Park to the west, the Arizona state line (including a
boundary with the KIR) to the south, and GSENM and GCNRA to the east.
The areas of the KFO that lie west of GSENM are used primarily by OHVs, dispersed campers, and
wood cutters. Deer hunting is also popular in the fall (Christensen 2009). The general alignments of
several historic trails (Honeymoon Trail, Old Spanish National Historic Trail, and Dominguez–
Escalante Trail) are believed to pass through this same area.
U.S. Highway 89 Corridor
The U.S. Highway 89 corridor is where more intense recreation management is needed because it is
a focal point for visitation. The U.S. Highway 89 Corridor encompasses the highway corridor within
KEPA and includes features such as the old Pahreah Townsite, BLM Paria Contact Station, White
House Campground, and Paria River Canyon. Recreation opportunities along the U.S. Highway 89
Corridor include scenic driving, day-use hiking, camping, road and mountain bicycling, and scenic
and interpretive viewing.
Paria Canyons and Plateaus
The Paria Canyons and Plateaus Special Recreation Management Area (SRMA) includes lands south
of the U.S. Highway 89 Corridor and east of House Rock Valley Road. Recreational activities
available in the Paria Canyons and Plateaus include canyoneering, equestrian use, backpacking,
hiking, hunting, and scenic touring. Access to this area is available primarily from House Rock
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Valley Road and the Paria Contact Station turnoff. While overall social encounters remain
comparatively low, the Paria Canyons and Plateaus are managed to create opportunities for a range
of social encounters.
Paria Contact Station, White House Campground, and Paria River Canyon
BLM’s Paria Contact Station is located along the south side of U.S. Highway 89, west of Church
Wells, and east of the Cockscomb (Figure 3-3 in LPP Final Study Report 09 – Recreation Resources
[UBWR 2016a]). The contact station includes a gravel entrance road and parking lot, modern
restrooms, trash and recycling containers, and a water pump. Interpretive signage is also provided
near the entryway. The Paria Contact Station includes directional signage to the White House
Campground. Information regarding PCVCW is available at the contact center, along with hiking
and overnight permits.
To access the White House Campground (Figure 3-3 in LPP Final Study Report 09 – Recreation
Resources [UBWR 2016a]), visitors use the turnoff for Paria Contact Station and a 2-mile unpaved
road. Tucked up against a rock bluff to the north, the White House Campground consists of a gravel
cul-de-sac with five walk-in tent sites, two vault toilets, picnic tables, grills, fire pits, interpretive
signage, and a self-pay station. The White House Campground is open year-round. While there is no
campground host, the area is patrolled. The White House Campground receives high use during the
spring and throughout the fall, with some use in the summer (Stewart 2009). BLM staff reported
that 881 people used the White House Campground between October 1, 2008, and September 30,
2009 (Kiel 2009a). Annual visitation in 2015 was 2,075.
Toadstools Trailhead
The Toadstools Trailhead is located on the north side of U.S. Highway 89 just east of the Paria
Contact Station (Figure 3-3 in LPP Final Study Report 09 – Recreation Resources [UBWR 2016a]).
The graveled trailhead provides parking for about 10 vehicles and several interpretive signs. The 1.5mile roundtrip Toadstools Trail receives heavy use. The sandy trail, which has a change in elevation
gain of only 100 feet, leads hikers through colorful “hoodoos” and unusual rock formations. BLM
staff reported use numbers of 5,232 for the Toadstools Trailhead between October 1, 2008, and
September 30, 2009 (Kiel 2009a). Annual visitation in 2015 was 15,643.
Catstair Canyon
The Catstair Canyon is located on the south side of U.S. Highway 89 at the hairpin turn just east of
the Cockscomb (Figure 3-3 in LPP Final Study Report 09 – Recreation Resources [UBWR 2016a]).
Sight lines for vehicles entering and exiting the trailhead are very poor. Gravel parking for a few
vehicles is available, and the area receives occasional visitation (Stewart 2009).
House Rock Valley Road
House Rock Valley Road intersects with U.S. Highway 89 just west of the Cockscomb (Figure 3-3 in
LPP Final Study Report 09 – Recreation Resources [UBWR 2016a]) and runs south for 30 miles
until it intersects with Highway 89A in Arizona. This road receives heavy use and is generally in fair
condition. Driving time between highways 89 and 89A is approximately 2 hours. When dry, this dirt
and gravel road is usually passable by high clearance two-wheel-drive vehicles but is not
recommended for RVs, travel trailers, or passenger cars. Visitors from around the world use this
road to access Coyote Buttes (Kiel 2009b). This road also provides access to Five Mile Mountain
Road (which intersects with U.S. Highway 89 west of the Paria Movie Set Road and is popular with
OHVs), Buckskin Gulch Trailhead, Wire Pass Trailhead, and the Stateline Campground/Arizona
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National Scenic Trail Trailhead. The majority of recreational activities take place to the east of the
road in the PCVCW and VCNM (Stewart 2009). BLM staff reported use numbers of 463 and 5,361
for the Buckskin Gulch and Wire Pass trailheads between October 1, 2008 and September 30, 2009
(Kiel 2009a). Annual visitation in 2015 for the Buckskin Gulch Trailhead was 1,434.
Paria Movie Set and Pahreah Townsite
The Paria Movie Set and Pahreah Townsite historical marker is located along the north side of U.S.
Highway 89 just west of the Cockscomb (Figure 3-3 in LPP Final Study Report 09 – Recreation
Resources [UBWR 2016a]). An unpaved parking area allows visitors to view the historical marker
and read several interpretive signs. From U.S. Highway 89, an unpaved road leads about 5 miles to
the movie set and town site. A toilet and picnic area are located at the site. The last 2 to 3 miles of
the dirt road are narrow, steep, and winding. It is passable by most normal-to-high clearance vehicles
except in wet weather. The Paria Riverbed in this vicinity can be experienced on foot or horseback.
The Paria Movie Set was previously located at this site. The original Paria Movie Set was torn down
and replaced with a replica (Stewart 2009). The replica movie set was burned down by vandals in
2006.
Great Western Trail
The Great Western Trail (GWT) is a 4,000-mile multiple use pathway that crosses BLM and U.S.
Forest Service lands in Arizona, Utah, Idaho, Wyoming, and Montana. Portions of the trail have
been designated, including the portion that crosses U.S. Highway 89 west of the Cockscomb near
milepost 45 (Figure 3-3 in LPP Final Study Report 09 – Recreation Resources [UBWR 2016a]).
Although not signed on U.S. Highway 89, the trail is signed just off the highway on both the north
and south sides. Small parking areas are provided on both sides of the highway. The parking area on
the north side of the highway is graveled, while the one on the south side is naturally surfaced.
Beyond the GWT signage on the south side of U.S. Highway 89, there is a gravel
pullout/turnaround area with split-rail fencing and a trail sign-in station. From here, the trail leads
south (Road 730) to the Eagle Sink “Point of Interest.” The GWT in this vicinity is used primarily
by motorized vehicles, with some equestrian use (Stewart 2009).
1.4.1.6 Bureau of Land Management – Arizona Strip Field Office

BLM’s ASFO encompasses roughly 1.98 million acres of land between VCNM to the east and
Grand Canyon National Park-Parashant National Monument to the south (Figure 3-7 in LPP Final
Study Report 09 – Recreation Resources [UBWR 2016a]). The ASFO also borders GCNRA and the
KFO. The ASFO is located in both Coconino and Mohave Counties in Arizona with 1,679,896
acres of BLM-managed lands, 170,165 acres of Arizona State Trust lands, and 130,962 acres of
private lands. The communities of Fredonia and Colorado City, Arizona, are located on enclaves of
private lands within the ASFO with the communities of St. George, Big Water, Hurricane, Hildale,
and Kanab, Utah, directly across the state line. Since the ASFO includes several communities within
the planning area that are linked via Highway 89A, Arizona Highway 389, and Interstate 15, and
because large portions of the area are accessible via a number of unpaved county roads, it receives a
fair amount of recreational use (BLM 2008c). Approximately 25 percent (81,240 acres) of the
recreation resources study area is managed by the ASFO.
The ASFO attracts visitors interested in wildlife hunting and viewing opportunities. The region has
long been known for its trophy-size mule deer, as well as populations of pronghorn, coyotes, quail,
dove, rabbits, waterfowl, and the seldom seen mountain lion. Bighorn sheep are also seen in
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portions of the ASFO. The area is known for its vast expanses of remote lands. In contrast, some of
the public lands in the region are near to and thus readily accessible from communities, making
community interface lands extremely important for day-use recreation and organized group activities
(BLM 2008c).
Probably the most popular activities in the region involve some form of OHV driving for pleasure.
Exploring or sightseeing constitutes the activity of choice for many visitors and can involve various
modes of transportation such as sports-utility vehicles, horses, walking, OHVs, hiking, motorcycles,
bicycles, passenger cars, or motor homes. Other popular activities include wildlife watching, viewing
wildflowers, camping, hiking, backpacking, climbing, and seasonal whitewater boating. Flying radiocontrolled aircraft and rock crawling are also growing in popularity.
Portions of the lands in the ASFO are essentially a transition between the two extremes of urban
and wilderness settings. These transitional lands offer a moderate to high degree of challenge and
risk for visitors seeking outdoor adventures of many sorts. Opportunities for the public to enjoy a
wide variety of motorized, mechanized, and non-motorized recreation activities are very good
because of the ample supply of unpaved roads, primitive roads, trails, and a handful of backcountry
airstrips. These lands contain a mix of trailheads (ranging from well-developed with facilities to
unsigned/primitive), information/safety signs, and rudimentary recreation facilities that provide
modest, setting-appropriate convenience for visitors. The near-urban public lands tend to be
subjected to the greatest variety of simultaneous visitor use in the most confined space. While
challenge and risk are typically not as important as in more remote settings, these lands can be
important for competitive and challenge events. Many of the primary routes provide de facto
“backcountry byway” opportunities as no official backcountry byway designations exist.
Stateline Campground is a small campground located 9.3 miles south of U.S. Highway 89 along
House Rock Valley Road. It is 1 mile south of the Wire Pass Trailhead. Facilities at this campground
include both drive-in and walk-in campsites (seven total), restrooms, picnic tables, and fire pits.
There is no water, no trash pick-up, and no fee to camp. The Arizona National Scenic Trail can be
accessed from Stateline Campground. The campground is the northern terminus of the trail.
Sand Hills Special Recreation Management Area and Uplands Recreation Management
Zone
The ASFO has identified several SRMAs within the recreation resources study area. These areas
have a distinct primary recreation-tourism market (the targeted visitors and where they come from),
as well as a corresponding and distinguishing recreation management strategy. Within each SRMA,
one or more potential Recreation Management Zones (RMZs) were identified, with each zone
providing a particular recreation niche within the larger targeted recreation-tourism market strategy.
The Sand Hills SRMA and Uplands RMZ are located at the east end of the recreation resources
study area. These areas, which overlap with VCNM, are adjacent to GCNRA. Approximately 8,500
acres of the Sand Hills SRMA and Uplands RMZ are managed by the ASFO (Figures 3-8 and 3-9 in
LPP Final Study Report 09 – Recreation Resources [UBWR 2016a]).
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Fredonia Special Recreation Management Area and Associated Recreation Management
Zones
The Fredonia SRMA (14,969 acres), Shinarump Cliffs RMZ (3,965 acres), Badlands RMZ (5,151
acres), and Fredonia Rural Park RMZ (5,853 acres) are located east of the town of Fredonia (Figures
3-8 and 3-9 in LPP Final Study Report 09 – Recreation Resources [UBWR 2016a]).
The primary strategy for the Fredonia SRMA is to target a demonstrated community recreationtourism market demand from primarily local communities (dependent on public lands recreation
and/or related tourism use, growth, and/or development), as well as some regional visitors for
motorized/mechanized/non-mechanized exploring, managed target shooting, fitness activities,
sightseeing, horseback riding, hiking, competitive and organized events, and viewing and
appreciating natural landscapes and cultural sites. This demand is supported by the area’s distinctive
landscape and its proximity to the communities of Fredonia, Arizona, and Kanab, Utah. Local
recreation-tourism visitors value these public lands as their own “backyard” recreation settings
(BLM 2008c). The Fredonia SRMA includes a 348-acre area that is open to cross-country OHV use.
The Badlands RMZ is managed for self-directed, primitive adventure, challenge, and exploration in a
natural setting close to town. The Shinarump Cliffs RMZ is managed for close-to-home self-directed
motorized/mechanized adventure for scenic, natural, and historic appreciation. The Fredonia Rural
Park RMZ is managed for quick and easy access from town to sustainable day-use adventure,
challenge, exercise, social activity, and outdoor recreation (BLM 2008c).
Cottonwood Point Wilderness
Cottonwood Point Wilderness is part of the impressive Navajo Sandstone plateau overlooking the
Arizona Strip to the south. The 1,000-foot-high, multicolored Vermilion Cliffs, wooded canyons,
craggy pinnacles, and alcoves dominate the landscape and are visible from Highway 389, which has
been designated “Scenic.” The wilderness is contiguous to the southern end of the BLM’s Canaan
Mountain Wilderness in Utah. The wilderness is adjacent to the small communities of Colorado
City, Arizona, and Hildale, Utah, and the rural settlement of Cane Beds. Urban sights and sounds are
readily noticeable from much of the wilderness. The exterior wilderness boundary encompasses
various parcels of private lands, primarily around the southern periphery of Lyon Point.
Historic Trails
The general alignments of several historic trails (Honeymoon Trail, Old Spanish National Historic
Trail, and Dominguez–Escalante Trail) are believed to pass through the ASFO portion of the
recreation resources study area. Additionally, portions of GWT are located in this area.
The Honeymoon Trail (managed by ASFO and SGFO) is located between St. George, Utah, and
Lee’s Ferry, Arizona. This historic wagon route was used for several years by young married couples
from Arizona seeking a “temple” marriage in what was the only Mormon temple west of the
Mississippi River—hence its interesting name. The trail is 138 miles one way with elevations ranging
from 3,000 feet to 5,000 feet above mean sea level. Uses on the trail include hiking, equestrian use,
and some vehicle use. The trail can be used in any season as long as it is dry. The BLM categorizes
the Honeymoon Trail as easy-to-moderate and notes that, while much of the trail is still visible, it is
only sporadically marked (BLM 2020a).
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Fredonia – Vermilion Cliffs Scenic Drive
Fredonia is a western point of departure for the U.S. Highway 89 and Highway 89A loop (BLM
2020b), which has been designated “Scenic” by the Arizona Department of Public Transportation.
The best time for traveling on the road is between May and October (BLM 2020b). The road may
not be passable in winter months. This loop proceeds east on Highway 89A from Fredonia through
wide landscapes of rolling sage plains that slowly rise to the approach of the Kaibab Plateau or west
to the Kaibab Monocline. The loop circles the massive Paria Plateau and northern Kaibab Plateau
Uplift. It then continues through the Kaibab Plateau, Marble Canyon, Glen Canyon, and the
Cockscomb.
Additional information concerning scenic roads is contained in LPP Final Study Report 16 – Visual
Resources (UBWR 2016b) and the DEIS Section 3.16, Visual Resources.
Antelope Valley Road
Antelope Valley Road (also commonly called Toroweap Road or Tuweep Road) intersects with State
Highway 389 within the KIR approximately 9 miles west of Fredonia. This road is one of the main
access points for the central part of the ASFO and also provides access to Toroweap Overlook in
Grand Canyon National Park, where there is a developed (primitive) campground and several hiking
trails. Driving time from Highway 389 to Toroweap Point is approximately 2 hours. When dry, this
dirt and gravel road is usually passable for high clearance two-wheel-drive vehicles but is not
recommended for RVs, travel trailers, or passenger cars. Visitors from around the world use this
road to access Toroweap Point (in Grand Canyon National Park), Hack Canyon, Kanab Creek
Wilderness, and Mt. Trumbull. This road receives heavy use and is in fair condition (except in wet
weather).
1.4.1.7 Kaibab – Paiute Indian Reservation

The KIR encompasses more than 120,000 acres of plateau and desert grassland in northern Arizona
just southwest of Fredonia. Highway 389 bisects the reservation. PSNM (described below) is
adjacent to Highway 389 and surrounded by the KIR. The Tribe offers interpretive programs and
leads tours of ancient rock art sites. Kaibab band members work as seasonal rangers and help tell the
Pipe Spring story from the Paiute point of view. Seasonal hunting and fishing are available to the
general public by permit. Public travel on the KIR is limited to the existing county roads (Rouch,
Moccasin, and Antelope Valley). Travel elsewhere requires a permit and/or guide service.
Approximately 10 percent (33,561 acres) of the recreation resources study area lies on the KIR.
The Tribal headquarters is located along the north side of Highway 389, adjacent to PSNM.
Kaibab Tribe Campground and Recreational Vehicle Park
The Kaibab Tribe Campground and RV Park is located off of Highway 389 on Moccasin Road in
PSNM. The 47-unit campground is open from April through October. Operated on a first-comefirst served basis, the campground includes amenities such as potable water, vault restrooms,
showers, grills, picnic tables, and fire rings. No utility hook-ups or waste disposal is available, and
ATV use is prohibited. The Kaibab Tribe Campground and RV Park charges user fees.
Trails
The general alignments of the Old Spanish National Historic Trail and the Honeymoon Trail pass
through the KIR.
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Visitors to the KIR can hike the Heart (or Mu’uputs) Canyon Trail for a fee using a guide arranged
in advance. This trail is located several miles north of Highway 389.
1.4.1.8 Pipe Spring National Monument

Surrounded by KIR and located just north of Arizona Highway 389, PSNM is a historic Mormon
settlement that is a unit of the NPS. Designated as a national monument in 1923, PSNM
commemorates western pioneer settlement and American Indian-pioneer interactions on the
frontier. Living history in the monument depicts how an early Mormon settlement looked and
worked in the 1800s. The view from the monument is an important part of its historic character
because it provides an appreciation of the settlement’s isolation and of the commanding position
provided by its location. Approximately 40 acres of the recreation resources study area is on land
administered and managed by PSNM.
PSNM is a day-use park that includes a visitor center, bookstore, museum, ranch building and
grounds (including corrals, an orchard, a seasonal garden, and cabins), the Winsor Castle fort, and a
0.5-mile loop known as the Ridge Trail. The ranch and buildings are open daily, and tours are
offered at the historic fort every 30 minutes. In the summer, rangers also give “living history”
demonstrations (KCOTFC 2018). Scenic views of the Arizona Strip can be observed along the
Ridge Trail. Approximately 55,000 people visit PSNM annually.
1.4.1.9 BLM – St. George Field Office

The 629,000 acres of public lands administered by the BLM’s SGFO lie almost entirely within
Washington County, Utah (Figure 3-10 in LPP Final Study Report 09 – Recreation Resources
[UBWR 2016a]). Situated in the southwestern corner of Utah, the area lies astride the transition
between three major physiographic provinces, including the Colorado Plateau, the Great Basin, and
the Mojave Desert. This unique blend of geologic landforms creates a wealth of varying landscapes,
open vistas, and spectacular scenery that is recognized in national and international sectors.
Interstate 15 provides the primary north-south access through the SGFO. Utah highways 9 and 59,
which have been designated “Scenic,” provide the primary east-west access. Zion National Park and
the Pine Valley Mountains of the Dixie National Forest define the eastern and northern boundaries
of the SGFO. To the west lie the desert valleys and mountains of Nevada, while the broad,
undeveloped expanses and rugged topography of the Arizona Strip lie immediately to the south
(BLM 1999b). Approximately 12 percent (38,746 acres) of the recreation resources study area is
managed by the SGFO.
In its 1999 St. George Field Office Record of Decision and Resource Management Plan, the BLM
stated that its objective for recreation management was to “…provide an array of quality recreation
experiences within the agency’s capability logical recreation niche to meet the reasonable needs and
expectations of local residents and visitors from outside the area” (BLM 1999b). In its plan, the
BLM also asserted that public lands in Washington County would generally remain open (excepts as
otherwise prescribed) to most forms of outdoor recreation, including, but not limited to, hiking,
touring, camping, hunting, picnicking, sightseeing, rock hounding, mountain biking, equestrian use,
swimming, fishing, rafting/kayaking, rock climbing, target shooting, and various forms of motorized
recreation.
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Traffic counter data collected by the BLM in 2010 showed that 10,931 vehicles used the 1100
West/Sky Ranch Road that leads into the Warner Valley from Hurricane. Roads and trails in this
area are used for motorcycle, ATV, mountain bike, and equestrian events.
Off-Highway Vehicle Use
Statewide OHV issues within Utah are addressed in a comprehensive fashion by the Utah Division
of State Parks through the OHV Advisory Council. The approximately 629,000 acres of public land
within the administrative boundary of the SGFO are designated as “open to OHV use,” “open for
OHV use on existing or designated roads/trails,” or “closed to OHV use.” Approximately 3 percent
(21,442 acres) of these lands are open to cross-country OHV use; approximately 61 percent (386,563
acres) are open for OHV use but limited to designated routes; and approximately 18 percent
(112,427 acres) are closed to OHV use.
OHV use on public lands in Washington County is, in large part, limited to use of existing roads and
trails. OHV use in several SMAs and watersheds is limited to designated roads and trails. The Sand
Mountain SRMA (see below) is open to OHV use without limitation. Portions of the Red Cliffs
National Conservation Area (RCNCA) (see below) are closed to OHV use.
Sand Mountain Special Recreation Management Area
The Sand Mountain SRMA encompasses 34,247 acres of public land just to the south and east of St.
George, Utah (Figure 3-11 in LPP Final Study Report 09 – Recreation Resources [UBWR 2016a])
(BLM 2016). The SRMA is south of the towns of Washington and Hurricane and immediately
adjacent to Sand Hollow State Park (see Section 1.4.1.10, below). Primary recreation activities in the
Sand Mountain SRMA include OHV riding, competitive events (such as the OHV Rhino Rally),
horseback riding, scenic driving and viewing, visiting historic and paleontological sites, natural
history education, semi-private recreation, undeveloped camping, picnicking, guided tours, and
recreation instruction. The area provides open riding opportunities on the dunes, and miles of
technical trails suitable for full-size 4x4s. Views from atop Sand Mountain include downtown St.
George, the Hurricane Cliffs, the Arizona Strip, the Pine Valley Mountains, and the RCNCA.
Approximately 1.5 percent of the Sand Mountain SRMA (5,057 acres) lies within the recreation
resources study area.
The SGFO considers the 21,442-acre Sand Mountain Open OHV area to be the most important
piece of recreation real estate in Southwest Utah. This area is an economic driver that hosts major
motorized events and races. More importantly, it provides a play area for OHVs in a densely
populated area that contains many sensitive plant and animal species. Having the OHV area in place
helps protect habitat for those sensitive species.
The Sand Mountain SRMA is both a local and regional destination (Kiel 2009b). Sand Mountain
dunes are patrolled for the BLM by Utah State Park law enforcement staff. The area attracts people
in early spring and late fall. BLM staff reported visitor use of 163,000 during 2019 for the Sand
Mountain SRMA. Of that number, 74,500 visited the dispersed use areas and 79,400 used the sand
dune area (Voyles 2020).
There are three ways to access Sand Mountain. The first is through Sand Hollow State Park. After
paying the park entrance fee, users can drive their ATVs through a tunnel (beneath the park access
road) on the west side of Sand Hollow Reservoir and be on dunes in minutes. The second access
point is through the town of Washington, Utah, via Interstate 15, Telegraph Road, and Washington
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Dam Road. Access to the Sand Mountain SRMA from the Washington Dam Trailhead is free. The
third access point is through the Town of Hurricane, Utah via 700 West Road, 2060 Road South
(turns into 1100 West), and Warner Valley Road. Access to the SRMA from the Warner Valley Road
trailhead is also free.
Red Cliffs National Conservation Area
RCNCA is in central Washington County. Funding was obligated through the American Recovery
and Reinvestment Act of 2009 to construct two new trailheads (White Reef and Red Mountain) that
provide fenced parking areas, interpretive kiosks, vault toilets, and other visitor amenities. Both were
completed in fiscal year 2010. The White Reef trailhead provides access to a newly designated
approximately 6-mile-long non-motorized trail system that provide connections to other trails in
RCNCA. Funding from the American Recovery and Reinvestment Act was also used in 2010 to
repave/reconstruct the 3-mile paved access road to the Red Cliffs Recreation Site.
Set aside for the protection of desert tortoises and other rare and sensitive plants and animals,
RCNCA includes 62,000 acres of scenic wildlife reserve. The area is located both east and west of
Interstate 15, between the town of Leeds on the north and Quail Creek State Park on the south
(Figure 3-12 in LPP Final Study Report 09 – Recreation Resources [UBWR 2016a]). Approximately
0.2 percent (808 acres) of RCNCA lies within the recreation resources study area. The RCNCA is a
popular recreation area as it is immediately adjacent to several growing communities and provides a
scenic red rock backdrop. Recreational opportunities in the reserve include mountain biking, hiking,
horseback riding, wildlife viewing, geologic viewing, dispersed camping, and rock climbing. Within
the recreation study area portion of RCNCA are portions of the Virgin River Trail, Arch Trail, West
Cinder Knoll Trail, and East Cinder Knoll Trail (Figure 3-13 in LPP Final Study Report 09 –
Recreation Resources [UBWR 2016a]).
Hurricane Cliffs Non-Motorized Trail System
The Hurricane Cliffs Non-Motorized Trail System is located east of RCNCA and south of Utah
Highway 9 (Figure 3-14 in LPP Final Study Report 09 – Recreation Resources [UBWR 2016a]). The
primary access to the trail system is from Utah Highway 59. The trail system traverses 38 miles of
the Mojave Desert and is bordered by Gooseberry Mesa to the east, the Virgin River to the north,
and Hurricane Cliffs to the west (BLM n.d.[b]). This trail system affords visitors spectacular views of
the surrounding geographic features. At an elevation of 4,000 feet above mean sea level, scenes
include the face of Hurricane Mesa, the spires of Zion National Park, and chasms of the Virgin
River and its tributaries.
The Hurricane Cliffs Trail System includes 10 trails: Jem, Chinatown Wash, Rim, Canal, Gould’s
Rim, and Gould’s, More Cowbell, Dead Ringer, Cryptobionic, and Goosebumps. Only nonmotorized users are permitted on the trail system. Equestrians are limited to the Chinatown Wash
and the Rim Trail, between the Chinatown Wash and the Virgin Dam Trailhead. The Canal Trail, a
route that consists of a 1904 historic water canal, is open to hikers only. All trails are managed by the
BLM, except the Canal Trail which is managed by the Hurricane City Historical Preservation
Association. All trail intersections are signed, and some “reassurance” signs can be found along the
trails. Designated dispersed camping is allowed but visitors must stay in one of the designated camp
sites. The designated dispersed camping areas consists of carsonite markers, campfire rings,
interpretive kiosks, and directional signs.
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The Hurricane Cliffs Trail System is the home of three major off-road races every fall (mid-October
to early November). The “25 and 6 Hours of Frog Hollow” are mountain bike races that attract
large numbers of participants. The “Hurricane JEM” is a trail marathon that utilizes this trail system.
1.4.1.10 Private/Local/State Recreational Facilities

Several privately, locally, and state-owned and operated recreational facilities are located in and
around the recreation resources study area. These facilities are described in the following sections.
Amangiri Resort Spa and Villas at Lake Powell
The upscale 600-acre Amangiri Resort Spa and Villas are located about a mile south of U.S.
Highway 89 in Canyon Point, Utah, about 3 miles from the Arizona border. The resort, which
opened in October 2009, is a 25-minute drive from Page, Arizona. Visitors to the resort enjoy scenic
views of GSENM. Architecturally, the resort has been designed to blend into the landscape with
natural hues, materials, and textures. Features at the resort include a pavilion, living room, gallery,
library, dining room, private dining room, cellar, spa and beauty salon, fitness center, pool, suites,
and a home (Amangiri 2020).
Paria Outpost Resort and Paria River Ranch
The Paria Outpost Resort is located just south of U.S. Highway 89 and less than a mile west of the
BLM’s Paria Contact Station (see Section 1.4.1.5, above). The resort offers rustic, yet comfortable
bed and breakfast accommodations, a restaurant, RV camping in the resort parking lot, and tent
camping (Paria Outpost 2020). Guide and shuttle services are also available. On-site recreational
activities include horseback riding, wading fountain, outdoor volleyball area, and horseshoes.
Adjacent to the Paria Outpost Resort is the Paria River Ranch. Facilities at the ranch include tent
and RV camping for horse-riding customers, a nine-bed bunk house, horse corrals, a shower house,
laundry facilities, and bathrooms (Paria River Ranch 2020).
Fredonia Welcome Center
Located on Highway 89A, north of its intersection with Highway 389, is the Fredonia Welcome
Center. This development, which is in good condition, includes a lighted parking lot with 20 parking
spaces, four trailer spaces, four shaded picnic tables, restrooms, interpretive signage, a pet exercise
area, an outdoor exhibit including a historic log cabin (built circa 1930), and a shop.
Arizona Strip Pull-Off
The Arizona Strip Pull-off is located on the west side of Highway 389 near milepost 9. The graveled
pull-off is capable of accommodating about 20 cars and includes interpretive signage on the
Vermilion Cliffs and Honeymoon Trail.
WillowWind RV Park
The WillowWind RV Park is located on Utah Highway 9, just west of Hurricane, Utah. Open yearround, the 173-site RV Park includes the following amenities for a fee: dumping facilities, flush
toilets, full hook-ups, hot and cold running water, restrooms, a clubhouse, laundry facilities, picnic
tables, cable television, wireless internet, group sites, phones and phone hook-ups, tent sites, and
teepees (WillowWind RV Park n.d.).
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Sand Hollow Resort
Located less than 1 mile west of Sand Hollow State Park’s main entrance is the Sand Hollow Resort.
The resort features 36 holes of golf on three courses, golf practice facilities, a clubhouse, and
accommodations (for permanent, seasonal, or overnight purchase/rental) (Sand Hollow Resort
2020).
Sand Hollow State Park
Located about 10 miles east of St. George and about 5 miles southwest of Hurricane, Sand Hollow
Reservoir and surrounding lands have been designated one of Utah’s newest state parks. Warm
water fishing and boating opportunities are found here. Patrons also engage in OHV use on the
Sand Mountain dunes, as well as RV and tent camping. This 1,670-acre park is one of the most
visited destinations in the Utah State Park System (UDSP 2020). Approximately 0.4 percent (1,315
acres) of Sand Hollow State Park lies within the recreation resources study area.
The park (Figure 3-15 in LPP Final Study Report 09 – Recreation Resources [UBWR 2016a])
includes an entry station and large parking lot next to Sand Hollow Reservoir along with a modern
comfort station. The parking lot and comfort station are well-signed and well-lit, with ample trash
facilities. A permit is required for watercraft launches and OHV access to the south and east sides of
the reservoir. Sand Mountain is accessible by a tunnel located south of an OHV staging area.
Overnight camping facilities are available for a fee. The Westside Campground offers 50 sites with
full hookups (water, sewer, and electric), barbeques, fire pits, tables, and cabanas (UTI 2020).
Sandpit Campground is an OHV accessible campground located along the south shore of the
reservoir. The 30-site campground includes six sites with water and electrical hookups and five large
group sites. Restrooms and showers are provided at both campgrounds. Primitive camping is
available along the east and south shores of the reservoir. Up to eight people are allowed per vehicle
per site (UTI 2020). Picnic tables and pit toilets are available, but this area is largely undeveloped.
Sand Hollow State Park received between 183,000 and 300,000 visitors annually (UDSP 2010). Sand
Hollow State Park was used by 827,527 visitors during the state’s fiscal year of 2019 (UDSP 2020).
The park is popular with local residents. Most visitation occurs from March through October, with
peak months being May through August.

2 Results/Environmental Consequences
This section describes the environmental consequences of the LPP alternatives on recreation
resources and identifies the potential construction, operation, and maintenance effects on recreation
areas, facilities, and use in the following management areas:
NPS GCNRA
NPS VCNM
NPS PCVCW
BLM GSENM
BLM KFO
BLM ASFO
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KIR
BLM PSNM
BLM GFO
Private/local/state recreational facilities

2.1 No Action Alternative
The No Action Alternative would have no effect on recreation resources within the study area. The
No Action Alternative would not have any construction or operation effects on recreation resources
within the LPP study area as no construction or operational activities would occur.
However, under this alternative, projects already planned by the Project Proponent would continue
to occur. Disturbance due to these projects would vary in space and time. Most impacts would be
short-term and project-specific, including localized ground-disturbing effects to trailheads and
recreational areas. Most effects to recreation resources would be minimized through implementation
of industry standards or practice by the Project Proponent.

2.2 Southern Alternative
Under the Southern Alternative, construction and operation of the LPP would affect recreational
resources in different ways at different times. Construction activities would cause visual changes, air
pollutants, noise, and traffic effects which could include temporary closures, detours, and congestion
on roads and at recreational sites. Operation of the LPP would affect recreational resources due to
noise and visual effects, as well as permanent closures of some small portions of recreation areas.
For example, approximately 18 acres (0.05 percent of 34,247 acres) of recreational land in the Sand
Mountain SRMA would be unavailable for recreational use where the Hurricane Cliffs Waterway
would be constructed, and approximately 11 acres of recreational land around the proposed Sand
Hollow HS within Sand Hollow State Park would be unavailable for recreational use. Recreational
boating and water sports would also be restricted in the immediate area of the Sand Hollow HS
tailrace.
However, because the hydrology analysis (see Appendix C-10, Hydrology) indicated little difference
in flows at the 10th and 50th percentiles, no adverse impacts to recreation resources below Glen
Canyon Dam would be anticipated.
2.2.1 Glen Canyon National Recreation Area
2.2.1.1 Ferry Swale Area

Construction Effects
The Southern Alternative, including booster pump station (BPS)-1, and the water intake system,
would be constructed about 2,000 feet west of U.S. Highway 89 in the vicinity of the Ferry Swale
area, including the Dead Dog and Ropes Trail areas. Noise and dust from construction activities
may be noticeable from the Dead Dog area and Ropes Trail. Noise, dust, and visual effects from
construction activities are likely to be noticeable from the designated camping area and Slick Rock
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Trail in the Ferry Swale area. Construction activities where the pipeline would cross U.S. Highway 89
and in the Ferry Swale area would result in temporary closure of the Ferry Swale designated camping
area, hiking trail, and ORV routes and staging area during construction activities and would have a
direct short-term effect on recreational use in the Ferry Swale area. Increased construction traffic
and heavy equipment used to construct LPP facilities would result in short-term indirect effects
related to visual changes, air pollutants/dust, and noise, as well as temporary closures, detours, and
congestion effects on recreation users. The vegetative landscape disturbance and scar from
construction activities would result in indirect long-term effects on the viewscape and decrease the
visual enjoyment of recreation visitors.
Operation Effects
Following construction and restoration (see Section 1.3, above), BPS-1 and the construction
landscape scar would be visible to recreationists accessing the Ferry Swale area, including the Dead
Dog area, Ropes Trail, and designated camping area and trail, which would result in a long-term
effect on visual recreation resources. See LPP Final Study Report 16 – Visual Resources (UBWR
2016b) for additional effect analysis concerning the appearance of the BPS-1.
2.2.1.2 Glen Canyon Rafting Hospitality d.b.a. Horseshoe Bend Rafting

Construction Effects
The Southern Alternative would have negligible effects on the Horseshoe Bend Rafting tours. Shortterm air pollutant/dust and noise effects associated with construction at the existing Glen Canyon
Substation would occur, which could be noticeable at the beginning of the raft tours. Tours start at
the base of Glen Canyon Dam, nearly directly below the switchyard.
Operation Effects
There would be no change in annual river flows downstream of Glen Canyon Dam and no
noticeable effects from operations that would result in effects on the operations of Horseshoe Bend
Rafting tours. Reclamation would continue to release an average of 8.23 million acre-feet annually
from Glen Canyon Dam during LPP operation, resulting in no effect on rafting tours.
2.2.1.3 U.S. Highway 89

Construction Effects
BPS-1 would be constructed west of U.S. Highway 89. About 2,000 feet north of the Carl Hayden
Visitor Center, the pipeline from the water intake system would cross the highway and head
northwest to BPS-1. The buried pipeline would then run northwest, along the south side of U.S.
Highway 89 within GCNRA. Increased construction traffic and heavy equipment used to construct
LPP facilities would result in short-term indirect, visual, air pollutant/dust, and noise effects, as well
as temporary closures, detours, and congestion effects on recreation users.
Operation Effects
BPS-1 and the water intake system would be visible to recreationists using U.S. Highway 89 after
construction and restoration. This would be a long-term indirect effect on visual recreation
resources for U.S. Highway 89 recreationists.

28

2.2.1.4 Carl Hayden Visitor Center, Glen Canyon Dam, and Bridge

Construction Effects
The buried pipeline from the water intake system would cross U.S. Highway 89 about 2,000 feet
north of the Carl Hayden Visitor Center, Glen Canyon Dam, and the Glen Canyon Bridge. Heavy
equipment used to construct this facility would result in short-term indirect effects, including
potential visual changes from construction equipment, staging, and construction-related activities; air
pollutants/increased dust; noise effects from construction-related activities; and additional LPP
construction traffic along U.S. Highway 89 for up to 4 hours during construction of this crossing.
Prevailing winds from the southwest would disperse air pollutants/dust into an area away from the
visitor center.
Operation Effects
Following construction and restoration, LPP operations would have no direct or indirect effects on
recreational use at the Carl Hayden Visitor Center or area visitor attractions. These operations would
be unnoticed by those at the visitor center.
2.2.1.5 Glen Canyon Dam Overlook

Construction Effects
Construction of the LPP Southern Alternative would have no direct or indirect effects on
recreational use at Glen Canyon Dam Overlook during construction.
Operation Effects
LPP operations would have no direct or indirect effects on recreational use at Glen Canyon Dam
Overlook as the infrastructure developed at the switchyard would be consistent with the existing
infrastructure and would not be noticeable to visitors.
2.2.1.6 The Chains Day Use Area and Hanging Garden Trail

Construction Effects
The water intake system would be constructed on the Lake Powell shoreline directly opposite the
Chains day-use area, across the main channel of Lake Powell near the Glen Canyon Dam (about
1,600 feet away). Heavy equipment used to construct these facilities would result in short-term
visual, noise, and dust effects and minor concentrations of particles 10 microns or less in diameter
(PM10) at the Chains day-use area. Most of the PM10, carbon monoxide, nitrogen dioxide, and sulfur
dioxide generated from the construction would disperse within the work site to levels below the
National Ambient Air Quality Standards (NAAQS) concentrations and prevailing southwest winds
would transport any residual air pollutants and dust north of the Chains area and over Lake Powell.
The highest sound pressure levels generated at the water intake system site (94 dBA) during
construction would attenuate to 64 dBA at the Chains area, which is equivalent to moderate
conversational speech. There would be no direct or indirect effects on recreational hikers at the
Hanging Garden Trail from construction-related activities.
Operation Effects
Following construction and restoration, LPP operations would have indirect effects on the visual
resources in the viewshed of visitors from the siting of the water intake station directly across the
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channel from the Chains day-use area. There would be no effects on visitors at the Hanging Garden
Trail as noise and visual effects would not be heard or seen from that area.
2.2.1.7 Wahweap District

Construction Effects
The LPP and BPS-1 would be constructed about 2,500 feet south of the Wahweap District South
Entrance access road (Lakeshore Drive) intersection with U.S. Highway 89. The LPP also would be
constructed just south of the heavily used Wahweap District North Entrance access road (Wahweap
Drive) intersection with U.S. Highway 89. Heavy equipment used to construct these facilities would
result in indirect short-term effects, including visual changes, air pollutants/dust, noise, and
additional LPP construction traffic on recreationists accessing the Wahweap District which could
include temporary closures, detours, and congestion.
Operation Effects
Following construction and restoration, LPP operations would have no direct or measurable indirect
effects on recreational use of the Wahweap District. However, the intake station would remain an
indirect recreational effect as it would be visible to recreational visitors accessing the Wahweap
District from the South Entrance station.
2.2.1.8 Wahweap Overlook

Construction Effects
The LPP would be constructed about 1,000 feet south of the Wahweap Overlook access road
intersection with U.S. Highway 89. Heavy equipment used to construct these facilities would result
in indirect short-term effects on recreationists accessing the overlook, including visual changes, air
pollutants/dust, noise, and additional LPP construction traffic. This could include temporary
closures, detours, congestion, and, from the overlook itself looking southeast, effects from the
presence of construction equipment, construction-related activities, and associated landscape scar
viewable from the Wahweap Overlook.
Operation Effects
Following construction and restoration, LPP operations would have indirect long-term effects on
recreational use at the Wahweap Overlook as a result of the visibility of BPS-1 from the overlook
when looking southeast, as well as a visible landscape scar.
2.2.1.9 Lone Rock Beach and Off-road Vehicle Play Area

Construction Effects
The LPP would be constructed south of the Lone Rock recreation access road intersection with U.S.
Highway 89. There would be temporary indirect visual effects on recreational users travelling to the
Lone Rock area as a result of heavy equipment use and other construction-related activity along U.S.
Highway 89 and across from the Lone Rock access road. However, there would be no effects on
recreational users at Lone Rock Beach and ORV Play Area as they would not be close enough to the
construction activity to see or hear any constructed-related effects.
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Operation Effects
Following construction and restoration, LPP operations would have no direct or indirect effects on
recreational use in the Lone Rock Beach and ORV Play Area.
2.2.1.10 Studhorse Mesa and Skylight Arch

Construction Effects
The LPP would be constructed between the U.S. Highway 89 corridor and the base of Studhorse
Mesa and Skylight Arch. There would be short-term indirect effects to scenic recreational resources
from the eastern side of the mesa (trails, and Skylight Arch) from the heavy equipment, staging area,
and construction-related activities. There would be long-term indirect effects to scenic recreational
resources as a result of the lingering landscape disturbance within the ROW corridor. In addition,
there would be temporary indirect effects related to construction-related noise and dust, which
would be noticeable from the eastern side of the mesa (trails and Skylight Arch).
Operation Effects
Following construction and restoration, LPP operations would have long-term indirect effects to the
viewscape from the eastern side of the mesa (trails, and Skylight Arch) from the landscape scar
within the ROW corridor.
2.2.1.11 Blue Pools Canyon and Arch

Construction Effects
The LPP would be constructed near the U.S. Highway 89 corridor, the trailhead access to Blue
Pools Canyon, and the access road to Blue Pools Arch. There would be short-term indirect effects
on the viewscape for visitors travelling to access both the arch and the canyon. In addition, there
would be temporary indirect effects on visitors from noise, and dust effects associated with heavy
equipment and construction-related activities at the Blue Pools Canyon trailhead and parking area,
which is along the shoulder of U.S. Highway 89. There may also be temporary direct effects on
visitor recreation should construction-related activities necessitate closure of the access road to the
arch, parking areas, or access to the canyon for visitor safety purposes. Road closures would prevent
access to Blue Pools Canyon or Blue Pools Arch.
Operation Effects
Following construction and restoration, LPP operations would have long-term indirect effects on
the viewscape from the landscape scar and ROW corridor for visitors travelling to access Blue Pools
Arch or Blue Pools Canyon.
2.2.2 Old Spanish National Historic Trail
Construction Effects
LPP construction would have temporary direct effects on recreational users accessing the Trail via
the U.S. Highway 89 corridor through KEPA. Short-term indirect effects from visual changes, air
pollutants, noise, and reduced access would occur where these roads intersect with U.S. Highway 89.
Indirect effects from noise would attenuate to background levels within about 800 feet of the
sources along the pipeline alignment.
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Operation Effects
Following construction and restoration, LPP operations would have no direct or indirect effects on
recreation resources in the Old Spanish National Historic Trail. These operations would be
unnoticed by those visiting this location.
2.2.3 Bureau of Land Management – Vermilion Cliffs National Monument
Construction Effects
LPP construction would have temporary direct effects on recreational users accessing VCNM via
the East Clark Bench Road (south from U.S. Highway 89), White House Campground road, and
House Rock Valley Road. These effects would occur as the pipeline construction would block
established access from U.S. Highway 89 to these roads. These temporary direct effects would have
a maximum duration of 8 hours at each road crossing of the pipeline, which is the same time period
that visitors are attempting to access the Paria Canyon-Coyote Buttes SMA. Temporary bypass roads
would provide access to some of the recreation sites, and the original access would be restored to
pre-construction conditions by the end of the 8-hour duration. It should be noted, however, that no
temporary access can be provided to House Rock Valley Road due to topographic limitations;
House Rock Valley Road from U.S. Highway 89 is the primary access to Coyote Buttes SMA,
including The Wave, which would result in effects on visitors attempting to access the SMA, who
have a permit for a particular day only. Short-term indirect effects from visual changes, air
pollutants, noise, and additional LPP construction traffic would occur where these roads intersect
with U.S. Highway 89. Indirect effects from noise would attenuate to background levels within
about 800 feet of the sources along the pipeline alignment.
Operation Effects
Following construction and restoration, LPP operations would have no direct or indirect effects on
recreation resources in VCNM. These operations would be unnoticed by those visiting VCNM.
2.2.4 Paria Canyon – Vermilion Cliffs Wilderness
Construction Effects
Construction of the LPP would have temporary direct effects on recreational users accessing the
PCVCW via the East Clark Bench Road (south from U.S. Highway 89), White House Campground
road, roads in the Ferry Swale area, and House Rock Valley Road. These effects would occur as the
pipeline construction would block established access from U.S. Highway 89 to these roads. These
temporary direct effects would have a maximum duration of 8 hours at each road crossing of the
pipeline, which is the same time period that visitors are attempting to access the Paria CanyonCoyote Buttes SMA. Temporary bypass roads would provide access to the recreation sites, and the
original access would be restored to pre-construction condition by the end of the 8-hour duration. It
should be noted, however, that no temporary access can be provided to House Rock Valley Road
due to topographic limitations; House Rock Valley Road from U.S. Highway 89 is the primary
access to Coyote Buttes SMA, including The Wave, which would result in effects on visitors
attempting to access the SMA, who have a permit for a particular day only. Short-term indirect
effects from visual changes, air pollutants, noise, and additional LPP construction traffic would
occur where these roads intersect with U.S. Highway 89. Indirect effects from noise would attenuate
to background levels within about 800 feet of the sources along the pipeline alignment.
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Operation Effects
Following construction and restoration, LPP operations would have no direct or indirect effects on
recreation resources in PCVCW. These operations would be unnoticed by those visiting PCVCW.
2.2.5 Grand Staircase – Escalante National Monument and Kanab Escalante
Planning Area
2.2.5.1 Guided Trips

Construction Effects
Construction of the LPP would have direct and indirect effects on guided trip providers and
participants accessing GSENM. Temporary direct effects would occur on guided trip providers and
participants as the pipeline construction would block established access from U.S. Highway 89 to
GSENM and visitor centers. These temporary direct effects would have a maximum duration of 8
hours at a specific site. Temporary bypass roads would provide access to the recreation sites, and the
original access would be restored to pre-construction conditions by the end of the 8-hour duration.
Short-term indirect effects from visual changes, air pollutants, noise, and additional LPP
construction traffic would occur on guided trip providers and participants. Indirect effects from
noise would attenuate to background levels within about 800 feet of the sources along the pipeline
alignment and at facility locations. Most air pollutants would disperse to below NAAQS
concentrations within the construction ROW.
Operation Effects
Following construction and restoration, LPP operations would have no direct effects on guided trip
providers and participants accessing GSENM. These operations would not interfere with access to
GSENM recreation facilities or use areas. Guided trip providers and participants would experience
indirect effects as they view specific LPP facilities (pump stations, hydrostations, etc.) along U.S.
Highway 89. These facilities may not be in keeping with the desire of guided trip participants to
experience unaltered, natural landscapes.
2.2.5.2 Cockscomb Wilderness Study Area

Construction Effects
The pipeline, BPS-3, and BPS-4 would have temporary direct and indirect effects on recreational
users of the nearby Cockscomb WSA during construction of these features. Direct effects would
result from pipeline construction blocking established access (via Cottonwood Canyon Road) to this
WSA from U.S. Highway 89. This temporary direct effect would have a maximum duration of 8
hours. A temporary bypass road would provide access to the recreation site, and the original access
would be restored to pre-construction condition by the end of the 8-hour duration. Indirect effects
would result from visual changes, air pollutants, noise, and additional LPP construction traffic.
Noise generated during construction activities would attenuate to background levels within about
3,000 feet of the BPS-3 and BPS-4 sites and would disrupt recreational experiences of users in the
south and west portions of the WSA. Air pollutants would mostly disperse to below NAAQS
concentrations within the ROW corridor. Recreational users in the WSA may temporarily detect
nitrogen dioxide from construction equipment emissions under worst-case conditions.
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Operation Effects
Following construction and restoration, LPP operations would have no direct effects on recreation
resources in the Cockscomb WSA. These operations would not interfere with access to, or use of,
the WSA. Recreational users of the WSA would experience indirect effects from viewing BPS-3 and
BPS-4 facilities because of their proximity to the WSA boundaries.
2.2.5.3 Wahweap Wilderness Study Area

Construction Effects
The pipeline and BPS-3 would have temporary direct and indirect effects on recreational users of
the nearby Wahweap WSA during construction. Direct effects would result from pipeline
construction blocking established access (via Cottonwood Canyon Road) to the west side of this
WSA from U.S. Highway 89. This temporary direct effect would have a maximum duration of 8
hours. A temporary bypass road would provide access to the recreation site, and the original access
would be restored to pre-construction conditions by the end of the 8-hour duration. Indirect effects
would result from visual changes, air pollutants, noise, and additional LPP construction traffic.
Noise generated during construction activities would attenuate to background levels within about
3,000 feet of the pipeline alignment and BPS-3 site and would disrupt the recreational experiences of
users in Unit 13 of the WSA. Air pollutants would mostly disperse to below NAAQS concentrations
within the ROW corridor. Recreational users in the WSA may temporarily detect nitrogen dioxide
from construction equipment emissions under worst-case conditions.
Operation Effects
Following construction and restoration, LPP operations would have no direct effects on recreation
resources in the Wahweap WSA. These operations would not interfere with access to, or use of, the
WSA.
2.2.5.4 Grand Staircase-Escalante National Monument Visitor Center in Big Water

Construction Effects
Construction of the LPP would have temporary direct and indirect effects on recreational users
accessing the GSENM Visitor Center in Big Water. Temporary direct effects would occur on
recreational users as the pipeline construction would block established access from U.S. Highway 89
to the visitor center. A temporary bypass road would provide access to the recreation site, and the
original access would be restored to pre-construction conditions by the end of the 8-hour duration.
These temporary direct effects would have a maximum duration of 8 hours. Temporary indirect
effects would result from visual changes, air pollutants, noise, and additional LPP construction
traffic. Effects from noise would attenuate to background levels within about 800 feet. Prevailing
winds from the southwest would disperse air pollutants away from the visitor center.
Operation Effects
Following construction and restoration, LPP operations would have no direct or indirect effects on
recreational users of the GSENM Visitor Center in Big Water. These operations would be unnoticed
by those using the visitor center.
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2.2.5.5 Off-Highway Vehicle Use and Hunting

Construction Effects
Construction of the LPP would have direct and indirect effects on open/ATV roads and hunting for
those attempting to access GSENM. Temporary direct effects would occur as pipeline construction
would block established access from U.S. Highway 89 to open/ATV roads located south of U.S.
Highway 89. These temporary direct effects would have a maximum duration of 8 hours at a specific
site. Temporary bypass roads would provide access to the recreation sites, and the original access
would be restored to pre-construction conditions by the end of the 8-hour duration. Temporary
indirect effects from noise, air pollutants, visual changes, and additional LPP construction traffic
would occur on ATV users and hunters. Effects from noise would attenuate to background levels
within about 800 feet of the sources along the pipeline alignment and at facility locations. Most air
pollutants would disperse to below NAAQS concentrations within the construction ROW.
Operation Effects
Following construction and restoration, LPP operations would have no direct effects on OHV users
and hunters in GSENM/KEPA. While operations would be unnoticed, OHV users and hunters
would experience indirect effects as they view specific LPP facilities (pump stations and hydro
stations).
2.2.5.6 Grand Staircase-Escalante National Monument Visitor Center in Kanab

Construction Effects
As it is located 6 miles or more from the GSENM Visitor Center in Kanab, construction of the LPP
Southern Alternative would have no direct effects. An indirect effect would result from additional
LPP construction traffic temporarily delaying visitor center users along U.S. Highway 89.
Operation Effects
As the Project Area is located 6 miles or more from the GSENM Visitor Center in Kanab, operation
of the LPP Southern Alternative would have no direct or indirect effects on the GSENM Visitor
Center in Kanab. That is, operations would be unnoticed by those using the visitor center.
2.2.6 Bureau of Land Management – Kanab Field Office
2.2.6.1 U.S. Highway 89 Corridor

Construction Effects
Construction of the LPP would have temporary direct and indirect effects on recreation resources
within the public lands administered by BLM KFO. Temporary direct effects would occur on
recreational users at BPS-3/Road 400 and Road 705 as the pipeline construction would block
established access from U.S. Highway 89 to these roads. These temporary direct effects would have
a maximum duration of 8 hours at the Road 400 and Road 705 crossings of the buried pipeline.
Temporary bypass roads would provide access to the recreation sites, and the original access would
be restored to pre-construction conditions by the end of the 8-hour duration.
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Temporary indirect effects from visual changes, air pollutants, noise, and additional LPP
construction traffic would occur on recreational users of Road 400 (north and south of U.S.
Highway 89), Road 705, and Road 563. Indirect effects from construction noise would attenuate to
background levels within about 800 feet of the sources along the pipeline alignment. Most air
pollutants would disperse to below NAAQS concentrations within the construction ROW.
Additional LPP construction traffic would temporarily delay recreational users in vehicles accessing
sites along U.S. Highway 89.
The pipeline, BPS-3, BPS-4, High Point Regulating Tank, and HS-1 would have temporary direct
effects on recreational users of the nearby U.S. Highway 89 Corridor during construction of these
features. These effects would occur as the pipeline construction would block established access from
U.S. Highway 89 to trailheads, interpretive sites, access roads, and visitor centers. These temporary
direct effects would have a maximum duration of 8 hours at a specific site. Temporary bypass roads
would provide access to the recreation sites, and the original access would be restored to preconstruction conditions by the end of the 8-hour duration.
Operation Effects
LPP operations would have no direct effects on recreation resources in the U.S. Highway 89
Corridor. These operations would not interfere with access to, or use of, the corridor. Recreational
users would experience indirect effects from viewing facility sites because of their proximity to the
corridor.
2.2.6.2 Historic Trails

Construction Effects
The LPP construction on KFO historic trails would be similar to those described above for the U.S.
Highway 89 Corridor, as these trails are believed to follow the highway corridor through the KFO.
Operation Effects
LPP operations would have no direct effects on KFO historic trails. These operations would not
interfere with access to or use of the trails. Users would experience indirect effects from viewing
LPP facilities.
2.2.6.3 Paria Canyons and Plateaus

Construction Effects
Construction of the LPP would have temporary direct effects on recreational users accessing the
Paria Canyons and Plateaus via the East Clark Bench Road (south from U.S. Highway 89, mostly on
State of Utah land), White House Campground road, and House Rock Valley Road. Temporary
direct effects would occur to recreational users as the pipeline construction would block established
access from U.S. Highway 89 to these roads. These temporary direct effects would have a maximum
duration of 8 hours at each road crossing of the pipeline. Temporary bypass roads would provide
access to some of the recreation sites, and the original access would be restored to pre-construction
conditions by the end of the 8-hour duration. It should be noted, however, that no temporary access
could be provided to House Rock Valley Road due to topographic limitations, which would result in
effects to visitors attempting to access that portion of the area. Temporary indirect effects from
visual changes, air pollutants, noise, and additional LPP construction traffic would occur where
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these roads intersect with U.S. Highway 89. Indirect effects from noise would attenuate to
background levels within about 800 feet of the sources along the pipeline alignment.
Operation Effects
Following construction and restoration, LPP operations would have no direct or indirect effects on
recreational users of the Paria Canyons and Plateaus. These operations would be unnoticed by those
using the region.
2.2.6.4 Paria Contact Station, White House Campground, and Paria River Canyon

Construction Effects
Construction of the LPP would have temporary indirect effects on recreational users accessing the
Paria Contact Station, White House Campground and Paria River Canyon. These effects would
result from visual changes, air pollutants, noise, and additional LPP construction traffic. Indirect
effects from noise would attenuate to background levels within about 800 feet of the sources.
Prevailing winds from the southwest would disperse air pollutants away from the Paria Contact
Station, White House Campground, and Paria River Canyon.
Operation Effects
Following construction and restoration, LPP operations would have no direct or indirect effects on
recreational users of the Paria Contact Station, White House Campground and Paria River Canyon.
Operations would be unnoticed by those using these areas.
2.2.6.5 Toadstools Trailhead

Construction Effects
Construction of the LPP would have temporary direct and indirect effects on recreational users
accessing the Toadstools Trailhead and trail. Temporary direct effects would occur as the pipeline
construction would block established access from U.S. Highway 89 to the trailhead. These
temporary direct effects would have a maximum duration of 8 hours. The original access would be
restored to pre-construction conditions by the end of the 8-hour duration. Temporary indirect
effects from visual changes, noise, air pollutants, and additional LPP construction traffic would also
occur on recreational users of the Toadstools Trailhead and trail. Indirect effects from noise would
attenuate to background levels within about 800 feet of the sources. Air pollutants would mostly
disperse to below NAAQS concentrations within the ROW corridor. Recreational users at the
trailhead and along the trail may temporarily detect nitrogen dioxide from construction equipment
emissions under worst-case conditions. Additional LPP construction traffic would occur along U.S.
Highway 89 during pipeline construction and delay recreational users in their vehicles.
Operation Effects
Following construction, restoration, and redevelopment of the parking area (see Section 1.3, above),
LPP operations would have no direct or indirect effects on recreational users of the Toadstools
Trailhead and trail. These operations would be unnoticed by those using the trailhead and trail.
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2.2.6.6 Catstair Canyon

Construction Effects
Construction of the LPP would have temporary indirect effects on recreational users accessing
Catstair Canyon. Effects from visual changes, air pollutants, noise, and additional LPP construction
traffic would occur. The effects from noise would attenuate to background levels within about 800
feet of the sources. Prevailing winds from the southwest would disperse air pollutants away from
Catstair Canyon.
Operation Effects
Following construction and restoration, LPP operations would have no direct or indirect effects on
recreational users of Catstair Canyon. These operations would be unnoticed by those using the area.
2.2.6.7 House Rock Valley Road

Construction Effects
Construction of the LPP would have temporary direct effects on recreational users accessing House
Rock Valley Road and associated areas (Buckskin Gulch Trailhead, Wire Pass Trailhead, and the
Stateline Campground/Arizona National Scenic Trail Trailhead). These effects would occur as the
pipeline construction would block established access from U.S. Highway 89 to House Rock Valley
Road. These temporary direct effects would have a maximum duration of 8 hours. It should be
noted that no temporary access could be provided to House Rock Valley Road due to topographic
limitations, which would result in effects on visitors attempting to access the recreational areas along
this road. This road also serves as the primary access point for visitors hiking to the internationally
renowned geological feature/destination known as “The Wave.” Hikers may wait days to obtain a
hiking permit and then have a relatively short window of time to make the hike. Blocking access for
even one day would result in effects on those visitors.
Temporary indirect effects from visual changes, air pollutants, noise, and additional LPP
construction traffic would also occur on recreational users of the House Rock Valley Road where it
intersects with U.S. Highway 89. Effects from noise would attenuate to background levels within
about 800 feet of the sources. Prevailing winds from the southwest would disperse air pollutants
away from House Rock Valley Road.
Operation Effects
Following construction and restoration, LPP operations would have no direct or indirect effects on
recreational users of House Rock Valley Road. These operations would be unnoticed by those using
the road.
2.2.6.8 Paria Movie Set and Pahreah Townsite

Construction Effects
Construction of the LPP would have temporary indirect effects on recreational users accessing the
Paria Movie Set and Pahreah Townsite Point of Interest. Effects from visual changes, air pollutants,
noise, and additional LPP construction traffic would occur where the movie set and townsite access
road intersects with U.S. Highway 89. Effects from noise would attenuate to background levels
within about 800 feet of the sources.
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Operation Effects
Following construction and restoration, LPP operations would have no direct or indirect effects on
recreational users of the Paria Movie Set and Pahreah Townsite. Operations would be unnoticed by
those using these areas.
2.2.6.9 Great Western Trail

Construction Effects
Construction of the LPP would have direct and indirect effects on recreational users of the GWT.
Temporary direct effects would occur on GWT users as the pipeline construction would block
established access from U.S. Highway 89 to the south parking area and trail. These temporary direct
effects would have a maximum duration of 8 hours at the GWT crossing of the buried pipeline. A
temporary bypass road would provide access to the recreation site, and the original access would be
restored to pre-construction conditions by the end of the 8-hour duration. Temporary indirect
effects from visual changes, air pollutants, noise, and additional LPP construction traffic would
occur on GWT users. Effects from noise would attenuate to background levels within about 800
feet of the sources along the pipeline alignment. Most air pollutants would disperse to below
NAAQS concentrations within the construction ROW.
Operation Effects
Following construction, restoration, and redevelopment of the south parking area (see Section 1.3,
above), LPP operations would have no direct effects on recreational users of the GWT. While
operations would be unnoticed, GWT users would experience indirect effects as they view HS-1.
2.2.7 Bureau of Land Management – Arizona Strip Field Office
2.2.7.1 Sand Hills Special Recreation Management Area and Uplands Recreation
Management Zone

Construction Effects
Construction of the LPP would have temporary direct effects on recreational users accessing the
Sand Hills SRMA and Uplands RMZ via the East Clark Bench Road (south from U.S. Highway 89),
White House Campground road, and House Rock Valley Road. Temporary direct effects would
occur on recreational users as the pipeline construction would block established access from U.S.
Highway 89 to these roads. These temporary direct effects would have a maximum duration of 8
hours at each road crossing of the pipeline. Temporary bypass roads would provide access to some
of these recreation sites, and the original access would be restored to pre-construction conditions by
the end of the 8-hour duration. It should be noted, however, that no temporary access can be
provided to House Rock Valley Road due to topographic limitations, which would result in effects
on visitors attempting to access that portion of the SRMA/RMZ. Temporary indirect effects from
visual changes, air pollutants, noise, and additional LPP construction traffic would occur where
these roads intersect with U.S. Highway 89. Indirect effects from noise would attenuate to
background levels within about 800 feet of the sources along the pipeline alignment.
Operation Effects
Following construction and restoration, LPP operations would have no direct or indirect effects on
recreational users of the Sand Hills SRMA and Uplands RMZ. Operations would be unnoticed by
those using these areas.
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2.2.7.2 Fredonia Special Recreation Management Area and Associated Recreation
Management Zones

Construction Effects
Construction of the LPP would take place several miles from the Fredonia SRMA and associated
RMZs. Access to these areas would not be affected by construction, and no visual changes, air
pollutants, or noise would be apparent. Therefore, no direct or indirect recreational effects would
occur.
Operation Effects
As described above, LPP facilities would be located several miles from the Fredonia SRMA and
associated RMZs. Therefore, LPP operations would have no direct or indirect effects on recreational
users of the Fredonia SMRA and associated RMZs.
2.2.7.3 Cottonwood Point Wilderness

Construction Effects
Construction of the LPP would have no direct effects on the Cottonwood Point Wilderness. Access
to the wilderness via Highways 389 and County Road 237 would not be impeded. Temporary
indirect effects on wilderness recreational users would result from visual changes, air pollutants,
noise, and additional LPP construction traffic. Construction of facilities, including the pipeline, HS2, and HS-3, would be visible from portions of the Cottonwood Point Wilderness; however, the
indirect visual effects of construction on recreation users would be minimal, because of distance.
Noise generated during construction activities would attenuate to background levels within about
3,000 feet of the pipeline, HS-2, and HS-3 sites. Air pollutants would mostly disperse to below
NAAQS concentrations within the ROW corridor. Recreational users in the Cottonwood Point
Wilderness may temporarily detect nitrogen dioxide from construction equipment emissions under
worst-case conditions.
Operation Effects
Following construction and restoration, LPP operations would have no direct effects on recreation
resources in the Cottonwood Point Wilderness. These operations would not interfere with access to,
or use of, the wilderness. Recreational users would experience indirect effects from viewing HS-2
and HS-3 facilities because of their proximity to the wilderness boundary.
2.2.7.4 Historic Trails

Construction Effects
The pipeline, including HS-2 and HS-3, would have temporary direct and indirect effects on
recreational users of the historic trails during construction. Temporary direct effects would occur on
recreational users as the pipeline construction crosses the historic trails. These temporary direct
effects would have a maximum duration of 8 hours at each trail crossing. Temporary bypass trails
would provide access to the trails, and the original access would be restored to pre-construction
conditions by the end of the 8-hour duration.
Temporary indirect effects due to visual changes, air pollutants/dust, noise, and additional LPP
construction traffic would take place during construction. Noise generated during construction
activities would attenuate to background levels within about 800 feet of the pipeline alignment and
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facility sites and would disrupt recreational experiences of historic trail users. Air pollutants would
mostly disperse to below NAAQS concentrations within the ROW corridors. Recreational users
along the trails may temporarily detect nitrogen dioxide from construction equipment emissions
under worst-case conditions. Several dispersed access points for the historic trails would be
temporarily affected by construction activities and traffic during construction.
Operation Effects
Following construction and restoration, LPP operations would have no direct effects on recreational
users of the historic trails. These operations would not interfere with access to, or use of, the historic
trails. However, users would experience indirect effects as they view HS-2 and HS-3.
2.2.7.5 Fredonia – Vermilion Cliffs Scenic Drive

Construction Effects
Construction of the LPP would have temporary direct effects on recreation resources where the
pipeline crosses Highway 89A. The established road access would be interrupted for a maximum of
8 hours. A temporary bypass road would provide access to Highway 89A, and the original access
would be restored to pre-construction conditions by the end of the 8-hour duration.
Temporary indirect effects from visual changes, air pollutants, noise, and additional LPP
construction traffic would occur on recreational users of the Fredonia–Vermilion Cliffs Scenic Drive
where the buried pipeline would cross under Highway 89A. Indirect effects from construction noise
would attenuate to background levels within about 800 feet of the sources along the pipeline
alignment. Most air pollutants would disperse to below NAAQS concentrations within the
construction ROW. Additional LPP construction traffic would temporarily delay recreational users
in vehicles traveling along Highway 89A.
Operation Effects
LPP operations would have no direct or indirect effects on recreational users of the Fredonia–
Vermilion Cliffs Scenic Drive. Operations would be unnoticed by those using the scenic drive
following construction and restoration.
2.2.7.6 Fredonia – Vermilion Cliffs Scenic Road

Construction Effects
Construction of the LPP would have temporary direct effects on recreation resources where the
pipeline crosses Highway 89A. The established road access would be interrupted for a maximum of
8 hours. A temporary bypass road would provide access to the recreation sites, and the original
access would be restored to pre-construction conditions by the end of the 8-hour duration.
Temporary indirect effects from visual changes, air pollutants, noise, and additional LPP
construction traffic would occur where the pipeline crosses Highway 89A. Indirect effects from
construction noise would attenuate to background levels within about 800 feet of the sources along
the pipeline alignment. Most air pollutants would disperse to below NAAQS concentrations within
the construction ROW. Additional LPP construction traffic would temporarily delay recreational
users.
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Operation Effects
LPP operations would have no direct or indirect effects on recreational users of the FredoniaVermilion Cliffs Scenic Road. Operations would be unnoticed by those using the scenic road
following construction and restoration.
2.2.8 Kaibab Indian Reservation
2.2.8.1 Kaibab Tribe Campground and Recreational Vehicle Park

Construction Effects
Construction of the LPP would take place 4 miles or more south of the campground and RV park.
Therefore, it would have no direct or indirect effects on the recreation resources of these areas.
Operation Effects
LPP operations would take place 4 miles or more south of the campground and RV park. Therefore,
operations would have no direct or indirect effects on recreational users of these areas.
2.2.8.2 Trails

Construction Effects
Construction of the LPP would take place several miles south of KIR trails. Therefore, no direct or
indirect effects on recreation resources associated with these trails would occur.
Operation Effects
LPP operations would take place several miles south of KIR trails. Therefore, no direct or indirect
effects on recreational users of these trails would occur.
2.2.9 Pipe Spring National Monument
Construction Effects
Construction of the LPP would take place about 4 miles south of PSNM. Therefore, no direct or
indirect effects on monument recreation resources would occur.
Operation Effects
LPP operations would take place about 4 miles south of PSNM. Therefore, no direct or indirect
effects on monument recreation resources would occur.
2.2.10 Bureau of Land Management – St. George Field Office
2.2.10.1 Off-Highway Vehicle Use

Construction Effects
Construction of the LPP would have temporary direct effects on OHV use and access on public
lands administered by the BLM SGFO, including motorcycle, ATV, mountain bike, and equestrian
events. These effects would include temporary access interruptions or restrictions along gravel and
dirt roads and trails crossing the pipeline alignment. Roads and trails crossed by the pipeline
construction would be interrupted up to a maximum of 8 hours at each crossing site. Temporary
bypass roads would provide access to the recreation sites, and the original access would be restored
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to pre-construction conditions by the end of the 8-hour duration. Direct effects would occur on
recreational users of the Sky Ranch Road below the Hurricane Cliffs as LPP construction occurs.
Temporary road detours (see Section 1.3, above) would provide access to recreational users of the
Warner Valley below the Hurricane Cliffs. Temporary detours and closures would affect access to
BLM-managed trails and other dispersed recreation sites as LPP construction proceeds.
Temporary indirect effects, including visual changes, air pollutants, noise, and additional LPP
construction traffic would occur on recreational resources along, and users of, the Sky Ranch Road
below the Hurricane Cliffs. Noise generated during construction activities would attenuate to
background levels within about 800 feet of the pipeline alignment and facility sites and would
disrupt recreational experiences of OHV and trail users. Air pollutants would mostly disperse to
below NAAQS concentrations within the ROW corridor. Recreational users along the roads and
trails may temporarily detect nitrogen dioxide from construction equipment emissions under worstcase conditions. Additional LPP construction traffic would occur along the roads and OHV
recreational users would experience delays.
Operation Effects
LPP operations would have no direct effects on OHV use of the Sky Ranch Road below the
Hurricane Cliffs. While LPP operations would go largely unnoticed by users in established OHV
areas, vehicles accessing LPP facilities via the unnamed BLM road below the Hurricane Cliffs would
cause temporary effects on OHV recreational users of these roads because of occasional traffic
delays.
2.2.10.2 Sand Mountain Special Recreation Management Area

Construction Effects
Construction of the LPP would have direct effects on recreation resources in the Sand Mountain
SRMA. The Hurricane Cliffs Waterway and the pipeline to Sand Hollow hydrostation would be
constructed within the eastern portion of the SRMA boundary. The Hurricane Cliffs Waterway
construction would permanently remove from use about 18 acres (0.05 percent of 34,247 acres) of
recreation use opportunities within the SRMA boundary. It would also disrupt access to the SRMA
from Hurricane via the Warner Valley Road trailhead. The 3.8-mile-long pipeline construction would
temporarily remove an additional 60 acres (0.18 percent of 34,247 acres) from recreational use in the
eastern portion of the SRMA. Dispersed recreation and recreational access at pipeline crossings of
gravel and dirt roads would be closed until construction activities are completed.
Temporary indirect effects, including visual changes, air pollutants, noise, and additional LPP
construction traffic would occur on recreational resources within the Sand Mountain SRMA near
the Hurricane Cliffs Waterway and along the pipeline alignment. Noise generated during
construction activities would attenuate to background levels within about 800 feet of the pipeline
alignment and Hurricane Cliffs Waterway site and would disrupt recreational experiences of SRMA
users. Air pollutants would mostly disperse to below NAAQS concentrations within the ROW
corridor. Additional LPP construction traffic would occur along the roads, and recreational users
would experience delays.
Proposed measures to minimize the effects of LPP construction on the Sand Mountain SRMA
recreation are described in Section 1.3, above.
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Operation Effects
LPP operations would have direct and indirect effects on recreational use of the Sand Mountain
SRMA near the Hurricane Cliffs Waterway location. The permanent removal of the Hurricane Cliffs
Waterway area (approximately 18 acres in the eastern portion of the SRMA, (0.05 percent of 34,247
acres) from recreational use would be a direct effect on recreation resources.
Indirect visual effects would result from HS-4, HS-5, the Hurricane Cliffs Waterway, and the
pipeline.
LPP operations would have temporary indirect effects on recreational users accessing the Sand
Mountain SRMA. Vehicles accessing LPP facilities via the Sky Ranch Road below the Hurricane
Cliffs could slightly increase traffic as recreational traffic passes through the area of these facilities,
resulting in occasional delays.
Proposed measures to minimize the effects of LPP operation and maintenance on the Sand
Mountain SRMA recreation are described in Section 1.3, above.
2.2.10.3 Red Cliffs National Conservation Area

Construction Effects
Construction of the LPP would take place 5 miles or more south of RCNCA. Therefore, no direct
or indirect effects on RCNCA recreation resources would occur.
Operation Effects
LPP operations would take place 5 miles or more south of RCNCA. Therefore, no direct or indirect
effects on RCNCA recreation resources would occur.
2.2.10.4 Hurricane Cliffs Non-Motorized Trail System

Construction Effects
The LPP would have no direct effects on users of the Hurricane Cliffs Non-Motorized Trail System.
Access to this trail system would not be impeded during construction. However, temporary indirect
effects on users of the trail system would result from additional LPP construction traffic along
Highway 59 and the Sky Ranch Road below the Hurricane Cliffs.
Operation Effects
LPP operations would have no direct effects on users of the Hurricane Cliffs Non-Motorized Trail
System. While LPP operations would go largely unnoticed by trail users, vehicles accessing
hydropower generation facilities via Highway 59 and the Sky Ranch Road below the Hurricane Cliffs
would cause temporary effects by creating occasional traffic delays.
2.2.11 Private/Local/State Recreational Facilities
2.2.11.1 Amangiri Resort Spa and Villas at Lake Powell

Construction Effects
LPP construction would have temporary direct effects on access to the Amangiri Resort Spa and
Villas at Lake Powell. Pipeline construction along U.S. Highway 89 at the access road intersection
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would temporarily delay or disrupt access to and from the resort for a maximum of 8 hours. A
temporary bypass road would provide access to the resort, and the original access would be restored
to pre-construction conditions by the end of the 8-hour duration.
Temporary indirect effects, including visual changes, air pollutants, noise, and additional LPP
construction traffic would occur at the resort access road intersection with U.S. Highway 89.
Indirect effects from construction noise would attenuate to background levels within about 800 feet
of the sources along the pipeline alignment. Most air pollutants would disperse to below NAAQS
concentrations within the construction ROW. Prevailing winds from the southwest would disperse
residual air pollutants away from the resort. Additional LPP construction traffic would temporarily
delay recreational users in vehicles at the intersection of the resort access road and U.S. Highway 89.
Operation Effects
LPP operations would take place about a mile north and east of the resort spa and villas. Therefore,
no direct or indirect effects on Amangiri recreation resources would occur following construction
and restoration.
2.2.11.2 Paria Outpost Resort and Paria River Ranch

Construction Effects
LPP construction, which would take place across U.S. Highway 89 from the Paria Outpost Resort
and Paria River Ranch, would have temporary indirect effects. Visual changes, air pollutants, noise,
and additional LPP construction traffic would temporarily affect recreational users at the resort and
ranch. Construction noise would attenuate to background levels within about 800 feet of the sources
along the pipeline alignment. Most air pollutants would disperse to below NAAQS concentrations
within the construction ROW. Prevailing winds from the southwest would disperse residual air
pollutants away from the resort and ranch. Additional LPP construction traffic would temporarily
delay recreational users in vehicles at each resort access road intersection with U.S. Highway 89.
Operation Effects
LPP operations would have no direct or indirect effects on recreation resources of the Paria
Outpost Resort or Paria River Ranch. Operations would be unnoticed by those using these facilities
following construction and restoration.
2.2.11.3 Fredonia Welcome Center

Construction Effects
Construction of the LPP would take place 6 miles or more east of the welcome center. Therefore, it
would have no direct or indirect effects on the recreation resources of the Fredonia Welcome
Center.
Operation Effects
LPP operations would take place 6 miles or more east of the welcome center. Therefore, LPP
operation would have no direct or indirect effects on recreational users of the Fredonia Welcome
Center following construction and restoration.
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2.2.11.4 Arizona Strip Pull-Off

Construction Effects
Construction of the LPP would have no direct effects on recreation resources at the Arizona Strip
Pull-Off on Arizona Route 389. Access to the pull-off via Route 389 would not be impeded.
Recreational users of the pull-off would experience temporary indirect effects, including visual
changes, air pollutant, noise, and additional LPP construction traffic, which could include temporary
closures, detours, and congestion from pipeline construction and HS-2 construction along
Yellowstone Road. Noise generated during construction activities would attenuate to background
levels within about 800 feet of the pipeline alignment and facility sites and would disrupt recreational
experiences of pull-off users. Air pollutants would mostly disperse to below NAAQS concentrations
within the ROW corridor. Pull-off users may temporarily detect nitrogen dioxide from construction
equipment emissions under worst-case conditions.
Operation Effects
Following construction and restoration, LPP operations would have no direct effects on pull-off
users. While operations would be unnoticed, pull-off users would experience indirect effects as they
view HS-2.
2.2.11.5 WillowWind Recreational Vehicle Park

Construction Effects
The LPP construction, located 6 miles or more south and east of the RV park, would have no direct
or indirect effects on the RV park.
Operation Effects
LPP operation, located 6 miles of more south and east of the RV park, would have no direct or
indirect effects on the RV park.
2.2.11.6 Sand Hollow Resort

Construction Effects
Temporary indirect effects, including visual changes and additional LPP construction traffic would
occur on Sand Hollow Resort recreational resources and users. The electric power transmission line
would be constructed within about 1,800 feet from the resort and within an area where other
transmission lines currently exist. Noise generated during construction of the electrical power
transmission line would attenuate to background levels within about 800 feet of the transmission
line alignment and would therefore have a negligible effect on Sand Hollow Resort. Air pollutants
would mostly disperse to below NAAQS concentrations within the ROW corridor. Prevailing winds
from the southwest would disperse air pollutants away from Sand Hollow Resort.
Operation Effects
LPP operation of the pipeline and Sand Hollow Hydrostation, which are to take place 3 miles or
more south and east of the resort, would have no direct or indirect effects. Long-term indirect
effects of the operation of the electric power transmission line would occur as recreational users of
the resort would have the transmission line in their viewscape.
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2.2.11.7 Sand Hollow State Park

Construction Effects
Construction of the LPP would have direct and indirect effects on recreation resources within Sand
Hollow State Park. Pipeline construction would temporarily restrict dispersed recreation activities
along the pipeline alignment ROW. Construction of the Sand Hollow Hydrostation would displace
dispersed camping sites along the east shore of Sand Hollow Reservoir.
Temporary indirect effects, including visual changes, air pollutants, noise, and additional LPP
construction traffic would occur on recreational resources and users within Sand Hollow State Park.
Noise generated during construction activities would attenuate to background levels within about
800 feet of the pipeline alignment, electric power transmission line alignment, and Sand Hollow
Hydrostation. The electrical power transmission line would be constructed within a range of about
200 to 600 feet from day-use beach and primitive camping areas, as well as the Sand Pit
Campground. Air pollutants would mostly disperse to below NAAQS concentrations within the
ROW corridor. Prevailing winds from the southwest would disperse air pollutants away from Sand
Hollow State Park primary use areas. Additional LPP construction traffic would occur along the
Sand Hollow Road and recreational users in vehicles would experience delays during construction of
the LPP.
Operation Effects
LPP operations would have long-term direct and indirect effects on recreational use of Sand Hollow
State Park. Approximately 11 acres of land around the Sand Hollow Hydrostation would be
unavailable for recreational use. Recreational boating, water sports, and fishing would be restricted
in the immediate area of the Sand Hollow Hydrostation tailrace. Sand Hollow Reservoir levels would
not fluctuate measurably with the regular discharge of LPP water from the Sand Hollow
Hydrostation.
Long-term direct and indirect effects would result to the recreation visitor viewscape from
development of the Sand Hollow Hydrostation on the southeast shore of the reservoir and the
construction of an electric power transmission line along the southern boundary of the state park.
The electrical power transmission line would be constructed and operated within a range of about
200 to 600 feet from day-use beach and primitive camping areas as well as the Sand Pit
Campground.
As part of the LPP, an Aquatic Invasive Species Control and Monitoring Plan would be developed
and implemented. Should Sand Hollow Reservoir become infested with Quagga mussels as a result
of the LPP, despite all the prevention and control measures outlined in the plan, measures would be
implemented to manage the infestation and control any transfer of aquatic invasive species to Quail
Creek Reservoir and the Virgin River. One of the measures could include the introduction of a
molluscicide into the pipeline at the water intake system. This chemical treatment would remove all
life stages of dreissenid mussels, non-native invertebrates, non-native fish species, and non-native
plant species from the Lake Powell water before it leaves the water intake system.
If a molluscicide were to be used, it would be neutralized before being introduced into Sand Hollow
Reservoir through the LPP. Based on the neutralization of the molluscicide, LPP operations would
have no direct or indirect effects on the recreational sport fish population at Sand Hollow Reservoir.
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Additional information concerning the Aquatic Invasive Species Control and Monitoring Plan and
the potential use of molluscicide is contained in the DEIS Section 3.10, Aquatic Invasive Species,
and Appendix C-12, Aquatic Invasive Species. Additional information concerning fish in the LPP
study area is contained in Appendix C-16, General Fish and Wildlife.
Proposed measures to minimize the effects of LPP operation and maintenance on Sand Hollow
State Park recreation are described in Section 1.3, above.
2.2.12 Arizona Strip Field Office Resource Management Plan Amendment Subalternatives
2.2.12.1 Sub-alternatives 1

Arizona Strip Field Office Resource Management Plan (RMP) Amendment (RMPA) Subalternatives 1 and 3 would not amend any RMP decisions that affect management of recreation or
recreation access opportunities in the Kanab Creek Area of Critical Environmental Concern
(ACEC). These sub-alternatives would not result in effects to recreation resources. These subalternatives would, however, amend Decision No. MA-LR-06 to allow for new land use
authorizations in the ACEC when effects on the sensitive resources for which the area was
designated could be mitigated. However, it is likely that these opportunities would be minimal since
the area is relatively remote and inaccessible.
2.2.12.2 Sub-Alternative 2

Under RMPA Sub-alternative 2, Decision No. MA-AC-11 (stating that only temporary upgrading of
existing roads could occur) and Decision No. MA-AC-12 (stating that “New roads will be
authorized on a temporary basis only or when beneficial for relevant resources”) would no longer
apply to lands excluded from the ACEC. Upgrading of existing roads, and construction of new
roads, could therefore be authorized on any lands removed from the ACEC (905 acres), subject to
site-specific environmental review and analysis, providing additional opportunities for motorized
access to these public lands. Additionally, Decision No. MA-AC-10 (stating in part that “Motorized
use will keep within the designated route with reasonable use of the shoulder and immediate
roadside, allowing for vehicle passage, emergency stopping, or parking, unless otherwise posted”)
would no longer apply to lands excluded from the ACEC. Any lands removed from the ACEC (905
acres) would therefore become subject to the direction contained within Decision No. MA-TM-05,
stating that “motorized vehicles may be allowed to pull off a designated route 100 feet either side of
centerline.” There are currently approximately 0.5 miles of designated routes on lands that would be
excluded from the ACEC; allowing motorized vehicles to pull 100 feet off these routes for camping
or other purposes would provide additional motorized access opportunities for the public on these
lands.
2.2.12.3 Sub-alternative 3

This alternative would result in the same effects as Sub-alternative 1.
2.2.13 Mitigation Measures
Minor changes to the EPMs should be implemented to meet agency-specific goals and objectives for
management of recreation resources. In addition to the EPMs described in Section 1.3, above, the
following mitigation measures would be applicable to the Southern Alternative:
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LPP monitoring, operations, and maintenance vehicles would be restricted to safe operating
speeds according to road locations.
The Toadstools Trailhead parking area would be restored immediately after LPP
construction in the vicinity is complete, in coordination with BLM recreation management
and other resource specialists, as applicable.
The GWT south parking area would be restored immediately after LPP construction in the
vicinity is complete, in coordination with the BLM recreation management specialist and
other resource specialists, as applicable.
Effects on the Sand Mountain SRMA would be mitigated using a combination of on-site and
off-site measures. On-site measures would include: 1) Maintaining vehicle access during and
after construction through and/or around all LPP development; 2) Developing an ATV
trailhead (trailer parking, restroom, information kiosk with maps and other interpretation)
south of Hurricane, but north of the Hurricane Cliffs Waterway; and 3) Developing an ATV
trailhead at Washington Dam Road. If this trailhead has already been developed, access in
this area would be expanded by constructing new ATV trails that access upper Sand
Mountain. Off-site mitigation would include developing maps and other interpretation for
recreation in the Sand Mountain vicinity. The Sand Mountain SRMA recreation mitigation
measures would be specifically designed and constructed in coordination with the BLM
SGFO.
Physical disturbance to the Ferry Swale Area and the Blue Pools trailhead areas within
GCNRA would be restored to previous conditions immediately after LPP construction.

2.3 Highway Alternative
Under the Highway Alternative, a range of no effect, to short-term direct and indirect effects would
occur to recreation resources and users within the Project area during construction of the LPP. Also,
operation of the LPP would range from no effect, to long-term direct and indirect effects on
recreation resources and users within the study area.
The construction and operation effects of the Highway Alternative would be the same as the
Southern Alternative (Section 2.2, above) except for the alignment segment from White Sage Wash
(east of Kanab) to Yellowstone Road west of KIR.
The effects of constructing and operating the LPP Highway Alternative on recreation resources
from White Sage Wash (east of Kanab) to Yellowstone Road west of KIR are presented in the
following sections.
All effects analyses would be the same for GCNRA as under the Southern Alternative since the
alignment does not change on Glen Canyon land between the two alternatives.
2.3.1 Bureau of Land Management – Kanab Field Office
Construction Effects
Construction of the LPP would have temporary direct and indirect effects on recreation resources
within the public lands administered by the BLM KFO. BLM access roads intersecting with U.S.
Highway 89 from White Sage Wash to the established road leading to Lost Spring Gap would be
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temporarily blocked by the pipeline construction, with a maximum duration of 8 hours at each road
crossing. Temporary bypass roads would provide access to the recreation sites, and the original
access would be restored to pre-construction conditions by the end of the 8-hour duration.
access roads intersecting with U.S. Highway 89 east of Johnson Canyon Road would be temporarily
blocked by LPP construction, with a maximum duration of 8 hours at each road crossing.
In addition to being a major access point for the eastern portion of the KFO, Johnson Canyon Road
is also a major access point for the western portion of GSENM. A temporary bypass road would
provide access to Johnson Canyon Road and the original access would be restored to preconstruction conditions by the end of the 8-hour duration. Temporary indirect effects from visual
changes, air pollutants, noise, and additional LPP construction traffic would occur on recreational
users of Johnson Canyon Road itself.
Temporary indirect effects from visual changes, air pollutants, noise, and additional LPP
construction traffic would occur on recreational users of BLM roads intersecting with U.S. Highway
89 from White Sage Wash to the road leading to Lost Spring Gap and BLM roads intersecting with
U.S. Highway 89 east of Johnson Canyon Road. Construction noise would attenuate to background
levels within about 800 feet of the sources along the pipeline alignment. Most air pollutants would
disperse to below NAAQS concentrations within the construction ROW. Additional LPP
construction traffic would temporarily delay recreational users in vehicles accessing sites along U.S.
Highway 89 and Johnson Canyon Road.
Operation Effects
LPP operations would have no direct or indirect effects on recreation resources on KFOadministered lands. Operations would be unnoticed following construction and restoration.
2.3.2 Arizona Strip Field Office
2.3.2.1 Fredonia Special Recreation Management Area and Associated Recreation
Management Zones

Construction Effects
Construction of the LPP would have temporary direct and indirect effects on the Fredonia SRMA
and associated Recreation RMZs. Public access to the construction area within the SRMA and
RMZs would be temporarily blocked by construction of the LPP with a maximum duration of 8
hours at each road crossing. Temporary bypass roads would provide access to the area, and the
original access would be restored to pre-construction conditions by the end of the 8-hour duration.
Temporary indirect effects, including visual changes, air pollutants, and noise, would affect
recreational use of portions of the SRMA and RMZs. Indirect effects from construction noise would
attenuate to background levels within about 800 feet of the sources along the pipeline alignment.
Most air pollutants would disperse to below NAAQS concentrations within the construction ROW.
Prevailing winds from the southwest would disperse residual air pollutants along the northwest
boundary of the SRMA, Fredonia Rural Park RMZ, and Shinarump Cliffs RMZ.
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Operation Effects
LPP operations would have no direct or indirect effects on recreational users of the Fredonia SMRA
and associated RMZs. Operations would be unnoticed by users following construction and
restoration.
2.3.2.2 Cottonwood Point Wilderness

Construction Effects
The LPP would cross Arizona Highway 389 west of the wilderness area near Colorado City. Access
to the wilderness area via Arizona Highways 389 and County Road 237 would not be impeded.
Temporary indirect effects on wilderness area recreational users would result from visual changes,
air pollutants, noise, and additional LPP construction traffic. Construction of facilities, including the
pipeline, HS-2, and HS-3, would be visible from the western portions of the Cottonwood Point
Wilderness; however, the indirect visual effects of construction on recreation users would be
minimal because of distance. Noise generated during construction activities would attenuate to
background levels within about 3,000 feet of the pipeline, HS-2, and HS-3 sites. Air pollutants
would mostly disperse to below NAAQS concentrations within the ROW corridor. Recreational
users in the Cottonwood Point Wilderness may temporarily detect nitrogen dioxide from
construction equipment emissions under worst-case conditions.
Operation Effects
Following construction and restoration, LPP operations would have no direct effects on recreation
resources in the Cottonwood Point Wilderness. These operations would not interfere with access to,
or use of, the wilderness area. Recreational users would experience indirect effects from viewing
HS-2 and HS-3 facilities because of their proximity to the wilderness area boundary.
2.3.2.3 Historic Trails

Construction Effects
The LPP, including HS-2, would have temporary direct effects on recreational users of the historic
trails during construction of these features. Temporary direct effects would occur on recreational
users as the pipeline construction crosses the historic trails. These temporary direct effects would
have a maximum duration of 8 hours at each trail crossing. Temporary bypass trails would provide
access to the trails, and the original access would be restored to pre-construction conditions by the
end of the 8-hour duration.
The LPP, including HS-2, would have temporary indirect effects on historic trails during
construction of these features. These effects include visual changes, air pollutants, noise, and
additional LPP construction traffic. Noise generated during construction activities would attenuate
to background levels within about 800 feet of the pipeline alignment and facility sites. Air pollutants
would mostly disperse to below NAAQS concentrations within the ROW corridor. Recreational
users along the trails may temporarily detect nitrogen dioxide from construction equipment
emissions under worst-case conditions. Several dispersed access points for the historic trails would
be temporarily affected by construction activities and traffic during construction.
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Operation Effects
Following construction and restoration, LPP operations would have no direct effects on recreational
users of the historic trails. Access to, and use of, these trails would not be impeded. Users would
experience indirect effects as they view HS-2 and HS-3.
2.3.2.4 Fredonia – Vermilion Cliffs Scenic Drive

Construction Effects
Construction of the LPP would have temporary direct effects on recreation resources where the
pipeline crosses Highway 89A just north of the Fredonia Welcome Center. The road would be
bypassed for a maximum of 8 hours. A temporary bypass road would provide access, and the
original access would be restored to pre-construction conditions by the end of the 8-hour duration.
Temporary indirect effects from visual changes, air pollutants, noise, and additional LPP
construction traffic would occur on recreational users of the Fredonia–Vermilion Cliffs Scenic Drive
where the buried pipeline would cross under Highway 89A. Indirect effects from construction noise
would attenuate to background levels within about 800 feet of the sources along the pipeline
alignment. Most air pollutants would disperse to below NAAQS concentrations within the
construction ROW. Additional LPP construction traffic would temporarily delay recreational users
in vehicles traveling along Highway 89A.
Operation Effects
LPP operations would have no direct or indirect effects on recreational users of the Fredonia–
Vermilion Cliffs Scenic Drive following construction and restoration. These operations would be
unnoticed by those using the scenic drive.
2.3.3 Kaibab Indian Reservation
2.3.3.1 Kaibab Tribe Campground and RV Park

Construction Effects
Construction of the LPP would have temporary direct effects on access to the Kaibab Tribe
Campground and RV Park. Pipeline construction along Highway 389 at the access road intersection
would temporarily delay or disrupt access to and from the campground and RV park for a maximum
of 8 hours. A temporary bypass road would provide access, and the original access would be
restored to pre-construction conditions by the end of the 8-hour duration.
Temporary indirect effects, including visual changes, air pollutants, noise, and additional LPP
construction traffic would occur at the campground and RV park access road intersection with
Highway 389. Indirect effects from construction noise would attenuate to background levels within
about 800 feet of the sources along the pipeline alignment. Most air pollutants would disperse to
below NAAQS concentrations within the construction ROW. Additional LPP construction traffic
would temporarily delay recreational users in vehicles at the intersection of the access road and
Highway 389.
Operation Effects
LPP operations would have no direct or indirect effects on recreational users of the Kaibab Tribe
Campground and RV Park following construction and restoration. These operations would be
unnoticed by those accessing and using the campground and RV park.
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2.3.3.2 Trails

Construction Effects
The LPP would have temporary direct and indirect effects on recreational users of the KIR trails
during construction of the pipeline. Temporary direct effects would occur on recreational users as
the pipeline construction crosses the Honeymoon Trail. These temporary direct effects would have a
maximum duration of 8 hours at each trail crossing. Temporary bypass trails would provide access
to the trails, and the original access would be restored to pre-construction conditions by the end of
the 8-hour duration. The LPP would have temporary indirect effects, including visual changes, noise,
air pollutants/dust, and additional LPP construction traffic, which could include temporary closures,
detours, and congestion on recreational users accessing the Honeymoon Trail during construction.
Noise generated during construction activities would attenuate to background levels within about
800 feet of the pipeline alignment and facility sites and would disrupt recreational experiences of
historic trail users. Air pollutants would mostly disperse to below NAAQS concentrations within the
ROW corridor. Recreational users along the trails may temporarily detect nitrogen dioxide from
construction equipment emissions under worst-case conditions. Several dispersed access points for
the historic trails would be temporarily affected by construction activities and traffic during
construction. No construction effects on the Hearts Canyon Trail are anticipated since this trail is
located several miles north of Highway 389.
Operation Effects
LPP operations would have no direct or indirect effects on recreational users of trails crossing
through the KIR following construction and restoration. These operations would be unnoticed by
those accessing and using the trails.
2.3.4 Pipe Spring National Monument
Construction Effects
Construction of the LPP would have temporary direct effects on access to PSNM. Pipeline
construction along Highway 389 at the access road intersection would temporarily delay or disrupt
access to and from the monument for a maximum of 8 hours during the construction of this
crossing. A temporary bypass road would provide access, and the original access would be restored
to pre-construction conditions by the end of the 8-hour duration. Temporary indirect effects,
including visual changes, air pollutants/dust, and noise, would be visible and audible from the
monument trails and fort and would temporarily affect the historic setting. Indirect effects from
construction noise would attenuate to background levels within about 800 feet of the sources along
the pipeline alignment. Most air pollutants and dust would disperse to below NAAQS
concentrations within the construction ROW.
Operation Effects
LPP operations would have long-term indirect effects on recreational users of PSNM following
construction and restoration as a result of the persisting landscape visual disturbance and ROW
access corridor, which would be visible from the monument and would affect the historic setting.
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2.3.5 Private/Local/State Recreational Facilities
2.3.5.1 Fredonia Welcome Center

Construction Effects
Construction of the LPP would have direct and indirect effects on the recreation resources of the
Fredonia Welcome Center. The pipeline would cross Highway 89A about 300 feet north of the
welcome center and recreational access to the center would be temporarily bypassed during
construction of the crossing. The resulting effect would be interrupted recreational opportunity
during construction in the vicinity of the center. A temporary bypass road would provide access, and
the original access would be restored to pre-construction conditions by the end of the 8-hour
duration.
Temporary indirect effects from visual changes, air pollutants, noise, and additional LPP
construction traffic would temporarily affect recreational use of the Fredonia Welcome Center when
open. Construction noise would attenuate to background levels within about 800 feet of the sources
along the pipeline alignment. Most air pollutants would disperse to below NAAQS concentrations
within the construction ROW. Prevailing winds from the southwest would disperse residual air
pollutants away from the center. Additional LPP construction traffic would temporarily delay
recreational users in vehicles accessing the Fredonia Welcome Center from Highway 89A.
Operation Effects
LPP operations would have no direct or indirect effects on recreational users of the Fredonia
Welcome Center. These operations would be unnoticed by those using the welcome center
following construction and restoration.
2.3.5.2 Arizona Strip Pull-Off

Construction Effects
Construction of the LPP would have no direct effects on recreation resources at the Arizona Strip
Pull-Off on Arizona Route 389. Access to the pull-off via Route 389 would not be impeded.
Recreational users of the pull-off would experience temporary indirect effects, including visual, air
pollutant, and noise effects from HS-2 construction on the north side of Route 389. Noise generated
during construction activities would attenuate to background levels within about 800 feet of the
pipeline alignment and facility sites and would disrupt recreational experiences of pull-off users. Air
pollutants would mostly disperse to below NAAQS concentrations within the ROW corridor.
Prevailing winds from the southwest would disperse residual air pollutants away from the pull-off.
Operation Effects
LPP operations would have no direct effects on recreational users of the Arizona Strip Pull-Off.
Recreational users of the pull-off would experience indirect effects from viewing HS-2 in the middle
ground distance zone.
2.3.6 Mitigation Measures
In addition to the environmental protection measures described above in Section 1.3, the Highway
Alternative would have the same mitigation measures for recreation resources as described in
Section 2.2.12.
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2.4 Comparative Analysis of Alternatives
Under both the Southern and Highway Alternatives, a range of no effect, to short-term direct and
indirect effects would occur to recreation resources and users within the study area during
construction of the LPP. Also, operation of the LPP would have a range of no effect, to long-term
direct and indirect effects to recreation resources and users within the study area. The Highway
Alternative has some direct and indirect temporary and long-term effects upon specific high use
areas where no effects would occur under the Southern Alternative due to the location of those
recreational use sites. These effects are identified in the sections below.
All effects analyses would be the same for GCNRA as under the Southern Alternative since the
alignment does not change on Glen Canyon land between the two alternatives.
2.4.1 Bureau of Land Management Arizona Strip Field Office
2.4.1.1 Fredonia Special Recreation Management Area and Associated Recreation
Management Zones

Construction of the LPP would have temporary direct and indirect effects on the Fredonia SRMA
and associated Recreation RMZs. Pipeline construction would occur for 0.8 mile along the
northwest boundary of the SRMA and Fredonia Rural Park RMZ. Public access to the construction
area within the SRMA and RMZ would be temporarily blocked by Construction of the LPP with a
maximum duration of 8 hours at each road crossing. Temporary bypass roads would provide access
to the area, and the original access would be restored to pre-construction conditions by the end of
the 8-hour duration.
Temporary indirect effects, including visual changes, air pollutants, and noise would affect
recreational use of portions of the SRMA and RMZs.
2.4.2 Fredonia Welcome Center
Construction of the LPP would have direct and indirect effects on the recreation resources of the
Fredonia Welcome Center. The pipeline would cross Highway 89A about 300 feet north of the
welcome center and recreational access to the center would be temporarily bypassed during
construction of the crossing. The resulting effect would be interrupted recreational opportunity
during construction in the vicinity of the center, although a temporary bypass road would provide
access, and the original access would be restored to pre-construction conditions by the end of the 8hour duration.
Temporary indirect effects, including visual changes, air pollutants, noise, and additional LPP
construction traffic would temporarily affect recreational use of the Fredonia Welcome Center when
open.
2.4.3 Kaibab Indian Reservation
2.4.3.1 Kaibab Tribe Campground and RV Park

Construction of the LPP would have temporary direct effects on access to the Kaibab Tribe
Campground and RV Park. Pipeline construction along Highway 389 at the access road intersection
would temporarily delay or disrupt access to and from the campground and RV park for a maximum
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of 8 hours. A temporary bypass road would provide access, and the original access would be
restored to pre-construction conditions by the end of the 8-hour duration.
Temporary indirect effects, including visual changes, air pollutants, noise, and additional LPP
construction traffic would occur at the campground and RV park access road intersection with
Highway 389. Indirect effects from construction noise would attenuate to background levels within
about 800 feet of the sources along the pipeline alignment. Most air pollutants would disperse to
below NAAQS concentrations within the construction ROW. Additional LPP construction traffic
would temporarily delay recreational users in vehicles at the intersection of the access road and
Highway 389.
2.4.3.2 Trails

The LPP would have temporary direct and indirect effects on recreational users of the KIR trails
during construction of the pipeline. Temporary direct effects would occur on recreational users as
the pipeline construction crosses the Honeymoon Trail. These temporary direct effects would have a
maximum duration of 8 hours at each trail crossing. Temporary bypass trails would provide access
to the trails, and the original access would be restored to pre-construction conditions by the end of
the 8-hour duration. The LPP would have temporary indirect effects, including visual changes, noise,
air pollutants/dust, and additional LPP construction traffic which could include temporary closures,
detours, and congestion on recreational users accessing the Honeymoon Trail during construction.
Noise generated during construction activities would attenuate to background levels within about
800 feet of the pipeline alignment and facility sites and would disrupt recreational experiences of
historic trail users. Air pollutants would mostly disperse to below NAAQS concentrations within the
ROW corridor. Recreational users along the trails may temporarily detect nitrogen dioxide from
construction equipment emissions under worst-case conditions. Several dispersed access points for
the historic trails would be temporarily affected by construction activities and traffic during
construction. No construction effects on the Hearts Canyon Trail are anticipated since this trail is
located several miles north of Highway 389.
2.4.4 Pipe Spring National Monument
Construction of the LPP would have temporary direct effects on access to PSNM. Pipeline
construction along Highway 389 at the access road intersection would temporarily delay or disrupt
access to and from the monument for a maximum of 8 hours. A temporary bypass road would
provide access, and the original access would be restored to pre-construction conditions by the end
of the 8-hour duration. Temporary indirect effects, including visual, air pollutant/dust, and noise
effects, would be visible and audible from the monument trails and fort and would affect the historic
setting. Indirect effects from construction noise would attenuate to background levels within about
800 feet of the sources along the pipeline alignment. Most air pollutants would disperse to below
NAAQS concentrations within the construction ROW.
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4 Glossary
Pipeline. A high-pressure conduit extending from the Hurricane Cliffs Waterway to the Sand
Hollow Hydrostation.
Pipeline. A line of connected pipes used for carrying water over a long distance.
Rights-of-way (ROWs). Grants that authorize rights and privileges for a specific use of the land
for a specific period of time.
Water Intake System. A structure to divert water into a conduit or pipe.
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5 Acronyms
ACEC
ASFO
ATV
BIA
BLM
BPS
CFR
CI
CIC
dBA
DEIS
EPM
GCNRA
GSENM
GWT
KEPA
KFO
KIR
LPP
MBTA
NAAQS
NPS
OHV
ORV
PCVCW
PM10
POD
PSNM
RCNCA
Reclamation
RMP
RMPA
RMZ
ROW
RV
SGFO
SMA
SRMA
Tribe
UDWRe
USC
VCNM
WSA

Kanab Creek Area of Critical Environmental Concern
Arizona Strip Field Office
all-terrain vehicle
Bureau of Indian Affairs
Bureau of Land Management
booster pump station
Code of Federal Regulations
Compliance Inspector
Compliance Inspector Contractor
A-weighted decibels
Draft Environmental Impact Statement
Environmental Protection Measure
Glen Canyon National Recreation Area
Grand Staircase-Escalante National Monument
Great Western Trail
Kanab Escalante Planning Area
Kanab Field Office
Kaibab Indian Reservation
Lake Powell Pipeline Project
Migratory Bird Treaty Act
National Ambient Air Quality standards
National Park Service
off-highway vehicle
off-road vehicle
Paria Canyon Vermilion Cliffs Wilderness
particles 10 microns or less in diameter
Plan of Development
Pipe Spring National Monument
Red Cliffs National Conservation Area
Bureau of Reclamation
Arizona Strip Field Office Resource Management Plan
Arizona Strip Field Office Resource Management Plan Amendment
Recreation Management Zone
right-of-way
recreational vehicle
Saint George Field Office
Special Management Area
Special Recreation Management Area
Kaibab Paiute Band of Indians
Utah Division of Water Resources
United States Code
Vermilion Cliffs National Monument
wilderness study area
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1 Introduction/Affected Environment
Through coordination with the state, the Bureau of Reclamation (Reclamation) conducted several
hydrologic modeling runs using Reclamation’s long-term planning model, the Colorado River
Simulation System (CRSS). The CRSS is the modeling tool used to assess the effects of the Lake
Powell Pipeline (LPP) alternatives on water resources and to provide relevant information for other
models used to assess other resources. Hydrologic modeling provides projections of potential future
Colorado River system conditions (e.g., reservoir elevations, reservoir releases, and river flows)
under the No Action Alternative for comparison with conditions under the Southern and Highway
Alternatives. This report presents the results of two hydrologic modeling runs: one for the No
Action Alternative and one that represents either the Southern or Highway Alternative. This is due
to the fact that there is no difference between the Southern and Highway Alternatives in how or
when water would be diverted at Lake Powell.
Due to uncertainties associated with future inflows into the Colorado River system, multiple
simulations were performed for each alternative in order to quantify the uncertainties in future
conditions, and the modeling results are typically expressed in probabilistic terms. Further details
regarding the CRSS and its standard assumptions are available in the modeling appendix of the 2007
Interim Guidelines Environmental Impact Statement (EIS ) (Interim Guidelines Appendix A,
Reclamation 2007a). This appendix provides a brief background on the CRSS, all relevant modeling
assumptions used in CRSS, and a description of any changes made to the CRSS, specifically for the
Proposed Project modeling.
The results of these model runs were used to determine potential effects on the hydrology of the
Colorado River System from development of Utah Board of Water Resources’ water right. These
depletions and diversions were covered in the 2005 Operation of Flaming Gorge Dam Final EIS
and are being analyzed for the purpose of signing Contract No. 17-WC-40-656 for Exchange of
Water-Lake Powell Pipeline between the United States of America and the State of Utah. The LPP
water exchange contract was designed to be in compliance with the Flaming Gorge Record of
Decision (ROD). In other words, executing the water exchange contract would not change
operations at Flaming Gorge Dam.
LPP water would be delivered through the pipeline to Sand Hollow Reservoir. The Utah Division of
Water Resources (UDWRe) applied the Virgin River Daily Simulation Model (VRDSM) to
determine the effects of the additional water into the Virgin River system. The VRDSM is a mean
daily simulation model of the Virgin River developed by the UDWRe. The model is a FORTRANbased yield model used to evaluate potential changes in operations on the Virgin River in southwest
Utah. The model simulates the river system from the Virgin River at Virgin gage to the UtahArizona state line for a 78-year period from 1941 to 2018. The model simulates the Quail Creek
Project, Sand Hollow Reservoir, pump-back from the Washington Fields diversion to Sand Hollow
Reservoir, hydropower plants in operation within the Washington County Water Conservancy
District (WCWCD) and streamflow requirements (UDWRe 2020). The model has the capability to
simulate additional regulating storage, an expanded secondary system for the St. George area and the
importation of Lake Powell reservoir water to Sand Hollow Reservoir by the Proposed Project.

1

A discussion of cumulative effects is provided in Appendix C-25, Cumulative Effects. This appendix
describes the cumulative effects of past, present, and reasonably foreseeable actions on hydrology as
it relates to the No Action Alternative, Southern Alternative, and Highway Alternative.

1.1 Regulatory Framework
Lake Powell, along with its associated major tributaries, is the second-largest man-made reservoir on
the Colorado River (Lake Mead is the largest) and the largest reservoir constructed by the
Reclamation under the authority of the Colorado River Storage Project Act of 1956. Lake Powell has
a maximum live storage capacity of around 24.3 million acre-feet (maf). At full pool capacity, the
mean depth is approximately 165 feet, with a maximum depth of about 560 feet in the forebay area
of the dam. Lake Powell provides water storage for use in meeting the compact obligations
consistent with the Law of the River (Reclamation 2007a, 2007b). Specifically, Lake Powell provides
storage needed to assist the Upper Division States in meeting their Colorado River Compact
obligations. Annual releases from Glen Canyon Dam are made pursuant to the Long-Range
Operating Criteria and its current implementation through the 2007 Colorado River Interim
Guidelines for Lower Basin Shortages and Coordinated Operations for Lakes Powell and Mead
(Interim Guidelines), and the 2019 Drought Contingency Plans (DCPs). Hourly, daily, and monthly
releases are made pursuant to the 2016 Long Term Experimental Management Plan. Water released
from Lake Powell for compliance with the provisions of the Colorado River Compact also generates
hydroelectric power through the Glen Canyon Dam powerplant and provides benefits to recreation.

1.2 Colorado River Simulation System Methodology
The modeling runs present modeling results comparing the Proposed Project depletion against the
No Action Alterative using historical natural flow hydrology and climate change (CC) hydrology.
Future Colorado River system conditions under the Southern and Highway Alternatives and No
Action Alternative were simulated using CRSS. The model framework of CRSS is a commercial river
modeling software called Riverware (Zagona et al. 2001); a generalized river basin modeling software
package developed by the University of Colorado through a cooperative arrangement with
Reclamation and the Tennessee Valley Authority. CRSS was originally developed by Reclamation in
the early 1970s and was implemented in Riverware in 1996.
CRSS simulates the operation of the major reservoirs on the Colorado River on a monthly time-step
and provides information regarding the projected future state of the system in terms of output
variables including the amount of water in storage, reservoir elevations, releases from the dams, the
amount of water flowing at various points throughout the system, and the diversions to and return
flows from the water users throughout the system. The simulation uses a mass balance (or water
budget) approach to account for water entering the system, water leaving the system (e.g., from
consumptive use of water, trans-basin diversions, and evaporation), and water moving through the
system (i.e., either stored in reservoirs or flowing in river reaches). The model was used to project
the future conditions of the Colorado River system on a monthly time-step for the period from 2020
through 2060.
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The input data for the model includes monthly future inflows (either direct natural flow [DNF] or
CC), various physical process parameters such as the evaporation rates for each reservoir, initial
reservoir conditions on January 1, 2020, and the future diversion and depletion schedules for entities
in the Basin States and Mexico. Depletions (or water use) are defined here as diversions from the
river less return flow credits, where applicable. Depletion data were taken from the depletion
Schedule A (current projected trends) from the 2012 Colorado River Basin Water Supply and
Demand Study (Basin Study). These data were provided by each of the Basin States for the 2012
Basin Study and represent the most current demand data available for CRSS (Basin Study, Technical
Report C – Water Demand Assessment, Reclamation 2012). These water demands were derived
from the needs of various uses, including municipal and industrial (M&I) use, hydropower
generation, recreation, and fish and wildlife habitat. In addition, losses in the study area due to
evaporation and other factors were assessed. Because future water supply and demand throughout
the study area are uncertain, scenarios were developed that are sufficiently broad to span that
uncertainty, including the potential effects of future CC (Reclamation 2012). Working with the
Upper Basin States and their information concerning future water use and demand, Reclamation
incorporates assumptions regarding annual water use associates with each individual water user and
will increase or remain constant on an annual basis according to the demand information provided.
The rules of operation of the Colorado River mainstream reservoirs including Lake Powell are also
provided as input to the model. These sets of operating rules describe how water is released and
delivered under various hydrologic conditions.
1.2.1 General Model Assumptions
The following provides the general model assumptions:
January 2020 initial conditions for all modeled reservoirs;
Lake Powell 3,608.24 feet;
Run duration: 2020 to 2060;
Runs revert to the Interim Guidelines No Action Alternative in 2027;
DCP Operational Parameters revert in 2027;
Index Sequential Method (ISM) used for the DNF period of record (1906 to 2018): 113
simulations; and
CC inflows: 112 simulations.
Table 1.2-1 provides the modeling assumptions for inflow hydrology and the demand scenarios.
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Table 1.2-1 Modeling Assumptions for Inflow Hydrology and Demand Scenarios by Alternative
Sensitivity
Sensitivity
Southern and
Analysis Southern
No
Analysis No
Highway
Model Assumptions
and Highway
Action
Action
Alternatives
Alternatives

Direct Natural Flow Inflow
Hydrology
Climate Change Inflow Hydrology
2012 Basin Study Current Projected
2020 Constant Demands
2012 Basin Study Current Projected
Reasonably Foreseeable Constant
2060 Demands
2012 Basin Study Current Projected
Increasing Demands
LPP Depletion Increasing Demands

X

X

X

X

X
X

X
X

X

X

X

X
X

X

X

X

X

X

Key:
Basin Study = 2012 Colorado River Basin Water Supply and Demand Study
LPP = Lake Powell Pipeline

1.2.2 Colorado River Simulation System Data
For the No Action Alternative and Southern and Highway Alternatives, depletions and diversion
information was compartmentalized into two categories: (1) reasonably foreseeable depletions that
are defined as Upper Basin depletions with state legislation, a tribal resolution or federal Indian
water settlement, a federal finding of no significant impact (FONSI) or ROD; and (2) depletions
that cannot be defined as reasonably foreseeable. Those depletions that cannot be defined as
reasonably foreseeable remained constant at the 2020 depletion levels associated with the Basin
Study Current Projected demand scenario. Those depletions assumed reasonably foreseeable are
held constant at 2060 levels, and include the Central Utah Project, Animas-La Plata, Dolores Project,
Navajo-Gallup, Ute Indian Compact, and Navajo Indian Irrigation Project. See Section 1.2.3, below,
for more details and Attachment A, Reasonably Foreseeable Depletion Nodes. The two categories
of demand data were held constant with the LPP depletions increasing according to the schedule
outlined in Attachment B, Pipeline Depletions Schedule, in order to accurately assess the interannual
effects of an increasing depletion on the Colorado River system, while including reasonably
foreseeable demands that are held constant at their full demand allotment to provide the maximum
impact. Note that the 2020 depletions levels modeled are based upon the Upper Basin 2012 Basin
Study Current Projected depletion schedules in the CRSS and not the observed (or computed)
depletions reported in the 2020 Consumptive Uses and Losses Report (Reclamation 2019a), which
was not available at the time of this analysis or the writing of this report and will later be prepared by
Reclamation apart from this Proposed Project. Reclamation will incorporate updated information
into our modeling analysis if it is available within the timeline for the Final EIS and ROD.
For each alternative, two future inflow hydrologies were modeled. One inflow hydrology uses data
from the observed streamflow record (1906 to 2018). The other inflow hydrology uses hydrologic
data derived from CC emission traces to represent a range of possible future inflows under the
assumption of CC in the Colorado River Basin. These data and methods are discussed in further
detail below.
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1.2.3 Future Depletion Alternatives
1.2.3.1 No Action

Under the No Action Alternative, depletions from the Proposed Project were assumed to be zero
for the entire model run (2020 to 2060). Depletion data for all other locations in CRSS were taken
from the depletion Schedule A (current projected trends) from the Basin Study. These data were
provided by each of the Basin States for the Basin Study and represent the most current demand
data available for CRSS (Basin Study, Technical Report C – Water Demand Assessment,
Reclamation 2012). For the analysis presented here, all Upper Basin depletions were held constant at
2020 levels for the years 2020 to 2060 except those identified as reasonably foreseeable, which were
held constant at 2060 levels.
1.2.3.2 Southern and Highway Alternatives

Under the Southern and Highway Alternatives, Lake Powell depletion data for this alternative were
provided by the Utah Board of Water Resources. The depletion schedules for the No Action
Alternative and the Southern and Highway Alternatives for both the historical hydrology
assumptions and CC assumptions are the same. The LPP maximum annual depletion is 86,249 acrefeet. Also, for both schedules, depletions are zero for the years 2020 through 2027. Depletions
under the Southern and Highway Alternatives start at 16,698 acre-feet per year in the year 2028 and
increase each year to a total of 86,249 acre-feet in the year 2049 for the historical hydrology inflows
and the CC hydrology inflows. The depletion schedules for the Southern and Highway Alternatives
are provided in Attachment B, Pipeline Depletion Schedule. Annual depletion volumes Southern
and Highway Alternatives were disaggregated to monthly volumes based upon pump data that
determined the number of pump days required each year. It was assumed that the pumps would
operate at a constant flow rate from the first day of operation until the number of pump days was
fulfilled each year. In addition, it was assumed that no pumping would occur the first 15 days of
January each year to accommodate annual pipeline maintenance. In this modeling, Colorado Basin
future total annual depletions are significantly lower than those modeled in the 2012 Basin Study and
the 2007 Final EIS of the Colorado River Interim Guidelines for Lower Basin Shortages and
Coordinated Operations for Lake Powell and Lake Mead (Interim Guidelines EIS; Reclamation
2007a). This is because for the purposes of this analysis all depletions except the Southern and
Highway Alternatives and those identified as reasonably foreseeable held at 2060 levels were held
constant at 2020 depletion levels.
For the Southern and Highway Alternatives, existing and foreseeable depletions were held the same
as the No Action Alternative, but depletions from the LPP were incorporated based on a demand
schedule provided by the Project Proponent. In other words, the two alternatives differ only by the
volume of water being diverted to the LPP. Thus, this modeling approach presents decisionmakers
and the public with a comparative analysis as required by the National Environmental Policy Act of
1969 (40 Code of Federal Regulations 1502.14).
This modeling assumption is different than standard CRSS model runs that are used in a long-term
basin-wide planning context (e.g., the 2012 Basin Study). CRSS runs performed in a basin-wide
planning context typically project that future Upper Basin depletions increase throughout the entire
model run period. The model runs presented in this report analyze the difference between diverting
water out of the Colorado River at Lake Powell through the LPP (Southern and Highway
Alternatives) and not diverting the water (No Action Alternative).
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Another key assumption in this modeling is that all Upper Basin depletions except for the LPP and
other future depletions assumed to be reasonably foreseeable are modeled as constant at the 2020
depletion levels for the entire model run. In this context, a reasonably foreseeable future depletion is
one which has state legislation, or a tribal resolution or federal Indian water settlement, or a federal
FONSI or ROD. See Section 2.3, Comparative Analysis of Alternatives for further discussion and
Attachment A, Reasonably Foreseeable Depletion Nodes, for specific CRSS model depletion nodes.
1.2.4 Future Inflow Hydrology
1.2.4.1 Historical Hydrology - Direct Natural Flow

The future hydrology used as input to the model in this alternative consisted of samples taken from
the historical record of natural flow in the river system over the 113-year period from 1906 through
2018 from 29 individual inflow points (or nodes) on the Colorado River System. Natural flow is the
observed flow adjusted for the effects of diversions and the operation of reservoirs upstream of the
flow gage. This natural flow record was developed by Reclamation and is used extensively in their
hydrologic modeling and EISs (Reclamation 2019b). In this inflow alternative, the existing historical
record of natural flows was used to create a number of different future hydrologic sequences using a
resampling technique known as the ISM (Ouarda et al. 1997; Kendall and Dracup 1991). The ISM
provides the basis for quantification of the uncertainty and an assessment of the risk with respect to
future inflows and is based upon the best available measured data. This inflow dataset and
methodology was used as the primary inflow hydrology in the Interim Guidelines and one of the inflow hydrologies used in the 2012 Basin Study.
1.2.4.2 Climate Change Hydrology

This future inflow hydrology alternative uses CC projections used in the 2012 Basin Study. The data
consist of 112 “traces” of CC projections of simulated historical and future monthly streamflow
from 1950 to 2099. The 112 streamflow projections were developed using General Circulation
Model output of 112 future projections of temperature and precipitation output; the temperature
and precipitation data was statistically downscaled to a gridded 15 km (9.3 miles) x 15 km (9.3 miles)
spatial scale; and then utilized in a hydrologic model (Variable Infiltration Capacity) of the Colorado
River Basin to simulate future runoff (Reclamation 2011). The 112 projections of gridded future
runoff were routed to streamflow at 29 select natural flow node locations in the Colorado River
Basin, and bias corrected against Reclamation’s historical natural streamflow data. Further
information on this data and its use in in Colorado River Basin modeling are available in the
Colorado River Basin Water Supply and Demand Study Final Study Report, Technical Report B –
Supply (Reclamation 2012).
It should be mentioned that the CC streamflow projections used in this study were developed using
Coupled Model Intercomparison Project 3 (CMIP3) projections of future temperature and
precipitation. Additional CC projections Coupled Model Intercomparison Project 5 (CMIP5) for
temperature, precipitation, and streamflow have recently become available; however, at the time of
this report, additional analysis and data processing is needed before the CMIP5 data are ready for
use in CRSS. More information about the CMIP3 and CMIP5 climate and hydrology projections is
available online (Reclamation 2013).

6

1.2.5 Period of Analysis
Hydrologic modeling extends from 2020 through 2060.
1.2.6 Modifications to Colorado River Simulation System
Several modifications were made to the official version of CRSS to model the LPP for this analysis.
Data were provided to Reclamation by the Utah Board of Water Resources to describe the location,
timing, and volume of water to be diverted through the LPP in this analysis. A new diversion node,
“Lake Powell Pipeline,” was added to CRSS to simulate water pumped directly from Lake Powell.
The spatial structure of previous versions of CRSS simulated a diversion to the “St. George
Pipeline” at a location slightly upstream from Lake Powell. The old “St. George Pipeline” diversion
node was removed from the model for this analysis.
In addition, in the official version of the CRSS model, Upper Basin depletions increase over time
based on demand and depletion projections prepared and submitted by the Upper Basin States.
1.2.7 Post-processing and Interpretation Procedures
Each alternative (Pipeline and No Action) was modeled using both the DNF and CC future inflow
alternatives, resulting in four model runs. For comparison purposes, the Southern and Highway
Alternatives are compared to the No Action Alternative. The comparisons are made using both the
DNF and CC future inflow alternatives. The following variables were evaluated:
Powell pool elevation on December 31 (10th, 50th, 90th percentiles over time);
Probability of Powell March 31 elevation < 3,490 feet;
Powell water year release (10th, 50th, 90th percentiles over time);
Powell water year release (flow duration curve throughout time);
Powell monthly releases (12 months) (10th, 50th, 90th percentiles over time);
Flaming Gorge annual release (10th, 50th, 90th percentiles over time); and
Flaming Gorge pool elevation on December 31 (10th, 50th, 90th percentiles over time).
The CRSS generates data on a monthly time-step for over 300 points (or nodes) on the Colorado
River System. Furthermore, using the ISM on the natural flow record, the model generated 113
possible outcomes for each node for each month of the model run. For the CC inflow hydrologies,
113 possible outcomes were generated for each node and month in the run period. These very large
datasets generated for each alternative can be visualized as three-dimensional data “cubes” with the
axes of time, space (or node) and trace (or outcome for each future hydrology). The data were
aggregated to reduce the volume of data and to facilitate comparison of the alternatives.
For aggregation of data, simple techniques were employed. For example, Lake Powell pool
elevations were evaluated on an annual basis (i.e., end of December) to show long-term lake
elevation trends as opposed to short-term fluctuations. Standard statistical techniques were used to
analyze the 113 possible outcomes for a fixed time or particular temporal span for the DNF and 112
outcomes for CC. Statistics that were generated included the 10th, 50th, and 90th percentiles.
Percentiles were determined by simply ranking the outcomes at each time-step (from highest to
lowest) and determining the value at the specified percentile. For example, 113 pool elevation values
were generated for December 2020, one for each natural flow inflow trace. These 112 values were
ranked and then the 10th, 50th, and 90th percentile values were taken to statistically represent the
distribution of pool elevations generated for December 2020. This process was then repeated for
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December 2021, December 2022, and so on. It is important to note that the 10th percentile values
determined for December 2020, December 2021, and December 2022, do not necessarily come
from the same inflow hydrology trace and do not represent a timeseries of elevations. Rather, the
values are a statistical representation of the distribution of data at every timestep in the model run.
This statistical method is used to view the results of all hydrologic sequences in a compact manner
yet maintains the variability at high, medium, and low reservoir elevations that may be lost by
averaging the results of all traces. Such a statistic provides information regarding the probability (e.g.,
a 10 percent probability) of the variability of interest being at or below the 10th percentile value in a
specified year.

1.3 Virgin River Daily Simulation Model Methodology
1.3.1 Data
Inflow to the model includes streamflow records from the Virgin River at the Virgin gage and the
main Virgin River tributary inflow, including Ash Creek/LaVerkin Creek, Quail Creek/Leeds Creek,
and the Santa Clara River. The U.S. Geological Survey (USGS) stream gage located on the Virgin
River near the town of Virgin (USGS 09406000) provides long-term records for the Virgin River at
Virgin (1909 to 1971 and 1979 to the present). Discontinued streamflow records (1972 to 1978)
were estimated using the Virgin River near Hurricane gage, which began in 1967, and equations
from the model. Short-term records are available on Ash Creek and LaVerkin Creek. Missing data
were estimated with correlations to the Virgin gage. Missing years at the Santa Clara River gage
(1941 to 1950 and 1955 to 1983) were filled in from the UDWRe monthly model of the Santa Clara
River. The monthly flows from the model were divided by the number of days in the month to
obtain the daily inflows (UDWRe 2020).
Flow is diverted year-round in the Quail Creek pipeline to provide flows to the Hurricane and
LaVerkin diversions, Pah Tempe hydropower flows, and flow to Quail Creek Reservoir. If the
natural flow is less than 86 cubic feet per second [cfs]) at the Washington Fields Diversion, no water
is diverted to Quail Creek Reservoir (UDWRe 2020). A schematic of the model is provided on
Figure 2.3-1.
For the LPP evaluations, the model has been used in the following ways:
To simulate the maximum yield in the St. George area with a specified maximum shortage in
the worst year (10 percent in the Proposed Project simulations). This type of analysis is used
to evaluate reliable yields of local supplies for additional planning studies.
To simulate how future demands are met under varying supply scenarios (e.g., with and
without the LPP). This type of analysis is used to evaluate effects of future demands and
supplies on the Virgin River.
1.3.1.1 No Action Alternative

Two VRDSM simulations were performed to evaluate effects of the LPP on the Virgin River.
Scenario 1 simulated a future base-case condition (i.e., No Action Alternative) of full utilization of
Virgin River water rights, 2060 M&I demands in the St. George demand area, and an expanded
secondary system utilizing 3,000 acre-feet of re-regulating storage.

8

1.3.1.2 Southern and Highway Alternatives

The Southern and Highway Alternatives represent similar future conditions to the No Action
Alternative but with the 73,000 acre-feet of annual LPP deliveries into Sand Hollow Reservoir
(13,249 acre-feet of Washington County’s 86,249 acre-feet of LPP supply would be delivered and
used in Apple Valley). The scenarios incorporated the following assumptions (UDWRe 2020):
The first three years of the model (October 1940 through September 1943) are considered a
warm-up period and are not included in the table and figure calculations below.
The model simulates the 2060 M&I demand in the St. George area for both the No Action
Alternative and the Southern and Highway Alternatives scenario to evaluate effects. The
yield for the local supplies is not capped at the reliable yield, rather annual yield is based on
available hydrology and system capacity.
Daily/monthly demand distributions or percentages for each demand area are consistent for
all scenarios.
Annual demands are the same for the LaVerkin, Hurricane, and Washington Fields service
areas (1, 2, and 3) in all scenario simulations. The model maintains firm secondary water
supply demand in all simulations to the LaVerkin, Hurricane, and Washington Fields areas.
Sewered return flows from the St. George demand area that are able to be passed through
the re-regulating storage (3,000 acre-feet) and reuse treatment facility (200 cfs) would be
reused for secondary supplies. Sewered return flows that could not be reused due to
secondary demands being met or capacity constraints in the re-regulating storage would be
returned to the river.
Reuse water delivered for secondary use would have a return flow component to the river.

1.4 Environmental Protection Measures
There are no Environmental Protection Measures for hydrology.

1.5 Existing Conditions
1.5.1 Colorado River/Lake Powell
The primary source for the total annual water flow in the Colorado River Basin is mountain
snowmelt emanating from the Rocky Mountains in the Upper Colorado River Basin. Therefore,
unregulated river flows are typically very high in the late spring and early summer and diminish
rapidly by midsummer, although flows in late summer through autumn sometimes increase
following monsoonal rain events. In general, the average annual natural flow of the Colorado River
at Lees Ferry over the 113-year period (water years 1906 through 2018) has averaged around 14.6
maf but has ranged between approximately 5.4 and 24.18 maf.
Overall, approximately 95 percent of the reservoir’s inflow originates from the mainstream of the
Colorado River and two major tributaries, the San Juan and Green Rivers. Specifically, since water
year 2005, the Upper Colorado River Basin has experienced significant year-to-year hydrologic
variability. The unregulated inflow (i.e., the inflow that would occur if no upstream reservoir storage
regulation existed) to Lake Powell has averaged a water year volume of 10.64 maf (98 percent of 30year average for the 1981 to 2010 period) during the period from 1963 through 2018. The
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hydrologic variability during this same period (from 1963 to 2018) resulted from a low water year
unregulated inflow volume of 2.64 maf (24 percent of the 30-year average) in water year 2002 and a
high water year unregulated inflow volume of 20.85 maf (193 percent of the 30-year average) in
water year 1984.
The majority of the inflow into Lake Powell, around 60 percent, occurs in late spring and early
summer as a result of snowmelt in the Rocky Mountains and Upper Colorado River Basin
(Reclamation 2016a, 2016b). This runoff tends to be warm, low in salinity, and turbid (i.e., sediment
laden) as a result of its passage through the canyonlands and, because of its temperature, it
represents the lowest-density water entering the reservoir during the year. Consequently, this water
travels along the top of the reservoir as an overflow density current, leaving the waters below the
pipeline level (i.e., elevation 3,470 feet) essentially untouched (Reclamation 2016a, 2016b).
1.5.2 Virgin River
The Virgin River lies within the lower Colorado River basin. The Virgin River basin is bounded by
mountains with elevations reaching over 10,000 feet with the Bull Valley and Beaver Dam
mountains to the west, the Harmony Mountains to the north, the Glendale Bench and Block Mesas
to the east. The elevation where the Virgin River crosses the state line into Arizona is about 2,500
feet. Most Virgin River streamflow originates as snow with runoff resulting in high flows from
March through May. The greatest water-producing area is the headwaters of the North Fork of the
Virgin River.
This Virgin River stream gage at Virgin, Utah is located upstream from any major diversions. The
long-term mean annual streamflow at this gage is 182 cfs. Annual streamflow is usually greater than
100 cfs and in high flow years can exceed 300 to 400 cfs. The flows at this gage show a distinct
seasonal pattern with peak flows in May. Monthly mean and annual mean flows do not show the
variation that can occur in the Virgin River on a daily basis. Large fluctuations in Virgin River daily
and weekly flows reflect the large percentage of the drainage basin comprised of impervious area
(exposed bedrock) and relatively short time of concentration during precipitation runoff events.
From January through August, flows decrease through St. George and increase again downstream
from the urban area. There are several major inflows and diversions from the Virgin River in the St.
George area:
Diversion to Quail Creek Reservoir, Hurricane and LaVerkin;
Diversion to St. George, Washington Fields;
Inflow from Santa Clara River, Ash Creek, LaVerkin Creek, LaVerkin Spring; and
Return flows from St. George wastewater treatment facility.
Historical canal company diversions dry-dammed the Virgin River immediately downstream of the
current Quail Creek Diversion and at the Washington Fields Diversion. WCWCD operates its
system in accordance with the priority water rights of the three major historical diversions on the
Virgin River, so that the lesser of 86 cfs or the natural flow in the river reaches the Washington
Fields Diversion.
Located approximately 15 miles northeast of St. George, Quail Creek Reservoir is formed by two
dams on Quail Creek, a minor tributary to the Virgin River. The reservoir was constructed by
WCWCD and was completed in April 1985 to help meet regional culinary M&I water demands.
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Water for storage in Quail Creek Reservoir originates in the Virgin River, which is diverted at the
Quail Creek Diversion Dam and is delivered to the reservoir in a pipeline. The diversion also
supplies the towns of LaVerkin and Hurricane, the Hurricane Hydropower plant, and Sand Hollow
Reservoir. The reservoir has a storage capacity of 40,000 acre-feet and has a surface area of 620
acres.
Sand Hollow Reservoir is an off-stream reservoir located about 5 miles southwest of Hurricane. The
reservoir was constructed by WCWCD in 2002 and is used for culinary supply. Water to fill Sand
Hollow Reservoir is conveyed from the Virgin River in the same pipeline serving Quail Creek
Reservoir. The reservoir has an active pool of about 30,000 acre-feet and a drought pool of 20,000
acre-feet. Sand Hollow Reservoir also serves as a groundwater recharge facility for the Navajo
Sandstone Aquifer.

2 Results/Environmental Consequences
2.1 No Action Alternative
2.1.1 Colorado River/Lake Powell
Under the No Action Alternative, the LPP would not be built and no other planned projects
described in the No Action Alternative in Chapter 2 of this Draft Environmental Impact Statement
would affect the Colorado River. Therefore, there would be no effect to the Colorado River under
this alternative.
2.1.2 Virgin River
Local planned projects would each develop more water from the Virgin River Basin. This would
reduce the flow of the Virgin River by some unknown amount due to consumptive use of that
developed water. The results of the VRDSM for the No Action Alternative are presented in Section
2.3.2, below.
2.1.3 Colorado River Simulation System and Virgin River Daily Simulation Model –
Cumulative Effects
Figures 2.3-1 through Figure 2.3-18 show the effects of the No Action Alternative with other
projects. However, because there would be no direct or indirect effects to the Colorado River under
this alternative, it would not contribute to cumulative effects. In other words, the “No Action” line
on the figures below represents existing conditions (no LPP) plus reasonably foreseeable projects.
The combined effect of other water development projects in Washington County with the planned
projects from the No Action Alternative would contribute to decreased flows in the Virgin River
and potentially its tributaries, depending on the location of those developments.
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2.2 Southern and Highway Alternatives
2.2.1 Colorado River/Lake Powell Hydrology
The Southern and Highway Alternatives would affect hydrology of Lake Powell, especially when
LPP is at full demand under drier conditions.
The effects of this alternative are discussed in Section 2.3.1, below, relative to the No Action
Alternative, because the comparative difference between the No Action Alternative and the
Southern and Highway Alternatives is the goal of this analysis.
2.2.2 Virgin River
The Southern and Highway Alternatives would affect hydrology of the Virgin River by increasing
return flows to lower reaches of the river. There would be no additional effects to hydrology in the
Southern Alternative by amending the Resource Management Plan.
The effects of this alternative are discussed in Section 2.3.2, below, relative to the No Action
Alternative, because the comparative difference between the No Action Alternative and Southern
and Highway Alternatives is the goal of this analysis.
2.2.3 Colorado River Simulation System and Virgin River Daily Simulation Model Cumulative Effects
The LPP would contribute to reduced storage values in Lake Powell induced by reasonably
foreseeable projects modeled in this analysis. This contribution is within the variability affected by
hydrology and is insignificant compared against both hydrologic variability and cumulative
reasonably foreseeable projects.
The LPP would contribute to increased flows in the lower reaches of the Virgin River that were
modeled in the VRDSM. This may offset other cumulative projects that reduce flows in those same
stretches. This offset was not quantified within the VRDSM.

2.3 Comparative Analysis of Alternatives
2.3.1 Colorado River/Lake Powell
The modeling between the No Action and Southern and Highway Alternatives indicate differences
in the water resource indicators analyzed. The maximum differences are seen in the long-term
outlook under full demand and dry conditions.
2.3.1.1 Direct Natural Flow Inflow Results

Figure 2.3-1 shows the differences in Lake Powell pool elevation in December between the
Southern and Highway Alternatives and the No Action Alternative at the 10th, 50th, and 90th
percentiles. In general, the pool elevation differences are larger later in the late stage of simulated
years. Prior to the year 2028, there are no differences at any percentile level. Differences at the 50th
percentile level during 2028 to 2060 range from 0.14 feet to 8.15 feet, again with Lake Powell’s
elevation lower in the Southern and Highway Alternatives and with the larger of these differences
generally occurring after 2048. Between 2028 and 2060, the differences range between 0.2 feet and
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14 feet at the 10th percentile; Lake Powell’s elevation is lower in the Southern and Highway
Alternatives. Differences at the 90th percentile level range from 0.03 to 0.6 feet.
Figure 2.3-2 shows probability of Lake Powell pool elevation being below 3,490 feet (minimum
power pool) in March. March was chosen as this is the month the reservoir elevation is typically
lowest. The Southern and Highway Alternatives showed one trace (out of 113 traces) below
minimum power pool in the year 2037, representing a 0.1 percent increase in probability in that one
year. All other traces have the same probability of elevations below 3,490 feet.
Figure 2.3-3 presents Lake Powell water year releases. For the 10th and 50th percentiles, there are no
differences between the Pipeline and No Action Alternatives. For the 90th percentile, which reflects
equalization releases from Lake Powell to Lake Mead or spill avoidance releases, the largest
difference between the Pipeline and No Action Alternatives are approximately 281,000 acre-feet, or
approximately 0.2 percent of the annual release, more being released in one year under the No
Action Alternative. See Attachment C, Historical Natural Flow Plots, for the differences in each
year. In general, the differences are greater in 2049 to 2060 simulated years, after the pipeline is at
full build-out, and the later years result in the No Action Alternative releasing slightly more water.
Note that with most Upper Basin depletions held constant at 2020 depletion levels, Lake Powell
elevation increases over time, thus resulting in more frequent and higher magnitude equalization and
spill avoidance releases in both the Pipeline and No Action Alternatives.
The cumulative distribution function of Lake Powell annual releases throughout the Interim
Guidelines period (2020 to 2026) and throughout the post-Interim Guidelines period (2027 to 2060)
are presented on Figures 2.3-4a and b, respectively. In this figure, Lake Powell releases at every
exceedance percentile (from 0 to 100) are plotted, rather than the three percentile plots shown on
Figure 2.3-3. The Interim Guidelines and post-Interim Guidelines periods are plotted separately
because operations at Lake Powell differ significantly between these two time periods. For a given
exceedance probability, the corresponding release volume is generally greater for the No Action
Alternative than the Southern and Highway Alternatives, however, particularly during the Interim
period, the differences vary by both sign and magnitude throughout the curve. As evidenced on
Figure 2.3-3, the greatest differences occur at the lower exceedance probabilities (higher percentiles),
when Lake Powell is at higher elevation and making equalization releases to Lake Mead or releases
for spill avoidance. The greatest difference of approximately 348,000 acre-feet, or 3.0 percent for
that year, more being released in the No Action Alternative occurs at the 0.1 percent exceedance
level (99.9th percentile) during the post-Interim Guidelines period. During the Interim Guidelines
period, releases greater than 8.23 maf occur 62.4 percent of the time in both the No Action
Alternative and the Southern and Highway Alternatives. During the post-Interim Guidelines period,
releases greater than 8.23 maf occur 34.8 percent of the time in the No Action Alternative and 34.5
percent of the time in the Southern and Highway Alternatives. See Attachment C, Historical Natural
Flow Plots, for the differences at each exceedance probability.
Flaming Gorge Reservoir annual releases (a) and end of December pool elevations (b) are shown on
Figure 2.3-5. At the 10th, 50th, and 90th percentiles, there are no differences between the Southern
and Highway Alternatives and the No Action Alternative using DNF inflows.

13

Figure 2.3-1 Lake Powell Pool Elevation, December. Direct natural flow inflows,
86kaf Lake Powell Pipeline maximum depletion.
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Figure 2.3-2 Probability of Lake Powell Pool Elevation being below 3,490 feet in March.
Direct natural flow inflows, 86kaf Lake Powell Pipeline maximum depletion.
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Figure 2.3-3 Lake Powell Water Year Release. Direct natural flow inflows,
86kaf Lake Powell Pipeline maximum depletion.
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Figure 2.3-4a Lake Powell Water Year Release, Cumulative Distribution Function throughout Time during the
Interim Guidelines Period and during the Post-Interim Guidelines Period.
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Figure 2.3-4b Lake Powell Water Year Release, Cumulative Distribution Function throughout Time during the
Interim Guidelines Period (b) direct natural flow inflows, 86kaf Lake Powell Pipeline maximum depletion.
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Figure 2.3-5a Flaming Gorge Reservoir Annual Release Direct Natural Flow Inflows,
86kaf Lake Powell Pipeline Maximum Depletion.
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Figure 2.3-5b Flaming Gorge Reservoir December Pool Elevation. Direct Natural Flow Inflows,
86kaf Lake Powell Pipeline Maximum Depletion.
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The releases from Lake Powell in the month of June are shown on Figure 2.3-6. For results in every
month, see Attachment C, Historical Natural Flow Plots. April through August are the months that
show the greatest differences between the Pipeline and No Action Alternatives. For all months, the
differences are generally greatest at the 90th percentile level (i.e., for higher releases including spill
avoidance and equalization). Overall, releases from Lake Powell are generally lower for the months
of October, November, February, and March, ranging approximately from 500,000 acre-feet to
800,000 acre-feet for the 10th percentile and 600,000 to 1,000,000 acre-feet for the 90th percentile.
Releases in the months of April through September and December to January are generally higher,
ranging approximately from 500,000 acre-feet to 900,000 acre-feet for the 10th percentile and
600,000 to 1,800,000 acre-feet for the 90th percentile. Differences between the Pipeline and No
Action Alternatives are greatest in the months in which there are higher releases and in which there
is higher year to year variability. Differences at the monthly timestep should be interpreted by
considering general trends across several months rather than isolating single values in a single month
and model year. This is because release volumes could be shifted among months resulting in
different monthly values but the same total annual release.
2.3.1.2 Climate Change Inflow Results

Figure 2.3-7 shows the differences in Lake Powell pool elevation in December between the
Southern and Highway Alternatives and the No Action Alternative at the 10th, 50th, and 90th
percentiles for CC inflow hydrologies. The CC inflow produces a wider variety and range of inflows,
resulting in different future elevations of Lake Powell when compared with the DNF inflow
hydrologies. Future Lake Powell elevations under the CC inflows are generally lower at the 10th
percentile when compared with the DNF inflows. However, overall, the differences between the
Pipeline and No Action Alternatives are similar to those for the DNF simulations. Prior to the year
2028, there are no differences at any percentile level and, in general, pool elevation differences are
larger in the later stage of simulated years. The greatest difference for Lake Powell elevation in the
CC inflows occurs in the 50th percentile (i.e., lowest elevations), with a maximum simulated
difference of 9.17 feet lower in the Southern and Highway Alternatives as compared against 8.15
feet with DNFs. The CC hydrology represents greater variability, increased magnitudes of maximum
and decreased quantities of minimum inflows as compared against the DNF hydrology. These
differences alter the range of elevations shown in the DNF and CC graphs, which lead to different
percentile differences in elevation values between the two inflow hydrologies. The computed
differences between the No Action and Southern and Highway Alternatives are quite similar despite
the variability between them.
Overall, the probability of not exceeding Lake Powell’s minimum power pool (3,490 feet) in March
is higher in the CC inflow hydrology compared to the DNF inflow hydrology (Figure 2.3-8). In
addition, differences between the Pipeline and No Action Alternatives for the CC inflows occur
more frequently than did for the DNF inflows. The Southern and Highway Alternatives result in
slightly higher probabilities (0.1 percent to 3.8 percent higher) of Lake Powell being below minimum
power pool in 20 of the 40 years simulated.
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Figure 2.3-6 Lake Powell Monthly Release, June. Direct Natural Flow Inflows,
86kaf Lake Powell Pipeline Maximum Depletion.
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Figure 2.3-7 Lake Powell Pool Elevation, December. Climate Change Inflows,
86kaf Lake Powell Pipeline Maximum Depletion.
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Figure 2.3-8 Probability of Lake Powell Pool Elevation below 3,490 feet in March. Climate Change Inflows,
86kaf Lake Powell Pipeline Maximum Depletion.
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Results for CC inflows and Lake Powell water year releases are shown on Figure 2.3-9. The overall
pattern of releases is different from the DNF inflow hydrology. Although the magnitudes of
differences between the Pipeline and No Action Alternatives are similar to those for the DNF
inflow hydrology (Figure 2.3-3), these differences are seen at both the 10th percentile and the 90th
percentile. The maximum difference in any one year for 10th percentile annual releases is 425,000
acre-feet, or 6.4 percent less being released in the Southern and Highway Alternatives. The
maximum difference in any one year for 90th percentile annual releases is 541,000 acre-feet, or 4.6
percent less being released in the Southern and Highway Alternatives. See Attachment D, Climate
Change Plots, for the differences in each year.
The cumulative distribution functions of Lake Powell releases throughout the Interim Guidelines
period (2020 to 2026) and throughout the post-Interim Guidelines period (2027 to 2060) are
presented on Figures 2.3-10a and b, respectively. In this figure, Lake Powell releases at every
exceedance percentile (from 0 to 100) are plotted, rather than the three percentile plots shown on
Figure 2.3-9. The Interim Guidelines and post-Interim Guidelines periods are plotted separately
because operations at Lake Powell differ significantly between these two time periods. For a given
exceedance probability, the corresponding release volume is generally greater for the No Action
Alternative than the Southern and Highway Alternatives, however, the differences vary by both sign
and magnitude throughout the curve. As shown on Figure 2.3-9, the greatest differences generally
occur at the lower exceedance probabilities (higher percentiles) when Lake Powell is making larger
releases for equalization or spill avoidance or at the highest exceedance probabilities (lower
percentiles) when Lake Powell is making releases of less than 8.23 maf. The greatest difference in
annual volume is 728,000 acre-feet, or 3.1 percent of the annual volume in that year; with more
being released in the No Action Alternative than the Southern and Highway Alternatives. This
difference occurs at the 0.1 percent exceedance level (99.9th percentile) and during the post-Interim
Guidelines period. During the Interim Guidelines period, there are no differences in releases
between the Pipeline and No Action Alternatives. During the post-Interim Guidelines period,
releases greater than 8.23 maf occur 22.8 percent of the time in the No Action Alternative and 22.0
percent of the time in the Southern and Highway Alternatives. See Attachment D, Climate Change
Plots, for the differences at each exceedance probability.
Flaming Gorge Reservoir annual releases and end-of-December pool elevations are shown on
Figures 2.3-11a and b, respectively. As with the DNF inflows, at the 10th, 50th, and 90th percentiles,
there are no differences between the Pipeline and No Action Alternatives using CC inflows.
The releases from Lake Powell in the month of June for the CC inflow hydrology are shown on
Figure 2.3-12. For results in every month, see Attachment D, Climate Change Plots. Across all
months, the differences are similar to those in the DNF inflow hydrology with the differences
generally being greater at the 90th percentile level and with very few differences at the 50th and 10th
percentile levels. In June, the largest difference was 191,000 acre-feet, or 11.4 percent less released in
the Southern and Highway Alternatives. For all months, in some years the Southern and Highway
Alternatives released more water, in others, the No Action Alternative resulted in larger releases.
Differences at the monthly timestep should be interpreted by considering general trends across
several months rather than isolating single values in a single month and model year. This is because
release volumes could be shifted among months resulting in different monthly values but the same
total annual release.
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Figure 2.3-9 Lake Powell Water Year Release. Climate Change Inflows,
86kaf Lake Powell Pipeline Maximum Depletion.
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Figure 2.3-10a Lake Powell Water Year Release, Cumulative Distribution Function throughout Time during the
Interim Guidelines Period. Climate Change Inflows, 86kaf Lake Powell Pipeline Maximum Depletion.
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Figure 2.3-10b Lake Powell Water Year Release, Cumulative Distribution Function during the Post-Interim Guidelines
period (b). Climate Change Inflows, 86kaf Lake Powell Pipeline Maximum Depletion.
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Figure 2.3-11a Flaming Gorge Reservoir Annual Release. Climate Change Inflows,
86kaf Lake Powell Pipeline Maximum Depletion.
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Figure 2.3-11b Flaming Gorge Reservoir December Pool Elevation (b). Climate Change Inflows,
86kaf Lake Powell Pipeline Maximum Depletion.
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Figure 2.3-12 Lake Powell Monthly Release, June. Climate Change Inflows,
86kaf Lake Powell Pipeline Maximum Depletion.
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The results from these hydrologic model runs should be interpreted with consideration to the model
assumptions. Unique to the analysis this analysis is the model assumption that no new projects or
depletions would occur in the Upper Basin. This model assumption adopts a rigorous definition of
what reasonably foreseeable future depletions are in the Upper Basin and is consistent with
Reclamation’s National Environmental Policy Act of 1969 guidelines. Under this approach, a
reasonably foreseeable future depletion is one which has state legislation, or a tribal resolution or
federal Indian water settlement, or a federal FONSI or ROD. These are the criteria of certainty that
a future depletion would occur at a particular time and place. This is a conservative approach to
modeling the alternatives and takes the strictest approach to defining what is included and excluded
for the cumulative effects analysis required by the Council on Environmental Quality’s regulations
40 Code of Federal Regulations 1508.7. The cumulative effect is the effect on the environment that
results from the incremental effect of the pipeline when added to other past, present, and reasonably
foreseeable future pipelines regardless of what agency or person undertakes such pipelines.
Cumulative effects can result from individually minor but collectively significant pipelines taking
place over a period of time.
It is recognized that the Upper Basin States plan to develop their compact allocated Colorado River
water and, as such, it is highly unlikely that depletions would remain at the 2020 level in the future. It
should also be noted that the modeling effect of holding most Upper Basin depletions constant at
2020 levels results in depletions significantly lower than the future long-term depletion projections
provided by the Upper Basin States, which assume that Upper Basin depletions would grow through
2060. Lower depletions, in turn, result in Lake Powell’s elevation increasing throughout the model
run. Higher elevations at Lake Powell result in more frequent and higher magnitude equalization and
spill avoidance releases in both the Pipeline and No Action Alternatives.
Note that these model results do not represent what the actual reservoir elevations or releases would
be in any particular year. Model results should be interpreted based on the relative differences
between the Pipeline and No Action Alternatives. The absolute difference and comparative analysis
between the DNF and CC results have insignificant differences between the two hydrologies. The
CC results show wider variability both during wetter and drier hydrology and lower reservoir levels
in the 50th percentile, which is intuitive with the differences in inputs and increased variability in the
CC emission traces (Figure 2.3-18).
The results presented in this report are the product of statistical analysis performed on model results
from the 113 (DNF) or 112 (CC) model traces. As described in Section 1.2.8, above, the 10th
percentile data does not represent any one continuous trace, but rather is a statistic that summarizes
the results of all the traces. Therefore, percentile results presented as a timeseries do not represent
reservoir operations as they would occur sequentially in response to any particular inflow hydrology
trace. The operational policy assumptions used in the 2007 Interim Guidelines EIS modeling, and
subsequent ROD were also applied in this study (Reclamation 2007a, 2007b). That is, these model
runs implement the Interim Guidelines through 2026 and revert to the 2007 Interim Guidelines
Final EIS No Action Alternative for model years 2027 to 2060. The modeled LPP begins depleting
water in 2028 and is at full build out in 2049. Thus, for this analysis the potential effects of the
Proposed Project under the Interim Guidelines are not evaluated. The effects of the pipeline at full
build out are evaluated under post Interim Guidelines operational policies.
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2.3.1.3 Sensitivity Analysis

In order to further understand and analyze the results, Reclamation performed an additional
sensitivity analysis to determine what the effects of the No Action and Southern and Highway
Alternatives would be under CRSS assumptions performed in a basin-wide planning context. These
modeling assumptions were the same as the standard CRSS model runs that are used in a long-term
basin-wide planning context wherein the projected 2012 Basin Study Current Projected Upper Basin
depletions increase throughout the entire model run period.
Figure 2.3-13 shows the differences in Lake Powell pool elevation in December are approximately
20 feet lower in the 50th percentile as compared against the LPP demand assumptions and there is
almost no difference in the 90th percentile. Reservoir conditions under drier hydrology in the 10th
percentile decrease significantly as compared against the LPP demand assumptions, although these
reservoir elevations are similar to the CRSS long-term conditions that are modeled in the 2012 Basin
Study with similar assumptions regarding inflows, demands, and reverting from the Interim
Guidelines and DCP after 2026 to previous operational strategies. Additionally, the long-term future
fails to incorporate both the Interim Guidelines and the DCP operations that have been specifically
implemented to assist during drought conditions. The Interim Guidelines are currently in review
according to the provisions outlined in the Interim Guidelines ROD. Reclamation is currently
reviewing and evaluating the Interim Guidelines and will undergo a rigorous process to identify
potential future operational strategies under various hydrologic conditions after the evaluation is
complete. That process, as outlined in the Interim Guidelines ROD is separate from this analysis
that analyzes the effects of the LPP depletion.
Figure 2.3-14 shows probability of a Lake Powell pool elevation below 3,490 feet (minimum power
pool) in March. The probabilities of reaching 3,490 feet increase under the CRSS demand scenarios
increase as compared against the LPP demand scenario, especially in the out years when the
assumptions related to the Interim Guidelines and DCP operations are removed.
Figure 2.3-15 presents Lake Powell water year releases. For the 10th and 50th percentiles, there are
no differences between the Pipeline and No Action Alternatives. For the 90th percentile, which
reflects equalization releases from Lake Powell to Lake Mead or spill avoidance releases, the largest
difference between the CRSS demands and LPP demands are lower equalization releases.
Figure 2.3-16 shows the differences in Lake Powell pool elevation in December between the
Southern and Highway Alternatives and the No Action Alternative at the 10th, 50th, and 90th
percentiles for CC inflow scenario. The differences between the CRSS demands and the LPP
demands remain consistent for the CC hydrology. The 50th percentile elevations are approximately
50 feet lower, although the comparative difference between the No Action Alternative and the
Southern and Highway Alternatives remains similar.
The probability of Lake Powell elevation dropping below 3,490 feet (Figure 2.3-17), is about 10
percent higher over the long-term as compared against the LPP demands. The annual release
scenarios have decreased equalization releases, although the drought releases are similar between the
two demand scenarios. This is expected without the Interim Guidelines or DCP operating criteria.
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Figure 2.3-13 Lake Powell Pool Elevation, December. Direct Natural Flow Inflows,
86kaf Lake Powell Pipeline Maximum Depletion.
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Figure 2.3-14 Probability of Lake Powell Pool Elevation Below 3,490 feet in March. Direct Natural Flow Inflows,
86kaf Lake Powell Pipeline Maximum Depletion.
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Figure 2.3-15 Lake Powell Water Year Release. Direct Natural Flow Inflows,
86kaf Lake Powell Pipeline Maximum Depletion.
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Figure 2.3-16 Lake Powell Pool Elevation, December. Climate Change Inflows,
86kaf Lake Powell Pipeline Maximum Depletion.
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Figure 2.3-17 Probability of Lake Powell Pool Elevation Below 3,490 feet in December. Climate Change Inflows,
86kaf Lake Powell Pipeline Maximum Depletion.
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Figure 2.3-18 Lake Powell Water Year Release. Climate Change Inflows,
86kaf Lake Powell Pipeline Maximum Depletion.
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2.3.2 Virgin River Daily Simulation Model Results
The modeling between the No Action and Southern and Highway Alternatives indicate relatively small differences in
the water resource indicators analyzed. The maximum differences are seen in the increased return flows in the lower
portion of the Virgin River.
Monthly gage flow values are presented in Table 2.3-1 along with a comparison between the two
scenarios and USGS gage error. Gage percentile plots are shown on Figures 2.3-19 through 2.3-23.
Differences in average simulated streamflow along the Virgin River in the upper portions of the
Washington County system near Quail Creek Reservoir were typically small, and within the degree
of accuracy of the USGS stream gages (gage error ranged from 10 percent to 16 percent). Flow
changes below gage error would not be measurable. Flow changes in drier months and years under
the No Action were usually larger than other times of the year because Quail Creek Reservoir
storage was usually depleted in drier months and releases from the reservoir were less.
Flows under the LPP scenario increased in the lower portions of the Virgin River near the state line
because secondary demands in 2060 were not at a level to fully reuse all Virgin River and LPP return
flows from the St. George M&I demand. These changes in flows represent an upper bound of
effects LPP supplies could have on the lower portions of the river. The effects would decrease
beyond 2060 as secondary demands would continue to increase and use more return flows. Effects
would also be less under drier, hotter CC projections because there would less reuse water available
from Virgin River supplies and more of the LPP return flows would be reused.
The No Action scenario did not meet St. George M&I demand and was short every year with
approximately 54,000 acre-feet of shortage per year. The LPP scenario had occasional shortages that
averaged to approximately 2,000 acre-feet per year. Shortages are accounted for in the reliable yield
planning for WCWCD and are not unexpected in the LPP scenario; however, the VRDSM is not
structured to simulate management optimization techniques, emergency groundwater storage
supplies, or other approaches to handle such discrete events.
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Table 2.3-1 Virgin River Daily Simulation Model Flow Results Summary and Scenario
VRDSM
Monthly Streamflow (cfs)
Alternative Streamflow
Stream
Comparison Percentile
Oct
Nov
Dec
Jan
Feb
Mar
Apr
May
Reach

No Action

LPP
QX21
Absolute
Difference
Gage Error
= 10%
No Action

LPP
QX26
Absolute
Difference
Gage Error
= 16%

10%
50%
90%
10%
50%
90%
10%
50%
90%
10%
50%
90%
10%
50%
90%
10%
50%
90%
10%
50%
90%
10%
50%
90%

67.7
86.7
109.0
71.9
88.9
111.7
4.2
2.2
2.7
6.8
8.7
10.9
0.0
3.1
27.1
0.0
3.6
27.1
0.0
0.5
0.0
0.0
0.5
4.3

85.9
85.9
113.7
85.9
85.9
113.9
0.0
0.0
0.1
8.6
8.6
11.4
0.1
0.1
27.9
0.1
0.2
28.1
0.0
0.1
0.2
0.0
0.0
4.5

86.0
86.1
120.2
86.0
86.1
120.8
0.0
0.0
0.5
8.6
8.6
12.0
0.0
0.0
34.2
0.0
0.0
34.7
0.0
0.0
0.5
0.0
0.0
5.5

86.0
86.0
119.6
86.0
86.1
121.6
0.0
0.0
2.0
8.6
8.6
12.0
0.0
0.0
33.5
0.0
0.0
35.5
0.0
0.0
2.0
0.0
0.0
5.4

86.1
87.7
164.9
86.3
89.1
165.4
0.2
1.4
0.4
8.6
8.8
16.5
0.0
2.7
78.6
0.0
4.5
79.1
0.0
1.8
0.4
0.0
0.4
12.6

86.1
116.0
459.0
86.1
120.4
460.0
0.0
4.4
1.0
8.6
11.6
45.9
0.0
29.9
373.0
0.2
34.3
374.0
0.2
4.4
1.0
0.0
4.8
59.7

86.1
139.2
621.5
86.1
140.9
641.7
0.0
1.7
20.1
8.6
13.9
62.2
0.3
53.4
535.7
0.3
55.1
555.9
0.0
1.7
20.1
0.0
8.5
85.7

61.6
88.5
665.1
86.1
89.0
666.9
24.5
0.5
1.7
6.2
8.9
66.5
0.1
2.8
579.1
0.1
2.9
580.8
0.1
0.1
1.7
0.0
0.4
92.7

Jun

Jul

Aug

Sep

33.8
59.0
103.7
85.8
85.9
105.2
52.0
26.9
1.5
3.4
5.9
10.4
0.0
0.0
19.6
0.0
0.1
19.5
0.0
0.1
0.2
0.0
0.0
3.1

47.2
66.8
91.3
86.0
86.8
98.8
38.8
20.0
7.5
4.7
6.7
9.1
0.0
0.9
12.5
0.0
0.9
12.8
0.0
0.0
0.3
0.0
0.1
2.0

54.7
78.1
106.5
83.1
88.1
120.4
28.4
10.0
13.8
5.5
7.8
10.7
0.0
2.2
34.2
0.0
2.2
34.4
0.0
0.0
0.2
0.0
0.3
5.5

55.8
75.0
159.8
69.9
86.7
167.6
14.2
11.8
7.9
5.6
7.5
16.0
0.0
1.4
81.8
0.0
1.3
81.8
0.0
0.2
0.1
0.0
0.2
13.1
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Table 2.3-1 Virgin River Daily Simulation Model Flow Results Summary and Scenario (continued)
VRDSM
Monthly Streamflow (cfs)
Alternative Streamflow
Stream
Comparison Percentile
Oct
Nov
Dec
Jan
Feb
Mar
Apr
May
Reach

No Action

LPP
QX27
Absolute
Difference
Gage Error
= 16%
No Action

LPP
QX28
Absolute
Difference
Gage Error
= 16%

10%
50%
90%
10%
50%
90%
10%
50%
90%
10%
50%
90%
10%
50%
90%
10%
50%
90%
10%
50%
90%
10%
50%
90%

20.0
28.2
52.1
29.2
35.7
58.5
9.2
7.4
6.4
3.2
4.5
8.3
29.9
45.3
71.9
43.2
55.1
81.6
13.2
9.8
9.6
4.8
7.2
11.5

29.9
34.9
60.6
37.1
39.8
67.8
7.2
4.9
7.2
4.8
5.6
9.7
44.8
56.1
83.8
53.9
63.6
90.1
9.1
7.5
6.3
7.2
9.0
13.4

43.9
46.8
82.2
47.2
48.3
82.9
3.3
1.5
0.7
7.0
7.5
13.2
64.9
74.9
120.1
69.7
77.6
121.5
4.8
2.7
1.4
10.4
12.0
19.2

53.8
54.4
87.2
54.3
54.6
89.9
0.5
0.2
2.7
8.6
8.7
14.0
80.3
91.2
132.7
81.0
91.7
135.8
0.6
0.5
3.1
12.9
14.6
21.2

56.7
59.3
135.4
56.8
61.0
135.8
0.1
1.7
0.5
9.1
9.5
21.7
88.9
98.2
187.1
89.0
98.2
188.1
0.1
0.0
1.0
14.2
15.7
29.9

52.9
82.8
425.9
52.9
87.2
426.9
0.0
4.4
1.0
8.5
13.3
68.1
82.3
120.5
474.5
82.3
122.5
487.5
0.0
2.0
13.0
13.2
19.3
75.9

45.4
98.1
580.6
45.4
100.3
600.8
0.0
2.2
20.1
7.3
15.7
92.9
67.6
119.5
677.1
67.6
126.2
679.3
0.0
6.7
2.2
10.8
19.1
108.3

36.4
40.4
616.8
37.9
40.8
618.6
1.5
0.3
1.7
5.8
6.5
98.7
53.9
60.0
674.8
56.3
60.5
676.6
2.4
0.5
1.7
8.6
9.6
108.0

Jun

Jul

Aug

Sep

24.4
31.6
50.7
32.8
32.9
52.3
8.4
1.2
1.5
3.9
5.1
8.1
36.5
47.5
93.7
47.8
50.1
94.1
11.3
2.6
0.5
5.8
7.6
15.0

16.3
24.2
37.8
29.2
30.1
42.0
12.9
5.9
4.3
2.6
3.9
6.0
25.6
40.3
64.7
43.2
47.0
66.6
17.6
6.7
1.9
4.1
6.4
10.3

16.2
26.2
53.3
28.3
30.5
62.7
12.2
4.3
9.4
2.6
4.2
8.5
24.9
39.6
71.0
42.6
49.0
81.2
17.7
9.4
10.2
4.0
6.3
11.4

15.9
24.0
100.6
28.9
30.9
111.5
13.0
6.9
10.9
2.5
3.8
16.1
25.3
38.2
114.0
42.4
49.1
129.5
17.1
10.8
15.5
4.0
6.1
18.2
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Table 2.3-1 Virgin River Daily Simulation Model Flow Results Summary and Scenario (continued)
VRDSM
Monthly Streamflow (cfs)
Alternative Streamflow
Stream
Comparison Percentile
Oct
Nov
Dec
Jan
Feb
Mar
Apr
May
Reach

No Action

LPP
QX29
Absolute
Difference
Gage Error
= 16%

10%
50%
90%
10%
50%
90%
10%
50%
90%
10%
50%
90%

29.9
45.3
71.9
48.7
93.5
118.6
18.8
48.2
46.6
4.8
7.2
11.5

44.8
56.1
83.8
79.6
109.8
137.2
34.8
53.7
53.4
7.2
9.0
13.4

64.9
74.9
123.4
108.5
120.5
164.7
43.7
45.5
41.3
10.4
12.0
19.7

80.3
97.5
144.4
112.9
123.9
168.1
32.5
26.4
23.7
12.9
15.6
23.1

99.1
127.8
219.0
121.1
130.4
220.2
22.1
2.6
1.2
15.9
20.4
35.0

109.9
149.3
503.4
110.7
151.3
516.4
0.9
2.0
13.0
17.6
23.9
80.5

83.2
137.3
695.1
85.6
144.0
697.3
2.4
6.7
2.2
13.3
22.0
111.2

54.1
79.3
694.8
76.3
80.5
696.6
22.2
1.1
1.7
8.7
12.7
111.2

Jun

Jul

Aug

Sep

36.5
49.5
111.9
66.1
68.3
112.3
29.6
18.9
0.5
5.8
7.9
17.9

25.6
40.3
75.1
64.1
68.1
87.8
38.5
27.8
12.7
4.1
6.4
12.0

24.9
39.6
74.4
67.8
77.0
109.8
42.9
37.4
35.4
4.0
6.3
11.9

25.3
38.2
114.0
58.1
83.1
163.5
32.8
44.8
49.5
4.0
6.1
18.2

Notes:
Under LPP, green highlighted values are greater than the No Action and red highlighted values are less than the No Action.
Under Absolute Difference, yellow highlighted squares are absolute differences above the gage error value.
Period of time reflected in the table is October 1943 through September 2018.
Key:
cfs = cubic feet per second
LPP = Lake Powell Pipeline
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Figure 2.3-19 Virgin River Below Quail Creek Gage Exceedance Plot
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Figure 2.3-20 Virgin River Below Washington Fields Gage Exceedance Plot
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Figure 2.3-21 Virgin River at Fish Station 5 Below Bloomington Bridge Gage Exceedance Plot
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Figure 2.3-22 Virgin River Below Santa Clara River Gage Exceedance Plot
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Figure 2.3-23 Virgin River at Utah-Arizona State Line Gage Exceedance Plot
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Attachment A: Reasonably Foreseeable Depletion Nodes
Attachment B: Pipeline Depletion Schedule
Attachment C: Historical Natural Flow Plots
Attachment D: Climate Change Plots

5 Acronyms
Basin Study
CC
cfs
CMIP3
CMIP5
CRSS
DCP
DNF
EIS
FONSI
Interim Guidelines
Interim Guidelines EIS
ISM
LPP
M&I
maf
Reclamation
ROD
UDWRe
USGS
VRDSM

2012 Colorado River Basin Water Supply and Demand Study
climate change
cubic feet per second
Coupled Model Intercomparison Project 3
Coupled Model Intercomparison Project 5
Colorado River Simulation System
Drought Contingency Plan
direct natural flow
environmental impact statement
finding of no significant impact
2007 Colorado River Interim Guidelines for Lower Basin Shortages and
Coordinated Operations for Lakes Powell and Mead
2007 Final EIS of the Colorado River Interim Guidelines for Lower
Basin Shortages and Coordinated Operations of Powell and Mead
Index Sequential Method
Lake Powell Pipeline
municipal and industrial
million acre-feet
Bureau of Reclamation
Record of Decision
Utah Division of Water Resources
U.S. Geological Survey
Virgin River Daily Simulation Model
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Attachment A:
Reasonably Foreseeable Depletion Nodes

Attachment B:
Pipeline Depletions Schedule

Attachment C:
Historical Natural Flow Plots

Attachment D:
Climate Change Plots

State
AZ
AZ
AZ
AZ
AZ
AZ
AZ
AZ
CO
CO
CO
CO
CO
CO
CO
CO
CO
CO
CO
CO
NM
NM
NM
NM
NM
NM
NM
NM
NM
NM
NM
NM
NM
NM
NM
NM
NM
NM
NM
NM
NM
NM
NM
NM
NM
NM
NM
NM

Name
2020 (kaf) 2060 (kaf)
34.1
34.1
79 ARIZONA MISCELLANEOUS USES.NAVAJO GENERATING STATION
1.96
1.96
79 ARIZONA MISCELLANEOUS USES.CITY OF PAGE
0.95
0.95
79 ARIZONA MISCELLANEOUS USES.LE CHEE
1.5
1.5
79 ARIZONA MISCELLANEOUS USES.NAVAJO IRRIGATION
4.39
4.39
79 ARIZONA MISCELLANEOUS USES.RESERVOIRS
0.338
0.338
79 ARIZONA MISCELLANEOUS USES.GLEN CANYON NRA
6.77
6.77
79 ARIZONA MISCELLANEOUS USES.OTHER MISCELLANEOUS TRIBAL
0
0
79 ARIZONA MISCELLANEOUS USES.AZ UB NAVAJO CLAIMS
0
0
19 INTRABASIN EXPORT AND DOLORES PROJECT.Export - DOLORES PROJECT interbasin
0
0
19 INTRABASIN EXPORT AND DOLORES PROJECT.P.L. MVIC EXPORT
8
8
19 INTRABASIN EXPORT AND DOLORES PROJECT.Reservoir Evaporation - Current
0
0
19 INTRABASIN EXPORT AND DOLORES PROJECT.Ag Use - UTE MNTN UTE
0
0
19 INTRABASIN EXPORT AND DOLORES PROJECT.Municipal/Domestic - MANDI - UTE MNTN UTE
0.3
0.3
21 SAN MIGUEL PROJECT MISC USES.Municipal/Industiral - DOLORES BASIN
0
0
21 SAN MIGUEL PROJECT MISC USES.PL - DOLORES BASIN F&W
1
1
21 SAN MIGUEL PROJECT MISC USES.Minerals - Dolores Basin
66 COLORADO MISCELLANEOUS USES ON SAN JUAN BELOW NAVAJO.ANIMAS - LA PLATA M AND
0
0
I
66 COLORADO MISCELLANEOUS USES ON SAN JUAN BELOW NAVAJO.ANIMAS - LA PLATA F AND
0
0
W
66 COLORADO MISCELLANEOUS USES ON SAN JUAN BELOW NAVAJO.Municipal/Industrial 0
0
Anticipated ALP SOUTHERN UTE
66 COLORADO MISCELLANEOUS USES ON SAN JUAN BELOW NAVAJO.Municipal/Industrial
0
0
Anticipated ALP UTE MOUNTAIN UTE
62 COLORADO & NEW MEXICO AGRICULTURE ABOVE ARCHULETA.Ag Use - SOUTHERN UTES
1.695
1.695
CWCB CU&L Report
0.205
0.205
62 COLORADO & NEW MEXICO AGRICULTURE ABOVE ARCHULETA.NM-Navajo -PL-NM-AG
10.9
10.9
63 SAN JUAN-CHAMA EXPORT.San Juan Chama Indian
58.3
58.3
63 SAN JUAN-CHAMA EXPORT.San Juan Chama Other
270
270
64 NAVAJO INDIAN IRRIGATION PROJECT (NIIP) AND EXPORTS.NIIP
150
150
64 NAVAJO INDIAN IRRIGATION PROJECT (NIIP) AND EXPORTS.ADDITIONAL EXPORTS
0
0
67 NEW MEXICO AGRICULTURE ARCH TO FARM.NM NAVAJO SJ CLAIMS
0.1
0.1
68 NEW MEXICO M&I ARCH TO FARM.SMALL NAVAJO CONTRACTS
2.3
2.3
68 NEW MEXICO M&I ARCH TO FARM.SAN JUAN WATER COMMISSION - ANIMAS LA PLATA
0.5
0.5
68 NEW MEXICO M&I ARCH TO FARM.OTHER
2.5
2.5
68 NEW MEXICO M&I ARCH TO FARM.BLOOMFIELD INDUSTRIAL
16.2
16.2
69 SAN JUAN RIVER ENERGY AND M&I.PNM - JICARILLA CONTRACT
10.5
10.5
69 SAN JUAN RIVER ENERGY AND M&I.NAVAJO - NGWSP
2
2
69 SAN JUAN RIVER ENERGY AND M&I.NAVAJO FUTURE USE
7.5
7.5
69 SAN JUAN RIVER ENERGY AND M&I.GALLUP - NGWSP
6.5
6.5
69 SAN JUAN RIVER ENERGY AND M&I.NAVAJO - NGWSP-export
21.3
21.3
70 NEW MEXICO AG FARM TO SHIP.NEW MEXICO AG HOGBACK CUDEI
8
8
70 NEW MEXICO AG FARM TO SHIP.NEW MEXICO AG FRUITLAND
3.1
3.1
70 NEW MEXICO AG FARM TO SHIP.NAVAJO TRIBUTARY IRRIGATION
0
0
71 COLORADO USES BELOW SHIPROCK, NM.Ag Use - UTE MNTN UTE (FROM KBE)
0.7
0.7
144 NEW MEXICO M&I ABOVE ARCHULETA.JICARILLA-DULCE
1.2
1.2
144 NEW MEXICO M&I ABOVE ARCHULETA.JICARILLA-NGWSP
2.7
2.7
144 NEW MEXICO M&I ABOVE ARCHULETA.NAVAJO-NGWSP
1.1
1.1
144 NEW MEXICO M&I ABOVE ARCHULETA.NAVAJO NGWSP-export
0.4
0.4
145 NEW MEXICO RES EVAP ABOVE ARCHULETA.Navajo Res Evap
2.3
2.3
147 ANIMAS RIVER M&I.NAVAJO-ALP
5
5
147 ANIMAS RIVER M&I.FARMINGTON-ALP
1
1
147 ANIMAS RIVER M&I.LOWER VALLEY - ALP

NM
NM
NM
NM
NM
UT
UT
UT
UT
UT
UT
UT
UT
UT
UT
UT
UT
UT
UT
UT
UT
UT

147 ANIMAS RIVER M&I.OTHER SJWC - ALP
147 ANIMAS RIVER M&I.LA PLATA CD / ULP-ALP
147 ANIMAS RIVER M&I.NAVAJO OTHER
147 ANIMAS RIVER M&I.OTHER
148 ANIMAS RIVER SMALL RES EVAP.SMALL RES EVAP
18 DOLORES AGRICULTURAL USES ABOVE CISCO.P. L. - UTAH AGRICULTURE
18 DOLORES AGRICULTURAL USES ABOVE CISCO.P.L. - UTAH M&I
18 DOLORES AGRICULTURAL USES ABOVE CISCO.PL RESERVOIR EVAP
39 AGRICULTURE ABOVE RANDLETT.NOTHERN UTES (FROM KBE)
40 UPALCO, UINTA, BONNEVILLE, UTES.UPALCO PROJECT AG
40 UPALCO, UINTA, BONNEVILLE, UTES.UPALCO REPLACEMENT M&I
40 UPALCO, UINTA, BONNEVILLE, UTES.UINTA PROJECT
40 UPALCO, UINTA, BONNEVILLE, UTES.NEW INDIAN USES - UTE INDIAN COMPACT
40 UPALCO, UINTA, BONNEVILLE, UTES.BONNEVILLE UNIT - UINTA BASIN (STARVATION)
41 UINTAH BASIN WQIP.UINTAH BASIN WQIP - USDA
48 USES BETWEEN GREENDALE AND OURAY.INDIAN USES SINCE 1965
48 USES BETWEEN GREENDALE AND OURAY.NON INDIAN USES SINCE 1965
48 USES BETWEEN GREENDALE AND OURAY.JENSEN AREA AG
49 MANDI USES BETWEEN GREENDALE AND OURAY.ADDITIONAL JENSEN UNIT
50 UTAH AGRICULTURAL USES.NORTHERN UTE (FROM KBE)
53 AGRICULTURAL USES ABOVE GREEN RIVER, UT.UTE INDIANS COMPACT (GREEN RIVER)
53 AGRICULTURAL USES ABOVE GREEN RIVER, UT.Ute Green River M&I
TOTAL

2
0.9
0.3
1.1
0.1
2.84
0.014
0.26
108.752
9.68
0.364
0
40
16.7
0.8989
6
1.59
2.38
3.22
30.8
63.4
10
946.6

2
0.9
0.3
1.1
0.1
2.84
0.014
0.26
108.752
9.68
0.364
0
40
16.7
0.8989
6
1.59
2.38
3.22
30.8
63.4
10
946.6
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Powell Pool Elevation, December
Direct Natural Flow Inflows
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10% No Action
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1 Introduction/Affected Environment
This section describes surface water and shallow groundwater features and conditions within the
proposed Lake Powell Pipeline Project (LPP or Proposed Project) vicinity. This section also
evaluates the potential effects from specific LPP components on water quality.
The affected environment for the purposes of this evaluation has three distinct geographical
sections. The first section includes the eastern portion of the affected environment consisting of the
geographic area encompassed by Lake Powell immediately upstream from Glen Canyon Dam in
Coconino County, Arizona. Key infrastructure or land designations in this area include Lake Powell,
Glen Canyon Dam, and the Glen Canyon National Recreation Area. The center portion of the
affected environment (second geographic section) includes the Kanab Creek watershed. The Kanab
Creek Area of Critical Environmental Concern (ACEC) is in this section. The western portion of the
affected environment (the third geographic section) is located within the Virgin River watershed.
Important features in this area include Hurricane Cliffs, Sand Hollow Reservoir, the Virgin River,
and St. George, Utah.
Sections of the Paria River and the Virgin River are categorized as impaired for certain water quality
parameters under Section 303(d) of the Clean Water Act (CWA). The affected environment also
includes the immediate vicinity of the pipeline and appurtenances rights-of-way (ROWs). No Wild
and Scenic Rivers or U.S. Environmental Protection Agency (EPA)-designated sole-source aquifers
are in the immediate vicinity of the Proposed Project, and thereby, none are included as part of the
affected environment for this evaluation.
All information provided in this section is supplemental to the Draft Environmental Impact
Statement Section 3.9, Water Quality. It draws upon data provided in the Lake Powell Pipeline Final
Study Report 17 – Surface Water Quality (UBWR 2016a). A discussion of cumulative effects is
provided in Appendix C-25, Cumulative Effects.

1.1 Regulatory Framework
The following laws and regulations represent those that are applicable to federally managed lands,
other public lands, and private land included within the affected environment:
CWA of 1977 (as amended);
Spill Prevention, Control, and Countermeasure (SPCC) Regulation (40 Code of Federal
Regulations [CFR] 112);
Safe Drinking Water Act (SDWA; 42 United States Code [USC] §300[f] et seq.);
Wild and Scenic Rivers Act of 1968;
State of Utah Water Quality Standards (State of Utah Administrative Code [UAC] R317-2);
State of Arizona Water Quality Standards (Title 18: Environmental Quality, Chapter 11);
Washington County, Utah Drinking Water Source Protection Ordinance (County Code Title
10, Chapter 23, Ord. 2004-844-O, 3-2-2004);
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Washington County, Utah County Code, Hillside Development Standards (County Code
Title 10, Chapter 24);
Kane County, Utah, Land Use Ordinance for Drinking Water Protection (Ord. 2013-5, 8-122013, eff. 8-27-2013);
Kane County, Utah, Conditional Use Permit for Mitigating Environmental Impacts from
Construction (County Code, Title 9, Chapter 15);
Coconino County, Arizona, Uniform Building Code, excavation and grading (County
Ordinance 1978-01); and
Mohave County, Arizona, Flood Hazard Reduction, construction permitting and grading in
special flood hazard areas (County Code Chapter 18, Ord. No. 2000-00, § 5.8, 11-6-2000;
Ord. No. 2014-01, § 5, art. 8, 5-19-2014)
1.1.1 Federal Regulations
1.1.1.1 The Clean Water Act of 1977 (as amended)

The 1972 Federal Water Pollution Control Act and its 1977 amendments, collectively known as the
CWA, established national water quality goals and the basic structure for regulating discharges of
pollutants into the waters of the United States.
Under Section 303(d) of the CWA, states, territories, and authorized tribes are required to develop
lists of impaired waters (i.e., waters that exceed applicable water quality standards). The law requires
that these jurisdictions establish priority rankings for waters on the lists and develop total maximum
daily loads (TMDL) for these waters. A TMDL is a calculation of the maximum amount of a
pollutant that a waterbody can receive and still meet water quality standards. The Department of
Environmental Quality, Division of Water Quality administers the CWA for the State of Utah. The
EPA and the U.S. Army Corps of Engineers (USACE) administer the CWA for the State of
Arizona.
On December 5, 2013, the EPA announced a new collaborative framework for implementing the
CWA Section 303(d) Program with States – A Long-Term Vision for Assessment, Restoration, and
Protection under the CWA Section 303(d) Program. This vision reflects collaboration among states
and the EPA, which began in August 2011. While it provides a new framework for implementing
the CWA 303(d) Program, it does not alter state and EPA responsibilities or authorities under the
CWA 303(d) regulations.
Section 402 of the CWA establishes a National Pollutant Discharge Elimination System (NPDES)
permitting program to regulate point source discharge into waters of the United States. Both Utah
and Arizona administer state-level NPDES-compliant pollutant discharge elimination programs. To
comply with permitting requirements under NPDES, an eligible operator of an industry must read
the general permit issued by the EPA or authorized state, typically develop a Stormwater Pollution
Protection Plan (SWPPP), comply with any eligibility provisions, and submit a notice of intent or
permit application to the relevant permitting authority.
Effective August 12, 2008, EPA issued a final rule that would eliminate CWA regulations to exclude
water transfers from regulation under the NPDES permitting program (EPA 2008). The rule
designates management authority for water transfers to water resource management agencies and
state non-NPDES authorities, rather than the NPDES permitting program. A water transfer is
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defined as a system that conveys or connects waters of the United States without the transferred
water being intervened by industrial, municipal, or commercial use. Pollutants introduced by the
water transfer activity itself to the water being transferred are not covered under the rule.
Section 404, which is administered by the USACE with oversight from the EPA, regulates the
placement of dredged or fill materials into waters of the United States. The USACE issues
nationwide permits on a state, regional, or nationwide basis for similar activities that cause minimal
adverse environmental effects. Under Section 404, the USACE may also issue individual permits for
specific activities on specific waterbodies. If the USACE determines that an individual Section 404
permit is required, a State Water Quality Certification Permit (Section 401) would also be required.
1.1.1.2 Spill Prevention, Control, and Countermeasure Rule

The SPCC rule regulates and prevents the discharge of oil into navigable waters or adjoining
shorelines. The rule is part of the EPA’s oil spill prevention program and was published under the
authority of Section 311(j)(1)(C) of the CWA in 1974. The rule may be found at 40 CFR 112.
Facilities are covered under the SPCC rule if they have aggregate aboveground oil storage capacity
greater than 1,320 U.S. gallons or a completely buried storage capacity greater than 42,000 U.S.
gallons, and there is a reasonable expectation of an oil discharge into or upon navigable waters of
the United States or adjoining shorelines (EPA 2017).
1.1.1.3 Safe Drinking Water Act

The SDWA (42 USC §300[f] et seq.) was passed in 1974 (and amended in 1986 and 1996) to protect
public health by regulating the nation’s public drinking water supply. This law protects drinking
water and its sources, which includes rivers, lakes, reservoirs, springs, and groundwater wells. It
authorizes the EPA to set national health-based standards for drinking water to protect against both
naturally occurring and human-caused contaminants that may be found in drinking water. It also
mandates that states develop a groundwater/wellhead protection program in order to protect
groundwater resources that serve as public drinking water sources.
1.1.2 State of Utah Regulations
The LPP may require permitting, licensing, approval, or review from the Utah Department of
Environmental Quality (UDEQ), Divisions of Drinking Water and Water Quality. The Division of
Drinking Water is responsible for approving the construction of new facilities associated with Public
Drinking Water Projects (UDEQ 2020). The UDEQ Division of Water Quality oversees permitting
associated with CWA Section 401 Water Quality Certification, general stormwater permitting for
construction (Utah Pollution Discharge Elimination System [UPDES]), and temporary discharges to
surface water and groundwater. As part of UPDES, a general permit (Utah R300000) covers
stormwater discharges from construction activities. An individual permit may also be issued for
some construction projects.
1.1.2.1 Surface Water

Surface water quality standards for the State of Utah are defined and classified in the UAC, Rule 317
– 2 Standards for Quality of Waters of the State (UAC R317-2). The standards regulate Utah’s
surface waters and improve the quality for designated beneficial uses, which include drinking water,
fish and aquatic life, wildlife, agricultural, industrial, and recreational uses. Water quality criteria are
set once the beneficial uses are established. Use designations are provided in UAC R317-2-6 and
include the classifications shown below in Table 1.1-1.
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Table 1.1-1 Beneficial Use Protection Classifications for Surface Waters of the State of Utah
Classification
Definition

1C
2A
2B

3A
3B
3C
3D
3E
4
5

Protected for domestic purposes with prior treatment by treatment processes as
required by the Utah Division of Drinking Water.
Protected for frequent primary contact recreation where there is a high likelihood of
ingestion of water or a high degree of bodily contact with the water. Examples include,
but are not limited to, swimming, rafting, kayaking, diving, and water skiing.
Protected for infrequent primary contact recreation. Also protected for secondary
contact recreation where there is a low likelihood of ingestion of water or a low degree
of bodily contact with the water. Examples include, but are not limited to, wading,
hunting, and fishing.
Protected for cold water species of game fish and other cold water aquatic life,
including the necessary aquatic organisms in their food chain.
Protected for warm water species of game fish and other warm water aquatic life,
including the necessary aquatic organisms in their food chain.
Protected for nongame fish and other aquatic life, including the necessary aquatic
organisms in their food chain.
Protected for waterfowl, shore birds, and other water-oriented wildlife not included in
Classes 3A, 3B, or 3C, including the necessary aquatic organisms in their food chain.
Severely habitat-limited waters. Narrative standards will be applied to protect these
waters for aquatic wildlife.
Protected for agricultural uses including irrigation of crops and stock watering.
Special category for the waters of the Great Salt Lake.

Beneficial uses for waterways associated with the Proposed Project and alternatives are discussed in
Section 1.4, below.
1.1.2.2 Groundwater

Groundwater quality standards for the State of Utah are defined and classified in UAC R317-6-2:
Ground Water Quality Standards. These standards establish groundwater protection classes and
pollutant concentration limits, set by groundwater class. The groundwater classes are as follows:
Class 1A - Pristine Ground Water
Class 1B – Irreplaceable Ground Water
Class 1C – Ecologically Important Ground Water
Class II – Drinking Water Quality Ground Water
Class III – Limited Use Groundwater
Class IV – Saline Ground Water
The Navajo/Kayenta aquifer, located beneath the Sand Hollow Reservoir in Washington County, is
classified as Class 1A – Pristine Ground Water by the Utah Water Quality Board (WCWCD 2005).
1.1.3 State of Arizona Regulations
The Arizona Department of Environmental Quality, Water Quality Division oversees the
administration of permits associated with the CWA Section 401, Water Quality Certifications,
construction general permits (Arizona Pollutant Discharge Elimination System); temporary
discharge permits; and temporary permits for discharges to groundwater permits (Aquifer Protection
Permit).
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The Arizona Department of Water Resources also oversees groundwater withdrawal permitting for
a variety of purposes. For the purposes of the LPP, a Permit to Withdraw Groundwater for
Temporary Dewatering Purposes (Arizona Revised Statute. § 45-518) may be required.
1.1.3.1 Surface Water

In the state of Arizona, water quality protection standards are based on designated state beneficial
uses, which are defined and classified in the Arizona Administrative Code (AAC) R18-11-105. Use
designations are provided in Title 18, Chapter 11, and include the classifications shown in Table 1.12.
Table 1.1-2 Beneficial Use Protection Classifications for Surface Waters of the State of Arizona
(R-18-11-105)
Designated Use
Definition

A&Wc
A&Ww
A&We
A&Wedw
FBC
PBC
DWS
FC
Agl
AgL
U
EDW
WWTP

Aquatic and Wildlife Cold Water
Aquatic and Wildlife Warm Water
Aquatic and Wildlife Ephemeral
Aquatic and Wildlife Effluent Dependent Water
Full-body Contact
Partial-body Contact
Domestic Water Source
Fish Consumption
Agricultural Irrigation
Agricultural Livestock Watering
Unique Water
Effluent-dependent Water
Agricultural Livestock Watering

Beneficial use classifications for major waterbodies in the affected environment of the Proposed
Project passing through the state of Arizona are provided in Section 1.4, below. Although there are
numerous ephemeral washes along the proposed pipeline alignments, beneficial uses for these
ephemeral washes in the LPP vicinity are not provided in AAC R18-11-105 A. See the LPP Final
Study Report 17 – Surface Water Quality (UBWR 2016a).
1.1.3.2 Groundwater

All aquifers in the State of Arizona are protected for drinking water designated use by Arizona’s
1986 Environmental Quality Act and Aquifer Boundary and Protected Use Classification (AAC
R18-11, Article 5). Arizona’s Aquifer Water Quality Standards (R18-11, Article 4) are protective of
drinking water usage and are equivalent to the SDWA standards except for arsenic, which has not
been decreased at the state level to the more conservative federal value and was adopted nationwide
in 2006 (Towne and Jones 2011).
1.1.4 Local Regulations
1.1.4.1 Utah

Washington County
The Washington County Water Conservancy District (WCWCD) is charged with managing the
water supply within the county (Washington County 2012). Established in 1962 as a political
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subdivision of the State of Utah under the Utah Conservancy District Act, the WCWCD provides
water to over 85 percent of the people of the county. In times of high demand, the WCWCD
delivers over 34 million gallons a day to customers. Local municipalities may obtain additional water
from the WCWCD as needed.
Title 10, Chapter 23 of the County code establishes the Drinking Water Source Protection
Ordinance (Ord. 2004-844-O, 3-2-2004) to comply with Utah Code Annotated section 19-4-113,
1953, which requires counties to adopt water source protection ordinances to protect groundwater
sources of drinking water. The ordinance establishes drinking water source protection zones,
following guidance from UDEQ; these zones are as follows:
Zone 1: The area within a 100-foot radius from the wellhead or margin of the collection
area.
Zone 2: The area within a 250-day groundwater travel time to the wellhead or margin of
collection area, the boundary of the aquifer(s) which supply water to the groundwater
source, or the groundwater divide, whichever is closer.
Zone 3: The area within a three-year groundwater travel time to the wellhead or margin of
the collection area, the boundary of the aquifers which supply water the groundwater source,
or the groundwater divide, whichever is closer.
Zone 4: The area within a 15-year groundwater time of travel to the wellhead or margin of
the collection area, the boundary of the aquifers which supply water the groundwater source,
or the groundwater divide, whichever is closer.
Title 10, Chapter 24 of the County code establishes hillside development standards in order to
minimize soil and slope instability and erosion, to minimize the adverse effects of grading, and to
minimize subsurface water problems. All development on slopes in excess of 20 percent require a
grading development permit to be reviewed by the land use authority.
Kane County
The Kane County Water Conservancy District (KCWCD) is a special-service district that manages
water delivery and supply in Kane County to supplement municipal water sources. The KCWCD
operates one reservoir, 12 wells, treatment plants, and distribution facilities (KCWCD 2020).
Kane County has established a land use ordinance for drinking water protection zones (Ordinance
2013-5, 8-12-2013, eff. 8-27-2013), following guidance from UDEQ. Planning efforts for water
protection zones are coordinated with the UDEQ (Kane County 2018). The drinking water source
protection zones are as follows:
Zone 1: The area within a 100-foot radius from the wellhead or margin of the collection
area.
Zone 2: The area within a 250-day groundwater travel time to the wellhead or margin of
collection area, the boundary of the aquifer(s) which supply water to the groundwater
source, or the groundwater divide, whichever is closer.
Zone 3: The area within a three-year groundwater travel time to the wellhead or margin of
the collection area, the boundary of the aquifers which supply water the groundwater source,
or the groundwater divide, whichever is closer.
Zone 4: The area within a 15-year groundwater time of travel to the wellhead or margin of
the collection area, the boundary of the aquifers which supply water the groundwater source,
or the groundwater divide, whichever is closer.
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Title 9, Chapter 15 of the county code establishes the conditional use permit process, which details
requirements for mitigating potential environmental effects of proposed construction, including
erosion. Title 9, Chapter 19 of the county code establishes the requirements for construction in areas
that are subject to geologic, flood, or other natural hazards.
1.1.4.2 Arizona

Coconino County
Coconino County does not provide water to its residents (Coconino County 2017).
County Ordinance 1978-01 adopts excavation and grading regulations from the uniform building
code and provides penalties for the violation of the ordinance Coconino County (Coconino County
n.d.).
Mohave County
Chapter 18 of the County Code of Ordinances outlines provisions for flood hazard reduction,
including construction permitting and grading requirements in special flood hazard areas (Ord. No.
2000-00, § 5.8, 11-6-2000; Ord. No. 2014-01, § 5, art. 8, 5-19-2014).

1.2 Methodology
This section describes the methodology adopted to evaluate potential effects on surface water and
shallow groundwater quality as a result of the construction and operation of the Proposed Project.
The data reviewed and the assumptions made for the evaluation are presented in Sections 1.2.1 and
1.2.2, below. These methods are consistent with those detailed in the LPP Final Study Report 17 –
Surface Water Quality (UBWR 2016a); however, the methods have been updated to reflect
additional assessment of potential effects on shallow groundwater aquifers.
The affected environment includes the major waterways with state-designated beneficial uses in
three geographic areas that extend east to west from Lake Powell to the Virgin River and Sand
Hollow Reservoir. It also includes the locales at which construction or operation and maintenance
of the Proposed Project may affect nearby surface water or shallow groundwater resources.
1.2.1 Data Sources
The sources that were used to obtain water quality data for the waterbodies and waterways
potentially affected by the LPP are presented in Table 1.2-1.
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Table 1.2-1 Historical Water Quality Data Sources
Waterbody/Waterway

Virgin River
Paria River
Kanab Creek
Sand Hollow Reservoir
Lake Powell Reservoir
Ephemeral Drainages and Surface Water on
Kaibab-Paiute Indian Reservation Lands

Data Source

National Water Quality Monitoring Council, Water
Quality Data Portal (NWQMC 2020)(a)
Assessment of Managed Aquifer Recharge at Sand
Hollow Reservoir, Washington County, Utah, Updated to
conditions through 2014 (Marston and Heilweil 2016)
Historical physical and chemical data for water in Lake
Powell and from Glen Canyon Dam releases, Utah –
Arizona (Vernieu 2015).
Utah Board of Water Resources Field Assessment
(UBWR 2016a)

Source: LPP Final Study Report 17 – Surface Water Quality (UBWR 2016a)
Note:
(a) Formerly EPA STORET Warehouse (https://www.epa.gov/waterdata/water-quality-data-wqx)

1.2.2 Evaluation Methodology
The following tasks were completed as part of the LPP Final Study Report 17 – Surface Water
Quality (UBWR 2016a) to evaluate potential effects on surface water quality caused by construction
and operation of the Proposed Project:
Review of beneficial use designations and water quality criteria;
Review of historical water quality data;
Environmental effect assessment for construction and operation activities; and
Identification of mitigation measures.
These tasks are described in greater detail in Sections 1.2.2.1 through 1.2.2.3, below.
1.2.2.1 Beneficial Uses and Water Quality Criteria

Designated beneficial uses for the major waterbodies and shallow aquifers in the vicinity of the
Proposed Project in the states of Arizona and Utah were reviewed in the LPP Final Study Report 17
– Surface Water Quality (UBWR 2016a). Numeric water quality protection criteria associated with
each beneficial use were reviewed for the following water quality parameters:
pH;
Total dissolved solids (TDS);
Temperature;
Metals; and
Pollution indicators (i.e., total coliform).
1.2.2.2 Historical Water Quality Data

Surface water quality testing data were reviewed for each sampling location that was assessed in the
LPP Final Study Report 17 – Surface Water Quality (UBWR 2016a). The historical surface water
quality summary tables were updated to reflect sampling that was conducted since the completion of
the Final Study Report. Sampling locations with historical water quality data that had not been
updated since 2008 are incorporated by reference from the LPP Final Study Report 17 – Surface
Water Quality (UBWR 2016a).
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Based on review of the historical water quality data, the minimum, average, and maximum values are
presented herein for relevant water quality parameters. The historical water quality data for a
waterbody are compared with numeric water quality objectives. Exceedance percentages are based
on the number of samples that have concentrations in excess of the numeric objectives. Additional
information concerning water quality is provided in the LPP Final Study Report 17 – Surface Water
Quality (UBWR 2016a).
1.2.2.3 Effects Assessment

Potential effects on surface water quality during construction and operation of the Proposed Project
would result from clearing and grading for pipeline installation, the in-line hydrostations, and the
booster pump stations; the use of open-cut crossings for pipeline installation; changes to site
drainage patterns; and maintenance activities, such as pipeline flushing or draining. Potential effects
on groundwater quality during construction of the Proposed Project would result from dewatering
during construction activities.
The potential effects on surface water and shallow groundwater quality from the Proposed Project
alternatives include:
Increased erosion and sedimentation via runoff in areas of vegetation clearing, ground
disturbance, and construction activity.
Increased turbidity of shallow groundwater if dewatering or blasting is required.
Destabilization of stream banks that require blasting.
Runoff of chemicals onto surrounding soils (and/or waterbodies) from petroleum products
or other chemicals (e.g., disinfectants) used or released on construction sites.
Ground disturbance resulting from emergency repair activities, if the pipeline were to
rupture during hydrostatic testing or normal operations.
Temporary construction effects from vegetation removal and grading.
Increased erosion and sedimentation from discharge of hydrostatic test waster.
Changes in TDS from the addition of large volumes of Lake Powell water to the Sand
Hollow Reservoir.
Changes in water quality associated with volume changes in Lake Powell and downstream in
the Lower Colorado River, as a result of water withdrawals from Lake Powell.
The geomorphology of waterways that would be traversed by the Proposed Project is evaluated to
determine the likelihood of erosion and slope instability as a result of construction or operation and
maintenance. Potential water quality effects from the inflow of Lake Powell water into Sand Hollow
Reservoir are also assessed.

1.3 Environmental Protection Measures
Environmental Protection Measures (EPMs) as outlined in the LPP Plan of Development (POD)
are measures or procedures that are part of the Proposed Project and would be implemented as
standard practice, including measures or procedures that could reduce or avoid adverse impacts
(UDWRe 2020; provided as Appendix E, Plan of Development). EPMs would be applied regardless
of landownership, except where the jurisdictional agency or landowner determines changes to the
EPM(s) would ensure greater consistency with governing statutes, policies, or plans. Proper
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communication and coordination would occur with the jurisdictional agency, private landowner, etc.,
to ensure changes to EPMs are modified and applied appropriately.
The following environmental protection measures from the POD apply to water quality:
B.1.3. All activities directly or indirectly associated with the construction of the project will be
conducted within the authorized limits of the ROW grants. Any facility relocation, additional
construction area, additional access, or other use that is not in accord with the ROW grants will not
be initiated without prior approval of the BLM.
B.1.5. A worker education program will be developed by UDWRe and used during construction and
operation. It will be presented to personnel who will be on-site, including but not limited to
contractors, contractor’s employees, supervisors, inspectors, and subcontractors. A handout will be
developed addressing environmental protection measures incorporated into the project and the
responsibility of each worker in environmental protection. Each worker will be briefed on his or her
environmental compliance responsibilities, provided a handout, and required to sign a certification
that he or she understands and will comply with those environmental protection measures. An
individual who fails to comply with the environmental protection measures will be subject to
corrective action up to and including dismissal from the project.
Specifics of the program will include, but are not limited to:
General site maintenance (i.e., trash disposal)
Stormwater and Erosion Control
Hazardous material spill protocols
refueling protocols
Smoking areas
Use of sanitary facilities
California condor conservation measures
MBTA
Incident reporting
Prohibiting driving off the cleared corridor or existing roads
Importance of speed limits and other traffic regulations on access roads
Prohibiting unrestrained dogs or hunting on the construction and facility sites
Terms and conditions of the LPP Biological Opinion
Desert tortoise Habitat Conservation Plan (HCP) measures
Identifying and reporting procedures for other sensitive plants and wildlife that occur within
the area of potential effect
Cultural and paleontological resource identification and protection
Biological, Cultural, and Paleontological monitoring requirements
Visual resources measures
Avoidance of undue disturbance of biological soil crusts
Soil segregation requirements,
Noxious weed management and identification
Prohibiting collection of wildlife, plants, or cultural/paleontological resources, unless the
collection is part of a mitigation plan and is done by qualified personnel
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Workers will receive a sticker or certificate that they have completed the training; a laminated
card that can be used for reference, including applicable contact phone numbers, may also
be used
Training sessions will be held for new contractors and/or contractor personnel throughout
the life of the project
B.1.20. All available growth medium (topsoil and cleared vegetation) will be salvaged and marked
with signage for redistribution during reclamation. Growth medium will be windrowed along the
edge of the ROWs or placed in stockpiles and temporarily stabilized (if stockpiled for more than 14
days) with temporary seeding, natural fiber geotextiles, mulch, periodic water applications, or other
techniques to reduce or eliminate erosion or dust. Any temporary seeding mixes will be a BLMapproved certified weed-free seed mix. Topsoil and cleared vegetation will not be stockpiled in one
location for longer than two years unless approved by land management agency for specific
activities. Topsoil and cleared vegetation stockpiles maintained longer than one growing season will
be planted with an annual seed mix to help control erosion and keep soil micro-organisms active.
B.1.22. A record will be maintained of when construction-related major vegetation and grounddisturbing activities begin and are completed, and when restoration activities are initiated as a
function of the SWPPP inspection report.
B.1.29. Sediment transported onto a public paved road surface by construction equipment or other
vehicles that will require removal by sweeping will be disposed of in an approved landfill. Road
washing and/or street sweeping on public paved roads will be conducted, as needed.
B.1.36. Hazardous and toxic materials such as fuels, solvents, lubricants, and acids used during
construction will be controlled to prevent accidental spills. Toxic and hazardous materials will be
stored in accordance to the project SPCC plan. Vehicle and equipment refueling and hazardous
materials storage will not be allowed within 100 feet of any wash, stream, or spring.
B.1.37. Spill cleanup kits will be available on heavy equipment and maintained so that any spill of
fuels, solvents, lubricants, or acids can be quickly cleaned up. Construction and maintenance
personnel will be trained in the proper use of the spill kit materials and correct disposal procedures.
B.1.38. Any leak or accidental release of hazardous and toxic materials will be stopped immediately
and cleaned up at the time of occurrence. Contaminated soils will be removed and disposed of at a
State of Utah or State of Arizona approved landfill site. All spills requiring an emergency response,
regardless of the size of the spill, will be reported to UDWRe and BLM and will be tracked.
B.1.43. If blasting is determined to be necessary based on project design, a Blasting Plan will be
prepared and submitted to the BLM for approval in advance of construction. Any blasting will be
conducted conservatively and managed to avoid damage to nearby facilities, properties, or sensitive
cultural sites. Blast noise monitoring will be conducted if blasting will be in the vicinity of occupied
properties, wildlife areas, or sensitive public uses such as campgrounds or visitor facilities. Blasting
will not occur within 100 feet of an occupied Mojave Desert tortoise burrow.
B.1.44. A dewatering plan will be prepared and submitted to the BLM for approval in advance of
construction. Should dewatering be necessary, discharge will be filtered to minimize sediment and
will be directed to prevent flow from directly entering streams, wetlands, or sensitive environmental
areas. Erosion and sediment control will be conducted the same as described for stormwater
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practices. The CI will coordinate with the BLM on monitoring discharges and will identify sitespecific mitigation actions.
B.1.45. All concrete washout water will be collected and retained in a leak proof container so caustic
material does not reach the soil surface and water does not migrate into the ground and
groundwater. Containers will be allowed to dry (evaporate) and then solids will be disposed of or
recycled at an approved facility or used as tracking pad material onsite.
B.1.46. A General Permit for Stormwater Discharges Associated with Construction Activity
(UTRC00000 & Arizona Department of Environmental Quality [ADEQ] CGP) will be obtained
prior to any surface disturbance that includes clearing, grading, excavation, and/or stockpiling.
B.1.47. A site-specific SWPPP will be prepared and implemented for each construction contract.
The plan will be submitted to the BLM and other applicable agencies. The SWPPP will identify all
potential sources of pollution which could affect the quality of stormwater discharges from the
construction site, describe the construction activities that disturb soils at the site, provide an estimate
of the total disturbance area, and identify waters of the United States within one mile of the site. The
SWPPP will identify erosion and sediment control measures, compliance inspection metrics,
maintenance, and reporting. A copy of the SWPPP will be kept on site and updated as needed to
manage pollutants or reflect changes in site conditions.
B.1.48. A SPCC Plan (40 CFR 112) will be prepared and submitted to the BLM and other applicable
agencies. The plan will describe measures that will be taken to properly store, handle, and prevent
hazardous materials from being picked up in stormwater and transported offsite. It will also contain
measures related to clean up procedures and time frames, notification procedures, and restoration
efforts for the affected area.
B.1.49. Construction sequencing will be designed and scheduled to create the shortest construction
window practicable and the least amount of potential stormwater runoff. Construction, cleanup, and
reclamation will be sequenced to reasonably minimize the time between ground disturbance and
final restoration.
B.1.50. Erosion and sediment control will be implemented using both non-structural and structural
best management practices (BMPs). Non-structural BMPs examples include not performing topsoil
stripping during wet weather if there is risk of topsoil eroding or washing off the site in violation of
NPDES permits, and soil stabilization such as mulch, slope tracking, seeding, and erosion matting.
Structural examples are silt fence, wattles, and ditch checks. Any netting for erosion and sediment
control BMPs will be of natural-fiber (non-plastic material). BMP specifications will be included in
the project specific SWPPP(s).
B.1.51. Temporary perimeter sediment controls will be installed as necessary prior to initial soil
disturbance activities and will be maintained throughout construction and reclamation. These
controls will be designed to retain sediment on site to the extent practicable. Typical sediment
control BMPs include:
Siltation or filter berms
Filter or silt fencing
Sediment barriers, e.g., sand bags, straw bales, straw wattles (straw bound into rolls or bales)
Temporary erosion controls, e.g. straw & woodchip mulches, Jute netting
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Temporary seeding will be installed as soon as practical on all disturbed areas that will remain
disturbed and inactive for more than 14 days. Any straw used for erosion or sediment control will be
certified weed-free. Temporary erosion and sediment controls will be inspected weekly and after
major precipitation events and will be removed after construction and/or when they are no longer
needed.
B.1.52. During construction, broken structural erosion controls will be replaced or restored as soon
as practicable (typically within a day) but before the next forecasted precipitation event. Sediment
will be removed from structures when sediment reaches 50 percent of the barrier capacity and
disposed of within disturbed ROWs. Redistribution of sediment will be coordinated with the BLM.
B.1.53. For construction activities crossing a dry wash, spoil stockpiles will be pushed away and
stored a minimum of 10 feet away from the ordinary high-mark and silt fencing will be used to limit
sediment movement from the stockpile; stockpiles without silt fences will be located a minimum of
100 feet away from dry washes. All stockpiles will be kept within project ROWs.
B.1.54. At a minimum, a 10-foot wide vegetation buffer strip and other erosion control measure
such as straw bales or wattles (certified weed free) will be maintained between the cleared ROWs
and an adjacent drainage. The timing of clearing, grading, trenching, pipe installation, stabilization
and seeding banks during drainage crossings will be minimized to promote expedient efforts
towards restoration.
B.1.55. Non-stormwater discharges, including from pipeline and facility hydrostatic testing, will be
directed into existing dry washes or other downstream project facilities as feasible. Best management
practices such as diffusers or other energy dissipaters, straw bales (certified weed free), or filter sacks
will be used to prevent bank instability and erosion. Discharges will be managed and monitored so
that they do not exceed the typical 2- to 5-year flood event of the existing washes, and to allow
debris accumulations to be removed as needed. Discharges will also be managed to not exceed bank
levels and downstream banks and terrestrial vegetation will be monitored and discharges stopped if
above bank erosion is detected.
B.1.56. Stormwater compliance inspections will be conducted by UDWRe throughout construction
at least once every 7 days regardless of rain events, or every 14 days and additionally within 24 hours
of a storm event greater than 0.5 inches to ensure compliance with the SWPPP and Utah
Department of Environmental Quality (UDEQ) and ADEQ permits. Inspections will include
disturbed areas of the project that have not been stabilized, material and equipment storage areas
that are exposed to precipitation, all erosion and sediment control measures installed within the
ROWs, all structural control measures, and all locations where vehicles enter and/or exit the ROWs.
Inspectors will notify the construction manager to where requirements of the SWPPP are not being
followed, and implement corrective action as required to achieve compliance. Inspection reports will
be maintained on file and submitted to the BLM and UDEQ or ADEQ upon request.
B.1.57. A Hydrostatic Discharge Plan will be submitted to the BLM for approval, prior to the start
of any discharges.
B.1.58. Water quality of the hydrostatic testing water will be tested prior to discharge in accordance
with UDEQ or ADEQ permit requirements.
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B.1.59. At the completion of construction, all non-natural berms, ditches, temporary erosion and
sediment controls, bales, wattles, and other energy dissipating/filtering devices not required for
protection of facilities will be removed, and drainage function restored. Soils used for erosion
control structures and soils captured by those structures will be distributed across the ROWs prior
to replacing the topsoil and reclamation. Bales, wattles, and other energy dissipating/filtering devices
will be disposed of in approved trash receptacles. The ground surface will be graded to blend into
the preconstruction topography and/or slopes.
B.1.60. Washes and ephemeral drainage function will be restored. Soils over the pipeline will be
compacted in place for maximum pipeline stability, and additional stabilization measures such
natural fiber erosion matting and seeding will be installed where necessary. Stabilization measures
such as rip rap may be required to protect facilities and prevent increased erosion in washes. If
armoring of a channel crossing with rip-rap or concrete is necessary due to high erosion potential,
those areas and erosion control methods will be identified for BLM, USACE, or other appropriate
agency based upon the jurisdictional status of the feature.
B.1.61. Post-construction stormwater management will consist of permanent erosion control
measures installed as necessary to protect areas disturbed by UDWRe activities. These could include
but are not limited to vegetation restoration, tracking and matting of steep slopes to maintain
stability, berming (contoured to blend with existing landscape), and/or placement of appropriately
colored riprap. Final stabilization of soil disturbed areas will be achieved when vegetation restoration
and other erosion control measures are completed in accordance with the BLM-approved
Restoration Plan and UDEQ or ADEQ stormwater permit requirements.
B.4.1. In accordance with Clean Water Act individual permit requirements, BMPs will be
implemented for the pipeline crossing of Paria River (intermittent flow) and Sand Wash, Buckskin
Gulch (if flowing during a precipitation runoff event), and pipeline crossing of Kanab Creek
(intermittent flow) and Short Creek (if flowing during a precipitation runoff event). The BMPs will
utilize industry-accepted procedures.
B.2.2. The ROWs will be maintained in a clean condition, and any waste material, including human
waste, trash, garbage, refuse, oil drums, petroleum products, ashes, and equipment that may be
generated from ROWs activities will be disposed of promptly at a State of Utah or State of Arizona
approved landfill site.
B.2.3. Hazardous materials at the Hurricane Cliffs Hydro Station will be stored in secondary
containment structures, in compliance with Utah OSHA standards.
B.2.4. Pipelines and facilities will be equipped with pressure and flow sensors that will immediately
indicate a major system failure or break. The system will begin an automatic shutdown process to
isolate the affected area. Valve placement and storage capacity are planned to allow isolation of
pipeline segments to manage drainage volumes. Personnel will be promptly mobilized to evaluate
and repair any failure.
B.2.5. Stormwater discharges will be managed during facility operation by conducting regular
inspection and maintenance of any permanent erosion control structures. Inspections will be
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conducted prior to and immediately following a rain event. Maintenance will be performed on the
permanent structures as needed.
B.2.11. In the unlikely event of a major system rupture resulting in discharge of greater than
5,000,000 gallons or off-site erosion, UDWRe will notify the BLM and other appropriate
government entities as identified in the Emergency Response Plan. UDWRe will coordinate with the
BLM to develop and implement incident-specific restoration measures as directed by the BLM.

1.4 Existing Conditions
Section 1.4 defines the existing conditions within the study area. The study area encompasses three
geographic sections:
Eastern Section: Lake Powell immediately upstream from Glen Canyon Dam in Coconino
County, Arizona.
Central Section: Kanab Creek watershed, including the ACEC.
Western Section: Virgin River watershed, including Hurricane Cliffs, Sand Hollow Reservoir,
the Virgin River, and St. George, Utah.
1.4.1 Surface Water
Table 1.4-1 summarizes the surface waterbodies that are located within 500 feet of the LPP
alternatives and are within the affected environment. National Hydrography Dataset (NHD)
hydrographic categories for the same waterbody may differ depending on the reach that is most
proximal to the alternative (e.g., Kanab Creek is perennial in the vicinity of the Highway Alternative
crossing and intermittent in the vicinity of the Southern Alternative crossing). Figures 1.4-1a and
1.4-1b display the NHD features crossed by the Southern and Highway alternatives. Refer to the
LPP Final Study Report 18 – Surface Water Resources (UBWR 2016b) for a detailed review of the
surface water resources in affected environment.
Table 1.4-1 NHD Features and Categories within 500 feet of the LPP Alternatives
Waterbody Name
NHD Hydrographic Category
Land Ownership
Southern Alternative

Bitter Seeps Wash
Bitter Seeps Wash Tributary
Buckskin Wash Tributary
Bullrush Wash Tributary
Cottonwood Wash
Fort Pearce Wash Tributary
Gould Wash Tributary
Johnson Wash
Johnson Wash
Johnson Wash Tributary
Kanab Creek
Kanab Creek Tributary
Paria River
Paria River Tributary
Pipe Valley Wash

Intermittent
Ephemeral
Intermittent
Ephemeral
Intermittent
Ephemeral
Ephemeral
Perennial
Intermittent
Ephemeral
Intermittent
Ephemeral
Intermittent
Intermittent
Intermittent

BLM
BLM, State
BLM
BLM, Private, State
Private
BLM
BLM, Private
Private
State, BLM
BLM, Private, State
Tribe, BLM
BLM, State, Tribe
BLM, Private
BLM
Private, State, BLM
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Table 1.4-1 NHD Features and Categories within 500 feet of the LPP Alternatives (continued)
Waterbody Name
NHD Hydrographic Category
Land Ownership

Sand Gulch Tributary
Sandridge Wash
Sandridge Wash Tributary
Seaman Wash(a)
Short Creek
Short Creek Tributary
Short Creek Wash Tributary
Wahweap Creek Tributary
White Sage Wash
White Sage Wash Tributary

Intermittent
Intermittent
Ephemeral
Intermittent
Intermittent
Ephemeral
Ephemeral
Intermittent
Intermittent
Ephemeral, Intermittent

BLM, Private
Private, State, BLM
Private, State, BLM
BLM
BLM, Private
BLM, Private, State
BLM, Private
State, BLM, NPS, Private
BLM
BLM, Private

Ephemeral
Intermittent
Ephemeral
Intermittent
Ephemeral
Intermittent
Ephemeral
Ephemeral
Perennial
Ephemeral
Perennial
Ephemeral
Intermittent
Ephemeral
Intermittent
Intermittent
Intermittent
Intermittent
Intermittent
Ephemeral
Intermittent
Ephemeral
Intermittent
Intermittent
Ephemeral
Ephemeral
Ephemeral
Perennial
Intermittent
Ephemeral

NPS, Tribe
BLM
Private, State, Tribe
Tribe
Tribe
Private
BLM
BLM, Private
Private
BLM, Private
Private, State
Private, State, Tribe
Private, State
BLM, Private, State
BLM, Private
BLM
Private, State
BLM, Private
Tribe
Tribe
Tribe
Tribe
BLM
BLM, Private
BLM, Private, State
BLM, Private
Tribe
Tribe
BLM, NPS, Private, State
BLM, Private

Highway Alternative

Bitter Seeps Wash Tributary
Buckskin Wash Tributary
Bullrush Wash Tributary
Cottonwood Creek
Cottonwood Creek Tributary
Cottonwood Wash
Fort Pearce Wash Tributary
Gould Wash Tributary
Johnson Wash
Johnson Wash Tributary
Kanab Creek
Kanab Creek Tributary
Lost Spring Wash
Lost Spring Wash Tributary
Paria River
Paria River Tributary
Pipe Valley Wash
Sand Gulch Tributary
Sand Wash
Sand Wash Tributary
Sandy Canyon Wash
Sandy Canyon Wash Tributary
Seaman Wash
Short Creek
Short Creek Tributary
Short Creek Wash Tributary
Two Mile Wash Tributary
Twomile Wash
Wahweap Creek Tributary
White Sage Wash Tributary
Source: UBWR 2020
Key:
BLM = Bureau of Land Management
NHD = National Hydrography Dataset
NPS = National Park Service
Tribe = Kaibab Band of Paiute Indians
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Figure 1.4-1a LPP East Alternative Alignments, NHD Waterbodies Crossed
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Figure 1.4-1b LPP West Alternative Alignments, NHD Waterbodies Crossed
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1.4.2 Shallow Groundwater Aquifers
For this analysis, shallow groundwater aquifers are defined as aquifers that discharge directly into
surface water features and may require dewatering during construction of the Proposed Project. The
potential to encounter groundwater during construction activities along most of the LPP Project
alignments is low. The alignments are located in areas where groundwater is historically recorded at
low water table elevations and with few productive water wells as identified in the LPP Final Study
Report 5 – Groundwater Resources (UBWR 2016c).
Table 1.4-2 summarizes the locations of probable shallow groundwater that would be crossed by
both LPP alternatives. Figures 1.4-2a and 1.4-2b display the locations of probable shallow
groundwater that would be crossed by both LPP alternatives.
A sole-source aquifer is an EPA-designated aquifer that supplies at least 50 percent of the drinking
water in a service area, and there are no reasonably available alternative drinking water sources if the
aquifer should become contaminated. No sole-source aquifers are located within the vicinity of the
Proposed Project (EPA 2020).
Several drinking water protection zones are located within 1 mile of both Proposed Project
alternatives in Utah. The protection zones are associated with special service districts associated with
Washington and Kane Counties. Table 1.4-3 lists the system name, the wellhead identification (ID),
and the protection zone associated with each wellhead. Figures 1.4-3a and 1.4-3b display the
wellhead protection zones within 500 feet of the Proposed Project.
Refer to the LPP Final Study Report 5 – Groundwater Resources (UBWR 2016c) for a description
of groundwater resources in the affected environment of the Proposed Project.
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Table 1.4-2 Probable Locations of Shallow Groundwater Crossed by Project Alternatives
Area of
Probable Groundwater
Probable Groundwater
Disturbance
Land Ownership
Location
Area (acres)
(square feet)
Southern Alternative

Cottonwood Wash
Crossing
Paria River Crossing at
Sand Gulch
Pipe Valley Wash
Southern Alternative
Crossing
Short Creek Crossings at
Canaan Gap
Short Creek Crossing at
Colorado City
Water Intake System

710.32

49.92

Private, BLM

201.02

17.37

BLM, Private

310.34

22.28

BLM, Private, State

1,320.83

80.1

BLM, Private, State

345.05

33.07

Private, State

17.44

N/A

NPS, Reclamation

710.32

49.92

Private, BLM

710.4

51.6

Private, State

201.02

17.37

BLM, Private

1,320.83

80.1

BLM, Private, State

345.05

31.94

Private, State

17.44

N/A

NPS, Reclamation

Highway Alternative

Cottonwood Wash
Crossing
Kanab Creek Crossing at
Fredonia
Paria River Crossing at
Sand Gulch
Short Creek Crossings at
Canaan Gap
Short Creek Crossing at
Colorado City
Water Intake System

Source: UBWR 2020
Key:
BLM = Bureau of Land Management
N/A = not applicable
NPS = National Park Service
Reclamation = Bureau of Reclamation

Table 1.4-3 Utah Drinking Water Wellheads and Protection Zones within 1 mile of the Proposed Project
System Name
County
Wellhead Name
Protection Zone(s)

Church Wells Special Service
District
Glen Canyon Special Service
District of Big Water
New Paria Subdivision
Washington County Water
Conservancy District - Sand
Hollow

Kane County, Utah
Kane County, Utah
Kane County, Utah
Washington County,
Utah

Well #1 (South)
Well #3 (North)
No 1 South Well
No 2 North Well
Navajo Geology Well
Sand Hollow #21
Sand Hollow #22
Sand Hollow Well 2
Sand Hollow Well 3
Sand Hollow Well 4

1-4
1-4
1-4
1-4

Source: UBWR 2020
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Figure 1.4-2a LPP East Alternative Alignments, Areas of Probable Shallow Groundwater Crossed
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Figure 1.4-2b LPP West Alternative Alignments, Areas of Probable Shallow Groundwater Crossed
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Figure 1.4-3a LPP East Alternative Alignments, Utah Wellhead Protection Zones
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Figure 1.4-3b LPP West Alternative Alignments, Utah Wellhead Protection Zones
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1.4.3 Beneficial Use Designations
Beneficial use protection classifications for major rivers and reservoirs in the affected environment
of the Proposed Project alternatives in both Utah and Arizona are provided in Table 1.4-4 and in the
LPP Final Study Report 18 – Surface Water Resources (UBWR 2016b).
Table 1.4-4 Beneficial Use Protection Classifications Designated for Major Rivers and Reservoirs in the
Vicinity of the LPP for the States of Utah and Arizona
Waterbody
Classification (UAC R317-2-13)
Classification (AAC R317-2-13)

Colorado River
Kanab Creek (lower)
Lake Powell
Mill Creek
Paria River
Quail Creek Reservoir (Quail Lake)
Virgin River (above Quail Creek
Diversion)
Virgin River (below Quail Creek
Diversion)

1C, 2B, 3B, 4
2B, 3C, 4
1C, 2A, 2B, 3B, 4
1C, 2B, 3A, 4
2B, 3C, 4
1C, 2A, 2B, 3B, 4
1C, 2B, 3C, 4

N/A
A&Ww, FBC, DWS, FC, AgL
N/A
N/A
A&Ww, FBC, FC
N/A
N/A

2B, 3A, 4

N/A

Key:
N/A = Not Applicable. The waterbody in the vicinity of the Proposed Project is not located within this state; thus, the
beneficial use classifications do not apply.
AAC = State of Arizona Administrative Code
A&Ww = aquatic and wildlife (warm water)
AgL = agricultural livestock watering
DWS = domestic water source
FBC = full-body contact
FC = fish consumption
UAC = State of Utah Administrative Code

1.4.4 Historical Surface Water Quality Conditions – Utah
1.4.4.1 Kanab Creek

In southern Utah, Kanab Creek drains a narrow valley from north to south with maximum
elevations of approximately 8,000 feet. Downstream of the town of Kanab in Kane County, Utah,
Kanab Creek flows into Arizona near Fredonia. In Arizona, it flows through the Kaibab Indian
Reservation of the Kaibab Band of Paiute Indians onto BLM-administered land, and through the
ACEC and the Kanab Creek Wilderness (on National Forest System land) before its confluence with
the Colorado River in Grand Canyon National Park. Peak flows occur in spring, and low flows
occur during the late summer months (UBWR 2016a). The characterization of Kanab Creek water
quality is based upon historical water quality data obtained at three sampling stations (Table 1.4-5;
Figure 1.4-4).
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Table 1.4-5 Kanab Creek Water Quality Sample Station Locations
Station ID
Station Name
Sampling Period

4951810
4951830
4951750

Kanab Creek at US89
Crossing
Kanab Creek at Falls
Crossing East of Glendale
Kanab Creek below Kanab
WWTP at the State Line

Latitude

Longitude

1978 to 1982, 1993 to 2019

37.10083

-112.547

1980 to 1981, 1996 to 2019

37.29111

-112.492

1976 to 1993, 2001 to 2003

37.00611

-112.536

Source: NWQMC 2020

Numeric water quality criteria for Kanab Creek designated beneficial uses vary based on the
different beneficial uses for the state of Utah. Table 1.4-6 presents the most stringent numeric
criteria for Kanab Creek for the relevant water quality parameters discussed in LPP Final Study
Report 17 – Surface Water Quality (UBWR 2016a).
Table 1.4-6 Numeric Water Quality Data for Kanab Creek, UAC R317-2-13
Constituent – Units
Numeric Criteria

Aluminum - µg/L
Cadmium - µg/L
Chromium (VI) - µg/L
Copper - µg/L
Dissolved Oxygen - µg/L
Iron - µg/L
pH – Standard Units(a)
Solids, Total Dissolved - µg/L
Temperature, water – °C
Total Coliform - MPN/100 mL
Turbidity – NTUs (increase of)
Zinc - µg/L

750
1.8
16
13
5 (30-day average), 3 (minimum)
1,000
6.5-9.0
1,200
27
206
10
120

Note:
(a) Acceptable range
Key:
°C = degrees Celsius
µg/L = micrograms per liter
mL = milliliters
MPN = most probable number
NTU = nephelometric turbidity unit

Updated historical water quality data from Kanab Creek water quality sampling locations 4951810
(Kanab Creek at US89 Crossing) and 4951830 (Kanab Creek at Falls Crossing East of Glendale) are
summarized in Tables 1.4-7 and 1.4-8.
Refer to the LPP Final Study Report 17 – Surface Water Quality (UBWR 2016a) for data from
sampling location 4951750, which has not been updated since 2003.
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Figure 1.4-4 Lake Powell Pipeline, Alternative Alignments Water Quality Sampling Stations
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Table 1.4-7 Summary of Historical Water Quality Data at Kanab Creek (Station ID 4951810)
Average of
Number of
Period of
Parameter Minimum Maximum
Detected
Samples
Record
Units
Values

Aluminum µg/L

ND

880

145

77

1994 - 2012

Cadmium µg/L

ND

2

1.3

84

1979 - 2012

Copper - µg/L

ND

4,630

182

84

1982 - 2012

Iron - µg/L

ND

1,850

148

87

1993 - 2012

pH- Standard
Units
Temperature,
water - °C
Total
Coliform MPN/100 mL
Total
Dissolved
Solids - mg/L

7

10

8.3

440

1978 - 2019

0

31

13

263

1978 - 2019

23

9,300

2,510

11

1978 - 1981

216

1,360

355

287

1978 - 2019

Turbidity NTU

1

10,276

392

189

1978 - 2013

Remarks

The numeric criterion for dissolved aluminum (1-hour
average of 750 µg/L) was exceeded in one sample (1.0% of
samples). Aluminum was detected in 18 samples (23% of
samples).
The numeric criterion for dissolved cadmium (1-hour average
of 1.8 µg/L) was exceeded in one sample (1.0% of samples).
Cadmium was detected in four samples (4.7% of samples).
The numeric criterion for dissolved copper (1-hour average of
13 µg/L) was exceeded in two samples (2.0% of samples).
Copper was detected in 79 samples (29% of samples).
The numeric criterion for dissolved iron (1-hour average of
1,000 µg/L) was exceeded in 2 samples (2% of samples). Iron
was detected in 35 samples (40% of samples).
No samples fall below the minimum criterion of 6.5. Three
samples exceed the maximum criterion of 9.0.
The numeric criterion of temperature (27 °C) was exceeded in
nine samples (3% of samples).
The numeric criterion for total coliform (206 MPN/100 mL)
was exceeded in 10 samples (91% of samples).
The numeric criterion for TDS (1,200 mg/L) was exceeded in
1 sample (<1% of samples). Approximately 83% of samples
measured had TDS concentrations less than 400 mg/L. A
TDS concentration of 1,000 mg/L was exceeded in two
samples (<1% of samples).
Numeric criterion is based on an increase as a result of
discharge.
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Table 1.4-7 Summary of Historical Water Quality Data at Kanab Creek (Station ID 4951810) (continued)
Average of
Number of
Period of
Parameter Minimum Maximum
Detected
Samples
Record
Units
Values

Zinc - µg/L

ND

12,100

38

84

1993 - 2012

Remarks

The numeric criterion for dissolved zinc (1-hour average of
120 µg/L) was exceeded in one sample (1% of samples);
however, this value (12,100 µg/L) is three orders of
magnitude greater than the remaining analytical results and
was not included in the average. Zinc was detected in eight
samples.

Source: Summarized from EPA’s Water Quality Portal database (NWQMC 2020). Water quality sampling and analysis were completed by the Utah Department of
Environmental Quality.
Key:
°C = degrees Celsius
µg/L = micrograms per liter
mg/L = milligrams per liter
mL = milliliters
MPN = Most Probable Number. Value shown as “average” represents the geometric mean of the samples (UBWR 2016a).
ND = non-detect
NTU = nephelometric turbidity unit
TDS = total dissolved solids
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Table 1.4-8 Summary of Historical Water Quality Data at Kanab Creek (Station ID 4951830)
Average of
Number of
Period of
Parameter Minimum
Maximum
Detected
Samples
Record
Units
Values

Aluminum µg/L

ND

180

61

63

1998 - 2012

Cadmium µg/L

ND

0.112

0.112

62

1998 - 2012

Copper - µg/L

ND

636

26

63

1998 - 2012

Iron - µg/L

ND

910

195

65

1998 - 2019

pH - Standard
Units

5.50

9.2

8.2

316

1981 - 2019

Temperature,
water - °C
Total
Dissolved
Solids - mg/L

-0.50

29

11

199

1980 - 2019

364

2,536

1,197

224

1980 - 2019

Turbidity NTU

0.476

6,979

230

126

1980 - 2009

Remarks

The numeric criterion for dissolved aluminum
(1-hour average of 750 µg/L) was not exceeded
in samples.
The numeric criterion for dissolved cadmium
(1-hour average of 1.8 µg/L) was not exceeded
in samples.
The numeric criterion for dissolved copper (1hour average of 13 µg/L) was exceeded in three
samples (5% of samples). Copper was detected
in 31 samples (49% of samples).
The numeric criterion for dissolved iron (1hour average of 1,000 µg/L) was not exceeded
in samples.
Three samples fall below the minimum criterion
of 6.5 (<1% of samples). Two samples exceed
the maximum criterion of 9.0 (<1% of
samples).
The numeric criterion for temperature (27 °C)
was exceeded in eight samples (4% of samples).
The numeric criterion for TDS (1,200 mg/L)
was exceeded in 110 samples (49% of samples).
Approximately 30% of the samples had TDS
concentrations greater than 1,500 mg/L.
The numeric criterion is based on an increase as
a result of a discharge, rather than an absolute
turbidity value.
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Table 1.4-8 Summary of Historical Water Quality Data at Kanab Creek (Station ID 4951830) (continued)
Average of
Number of
Period of
Parameter Minimum
Maximum
Detected
Samples
Record
Units
Values

Zinc - µg/L

ND

170

36

63

1998 - 2012

Remarks

The numeric criterion for dissolved zinc (1hour average of 120 µg/L) was exceeded in 1
sample (11% of samples).

Source: Summarized from EPA’s Water Quality Portal database (NWQMC 2020). Water quality sampling and analysis were completed by the Utah Department of
Environmental Quality.
Key:
°C = degrees Celsius
µg/L = micrograms per liter
mg/L = milligrams per liter
mL = milliliters
MPN = Most Probable Number. Value shown as “average” represents the geometric mean of the samples (UBWR 2016a).
ND = non-detect
NTU = nephelometric turbidity unit
TDS = total dissolved solids
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1.4.4.2 Paria River

The Paria River flows from the headwaters in Bryce Canyon National Park and Dixie National
Forest through private agricultural lands in Garfield County, Utah, and south through Grand
Staircase-Escalante National Monument (GSENM) in Kane County, Utah, into the Paria CanyonVermilion Cliffs Wilderness and Vermilion Cliffs National Monument in Coconino County,
Arizona, and into the Colorado River below Glen Canyon Dam. The river flows through the Grand
Staircase region, a series of multi-colored cliffs, which begin at the rim of the Grand Canyon and
ascend over 5,000 feet across GSENM and the Kanab Field Office to the headwaters at the cliffs in
Bryce Canyon (UBWR 2016a).
Section 303(d) and EPA’s Water Quality Planning and Management Regulations (40 CFR Part 130),
require that states report waterbodies (i.e., lakes, reservoirs, rivers, and streams) that do not support
their designated beneficial use(s). Segments of the Paria River are categorized as impaired for
temperature and TDS (DWQ 2016). The characterization of water quality in the Paria River is based
upon water quality data obtained at three sampling stations (Table 1.4-9; Figure 1.4-4).
Table 1.4-9 Paria River Water Quality Sample Station Locations
Station ID
Station Name
Sampling Period

4951850
4951860
5994550

Paria River at US89 Crossing
Paria River at Kodachrome
Basin Road Crossing
Paria River at Old Town Site

Latitude

Longitude

1976 to 1988, 1998 to 2018
2000 to 2004

37.1075
37.52814

-111.906
-112.043

1998 to 2018

37.2505

-111.954

Source: NWQMC 2020

Numeric water quality criteria for the Paria River vary based on the different beneficial uses. Table
1.4-10 presents the most stringent beneficial use water quality criteria for Paria River for the relevant
water quality parameters.
Table 1.4-10 Numeric Water Quality Data for Paria River, UAC R317-2-13
Constituent – Units
Numeric Criteria

Aluminum - µg/L
Cadmium - µg/L
Chromium (VI) - µg/L
Copper - µg/L
Dissolved Oxygen - µg/L(a)
Iron - µg/L
Lead - µg/L
pH – Standard Unitsa
Solids, Total Dissolved - µg/L
Temperature, water – °C
Total Coliform - MPN/100 mL
Turbidity – NTU (increase of)

750
1.8
16
13
5 (30-day average), 3 (minimum)
1,000
65
6.5-9.0
1,200
27
206
10

Note:
(a) Acceptable range
Key:
°C = degrees Celsius
µg/L = micrograms per liter
mL = milliliters
MPN = Most Probable Number
NTU = Nephelometric Turbidity Unit

Updated historical water quality data from Paria River water quality sampling locations 4951850
(Paria River at US 89 Crossing) and 5994550 (Paria River at Old Town Site) are summarized in
Tables 1.4-11 and 1.4-12.
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Table 1.4-11 Summary of Historical Water Quality Data at Paria River (Station ID 4951850)
Average of
Number of
Period of
Parameter Minimum
Maximum
Detected
Samples
Record
Units
Values

Aluminum µg/L

ND

3,600

447

51

1998 - 2004

Cadmium µg/L

ND

5

5.0

52

1998 - 2012

Chromium
(IV) - µg/L

ND

25

13

10

1977 - 1981

Copper - µg/L

ND

430

22

53

1976 - 2012

Iron - µg/L

ND

9,250

1,048

55

1976 - 2012

Lead - µg/L

ND

124

13

52

1976 - 2012

pH – Standard
Units
Solids, Total
Dissolved –
mg/L

7

9.7

8

359

1976 - 2018

504

3,876

1,215

253

1976 - 2018

Temperature,
water - °C

0

33

14

226

1976 - 2018

Remarks

The numeric criterion for dissolved aluminum
(1-hour average of 750 µg/L) was exceeded in
two samples (4% of samples). Aluminum was
detected in 21 samples (41% of samples).
The numeric criterion for dissolved cadmium
(1-hour average of 2 µg/L) was exceeded in one
sample (1 % of samples). Cadmium was
detected in one sample.
The numeric criterion for dissolved hexavalent
chromium (1-hour average of 16 µg/L) was
exceeded in one sample (10%). Hexavalent
chromium was detected in two samples (20% of
samples).
The numeric criterion for dissolved copper (1hour average of 13 µg/L) was exceeded in one
sample (1% of samples). Copper was detected
in 24 samples (24% of samples).
The numeric criterion for dissolved iron (1hour average of 1,000 µg/L) was exceeded in
four samples (7% of samples). Iron was
detected in 19 samples (34% of samples).
The numeric criterion for dissolved lead (1hour average of 65 µg/L) was exceeded in one
sample (2% of samples). Lead was detected in
12 samples (23% of samples).
The numeric criterion for pH (range 6.5 - 9.0)
was exceeded in five samples (1% of samples).
The numeric criterion for TDS (1,000 mg/L)
was exceeded in 174 samples (69% of samples).
Approximately 14% of collected samples had
TDS concentrations greater than 1,500 mg/L.
The number criterion for temperature (27 °C)
was exceeded in 20 samples (9% of samples).
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Table 1.4-11 Summary of Historical Water Quality Data at Paria River (Station ID 4951850) (continued)
Average of
Number of
Period of
Parameter Minimum
Maximum
Detected
Samples
Record
Units
Values

Total Coliform
- MPN/100
mL
Turbidity NTU

23

43,000

7,722

16

1976 - 1979

1.04

52,208

1,764

162

1976 - 2013

Remarks

The numeric criterion for total coliform (206
MPN/100 mL) was exceeded in 13 samples
(81% of samples).
The numeric criterion is based on an increase as
a result of a discharge, rather than an absolute
turbidity value.

Source: Summarized from EPA’s Water Quality Portal database (NWQMC 2020). Water quality sampling and analysis were completed by the Utah Department of
Environmental Quality.
Key:
°C = degrees Celsius
µg/L = micrograms per liter
mg/L = milligrams per liter
mL = milliliter
MPN = Most Probable Number. Value shown as “average” represents the geometric mean of the samples (UBWR 2016b).
ND = non-detect
NTU = Nephelometric Turbidity Unit
TDS = Total Dissolved Solids
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Table 1.4-12 Summary of Historical Water Quality Data at Paria River (Station ID 5994550)
Average of
Number of
Period of
Parameter Minimum
Maximum
Detected
Samples
Record
Units
Values

Aluminum µg/L

ND

2,200

550

48

1998 - 2011

Cadmium µg/L

ND

2.2

2.2

48

1998 - 2011

Chromium-IIIµg/L

ND

24

7

48

1998 - 2011

Copper - µg/L

ND

17,100

1,071

48

1998 - 2011

Iron - µg/L

ND

5,310

1,202

48

1998 - 2011

Lead - µg/L

ND

574

83

48

1998 - 2011

pH - Standard
Units
Solids, Total
Dissolved mg/L

7

9

8

242

1998 - 2018

504

2,350

941

152

1998 - 2018

Temperature,
water - °C

0.00

30.6

16.6

127

1998 - 2018

Remarks

The numeric criterion for dissolved aluminum
(1-hour average of 750 µg/L) was exceeded in
two samples (4% of samples). Aluminum was
detected in nine samples (19% of samples).
The numeric criterion for dissolved cadmium
(1-hour average of 2 µg/L) was exceeded in the
only two samples in which it was detected.
The numeric criterion for chromium (1-hour
average of 16 µg/L) was exceeded in one
sample (2% of samples). Total chromium was
detected in nine samples (19% of samples).
The numeric criterion for dissolved copper (1hour average of 13 µg/L) was exceeded in one
sample (2% of samples). Copper was detected
in 16 samples (33% of samples).
The numeric criterion for dissolved iron (1hour average of 1,000 µg/L) was exceeded in
two samples (4% of samples). Iron was
detected in seven samples (15% of samples).
The numeric criterion for dissolved lead (1hour average of 65 µg/L) was exceeded in one
sample (2% of samples). Lead was detected in
seven samples (15% of samples).
All samples were within the 6.5 - 9.0 range of
the criteria.
The numeric criterion for TDS (1,000 mg/L)
was exceeded in 47 samples (31% of samples).
Three samples had TDS values greater than
1,500 mg/L (2% of samples).
The numeric criterion for temperature (27 °C)
was exceeded in 18 samples (14% of samples).

35

Table 1.4-12 Summary of Historical Water Quality Data at Paria River (Station ID 5994550) (continued)
Average of
Number of
Period of
Parameter Minimum
Maximum
Detected
Samples
Record
Units
Values

Turbidity NTU

0.626

19,212

1,541

115

1998 - 2009

Remarks

The numeric criterion is based on an increase as
a result of a discharge, rather than an absolute
turbidity value.

Source: Summarized from EPA’s Water Quality Portal database (NWQMC 2020). Water quality sampling and analysis were completed by the Utah Department of
Environmental Quality.
Key:
°C = degrees Celsius
µg/L = micrograms per liter
mg/L = milligrams per liter
MPN = Most Probable Number. Value shown as “average” represents the geometric mean of the samples (UBWR 2016b).
ND = non-detect
NTU = Nephelometric Turbidity Unit
TDS = Total Dissolved Solids
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Refer to the LPP Final Study Report 17 – Surface Water Quality (UBWR 2016a) for data from
sampling location 4951860, which have not been updated since 2003.
1.4.4.3 Virgin River

The Virgin River lies within the lower Colorado River basin and is bordered by mountains with
elevations reaching over 10,000 feet. The lowest elevation is about 2,500 feet, where the Virgin River
crosses the state line into Arizona. Most Virgin River streamflow originates as snow, with runoff
resulting in peak flow from March through May. The greatest water producing area is in the
headwaters of the North Fork of the Virgin River. The headwaters of the Virgin River are located in
the mountains of southern Utah, and north and east of Zion National Park. The river flows through
Utah and the Virgin River Gorge in Arizona before entering Nevada near the city of Mesquite. The
river flows southwesterly for about 25 miles through the unincorporated towns of Bunkerville and
Riverside before flowing into the Overton Arm of Lake Mead. Additional information concerning
river geography is contained in the LPP Final Study Report 17 – Surface Water Quality (UBWR
2016a).
Segments of the Virgin River are categorized on the Section 303 (d) list as impaired for E. coli,
temperature, total boron, and TDS (DWQ 2016). While the Virgin River is located 3.60 miles from
the nearest point of either the Southern Alternative or the Highway Alternative, water from the river
would intermingle with the water supply provided by the Proposed Project, downstream of the
Quail Creek Diversion in Hurricane, Utah.
The characterization of Virgin River water quality is based upon water quality data obtained at eight
sampling stations (Table 1.4-13; Figure 1.4-4) (UBWR 2016a). Key water quality parameters at each
of the stations below the Quail Creek diversion are summarized below.
Table 1.4-13 Virgin River Water Quality Sample Station Locations
Station ID
Sampling Period
Latitude

4950010
4950020
5950120
4950130
4950200
4950260
4950300
4950320

1976 – 1983
1984 – 2019
1977, 1989 – 2019
1976 – 1984, 1999
1975 – 1985, 1996 - 2019
1982 – 1983
2000 – 2002, 2004 – 2019
1976, 1982 – 2002, 2006 –
2019

37.00000
37.02014
37.05222
37.07306
37.08639
37.11611
37.16278
37.16278

Longitude

-113.703
-113.672
-113.600
-113.580
-113.556
-113.500
-113.395
-113.395

Source: NWQMC 2020

Numeric water quality criteria for the Virgin River vary based on the different beneficial uses. Table
1.4-14 presents the most stringent numeric criteria for the Virgin River for the relevant water quality
parameters.
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Table 1.4-14 Numeric Water Quality Data for Virgin River (Below Quail Creek Diversion), UAC R317-2-13
Constituent – Units
Numeric Criteria

Aluminum - µg/L
Arsenic - µg/L
Barium - mg/L
Boron - mg/L
Cadmium - µg/L
Chromium (VI) - µg/L
Copper - µg/L
Dissolved Oxygen - µg/L(a)
Iron - µg/L
Lead - µg/L
Mercury - µg/L
Nickel - µg/L
pH – Standard Units(b)
Selenium - µg/L
Silver - µg/L
Solids, Total Dissolved - µg/L
Temperature, water – °C
Total Coliform - MPN/100 mL
Turbidity – NTU (increase of)
Zinc - µg/L

750
10
1
0.75
1.8
16
13
6.5 (30-day average), 8.0/4.0
1,000
65
2.4
468
6.5-9.0
18.4
1.6
1,200
20
206
10
120

Notes:
(a) Minimum when early life stages are present; minimum when all other life stages are present.
(b) Acceptable range.
Key:
°C = degrees Celsius
µg/L = micrograms per liter
mL = milliliters
mg/L = milligrams per liter
MPN = Most Probable Number
NTU = nephelometric turbidity units

Updated historical water quality data from the Virgin River water quality sampling locations
4950020, 4950120, 4950200, 4950300, and 4950320 are summarized in Tables 1.4-15 through 1.4-19.
Refer to the LPP Final Study Report 17 – Surface Water Quality (UBWR 2016a) for data from
sampling locations 4950010, 4950130, and 4950260, which have not been updated since 1999.
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Table 1.4-15 Summary of Historical Water Quality Data at Virgin River (Station ID 4950020)
Average of
Number of
Period of
Parameter Minimum
Maximum
Detected
Samples
Record
Units
Values

Aluminum µg/L

ND

903

122

77

1994 - 2019

Arsenic - µg/L

ND

22.5

10

150

1984 - 2019

Boron - µg/L

231

2,710

828

31

2002 - 2019

Cadmium µg/L

ND

35

5.8

149

1984 - 2019

Chromium µg/L

ND

80

10

149

1984 - 2019

Copper - µg/L

ND

90

14

148

1984 - 2019

Iron - µg/L

ND

1,160

93

91

1992 - 2019

pH – Standard
Units

5.94

9.05

8.2

382

1984 - 2019

Remarks

The numeric criterion for dissolved aluminum
(1-hour average of 750 µg/L) was exceeded in
one sample (1% of samples). Aluminum was
detected in 13 samples (17% of samples).
The numeric criterion for dissolved arsenic (10
µg/L) was exceeded in 61 samples (41% of
samples). Arsenic was detected in 139 samples
(93% of samples).
The numeric criterion for dissolved boron (0.75
mg/L) was exceeded in 19 samples (61% of
samples).
The numeric criterion for dissolved cadmium
(1-hour average of 1.8 µg/L) was exceeded in
eight samples (5% of samples). Cadmium was
detected in 9 samples (6% of samples).
The numeric criterion for dissolved chromiumIII (6 µg/L) was exceeded in 12 samples (8% of
samples). Chromium was detected in 24
samples (16% of samples).
The numeric criterion for dissolved copper (1hour average of 13 µg/L) was exceeded in 13
samples (9% of samples). Copper was detected
in 39 samples (26% of samples).
The numeric criterion for dissolved iron (1hour average of 1000 µg/L) was exceeded in
one sample (1% of samples). Iron was detected
in 29 samples (32% of samples).
The pH of one sample was less than the
minimum criterion of 6.5. The pH of three
samples were greater than the maximum
criterion of 9.0.
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Table 1.4-15 Summary of Historical Water Quality Data at Virgin River (Station ID 4950020) (continued)
Average of
Number of
Period of
Parameter Minimum
Maximum
Detected
Samples
Record
Units
Values

Selenium µg/L

1

4.49

2.4

151

1984 - 2019

Solids, Total
Dissolved –
mg/L
Temperature,
water – °C
Total Coliform
– MPN/100
mL
Turbidity NTU

472

3,990

1,878

212

1984 - 2019

1.7

33.9

17

209

1984 - 2019

49

18,500

175

6

1984 - 2007

0.988

3170

176

197

1984 - 2019

Zinc - µg/L

5.16

202

34

149

1984 - 2019

Remarks

The numeric criterion for dissolved selenium
(1-hour average of 18.4 µg/L) was not exceeded
in any sample. Selenium was detected in 59
samples (39% of samples).
The numeric criterion for TDS (1,200 mg/L)
was exceeded in 181 samples (85% of samples).
The numeric criterion for temperature (20 °C)
was exceeded in 78 samples (37% of samples).
The numeric criterion for total coliform (206
MPN/100 mL) was exceeded in two samples
(33% of samples).
The numeric criterion is based on an increase as
a result of a discharge, rather than an absolute
turbidity value.
The numeric criterion for dissolved zinc (1hour average of 120 µg/L) was exceeded in
three samples (2% of samples). Zinc was
detected in 57 samples (38% of samples).

Source: Summarized from EPA’s Water Quality Portal database (NWQMC 2020). Water quality sampling and analysis were completed by the Utah Department of
Environmental Quality.
Key:
°C = degrees Celsius
µg/L = micrograms per liter
mg/L = milligrams per liter
MPN = Most Probable Number. Value shown as “average” represents the geometric mean of the samples (UBWR 2016a).
ND = non-detect
NTU = Nephelometric Turbidity Unit
TDS = Total Dissolved Solids
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Table 1.4-16 Summary of Historical Water Quality Data at Virgin River (Station ID 5950120)
Average of
Number of
Period of
Parameter Minimum
Maximum
Detected
Samples
Record
Units
Values

Aluminum µg/L

ND

147

62

66

1996 - 2019

Arsenic - µg/L

ND

22

10

93

1989 - 2019

Barium - µg/L

ND

209

89

72

1992 - 2019

Boron - µg/L

219

1,190

807

28

2002 - 2019

Cadmium µg/L

ND

ND

N/A

93

1989 - 2019

Chromium µg/L

ND

8.54

4.2

93

1989 - 2019

Copper - µg/L

ND

39

8.7

93

1989 - 2019

Iron - µg/L

ND

195

51

72

1992 - 2019

pH – Standard
Units
Selenium µg/L

6.95

8.85

8.0

147

1977 - 2019

ND

4.3

2.7

93

1989 - 2019

Remarks

The numeric criterion for dissolved aluminum
(1-hour average of 750 µg/L) was not exceeded
in any samples. Aluminum was detected in 13
samples (20% of samples).
The numeric criterion for dissolved arsenic (10
µg/L) was exceeded in 35 samples (38% of
samples).
The numeric criterion for dissolved barium (1
mg/L) was not exceeded in any samples.
The numeric criterion for dissolved boron (0.75
mg/L) was exceeded in 16 samples (57% of
samples).
The numeric criterion for dissolved cadmium
(1-hour average of 1.8 µg/L) was not exceeded.
Cadmium was not detected in any samples.
The numeric criterion for dissolved chromiumIII (1-hour average of 16 µg/L) was not
exceeded in any sample. Chromium was
detected in 15 samples (16% of samples).
The numeric criterion for dissolved copper (1hour average of 13 µg/L) was exceeded in eight
samples (9% of samples). Copper was detected
in 31 samples (33% of samples).
The numeric criterion for dissolved iron (1hour average of 1,000 µg/L) was not exceeded
in any sample. Iron was detected in 25 samples
(49% of samples).
All samples are within the 6.5 - 9.0 range of the
criterion.
The numeric criterion for dissolved selenium
(1-hour average of 18.4 µg/L) was not exceeded
in any sample. Selenium was detected in 46
samples (49% of samples).
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Table 1.4-16 Summary of Historical Water Quality Data at Virgin River (Station ID 5950120) (continued)
Average of
Number of
Period of
Parameter Minimum
Maximum
Detected
Samples
Record
Units
Values

Remarks

Solids, Total
Dissolved mg/L
Temperature,
water – °C
Total Coliform
– MPN/100
mL
Turbidity NTU

488

3,216

2,022

58

1977 - 2019

The numeric criterion for TDS (1,200 mg/L)
was exceeded in 50 samples (86% of samples).

3.51

33.35

16

111

1977 - 2019

200

240,000

36,513

8

1977 - 2006

1.84

630

98

46

1989 - 2013

Zinc - µg/L

13.2

74

30

93

1989 - 2019

The numeric criterion for temperature (20 °C)
was exceeded in 35 samples (32% of samples).
The numeric criterion of total coliform (206
MPN/100 mL) was exceeded in six samples
(75% of samples).
The numeric criterion is based on an increase as
a result of a discharge, rather than an absolute
turbidity value.
The numeric criterion for dissolved zinc (1hour average of 120 µg/L) was exceeded in one
sample (2% of samples). Zinc was detected in
21 samples (23% of samples).

Source: Summarized from EPA’s Water Quality Portal database (NWQMC 2020). Water quality sampling and analysis were completed by the Utah Department of
Environmental Quality.
Key:
°C = degrees Celsius
µg/L = micrograms per liter
mg/L = milligrams per liter
MPN = Most Probable Number. Value shown as “average” represents the geometric mean of the samples (UBWR 2016a).
ND = non-detect
N/A = not applicable
NTU = nephelometric turbidity unit
TDS = total dissolved solids
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Table 1.4-17 Summary of Historical Water Quality Data at Virgin River (Station ID 4950200)
Average of
Number of
Period of
Parameter Minimum
Maximum
Detected
Samples
Record
Units
Values

Aluminum µg/L

ND

87.9

39

35

1996 - 2019

Arsenic - µg/L

2

20.3

9.5

75

1975 - 2019

Barium - µg/L

ND

600

90

62

1975 - 2019

Boron - µg/L

210

1270

746

51

1975 - 2019

Cadmium µg/L

ND

20

6.6

66

1981 - 2019

Copper - µg/L

ND

45

10

72

1975 - 2019

Iron - µg/L

ND

94.5

34

47

1975 - 2019

Lead - µg/L

ND

50

8.7

44

1975 - 2019

pH – Standard
Units

6.4

8.8

8.0

225

1975 - 2019

Remarks

The numeric criterion for dissolved aluminum
(1-hour average of 750 µg/L) was not exceeded
for any samples. Aluminum was detected in
eight samples (23% of samples).
The numeric criterion for dissolved arsenic (10
µg/L) was exceeded in 29 samples (39% of
samples).
The numeric criterion for dissolved barium (1
mg/L) was not exceeded in any samples.
Barium was detected in 32 samples (49% of
samples).
The numeric criterion for dissolved boron (0.75
mg/L) was exceeded in 23 samples (45% of
samples).
The numeric criterion for dissolved cadmium
(1-hour average of 1.8 µg/L) was exceeded in 9
samples (14% of samples). Cadmium was
detected in 12 samples (18% of samples).
The numeric criterion for dissolved copper (1hour average of 13 µg/L) was exceeded in 11
samples (15% of samples). Copper was detected
in 43 samples (60% of samples).
The numeric criterion for dissolved iron (1hour average of 1,000 µg/L) was not exceeded
in any samples.
The numeric criterion for dissolved lead (1hour average of 65 µg/L) was not exceeded in
any samples. Lead was detected in 19 samples
(43% of samples).
A single sample was below the minimum
criterion range of 6.5.
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Table 1.4-17 Summary of Historical Water Quality Data at Virgin River (Station ID 4950200) (continued)
Average of
Number of
Period of
Parameter Minimum
Maximum
Detected
Samples
Record
Units
Values

Selenium µg/L

ND

5

2.0

44

1976 - 2019

Silver - µg/L

ND

30

10

45

1975 - 2019

Solids, Total
Dissolved –
mg/L
Temperature,
water - °C
Total Coliform
- MPN/100
mL
Turbidity NTU

424

4,072

1,975

120

1975 - 2019

1.1

35

15

133

1976 - 2019

4

240,000

15,937

63

1976 - 2007

1.4

4347

148

95

1975 - 2019

Zinc - µg/L

ND

35.4

14

45

1975 - 2019

Remarks

The numeric criterion for dissolved selenium
(16.4 µg/L) was not exceeded in any samples.
Selenium was detected in 26 samples (59% of
samples).
The numeric criterion for dissolved silver (1hour average of 1.6 µg/L) was exceeded in nine
samples (20% of samples). Silver was detected
in 10 samples (22% of samples).
The numeric criterion for TDS (1,200 mg/L)
was exceeded in 98 samples (82% of samples).
The numeric criterion for temperature (20 °C)
was exceeded in 43 samples (32% of samples).
The numeric criterion of total coliform (206
MPN/100 mL) was exceeded in 58 samples
(92% of samples).
The numeric criterion is based on an increase as
a result of a discharge, rather than an absolute
turbidity value.
The numeric criterion for dissolved zinc (1hour average of 120 µg/L) was not exceeded in
any samples. Zinc was detected in 17 samples
(40% of samples).

Source: Summarized from EPA’s Water Quality Portal database (NWQMC 2020). Water quality sampling and analysis were completed by the Utah Department of
Environmental Quality.
Key:
°C = degrees Celsius
µg/L = micrograms per liter
mg/L = milligrams per liter
MPN = Most Probable Number (MPN). Value shown as “average” represents the geometric mean of the samples (UBWR 2016a).
ND = non-detect
NTU = nephelometric turbidity unit
TDS = total dissolved solids

44

Table 1.4-18 Summary of Historical Water Quality Data at Virgin River (Station ID 4950300)
Average of
Number of
Period of
Parameter Minimum
Maximum
Detected
Samples
Record
Units
Values

Arsenic - µg/L

4.82

14.5

9.8

18

2007 - 2019

Boron - µg/L

236

1150

789

18

2007 - 2019

Iron - µg/L

ND

25.1

24

18

2007 - 2019

pH - Standard
Units
Selenium µg/L
Solids, Total
Dissolved –
mg/L
Temperature,
water – °C
Total Coliform
– MPN/100
mL
Turbidity NTU

7.35

9.39

8.0

23

2000 - 2019

ND

2.63

2.1

18

2007 - 2019

936

2,620

2,026

18

2001 - 2019

4.06

32.2

17

21

2000 - 2019

57

961

409

3

2006 - 2007

1.13

467

55

11

2001 - 2013

Remarks

The numeric criterion for dissolved arsenic (10 µg/L)
was exceeded in nine samples (50% of samples).
The numeric criterion for dissolved boron (0.75
mg/L) was exceeded in 11 samples (61% of samples).
The numeric criterion for dissolved iron (1-hour
average of 1,000 µg/L) was not exceeded in any
samples. Iron was detected in two samples (11% of
samples).
The upper range of the numeric criteria was exceeded
in one sample (4% of samples).
The numeric criterion for dissolved selenium (16.4
µg/L) was not exceeded in any samples.
The numeric criterion for TDS (1,200 mg/L) was
exceeded in 16 samples (89% of samples).
The numeric criterion for temperature (20 °C) was
exceeded in 6 samples (29% of samples).
The numeric criterion for total coliform (206
MPN/100 mL) was exceeded in one sample (33% of
samples).
The numeric criterion is based on an increase as a
result of a discharge, rather than an absolute turbidity
value.

Source: Summarized from EPA’s Water Quality Portal database (NWQMC 2020). Water quality sampling and analysis were completed by the Utah Department of
Environmental Quality.
Key:
°C = degrees Celsius
µg/L = micrograms per liter
mg/L = milligrams per liter
MPN = Most Probable Number. Value shown as “average” represents the geometric mean of the samples (UBWR 2016b).
ND = non-detect
NTU = nephelometric turbidity unit
TDS = total dissolved solids
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Table 1.4-19 Summary of Historical Water Quality Data at Virgin River (Station ID 4950320)
Average of
Number of
Period of
Parameter Minimum
Maximum
Detected
Samples
Record
Units
Values

Arsenic - µg/L

ND

255

20

130

1982 - 2019

Barium - µg/L

ND

190

50

132

1982 - 2019

Boron - µg/L

266

1,150

722

23

2002 - 2019

Cadmium µg/L

ND

20

3.6

132

1982 - 2019

Chromium µg/L

ND

50

7.7

132

1982 - 2019

Copper - µg/L

ND

150

17

132

1982 - 2019

Iron - µg/L

ND

81

9.3

132

1982 - 2019

Lead - µg/L

ND

50

12

132

1982 - 2019

Remarks

The numeric criterion for dissolved arsenic (10
µg/L) was exceeded in 95 samples (73% of
samples. Arsenic was detected in 126 samples
(97% of samples).
The numeric criterion for dissolved barium (1
mg/L) were not exceeded in any samples.
Barium was detected in 106 samples (80% of
samples).
The numeric criterion for dissolved boron (0.75
mg/L) was exceeded in 13 samples (57% of
samples).
The numeric criterion for dissolved cadmium
(1-hour average of 1.8 µg/L) was detected in
five samples (4% of samples). Cadmium was
detected in 9 samples (7% of samples).
The numeric criterion for dissolved chromium
(1-hour average of 16 µg/L) was exceeded in
two samples (2% of samples). Chromium was
detected in 20 samples (15% of samples).
The numeric criterion for dissolved copper (1hour average of 13 µg/L) is exceeded in 15
samples (11% of samples). Copper is detected
in 37 samples (28% of samples).
The numeric criterion for dissolved iron (1hour average of 1,000 µg/L) was not exceeded
in any samples. Iron was detected in 80 samples
(61% of samples).
The numeric criterion for dissolved lead (1hour average of 65 µg/L) was not exceeded in
any sample. Lead was detected in 17 samples
(13% of samples).
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Table 1.4-19 Summary of Historical Water Quality Data at Virgin River (Station ID 4950320) (continued)
Average of
Parameter Number of
Period of
Minimum
Maximum
Detected
Units
Samples
Record
Values

pH – Standard
Units
Selenium µg/L

6.8

9.2

8.0

322

1982 - 2019

ND

6.1

2.1

132

1982 - 2019

Solids, Total
Dissolved –
mg/L
Temperature,
water - °C
Total Coliform
- MPN/100
mL
Turbidity NTU

362

2,964

1503

178

1982 - 2019

1.7

31.4

15

187

1976 - 2019

9

46,000

7,401

7

1976 - 2007

0.919

9,100

210

166

1982 - 2019

Zinc - µg/L

ND

170

34

132

1982 - 2019

Remarks

The maximum criterion was exceeded in one
sample (<1% of samples).
The numeric criterion for dissolved selenium
(16.4 µg/L) was not exceeded in any samples.
Selenium was detected in 32 samples (24% of
samples).
The numeric criterion for TDS (1,200 mg/L) is
exceeded in 124 samples (70% of samples).
The numeric criterion for temperature (20 °C)
was exceeded in 44 samples (24% of samples).
The numeric criterion of total coliform (206
MPN/100mL) was exceeded in five samples
(71% of samples).
The numeric criterion is based on an increase as
a result of a discharge, rather than an absolute
turbidity value.
The numeric criterion for dissolved zinc (1hour average of 120 µg/L) was exceeded in one
sample (<1% of samples). Zinc was detected in
39 samples (30% of samples).

Source: Summarized from EPA’s Water Quality Portal database (NWQMC 2020). Water quality sampling and analysis were completed by the Utah Department of
Environmental Quality.
Key:
°C = degrees Celsius
µg/L = micrograms per liter
mg/L = milligrams per liter
MPN = Most Probable Number. Value shown as “average” represents the geometric mean of the samples (UBWR 2016b).
ND = non-detect
NTU = nephelometric turbidity unit
TDS = Total Dissolved Solids

47

1.4.4.4 Summary of Historical Water Quality Conditions – Utah

Table 1.4-20 summarizes the general water quality trends associated with Kanab Creek, Paria River,
and the Virgin River, compared to the relevant state-designated beneficial uses. The exceedances in
the table do not necessarily suggest that the waterbodies are not suitable for the state-designated
beneficial uses - there is a wide range of spatial and temporal variability that can exist in the same
waterbody among analytes and sampling stations. This table showcases general trends that exist for
this subset of water quality samples for these analytes throughout the periods of record.
Table 1.4-20 Summary of Water Quality Baseline Conditions for Utah Waterbodies in the Study Area
Analytes with
Analytes with
Analytes with
greater than
25 to 75%
less than 25%
75%
Number of
exceedances
exceedances
exceedances
Water Body
Stations
Data Period (a)
of water
of water
of water
Assessed
quality
quality
quality
standards (b)
standards (b)
standards (b), (c)

Kanab Creek

3

1978 - 2019

Paria River

3

1976 - 2018

Virgin River

8

1976 - 2019

Aluminum,
cadmium,
copper, iron,
pH,
temperature,
zinc
Aluminum,
cadmium,
chromium,
copper, iron,
lead, pH,
temperature
Aluminum,
cadmium,
chromium,
lead, nickel,
pH, silver, zinc

TDS,
chromium

Fecal coliform

TDS

Fecal coliform

Arsenic,
barium, boron,
copper, iron,
selenium,
temperature

TDS, fecal
coliform

Notes:
(a) Period of record may not be continuous for all analytes and sample stations.
(b) Exceedances for one or more sampling stations assessed in this report and the Lake Powell Pipeline Final Study
Report 17 – Surface Water Quality (UBWR 2016a).
(c) Refer to the water quality summary tables in Section 1.4.4 to identify the total number of samples for each analyte.
Key:
TDS = total dissolved solids

1.4.5 Historical Surface Water Quality Conditions – Arizona
1.4.5.1 Kanab Creek

Kanab Creek drains a narrow valley that trends from north to south in southern Utah. Downstream
of Kanab in Kane County, Utah, Kanab Creek flows into Arizona near Fredonia where it serves as
the county boundary between Coconino and Mohave counties. It then flows through the KaibabPaiute Indian Reservation onto BLM-administered land, and through the ACEC and the Kanab
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Creek Wilderness (on National Forest System land) before its confluence with the Colorado River in
Grand Canyon National Park. It then flows through Mojave County, Arizona. The Southern
Alternative of the Proposed Project would extend through the ACEC. This alternative would require
an amendment of the Arizona Strip Field Office Resource Management Plan. The alternatives for
the amendment are presented in Section 2.2.6, below.
The characterization of Kanab Creek water quality is based upon water quality data obtained at one
sampling station; however, water quality data at that location (Figure 1.4-4) have not been updated
since 1994. Those data are summarized in Section 3.4.1 of the LPP Final Study Report 17 – Surface
Water Quality (UBWR 2016a). There are too little available data to make general comparisons to
water quality standards for Kanab Creek in Arizona.
1.4.5.2 Paria River

The Paria River flows from its headwaters in Bryce Canyon National Park, and Dixie National
Forest through private agricultural lands in Garfield County, Utah, and south through BLMadministered lands in GSENM and the Kanab Field Office (in Kane County, Utah) into Arizona
where it flows through the Paria Canyon-Vermilion Cliffs Wilderness and Vermilion Cliffs National
Monument, and into the Colorado River below Glen Canyon Dam. In Arizona, the Paria River
flows through Coconino County. The characterization of Paria River water quality is based upon
water quality data obtained at nine sampling stations; however, water quality data at those locations
(Figure 1.4-4) have not been updated since 2005. Those data are summarized in Section 3.4.2 of the
LPP Final Study Report 17 – Surface Water Quality (UBWR 2016a). There are too little available
data to make general comparisons to water quality standards for Paria River in Arizona.
1.4.6 Lake Powell
Glen Canyon Dam impounds the Colorado River to form Lake Powell. Lake Powell extends
northeast to southwest along the border of Utah and Arizona within Glen Canyon National
Recreation Area, upstream of Glen Canyon Dam. Lake Powell has a full capacity of 26.214 million
acre-feet, a surface area of 160,784 acres, and extends 180 miles upstream, with an approximate
shoreline length of 1,900 miles (Vernieu 2015). Lake Powell provides water storage to meet the
delivery requirements to the Lower Colorado River in accordance with the Law of the River, the
system of compacts, federal laws, court decisions and decrees, contracts, and regulatory guidelines
that regulate the use of Colorado River water between the seven basin states and Mexico (UBWR
2016a). Timed releases from Lake Powell also generate hydroelectric power.
A comprehensive description of Lake Powell’s water quality is presented in a water quality database
developed for the U.S. Geological Survey (USGS) report, Historical Physical and Chemical Data for
Water in Lake Powell and from Glen Canyon Dam Releases, Utah – Arizona, 1964 – 2013 (Vernier 2015).
In collaboration with Reclamation and other members of the Lake Powell interagency group, the
Grand Canyon Monitoring and Research Center also conducts annual water quality monitoring at
Lake Powell, which builds upon the database developed by Vernier (2015). The results from Fiscal
Year 2019 are compiled in a draft appendix to the annual water quality monitoring report (GCMRC
2019).
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Generally, water quality in Lake Powell is better than the surface water quality of waterbodies in the
study area (UBWR 2016a). Lake Powell acts as a sedimentation basin in which suspended solids
settle, decreasing the concentration of suspended solids that would be delivered by the Proposed
Project. Additionally, historical major ion data from Lees Ferry, which is downstream of Glen
Canyon Dam (USGS gage #09380000) and the three major gaged tributary sites (San Juan, Green,
and Colorado Rivers) to Lake Powell (USGS gage # 09180500, #09315000, and #09379500), show
that Lake Powell behaves as a sink for TDS, largely via calcite precipitation, and also moderates
downstream salt concentrations (GCMRC 2019).
Figures 1.4-5, 1.4-6, and 1.4-7 display the historic trends (January 2000 to December 2019) at depth
for dissolved oxygen, TDS, and temperature in the Glen Canyon Dam forebay, which is in the
vicinity of the intake for the Proposed Project (Radke 2020). The elevation of the pipeline in the
water column is noted in the figures. Over the last 20 years, dissolved oxygen has generally
decreased at greater depths and fluctuates seasonally as a result of phytoplankton blooms
throughout the water column. The concentration of TDS in the upper 200 feet of the water column
has generally decreased since 2006, with some seasonal fluctuation. Below the pipeline, TDS
increases with greater depth. Over the last 20 years, maximum water temperatures have generally
increased and extend to greater depths in the water column.
The spread of invasive aquatic species would affect water quality in the study area. Quagga mussels
(Dreissena rostriformis bugensis) are a major water quality concern and were discovered in Lake Powell in
2013, and the population has steadily grown since. Quagga mussels are destructive to ecosystems
and water/wastewater systems. The mussels are prone to attaching to submerged objects and form
dense clusters of organisms. They attach to pumps, pipes, municipal and industrial water supply
systems, and other infrastructure. Quagga mussels are filter feeders that remove phytoplankton from
the water column, which in turn reduces zooplankton, which are a food source for many aquatic
species. The mussels also produce pseudofeces, which accumulate in the water body and contains
toxins that decrease pH levels.
The current mussel population is most prevalent in the Lake Powell forebay, from which the
Proposed Project water would be diverted. Quagga mussels are relatively tolerant of temperature
changes, and they may survive in sandy or silty substrates and move with sediments via water
currents. Quagga mussels may also exist in the water column as deep as 110 feet. Appendix C-12,
Aquatic Invasive Species, contains a detailed analysis of the conditions and effects of quagga mussel
transport from Lake Powell.
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Source: Radke 2020
Figure 1.4-5 Lake Powell Historical Dissolved Oxygen Trends (January 2000 to December 2019)
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Source: Radke 2020
Figure 1.4-6 Lake Powell Historical Total Dissolved Solids Trends (January 2000 to December 2019)
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Source: Radke 2020
Figure 1.4-7 Lake Powell Historical Temperature Trends (January 2000 to December 2019)
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1.4.7 Sand Hollow Reservoir
Sand Hollow reservoir was completed in 2002 and is operated by the WCWCD primarily for
managed aquifer recharge of the Navajo Sandstone Aquifer. The reservoir, located approximately 5
miles southwest of Hurricane, Utah, receives water diverted from the Virgin River. From 2002
through 2014, diversions from the Virgin River enabled the reservoir to remain nearly full (Marston
and Heilweil 2016). The pipeline that conveys water from the Virgin River to Quail Creek Reservoir
in Hurricane also conveys water from the Virgin River to Sand Hollow Reservoir (UBWR 2016a).
There are no UAC designated beneficial uses for Sand Hollow Reservoir.
Historical water quality data for Sand Hollow Reservoir were obtained from a report produced by
the USGS titled, Assessment of Managed Aquifer Recharge at Sand Hollow Reservoir, Washington County,
Utah, Updated to Conditions through 2014 (Marston and Heilweil 2016). Table 1.4-21 presents the
updated field measurements and selected trace element concentrations at Sand Hollow Reservoir
from this report.
Table 1.4-21 Field Measurements and Selected Trace Element Concentrations in Surface Water at the
Boat Ramp Sampling Location at Sand Hollow Reservoir, Washington County, Utah
Water
pH
Chloride
Bromide
Arsenic
Temperature
Date Sampled
(Standard Units) (mg/L as Cl) (mg/L as Br)
(µg/L as As)
(°C)

5/5/2004
9/22/2004
2/10/2005
1/18/2006
2/14/2007
3/13/2008
10/21/2008
4/29/2009
8/10/2009
11/24/2009
3/16/2010
3/9/2011
2/8/2012
4/17/2013
4/29/2014

17.3
18.9
8.3
6.9
5.1
9.6
18.3
16.1
25
11.3
9.8
8.6
6.1
13.2
15.2

8.2
8.5
8.4
8.5
8.1
8.4
8.7
8.4
8.6
8.5
8.0
8.1
8.2
7.8
9.0

50.0
------54.9
-60.4
61.7
57.0
58.3
65.8
65.3

0.01
------0.04
-0.05
0.04
0.04
0.05
0.08
0.08

1.1
------1.4
-1.6
1.3
1.13
1.01
<0.04
1.3

Source: Marston and Heilweil 2016
Key:
°C = degrees Celsius
mg/L = milligrams per liter
µg/L = micrograms per liter
-- = concentration not available
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2 Results/Environmental Consequences
This section describes the effects of the LPP alternatives on surface water quality and shallow
groundwater quality. The following effects on waterbodies that may occur during construction,
operation, and/or maintenance of the Proposed Project:
Increased erosion and sedimentation via runoff in areas of vegetation clearing, ground
disturbance, and construction activity;
Increased turbidity of shallow groundwater if dewatering or blasting is required;
Destabilization of stream banks that require blasting;
Runoff of chemicals onto surrounding soils (and/or waterbodies) from petroleum products
or other chemicals used or released on construction sites;
Ground disturbance resulting from emergency repair activities, if the pipeline were to
rupture during hydrostatic testing or normal operations;
Temporary construction effects from vegetation removal and grading;
Increased erosion and sedimentation from discharge of hydrostatic test water;
Changes in TDS from the addition of large volumes of Lake Powell water to the Sand
Hollow Reservoir;
Changes in water quality associated with volume changes in Lake Powell; and
Changes in water quality downstream in the Lower Colorado River, as a result of water
withdrawals from Lake Powell.
Normal operation of the transmission lines in the Project ROW would not affect water quality or
water availability.
The pipeline alternatives would cross many intermittent and ephemeral surface water features (Table
1.4-1). The Paria River, White Sage Wash, Kanab Creek, Bitter Seeps Wash, and Short Creek are
intermittent streams, which may have flow at the time of construction. Sand Creek, Buckskin Gulch,
and other intermittent or ephemeral washes may contain flow during high runoff events.
Shallow groundwater is most likely to be encountered at stream crossings (Table 1.4-2). Dewatering
would be required in the unlikely instance that groundwater is encountered during construction. The
proposed alternatives are not located in the vicinity of sole source aquifers; however, several
drinking water protection zones are located within 1 mile of both alternatives (Table 1.4-3).
Open trench crossings would be used for all ephemeral or intermittent stream crossings. Horizontal
directional drilling or jack and bore would not be used for stream crossings. Ultimate construction
methods for each crossing would be determined in coordination with the applicable jurisdictional
agency during final design stages.
The effects for the two alternative alignments (Southern Alternative and Highway Alternative) are
largely the same because the design, construction, and operational considerations are very similar for
both, with the exception of the Kanab Creek crossing. Therefore, most of the analysis will be
presented for the Southern Alternative (Section 2.2, below). Effects that are unique to the
alternatives will be discussed in their respective sections.
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2.1 No Action Alternative
None of the LPP Project facilities would be constructed including the pipeline, transmission lines,
and access roads. No effects would occur to the quality of surface water and shallow groundwater,
including potential effects from alteration of existing drainage patterns or substantial erosion and
siltation on or offsite during construction, operation, or maintenance of the LPP Project. No
changes to Lake Powell or Sand Hollow Reservoir water quality would occur. Lake Powell water
would not be conveyed to Washington County service areas. The WCWCD would implement
foreseeable projects, including systems that would convey culinary and secondary water supply to
WCWCD service area. Effects to water quality due to these projects would vary in space and time.
Most impacts would be short-term and project-specific and would be minimized through
implementation of standard industry practices by the Project Proponent.

2.2 Southern Alternative
Construction activities associated with the Proposed Project pose the greatest hazard to surface
water and shallow groundwater quality. Clearing of vegetation along the ROW and grading the soil
to prepare for installation of the pipeline would temporarily lead to increased erosion and
sedimentation in drainages in the vicinity of the Proposed Project. Improper staging of construction
equipment or accumulation of project waste could result in surface runoff of petroleum or other
contaminants into nearby waterways or drainages. Construction of open-cut crossings would disturb
channel banks and sediment, which could increase sediment loading downstream. The crossing at
Kanab Creek would require disturbance of the relatively steep canyon walls and post-construction
restoration would be challenging in this area, resulting in possible long-term downstream sediment
discharge. Blasting of shallow bedrock could temporarily increase turbidity in groundwater cells,
which could then be discharged into nearby drainages. Each of these effects would be mitigated to
the extent possible with the proper implementation of EPMs.
2.2.1 Construction
The construction of the pipeline and associated facilities would involve substantial earthwork,
clearing, and grading. Modification of corridor plant communities, grading and excavation activities,
and road construction could change water flow patterns and affect runoff rates, which in turn could
affect local instream flow characteristics. The Southern Alternative would involve the construction
of a water intake system at Lake Powell, the pipeline, pumping stations, and in-line hydrostations.
Additionally, it would involve the construction of temporary and permanent access roads, electric
power transmission lines, and electrical substations.
Specific construction techniques for each Proposed Project component are discussed in Section
2.2.1.1, below. Further details on the construction of the Proposed Project are provided in the POD
(UDWRe 2020; provided in Appendix E, Plan of Development).
2.2.1.1 Clearing and Grading

Clearing and grading activities would include cutting and removal of vegetation; grubbing of stumps
and roots; and leveling of the work area by a bulldozer or track hoe. Clearing and grading, therefore,
would reduce vegetation in areas along the ROW and expose underlying soils to erosion via
stormwater or wind. Soil compaction by construction equipment would diminish the infiltration
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capacity of soils, thereby increasing surface runoff into nearby drainages. This would result in
increased turbidity, which would then impede light penetration, thereby reducing photosynthesis and
oxygen production by stream biota (UBWR 2016a). These potential effects could be reduced by
implementation of the Proposed Project’s SWPPP. Additionally, following site clearing and grading,
berms and drainage ditches may be constructed to contain runoff and divert floodwaters from the
construction area (see EPMs in Section 1.3, above). Berms and ditches would be incorporated into
the final grading of facility sites, if feasible (UDWRe 2020).
2.2.1.2 Materials Storage and Sanitation

Construction equipment and building materials would be staged in areas designated by the UBWR,
BLM, and National Park Service (NPS).
Improper staging of construction equipment or accumulation of project waste could result in surface
runoff of petroleum or other contaminants into nearby waterways or drainages. Additionally,
accidental spills or releases could occur during refueling of equipment or transport of hazardous
materials. The EPMs identified in Section 1.3, above, in particular the project SPCC plan, would
prevent, minimize, or mitigate potential effects on water quality from materials storage and
sanitation and accidental spills during the construction phase. Furthermore, the ROW would be kept
free of accumulated construction waste, trash, and debris. Waste would be disposed of following
state or local regulations. Hazardous materials would be managed per SPCC plans (UDWRe 2020).
2.2.1.3 Pipeline Construction

Pipeline construction would be by standard cut and cover technique, involving an open trench.
Exceptions to this technique would be short segments of tunneling in areas of difficult topography
and jack and bore crossings of highways. Tunneling and jack and bore crossings reduce the area of
disturbance on the land surface thus reducing the potential for affecting water quality in nearby
surface waterbodies.
Components of pipeline construction that may affect surface water or shallow groundwater quality
would include trench backfill, hydrostatic testing, blasting, and crossing of steep terrain, and/or
streams and ephemeral washes. Section 1.3, above, outlines the EPMs intended to address potential
pipeline construction effects on water quality.
Trench Backfill
After installation of the pipeline, the upper pipe zone and trench would be backfilled. During
backfilling, effects to surface water quality could include the disruption of natural topography and
drainage pathways in addition to disturbance of soil and vegetation as backfill is placed. These
effects could lead to increased erosion and sediment load in nearby waterways and drainages.
Backfill procedures would meet industry standards, including the following:
Well-graded earth materials would be used.
Backfill would be free of excessive fine particles, vegetation, or other material that may be
excavated by runoff or decompose.
Backfill would be compacted in place to maximize pipeline stability.
Backfill would be moistened or dried before it would be placed, to maintain optimum
moisture content.
Any excess soil would be spread over the ROW areas to regrade the disturbed surfaces to the
original topography. Surface soils would be placed in a way that minimizes the contrast with adjacent
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undisturbed areas. Topsoil replacement and vegetation restoration would be conducted after regrading of the ROWs, in accordance with an approved Restoration Plan.
Hydrostatic Testing
Hydrostatic testing would be performed to pressure test the completed pipeline in segments as
major portions of the pipeline are completed. The water used for hydrostatic testing would be
obtained from existing groundwater wells or other permitted sources.
Water from hydrostatic testing of individual pipeline segments would either be released into a
downstream pipeline segment for continued hydrostatic testing or would be discharged through a
drain valve into adjacent dry washes. High-pressure discharge could result in increased erosion
hazard and surface runoff on potentially exposed soils in the construction ROWs. Discharges into
dry washes would be performed in compliance with state temporary discharge permits. A diffuser or
similar device would be used to reduce the potential of discharges to erode and scour dry washes. A
detailed hydrostatic testing discharge plan would be prepared and submitted to the BLM for
approval before testing (UDWRe 2020).
Steep Terrain
Areas of steep terrain along the Southern Alternative include the Cockscomb area, Jacob Canyon,
Kanab Creek Canyon, Bitter Seeps Wash, and Hurricane Cliffs. The crossing at Kanab Creek occurs
on BLM and Tribal lands and the crossing at Bitter Seeps Wash occurs on BLM land. Areas of steep
terrain may also contain surface water features with steep banks that are prone to erosion or collapse
if they are disturbed. Collapse of steep banks would result in a substantial increase in sediment load
into a streambed that would increase turbidity.
In these areas, the width of excavated construction trenches would be scaled as appropriate,
depending on the terrain. Trench boxes or other structural trench support measures may also be
used to stabilize slopes, thereby minimizing the effects of trenching in steep terrain on nearby water
quality. However, the relatively steep canyon at the Kanab Creek crossing for this alternative would
be difficult to mitigate, and the potential exists for erosion and siltation into the creek during
construction. In addition, restoration would be difficult due to the steepness of the canyon, resulting
in the potential for long-term erosion and siltation into Kanab Creek.
Stream and Ephemeral Wash Crossings
Stream crossings that may have flow at the time of construction would include the Paria River,
White Sage Wash, Kanab Creek, and Bitter Seeps Wash and Short Creek, which are intermittent
streams. Blue Pool Wash, Sand Creek, Buckskin Gulch, and other washes may have flow during high
runoff events. Table 2.2-1 contains a summary of the NHD features that cross the Southern
Alternative at least once and the land ownership at each crossing. The NHD features may cross the
ROWs multiple times on land with different ownership. Refer to Figures 1.4-1a and 1.4-1b for the
spatial distribution of these waterbodies along both alternatives.
Use of open-cut crossings during construction would disturb channel banks and sediment, which
could increase sediment loading downstream. The extent of the effect would depend on the size of
the open trench, the volume of sediment disturbed, the composition of channel materials (including
sediment particle size), and volume of storm flows during construction. Each of these factors would
also determine the density and downstream extent of sediment migration (UBWR 2016a).
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Open-cut construction can also dislodge and transport channel bed sediments, which could cause
changes in downstream streambed contours and streamflow dynamics that then could cause
additional erosion and sedimentation downstream. Dry crossing methods could be implemented to
minimize potential erosion and sedimentation during open trench waterbody crossings. Areas of
shallow groundwater would also require trench dewatering and surface discharge operations that
may degrade surface water quality of waters downstream (UBWR 2016a). Should dewatering be
necessary, discharge would be filtered to minimize sediment and would be directed to prevent flow
from directly entering streams, wetlands, or sensitive environmental areas. Erosion and sediment
control would be conducted the same as described for stormwater practices. The implementation of
these measures would reduce the long-term effect of stream and ephemeral wash crossings on water
quality locally and downstream. However, the relatively steep canyon at the Kanab Creek crossing
for this alternative would be difficult to mitigate, and the potential exists for erosion and siltation
into the creek during construction. In addition, restoration would be difficult due to the steepness of
the canyon, resulting in the potential for long-term erosion and siltation into Kanab Creek.
Table 2.2-1 NHD Features that Cross the Southern Alternative
Waterbody Name

Bitter Seeps Wash
Bitter Seeps Wash Tributary
Buckskin Wash Tributary
Bullrush Wash Tributary
Cottonwood Wash
Fort Pearce Wash Tributary
Gould Wash Tributary
Johnson Wash Tributary
Kanab Creek
Kanab Creek Tributary
Paria River
Paria River Tributary
Pipe Valley Wash
Sand Gulch Tributary
Sandridge Wash
Sandridge Wash Tributary
Seaman Wash
Short Creek
Short Creek Tributary
Short Creek Wash Tributary
Wahweap Creek Tributary
White Sage Wash
White Sage Wash Tributary

NHD Hydrographic Category

Intermittent
Ephemeral
Intermittent
Ephemeral
Intermittent
Ephemeral
Ephemeral
Ephemeral
Intermittent
Ephemeral
Intermittent
Intermittent
Intermittent
Intermittent
Intermittent
Ephemeral
Intermittent
Intermittent
Ephemeral
Ephemeral
Intermittent
Intermittent
Ephemeral, Intermittent

Land Ownership

Distance to
Alignment (feet)

BLM
BLM, State
BLM
BLM, Private, State
Private
BLM
BLM, Private
BLM, State
BLM, Tribe
BLM, State, Tribe
BLM, Private
BLM
Private, State
BLM, Private
BLM, Private, State
BLM, Private, State
BLM
BLM, Private
BLM, Private, State
BLM, Private
NPS, Private, State
BLM
BLM, Private

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Source: UBWR 2020
Key:
BLM = Bureau of Land Management
NHD = National Hydrography Dataset
NPS = National Park Service
Tribe = Kaibab Band of Paiute Indians
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Blasting
Blasting may be required in areas of shallow bedrock or when large boulders are encountered during
excavation. Table 2.2-2 contains a summary of the stream crossings that would require blasting for
the Southern Alternative.
Table 2.2-2 Stream Crossings Requiring Blasting – Southern Alternative
NHD Hydrographic
Blasting Type(a)
Waterbody Name
Category

Gould Wash Tributary

Ephemeral

Johnson Wash Tributary
Kanab Creek
Kanab Creek Tributary
Paria River Tributary
Pipe Valley Wash
Sand Gulch Tributary
Short Creek Wash
Tributary
Wahweap Creek
Tributary
White Sage Wash
Tributary

Land Ownership

BLM, Private

Ephemeral
Intermittent
Ephemeral
Intermittent
Intermittent
Intermittent
Ephemeral

Blasting, Mixed-Soil over
Blasting
Blasting
Blasting
Blasting
Mixed-Soil over Blasting
Mixed-Soil over Blasting
Blasting
Mixed – Soil over Blasting

Intermittent

Mixed – Soil over Blasting

Ephemeral,
Intermittent

Mixed – Soil over Blasting,
Blasting

BLM, State, Private,
NPS
BLM

BLM, Private
BLM, Tribe
BLM, Tribe, State
BLM
Private, State
BLM, Private
BLM, Private

Source: UBWR 2020
Note:
(a) “Mixed-Soil Over Blasting” refers to blasting of mixed soil types overlying varying rock types throughout the
blasting area.
Key:
BLM = Bureau of Land Management
NHD = National Hydrography Dataset
NPS = National Park Service
Tribe = Kaibab Band of Paiute Indians

Blasting is likely to increase bedrock fracturing near the blasting zone and could temporarily increase
turbidity in groundwater cells and infiltration of material spills or leaks near the blast zone. Blasting
may also destabilize banks in the immediate vicinity.
Practices would be implemented to prevent the contamination of shallow groundwater. Where
blasting is required, a Blasting Plan would be prepared and submitted for BLM approval. Qualified
blasting specialists would be used so that all blasting would be conducted according to regulations
and the approved plan (UDWRe 2020). These measures would reduce the effect of blasting on water
quality in locales where blasting would be required.
2.2.1.4 Intake and Discharge Construction

The intake would be constructed by building vertical shafts in the Navajo sandstone bedrock
adjacent to Lake Powell and boring horizontal tunnels from within the shafts towards the vertical
cliff face in the reservoir. The horizontal tunnels would be advanced toward the lake, and excavated
rock would be removed through the tunnel and out of the vertical shafts for upland disposal
(UBWR 2016a). The disposal location is at a previously disturbed construction material storage area
that was used during the construction of the Glen Canyon Dam. A small quantity of cuttings from
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the borings in the Navajo sandstone would be expected to fall into Lake Powell. This would not be
expected to measurably increase the turbidity in the reservoir or violate applicable water quality
standards because the particles would be expected to be sand-sized or larger (UBWR 2016a). Water
or construction material discharges into Lake Powell would not be generated from surface
construction activities. Stormwater runoff during construction of the intake facilities would be
controlled using the EPMs described in Section 1.3, above.
The discharge location at the Sand Hollow Hydrostation would comprise a turbine with horizontal
shaft alignment, a powerhouse, and electrical switchyard (UDWRe 2020). Discharge from the
turbine would fall into the tailrace pit and flow into the Sand Hollow Reservoir through a rock
riprap channel. The turbine centerline would be at a higher elevation than the maximum reservoir
elevation (UDWRe 2020). The construction of the Sand Hollow Hydrostation would occur in
upland conditions. All construction site drainage would be collected, pumped into settling ponds,
and disposed away from the reservoir (UBWR 2016a). The tailrace would be constructed in
sandstone bedrock during low annual reservoir surface elevations. Sediment discharge and turbidity
would be controlled within the construction site with the use of surface water quality EPMs.
Current designs to prevent quagga mussels in the Proposed Project call for coatings, screens, and
chemical treatment at the intake and booster pump stations. During final design, the best available
technology would be evaluated and implemented to prevent quagga mussel infestations. Applicable
technology could include self-cleaning screens and ultraviolet treatment (UDWRe 2020). A
secondary measure would be the continuous treatment of intake water with chlorine. Chlorinated
water would be neutralized with sodium bisulfate at the discharge into Sand Hollow Reservoir. If
quagga mussels become established in the Sand Hollow or Quail Creek Reservoirs, a potassium
chloride solution would be applied to the affected reservoir as part of a Rapid Response Plan. The
application of potassium chloride to the reservoirs would not be expected to cause mortality for any
aquatic species other than mussels.
2.2.1.5 Summary

Construction of the project facilities along the Southern Alternative may result in extensively
disturbed areas along the ROW areas. Clearing and grading of vegetated areas, soil stockpiling, and
backfilling the pipeline trench would disturb stable surface soils, which could result in sediment
transport via wind or stormwater flow, into nearby drainages. Dewatering may be required where
shallow groundwater is encountered, which could result in additional discharges with high sediment
load. These activities could result in exceedances of designated beneficial use water criteria for
turbidity (i.e., discharge resulting in an increase of turbidity of more than 10 nephelometric turbidity
units compared to the receiving waters). Pipeline trenches and tunnels could become diversion
points for stormwater flow, increasing flow velocity in a manner that would alter local drainage
patterns and increase erosion rates. Hazardous substances that are stored or spilled into construction
areas could also be mobilized by stormwater into nearby drainages. These substances could include
fuel, oil, paints, solvents, or other substances (UBWR 2016a).
Pipeline crossings at streams could result in temporary and long-term water quality effects,
depending on the streambank morphology. Although water would be unlikely to be flowing at most
of the stream crossings, the implementation of industry standards would be crucial to minimize
temporary water quality effects from increased turbidity and sediment deposition in streams (UBWR
2016a). However, the relatively steep canyon at the Kanab Creek crossing for this alternative would
be difficult to mitigate, and the potential exists for erosion and siltation into the creek during
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construction. In addition, restoration would be difficult due to the steepness of the canyon, resulting
in the potential for long-term erosion and siltation into Kanab Creek.
EPMs would be incorporated into each stage of the construction of the pipeline intake at Lake
Powell and the discharge at Sand Hollow reservoir. Construction of the intake at Lake Powell would
occur at a location near the Glen Canyon Dam that was previously disturbed. Cuttings from the
advancement of the vertical intake shafts that may fall into Lake Powell would be unlikely to affect
water quality because of their relatively coarse grainsize. Construction of the Sand Hollow
Hydrostation and tailrace would be conducted during a low flow period with the implementation of
applicable EPMs.
Effects resulting from construction along the Southern Alternative and recommended EPMs that
would minimize and mitigate these effects are summarized in Section 4.2.1.5 of the LPP Project
Final Study Report 17 – Surface Water Quality (UBWR 2016a).
2.2.2 Operation and Maintenance
Operation and maintenance of the pipeline, water intake and discharge systems, pumping stations,
and in-line hydrostations would not result in routine water discharges or other effects on water
quality (UBWR 2016a). However, operation and maintenance of the Proposed Project would include
annual water discharges that have the potential to affect natural surface water features in the vicinity.
Additionally, water quality of nearby surface water features could be disrupted if a pipeline rupture
were to occur.
Operation and maintenance procedures for relevant project components are discussed in Sections
2.2.2.1 and 2.2.2.2, below. Additional details regarding proposed operation and maintenance
activities are provided in the Proposed Project’s POD (UDWRe 2020; provided as Appendix E,
Plan of Development).
2.2.2.1 Maintenance Pipeline Discharges

The effects of routine and sudden pipeline discharges on the affected environment are summarized
herein. For each circumstance (i.e., pipeline flushing, drain valve discharge, pigging, and pipeline
rupture), water from the pipeline would have the potential to enter nearby drainages. Temporary and
occasional discharges of sediment or organics-laden water, or water that has been disinfected for
quagga mussel control, could result in exceedances of water quality criteria in receiving waters.
Implementation of standard operating procedures that are specific to each discharge type would not
result in exceedances of applicable water quality criteria or would not substantially alter the existing
drainage patterns in the discharge area.
A discharge plan would be developed to manage planned discharges from the Proposed Project
infrastructure. The plan would include measures to prevent uncontrolled discharge in Utah wellhead
protection areas that intersect with the ROWs. There are no wellhead protection areas in the vicinity
of the Proposed Project in Arizona.
Pipeline Flushing
Water from Lake Powell would enter the intake structure at approximately 350 feet below the water
surface. Untreated water pumped into the pipeline would have low concentrations of suspended
solids and turbidity because suspended solids in the Lake Powell inflows tend to settle out below
this water level. However, pipeline flushing may be required to remove smaller suspended particles,
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which enter the system and settle in the pipeline (UBWR 2016a). Flushing the pipeline would only
be required when flow through the pipeline is low enough that particles have settled. Flushing would
involve increasing pipeline flow to near-maximum rates to re-suspend particles (UBWR 2016a).
The standard operating procedures for the Proposed Project would include measures to divert the
flows that are generated from flushing operations from surface waterbodies to settling basins and/or
retention/percolation basins (UBWR 2016a). Sand Hollow Reservoir is a recharge/percolation basin
and would receive flushing flows from the LPP.
Drain Valves
Drain valves would be installed at low points in the pipeline profile (UBWR 2016a). Where they
need to be discharged into dry washes, drain valves would be drained at low rates to avoid sediment
transport and increasing local turbidity downstream. Additionally, measures would be implemented
to divert flows from drain valves away from surface waterbodies.
Pigging
The pipeline would be routinely cleaned by inserting a pig, a soft bullet-shaped polyurethane foam
plug with abrasive brushes into a pig launcher at each pump station, hydrostation, or regulating tank
(UDWRe 2020). Standard operating procedures for pigging would include measures to divert
organic wastes, such as biofilms that have been detached from the pipeline during pigging, away
from surface waterbodies into settling tanks or retention basins.
Pipeline Rupture
A pipeline rupture may result in the discharge of large amounts of untreated water, which has the
potential to mix with local surface water supplies.
Adverse water quality effects would be limited to increased velocity in the receiving water,
potentially resulting in an increase in turbidity and sedimentation because the quality of Lake Powell
water travelling through the pipeline is generally superior to local surface waters (UBWR 2016a).
Aerial and ground inspections of the pipeline would identify any areas of exposed pipeline and
appurtenances, excessive erosion (per SWPPP protocols), or any other conditions that could lead to
a safety hazard or require preventive maintenance or reporting. In the unlikely event of a pipeline
rupture resulting in a water discharge, pressure sensors in the system would detect a loss of pressure,
and the system would begin a sequenced shutdown to limit the amount of high-pressure flow
through a rupture (UDWRe 2020).
2.2.3 Water Quality Effects on Sand Hollow Reservoir
The updated historical water quality trends for the major waterways described in Section 1.4, above,
do not deviate from the trends established in the LPP Project Final Study Report 17 – Surface Water
Quality (UBWR 2016a). Therefore, the water quality effects on Sand Hollow Reservoir due to
operation of the proposed pipeline are unlikely to have changed from the analysis presented in the
2016 report. The water quality effects on Sand Hollow Reservoir are presented in Section 4.2.3 of
the LPP Final Study Report 17 – Surface Water Quality (UBWR 2016a) and are summarized in this
section.
Water temperature and dissolved oxygen values in Sand Hollow Reservoir are not expected to be
affected by inflow of Lake Powell water. The reservoir basin is a wide, shallow basin in which water
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is thermally stratified in summer months. This thermal stratification would be present even with the
influx of slightly colder Lake Powell water. With the inflow of Lake Powell water, dissolved oxygen
levels in the reservoir would remain at levels that are equal to or slightly above concentrations that
result from the interaction of water and the atmosphere at the air/water interface (UBWR 2016a).
The primary concern for water quality effects of the Proposed Project on Sand Hollow Reservoir
would be associated with the potential transfer of quagga mussel larvae from Lake Powell into the
reservoir. EPMs would be implemented to prevent the spread of quagga mussels from Lake Powell.
These measures would include coatings, screens, and chemical treatment at the intake and booster
pump stations. Additional measures would include self-cleaning screens and ultraviolet treatment.
Water from Lake Powell would be treated with a chlorine solution to prevent the spread of quagga
mussels, which would then be neutralized at Sand Hollow discharge location by sodium bromide. If
quagga mussels become established in Sand Hollow or Quail Creek Reservoirs, a potassium chloride
solution would be applied to the effected reservoir as part of a rapid response plan. The application
of potassium chloride to the reservoirs would not be expected to cause mortality for any aquatic
species other than mussels.
In addition to the potential introduction of quagga mussels to Sand Hollow Reservoir, TDS would
also affect water quality in Sand Hollow Reservoir from the Proposed Project. In 2016, a TDS mass
balance model was generated to evaluate potential changes in TDS concentrations resulting from
water deliveries via the Proposed Project to Sand Hollow Reservoir. The model estimated changes in
TDS over a series of annual time steps from 2025 to 2060. At each time step, a salt balance (most
TDS constituents are inorganic salts) was performed, from which the inflows, outflows, and changes
in reservoir storage were calculated (UBWR 2016a).
The TDS mass balance model showed that salt inflows are initially greater than salt outflows;
therefore, the TDS increases in Sand Hollow Reservoir approximately until the year 2030 with a
maximum value of approximately 750 milligrams per liter (mg/L). If planned water deliveries via the
Proposed Project increase over time, the TDS concentration in the reservoir gradually decreases
from the maximum to a stabilize at a minimum TDS of approximately 575 mg/L in 2055. This
minimum TDS value is less than the assumed TDS input value of 600 mg/L (UBWR 2016a).
Sand Hollow Reservoir is a recharge area for the underlying Navajo Sandstone Aquifer. The TDS
values in groundwater may decrease slightly over time as a result of discharge of water into the
reservoir via the Proposed Project (UBWR 2016a).
Project EPMs would mitigate the risk of the introduction of quagga mussels to Sand Hollow
Reservoir to the extent possible.
2.2.4 Water Quality Effects on Lake Powell and Lower Colorado River
Computer modeling using CE-QUAL-W2 was performed by Reclamation to simulate reservoir
discharges, temperature, salinity, dissolved oxygen, phytoplankton, and organic matter decay under
the No Action Alternative and the operation of the Southern Alternative to evaluate the effects of
each action on water temperature of Glen Canyon Dam releases into the Lower Colorado River.
The alternatives were analyzed under current conditions, or “Direct Natural Flow,” and climate
change conditions and projected in a stepwise interval until the end of year 2060. Appendix C-10:
Hydrology contains additional information about this modeling.
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Under Direct Natural Flow conditions, median seasonal water temperatures of Glen Canyon Dam
releases increased by 0.4 degrees Celsius(°C) (which is a +0.72 change on the Fahrenheit scale) in the
spring to a change of +0.7°C (or +1.26 °F) in the winter due to water diversions via the Proposed
Project. Release temperatures are slightly greater compared to the No Action Alternative because the
Proposed Project would convey water from Lake Powell, decreasing the total pool elevation and the
cold-water pool volume over time. Average annual temperature changes between the Southern
Alternative and the No Action Alternative range from -0.4 °C (-0.72°F) to +1.6 °C (+2.9 °F).
Under climate change conditions, median seasonal water temperatures of Glen Canyon Dam
releases increased by +0.4 °C(+0.7°F) in the fall to +0.5 °C (+0.90°F) during all other seasons as a
result of water diversions via the Proposed Project. As above, release temperatures are slightly
greater compared to the No Action Alternative because the Proposed Project would convey water
from Lake Powell, decreasing the total pool elevation and the cold-water pool volume over time.
Average annual temperature changes between the Southern Alternative and the No Action
Alternative range from -0.1 °C (-0.2°F) to +1.0 °C (+1.8°F).
Previous water quality modeling was also conducted using the Colorado River Simulation System
and the Lake Powell CE-QUAL-W2 model to supplement the effects analysis performed for the
LPP Project Final Study Report 17 – Surface Water Quality (UBWR 2016a). Water quality modeling
results included temperature and dissolved oxygen in Lake Powell; temperature, TDS, and dissolved
oxygen below Glen Canyon Dam; and TDS along the Lower Colorado River. Temperature
modeling of Glen Canyon Dam releases was also conducted, but the results summarized above
supersede those findings (UBWR 2016a).
2.2.5 Water Quality Effects on the Virgin River
Construction activities associated with the Proposed Project would terminate at Sand Hollow
Reservoir, more than three miles east of the Virgin River. Water from the Proposed Project would
be discharged into Sand Hollow Reservoir. Water from Sand Hollow Reservoir may be used to
recharge the underlying aquifer or would be carried via existing water transfer infrastructure to the
Hurricane water use area or the Quail Creek Reservoir. Water from the Quail Creek Reservoir would
be discharged into the Virgin River after being conveyed through a hydro plant or conveyed to the
St. George water use area for municipal and industrial use.
The primary concerns for water quality effects of the Proposed Project on the Virgin River would be
associated with the potential transfer of quagga mussel larvae from Lake Powell into the Virgin
River and water temperature changes that would make the Virgin River hospitable for quagga
mussels. EPMs would be implemented to prevent the spread of quagga mussels from Lake Powell.
These measures would include coatings, screens, and chemical treatment at the intake and booster
pump stations. Additional measures would include self-cleaning screens and ultraviolet treatment.
Water from Lake Powell would be treated with a chlorine solution to prevent the spread of quagga
mussels, which would then be neutralized at the Sand Hollow discharge location by sodium
bromide.
UDWRe modeled impacts to the Virgin River using the Virgin River Daily Simulation Model
(VRDSM) for scenarios with and without water discharged from the Proposed Action into the Sand
Hollow Reservoir (UBWR 2016a). The VRDSM was used to determine the potential for return
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flows to the Virgin River that could potentially affect stream flows and water quality. The VRDSM
results indicated that return flows from the Proposed Project to the Virgin River would be within
the measurement accuracy of the USGS gages on the Virgin River and changes in river flows would
not be measurable (UBWR 2016a).
Aside from quagga mussel treatment, the updated historical water quality trends for the major
waterways described in Section 1.4, above, do not deviate from the trends established in the LPP
Project Final Study Report 17 – Surface Water Quality (UBWR 2016a). Therefore, the water quality
effects on the Virgin River would be unlikely to have changed from the analysis presented in the
2016 report.
The water quality effects on the Virgin River are presented in Section 4.2.5 of the LPP Final Study
Report 17 – Surface Water Quality (UBWR 2016a).
2.2.6 Mitigation Measures
The EPMs outlined in Section 1.3, above, would be implemented as part of standard construction
and operation of the Proposed Project. Minor changes to the EPMs should be implemented to meet
agency-specific goals and objectives for management of water quality resources. No additional
mitigation actions are recommended because the EPMs would serve to mitigate the effects posed by
the Proposed Project to surface water and shallow groundwater quality.

2.3 Highway Alternative
The effects of the Highway Alternative would be very similar to those of the Southern Alternative,
with the exception of the differing location of the crossing of Kanab Creek at a point of perennial,
rather than intermittent flow, and at a shallow-streambank crossing rather than through a deep,
steep-sided canyon.
2.3.1 Construction
The effects to water quality from construction of the Highway Alternative would be the same as for
the Southern Alternative, except for the differences described to the Kanab Creek in Section 2.3.1.3,
below.
2.3.1.1 Clearing and Grading

The effects to water quality from clearing and grading along the ROW for the Highway Alternative
would be the same as described above for the Southern Alternative.
2.3.1.2 Materials Storage and Sanitation

The effects to water quality from materials storage and sanitation would be the same for the
Highway Alternative as described above for the Southern Alternative.
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2.3.1.3 Pipeline Construction

Stream and Ephemeral Wash Crossings
The procedure for stream and ephemeral wash crossings would be the same for the Highway
Alternative as described for the Southern Alternative. Table 2.3-1 contains a summary of the NHD
features that cross the Southern Alternative at least once and the land ownership at each crossing.
The NHD features may cross the ROWs multiple times on land with different ownership. Refer to
Figures 1.4-1a and 1.4-1b for the spatial distribution of these waterbodies along the ROWs of both
alternatives.
A key difference between the two alternatives is the location of the crossing at Kanab Creek. The
Highway Alternative crosses the Kanab Creek at a location where the waterway is designated as
perennial, whereas, it is designated as intermittent at the Southern Alternative crossing. If Kanab
Creek were to be flowing at the time of construction, sedimentation from construction would be
more likely to be carried downstream. While the open-cut trenching technique would be used to lay
pipeline at the crossing, the work would be performed when the stream is at low flow or dry.
However, the Kanab Creek crossing for the Highway Alternative is at a location where the drainage
walls are shallow, rather than in a deep, steep-sided canyon. The potential for erosion and siltation
into the creek is therefore greatly reduced for the Highway Alternative.
Table 2.3-1 NHD Features that Cross the Highway Alternative
Waterbody Name

Bitter Seeps Wash Tributary
Buckskin Wash Tributary
Bullrush Wash Tributary
Cottonwood Creek
Cottonwood Creek Tributary
Cottonwood Wash
Fort Pearce Wash Tributary
Gould Wash Tributary
Johnson Wash
Johnson Wash Tributary
Kanab Creek
Kanab Creek Tributary
Lost Spring Wash
Lost Spring Wash Tributary
Paria River
Paria River Tributary
Pipe Valley Wash
Sand Gulch Tributary
Sand Wash
Sand Wash Tributary
Sand Canyon Wash
Sandy Canyon Wash Tributary
Seaman Wash

NHD Hydrographic
Category

Ephemeral
Intermittent
Ephemeral
Intermittent
Ephemeral
Intermittent
Ephemeral
Ephemeral
Perennial
Ephemeral
Perennial
Ephemeral
Intermittent
Ephemeral
Intermittent
Intermittent
Intermittent
Intermittent
Intermittent
Ephemeral
Intermittent
Ephemeral
Intermittent

Land Ownership

NPS, Tribe
BLM
Private, State, Tribe
Tribe
Tribe
Tribe
BLM
BLM, Private
Private
BLM, Private
Private
Private, State, Tribe
Private, State
BLM, Private
BLM, Private
BLM
Private, State
BLM
Tribe
Tribe
Tribe
Tribe
BLM

Distance to
Alignment
(feet)

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
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Table 2.3-1 NHD Features that Cross the Highway Alternative (continued)
NHD Hydrographic
Category

Waterbody Name

Short Creek
Short Creek Tributary
Short Creek Wash Tributary
Two Mile Wash Tributary
Twomile Wash
Wahweap Creek Tributary
White Sage Wash Tributary

Intermittent
Ephemeral
Ephemeral
Ephemeral
Perennial
Intermittent
Ephemeral

Land Ownership

Distance to
Alignment
(feet)

BLM, Private
BLM, Private, State
BLM, Private
Tribe
Tribe
BLM, NPS, Private, State
BLM, Private

0
0
0
0
0
0
0

Source: UBWR 2020
Key:
BLM = Bureau of Land Management
NHD = National Hydrography Dataset
NPS = National Park Service
Tribe = Kaibab Band of Paiute Indians

Blasting
Table 2.3-2 contains the locations of stream crossings that would likely require blasting along the
Highway Alternative. There are two fewer crossings that would likely require blasting along the
Highway Alternative than the Southern Alternative. The effects to water quality from blasting would
be the same for the Highway Alternative as described above for the Southern Alternative.
Table 2.3-2 Stream Crossings Requiring Blasting – Highway Alternative
Waterbody Name
NHD Hydrographic
Blasting Type
Category

Buckskin Wash Tributary Intermittent
Fort Pearce Wash
Ephemeral
Tributary
Gould Wash Tributary
Ephemeral
Lost Spring Wash
Tributary
Paria River Tributary
Sand Gulch Tributary
Short Creek Wash
Tributary
Wahweap Creek
Tributary

Ephemeral
Intermittent
Intermittent
Ephemeral
Intermittent

Ownership

Blasting
Blasting

BLM
BLM

Blasting, Mixed-Soil over
Blasting
Blasting

BLM, Private

Mixed – Soil over Blasting
Blasting
Blasting, Mixed-Soil over
Blasting
Mixed – Soil over Blasting

BLM, Private,
State
BLM
BLM, Private
BLM, Private
BLM, Private,
State, NPS

Source: UBWR 2020
Key:
BLM = Bureau of Land Management
NHD = National Hydrography Dataset
NPS = National Park Service
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2.3.1.4 Intake and Discharge Construction

The effects on water quality from the construction of the intake and discharge points would be the
same for the Highway Alternative as described above for the Southern Alternative.
2.3.1.5 Summary

Effects resulting from construction of the Highway Alternative and recommended EPMs that would
lessen these effects are similar for the Highway Alternative as for the Southern Alternative, with the
exception of the Kanab Creek crossing. The Kanab Creek streambanks at the Highway Alternative
crossing are shallow, so the potential for erosion and siltation is substantially less compared to the
Kanab Creek crossing along the Southern Alternative.
2.3.2 Operation and Maintenance
The effects of operation and maintenance activities from the Highway Alternative would be the
same for the Highway Alternative as described for the Southern Alternative.
2.3.3 Mitigation Measures
The Highway Alternative could implement the same mitigation measures as described for the
Southern Alternative in Section 2.2.7, above.

2.4 Comparative Analysis of Alternatives
Tables 2.4-1, 2.4-2, and 2.4-3 summarize the effects to surface water and shallow groundwater
quality from each alternative, by landowning entity and Proposed Project alternative. These tables
are not a comprehensive summary of the effects to each landowning entity or to specific
waterbodies because total counts of features do not account for differences in morphology at stream
crossings or other location-specific characteristics. Refer to the appropriate sections above for more
detailed analysis of the effects on specific NHD features or shallow groundwater aquifers.
The effects to water quality in Lake Powell and Sand Hollow Reservoir are the same for both action
alternatives because the intake and discharge locations do not differ between alternatives.
Table 2.4-1 Summary of NHD Feature Crossings and Blasting Locations by Land Manager/Owner
NHD Feature Type
BLM
NPS
Tribe
State
Private
NHD Features Crossing the Alternatives(a),(b)
Southern Alternative

Perennial
Intermittent
Ephemeral

0
52
89

0
14
0

0
1
9

0
18
35

0
19
36

0
48
45

0
14
2

1
3
27

0
17
29

2
22
48

Highway Alternative

Perennial
Intermittent
Ephemeral
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Table 2.4-1 Summary of NHD Feature Crossings and Blasting Locations by Land Manager/Owner
(continued)
NHD Feature Type
BLM
NPS
Tribe
State
Private
NHD Feature Crossings Requiring Blasting(a)
Southern Alternative

Perennial
Intermittent
Ephemeral

0
5
5

0
1
0

0
1
1

0
2
1

0
3
3

0
4
4

0
1
0

0
0
0

0
1
1

0
2
3

Highway Alternative

Perennial
Intermittent
Ephemeral

Source: UBWR 2020
Notes:
(a) Multiple landowners may be associated with each NHD feature segment, so there is overlap in the summed values.
Additionally, the alternative may cross the feature multiple times. Refer to Tables 2.2-1 through 2.2-4 for complete
listings of NHD features and landownership.
(b) “Crossing” is defined as an NHD feature with 0 feet of distance to the alternative alignment, as calculated by
geospatial data analysis.
Key:
BLM = Bureau of Land Management
NHD = National Hydrography Dataset
NPS = National Park Service
Tribe = Kaibab Band of Paiute Indians

Table 2.4-2 Total Temporary Effects of NHD Waterbody Crossings by Land
Manager/Owner
Southern Alternative Highway Alternative
Agency(a)
(acres)
(acres)

BLM
NPS
Reclamation
Tribe
State
Private

3.6
0.9
0.0
0.0
1.4
1.5

3.0
0.9
0.0
0.4
1.0
2.1

Source: UBWR 2020
Note:
(a) Aside from a small number of perennial stream crossings associated with each alternative, most waterbodies are
ephemeral or intermittent.
Key:
BLM = Bureau of Land Management
NPS = National Park Service
Reclamation = Bureau of Reclamation
Tribe = Kaibab Band of Paiute Indians
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Table 2.4-3 Summary of Shallow Groundwater Occurrence and Disturbance by Land Manager/Owner
Cumulative Total Probable
Cumulative Area of
Land Ownership
Groundwater Area (acres)
Disturbance (square feet)
Southern Alternative

BLM
NPS
Reclamation
Tribe
State
Private

2,542.1
17.44
17.44
-1,976.22
2,887.56

169.67
N/A
N/A
-135.45
202.74

710.32
17.44
17.44
-2,376.28
3,086.60

49.92
N/A
N/A
-163.64
213.56

Highway Alternative

BLM
NPS
Reclamation
Tribe
State
Private

Source: UBWR 2020
Note:
(a) Multiple landowners may be associated with each area of shallow groundwater, so there is overlap between
totaled areas. Refer to 1.4-2 for complete listings of shallow groundwater occurrences.
Key:
BLM = Bureau of Land Management
N/A = not applicable
NPS = National Park Service
Reclamation = Bureau of Reclamation
Tribe = Kaibab Band of Paiute Indian
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4 Glossary
Forebay. The area of the reservoir that is immediately upstream from the dam face.
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5 Acronyms
AAC
ACEC
BLM
CFR
CWA
EPA
EPM
GHG
GSENM
HDD
ID
KCWCD
LPP
mg/L
NHD
NPS
NPDES
ROW
SDWA
SPCC
SWPPP
TDS
TMDL
UAC
UBWR
UDEQ
UDWRe
UPDES
USACE
USC
USGS
VRDSM
WCWCD

State of Arizona Administrative Code
Kanab Creek Area of Environmental Concern
Bureau of Land Management
Code of Federal Regulations
Clean Water Act
U.S. Environmental Protection Agency
Environmental Protection Measure
greenhouse gas
Grand Staircase-Escalante National Monument
horizontal directional drilling
identification
Kane County Water Conservation District
Lake Powell Pipeline
milligrams per liter
National Hydrography Dataset
National Park Service
National Pollutant Discharge Elimination System
right-of-way
Safe Drinking Water Act
Spill Prevention, Control, and Countermeasure rule
Storm Water Pollution Protection Plan
total dissolved solids
Total Maximum Daily Loads
State of Utah Administrative Code
Utah Board of Water Resources
Utah Department of Environmental Quality
Utah Division of Water Resources
Utah Pollutant Discharge Elimination System
U.S. Army Corps of Engineers
United States Code
U.S. Geological Survey
Virgin River Daily Simulation Model
Washington County Water Conservation District
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1 Introduction/Affected Environment
The control and active monitoring of aquatic invasive species (AIS) that could be conveyed by the
Lake Powell Pipeline Project (LPP or Proposed Project) from Lake Powell to other drainages in
Utah and Arizona must be carefully monitored, controlled, and carefully managed. While there can
be any number of plant and animal species that may be considered invasive and potentially of
concern, the well-publicized organism and primary concern for the Proposed Project is the quagga
mussel (Dreissena rostriformis bugensis). Quagga mussels have significant operational and environmental
impacts in the lower Colorado River drainage and continue to be a serious problem. The quagga
mussel is a fresh-water invasive mollusk native to the Dnieper River drainage in the Ukraine. It was
introduced to North America via ships’ ballast water discharge while sailing through the Great Lakes
and has spread invasively throughout the country, primarily by recreational boaters. The elaborate
array of water conveyance systems throughout the west creates a means of introduction to areas free
of infestation. As quagga mussels continue to spread, water conveyance systems are impacted by
biofouling while ecosystems are degraded.
In 2008, MWH (now Stantec) prepared a Technical Memorandum (TM) presenting the review and
control of quagga mussels (TM 5.13B) as an element of the Project Phase 1 Study (Preliminary
Engineering and Environmental Studies; MWH 2008). The TM discussed the potential problems
that are related to the LPP Project and quagga mussel infestation, known control methods, and
limitations that the Proposed Project would need to consider with respect to these mussels in the
Lake Powell water source. The 2008 TM discussed the physical and biological characteristics of both
Dreissena mussels: quagga mussel and zebra mussel (Dreissena polymorpha) that could potentially inhabit
the Colorado River system. Zebra mussel DNA was discovered in Electric Lake, Utah, in 2008 but
the reservoir was moved off the state’s infested list in 2013 and no additional infestation has been
documented to date. Therefore, this species has been removed from analysis but is often
incorporated into quagga mussel research due to their similar life history attributes and invasive
nature. Much of this research is initially due to the prevalence of the zebra mussels during
establishment in the United States and continued issues throughout the eastern portions of the
United States.
The presence of quagga or zebra mussels in Lake Powell was not confirmed in 2008 when the TM
was prepared, but the inevitability of the introduction was assumed for the quagga mussel. The
projected consequences of that mussel infestation on the Proposed Project included:
Clogging of intake screens and conveyance systems;
Clogging and damage of pumps and mechanical/piping systems at the intake;
Clogging of small-diameter pipes, seals, valves, gears, air vents that are especially susceptible
to clogging;
Clogging of the main pipeline;
Clogging and damage to booster pump stations, reservoirs, and energy recovery systems; and
Deleterious impacts on receiving reservoirs, including invasive species transfer and water
quality problems associated with quagga mussel infestation.
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These impacts are evident throughout the United States across a wide variety of water systems.
Infestation can reduce the reliability and volume of water delivery to the water conservancy districts
and result in significant operation and maintenance (O&M) costs in addition to the serious
ecological impacts and consequences. Based in part on the response of other southwest U.S. water
purveyors to this problem, it is prudent as part of the Proposed Project to consider mitigation and
control options to reduce/eliminate the infestation of quagga mussels.
Regardless of the proactive and prioritized planning to prevent the spread of quagga mussels in the
Colorado River drainage, quagga mussels were initially identified in Lake Mead in 2007. In early
2013, quagga mussels were found initially in Lake Powell and the population has continued to
increase over time. The current reported mussel population in Lake Powell is more prevalent in the
south end of the lake near the dam, where the Proposed Project water would be diverted.
The presence of quagga mussels in Lake Powell has future operational cost and environmental issues
and concerns with regard to the Proposed Project. Since the LPP intake would be located near Glen
Canyon Dam, concerns regarding quagga mussel infestation are exacerbated. Quagga mussels have
established themselves in Lake Powell and there are limited practical methods of eradicating the
species in situ. However, the Proposed Project must control and manage the operational chronic
and acute effects of mussel fouling of the physical structures and mechanical equipment of the
Proposed Project and prevent the mussels from spreading to the other waterbodies surrounding the
project. Chronic infestation would involve the attachment of the juvenile mussels to the internal and
external structures of the Proposed Project to the point that the water flow and related operational
efficiency is reduced or otherwise affected. Acute fouling can occur when a mass of live or dead
mussels can become dislodged from their attachment and are carried through the conveyance system
to a location where they can plug or impede small piping, filters, heat exchangers, pumps, or other
facilities subject to impaction of detritus and continue to grow and proliferate at a new location.
The state of Utah and surrounding states all have programs designed to reduce the potential for the
transfer of mussels (quagga or zebra) from an infected water body to a mussel-free water body. The
programs are primarily aimed at controlling recreational boating so that attached or free swimming
animals are removed at their source (cleaning); bilges, bait boxes, and other water from the infected
water are discharged at the source (drain) and are not allowed to be transferred to other waters; and
boats and vehicles exposed to the water source are allowed to dry for a time in the air (dry) before
they are introduced to mussel-free waters. The effectiveness of these identified activities is
dependent on boat owners following the required three-step procedures. Decontamination
certification is required in Utah for boats that have been used in Lake Powell, Lake Mead, and Lake
Havasu, known areas of quagga mussel infestation.
The Proposed Project presents another potential avenue to transfer quagga mussels to other noninfested water bodies in Washington County. Since the source water (Lake Powell) is a known
habitat for quagga mussels and the points of potential discharge for the conveyance water system are
currently reported as mussel-free, control measures must be in place to make sure that
contamination would not occur as a result of the transfer of project water.
The intent of this document is to review management and control options for LPP-related mussel
containment and develop a proven prevention strategy that includes a proactive monitoring plan for
assessing the effectiveness of implemented control measures.
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Quagga Mussel Life History
The quagga mussel begins life in an embryonic stage and goes on to become a free swimming
(floating) motile larvae (veliger) before it becomes an immobile sessile adult that is attached directly
to a fixed object. The adult will clump together in a mass on any reasonably human-introduced solid
surface or natural surface. Adult quagga mussels are reported to be able to reproduce 30,000 mussel
embryos up to six times each year depending on water temperature. Spawning typically occurs in the
spring when female mussels release their eggs to be fertilized by male mussels, although data
suggests that spawning occurs year-round at Lake Powell (see Section 1.3.2, Figure 1.3-1, below).
Within a few days the drifting fertilized eggs develop into free-swimming larvae called veligers and
disperse through the water current. These veligers are microscopic (40 to 462 microns) and their
plasticity allows them to squeeze through smaller screens than their actual size (Eaton et al. 2014).
After two to three weeks the mussel veligers settle out of the water column under the weight of their
own shell and attach to firm surfaces where they continue to grow and mature. In the Great Lakes
these invasive mussels have been documented at depths near 540 feet (Hoddle 2011). The life span
of a quagga mussel is reported to be up to five years.
The quagga mussel is highly polymorphic and has a high potential for rapid adaptation to extreme
environmental conditions (Mills et al. 1996). The more intensely studied zebra mussel species (as
discussed in TM5-13B) attaches only to hard substrata, while the quagga mussel species is able to
colonize on hard and soft substrata. According to the California’s Response to the Zebra/Quagga Mussel
Invasion in the West (California’s Response), the quagga mussel is more adaptive than the zebra
mussel; therefore, it is not limited to only shallow water habitats and warm waters and will inhabit a
wider range of water depths. Unlike the quagga mussel, the zebra mussel is primarily confined to the
waters east of the Continental Divide.
Unlike the zebra mussel that fixes itself to a hard substrate as an adult, the quagga mussel can
survive in sandy or silty substrates (river or lake bottoms) and move with sediments in the water
currents. It has been shown to be far more temperature tolerant than zebra mussels. It has been
noted that the quagga mussel is active and feeds throughout the year in cold water and does not, like
the zebra mussel, become dormant below 55 degrees Fahrenheit. The quagga mussel is a highimpact feeder, processing as much as 34 ounces of water per day by each individual. It can passively
move as an adult into intake pipes and hydraulic structures, fix itself to the walls of the structures,
and build up a mass that can disrupt the function of the facility. The quagga mussel has been
reported to inhabit a lake’s deeper habitat more than reported for the zebra mussel. Lake Mead
samples taken as deep as 110 feet have demonstrated confirmed quagga mussels. This is a critical
parameter for the LPP water intake design. In summary, the quagga mussel will tolerate much colder
and warmer water temperatures and would be expected to occur throughout the vertical profile of
Lake Powell and be active year-round. However, quagga mussel densities typically decrease with
increasing depths of greater than 90 feet. Quagga mussels in Lake Powell are well-established and
will continue to be an issue that the Proposed Project would need to proactively monitor, control,
and manage for this invasive species.
The potential adverse effects on the operation of the Proposed Project presented by quagga mussels
result from their destructive capabilities to the ecosystem and water/wastewater systems. In the
California Response, it states that the “major economic impact is due to the fact that the mussels
attach to the millions of submerged objects. They form in enormous clusters with densities of up to
750,000 individuals per square meter in layers more than one foot thick. They attach to pipes,
pumps, municipal and industrial water supply systems, and power plant cooling water systems. They
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affect intake facilities, conveyance structures and municipal drinking water systems, industrial,
flushing and process water systems, cooling power plants, golf course and park irrigation systems.
The mussels clog water intake structures such as pipes and screens. Since they attach in large
numbers, they cause a reduction in pumping capabilities for water and power treatment plant,
industries, communities and companies.” The Dreissena species affect recreational industries because
they attach to buoys, boats, and they create colonies on beaches.
Quagga mussels cause major effects on their surrounding environment. The mussel is a prodigious
water filter feeder that removes phytoplankton, which in turn reduces zooplankton - a food source
for many fish species. Quagga mussels cause the water to become transparent resulting from their
excessive filtration capabilities. Clarity in the water in turn decreases water turbidity, which can lead
to explosive growth of bottom algae. In areas like Lake Michigan, the algae washes and collects
ashore. As time passes, the algae rots and renders beaches unusable. Another way the Dreissena
species affects the ecosystem is through their production of pseudofeces. As they produce
pseudofeces, it accumulates and pollutes the environment. Their pseudofeces contain toxins that
decrease pH levels making the waters more acidic and creating a toxic unhealthy environment for
other aquatic species.
For the Proposed Project, the management and control of the quagga mussel would require both
capital and operational investment. The scope of that initial capital investment and future cost would
be an ongoing investment to protect the quality of the state’s water resources and still provide the
water supply required to satisfy the needs of the service area population.

1.1 Regulatory Framework
The Proposed Project water would be completely contained within the pipeline or facilities within
Utah and Arizona. Therefore, only Utah and Arizona state regulations were provided in addition to
guidelines from federal agencies. A National Pollutant Discharge Elimination System (NPDES)
permit would be required for O&M discharges. Chemical treatment for AIS control would be
included in the application for that permit.
State Regulations
Utah Code 23-14-1, 23-14-18, and 23-14-19 and Rules R657-3, R657-13, and R657-16.
Utah Code 23-27-301 and 23-27-401 and Rule R657-60.
Utah’s State Wildlife Action Plan of 2015 is a comprehensive management plan designed to
conserve native species populations and habitats in Utah and prevent the need for additional
federal listings.
Arizona’s State Wildlife Action Plan of 2012 provides a 10-year vision for achievement,
subject to adaptive management and improvement along the way under the watchful eye of
the Federal Energy Regulatory Commission and its partners for shared success in wildlife
conservation and management.
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Federal Regulations
Hazard Analysis Critical Control Point – National Park Service (NPS) Executive Order 3112
and 13751.
Lacey Act (16 United States Code [USC] §§ 3371–3378). Under injurious species provisions,
it is illegal to import, export, or ship the listed species in the Lacey Act to other states.
Quagga mussels are listed under Title 18 of the Lacey Act.
The NPS Organic Act, passed in 1916 (16 USC 1), establishes the NPS as an agency under
the direction of the Secretary of the Interior with the stated purpose of promoting use of the
national park lands while protecting them from impairment.
The NPS (2006) Management Policies sets the framework and provides direction for all
management decisions relating to national park lands.
The NPS Director’s Order 12 (DO-12 and Handbook; 66 FR 7507) describes the National
Environmental Policy Act of 1969 (NEPA) process and describes the responsibility of the
NPS regarding participation in or coordination of NEPA procedures for actions occurring
on NPS-managed lands.
Executive Order 13112 of February 3, 1999 - Invasive Species - calls upon executive
departments and agencies to take steps to prevent the introduction and spread of invasive
species, and to support efforts to eradicate and control invasive species. Executive Order
13112 also created a coordinating body to oversee implementation of the order, encourage
proactive planning and action, develop recommendations for international cooperation, and
take other steps to improve the Federal response to invasive species.
Executive Order 13751 of December 8, 2016 - Safeguarding the Nation from the Impacts of
Invasive Species amends Executive Order 13112 and directs actions to continue coordinated
Federal prevention and control efforts related to invasive species. This order maintains the
National Invasive Species Council (Council) and the Invasive Species Advisory Committee;
expands the membership of the Council; clarifies the operations of the Council; incorporates
considerations of human and environmental health, climate change, technological
innovation, and other emerging priorities into Federal efforts to address invasive species; and
strengthens coordinated, cost-efficient Federal actions.
Executive Orders 13112 and 13751 require federal agencies to refrain from authorizing,
funding, or implementing actions that are likely to cause or promote the introduction,
establishment, or spread of invasive species in the United States unless, pursuant to
guidelines that it has prescribed, the agency has determined and made public its
determination that the benefits of such actions clearly outweigh the potential harm caused by
invasive species; and that all feasible and prudent measures to minimize risk of harm will be
taken in conjunction with the actions. The framework for choosing the action alternatives
will require that the Record of Decision include a determination that meets both Executive
Order requirements.
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1.2 Methodology
The LPP Project would involve lands and waters in two states (Utah and Arizona) and would cross
federal, state, and privately managed lands. The drainage basins involved include Lake Powell and
the Colorado River, and the Virgin River, a tributary to Lake Mead. The Proposed Project would
cross numerous intermittent (i.e., have surface water flow only during certain times of the year,
primarily during the wet-season, but are normally dry during summer months and drought
conditions) and ephemeral (i.e., have surface water flows that are short-lived and occur from
precipitation, snowmelt, or short-term water releases, but are otherwise dry) washes, gulches, and
creeks within these drainage basins. However, only the Paria River, Kanab Creek near Fredonia, and
Virgin River have perennial flows (i.e., surface water flows that are continuous year-round) within
potentially affected areas and can be expected to provide habitat for aquatic resources. In addition,
the immediate area around the water intake in Lake Powell is also described because the intake could
entrain resident fish from Lake Powell or facilitate the transfer of AIS to other drainages without
any preventive measures.
The scope of AIS concerns for the Proposed Project extend from the Lake Powell intakes to the
outlet at Sand Hollow Reservoir. Since the water originates at the infested Lake Powell and LPP
water would be self-contained in the pipeline, except for periodic releases for pipeline testing, the
affected area is the Lake Powell intake, Sand Hollow Reservoir, and Quail Creek Reservoir due to
the hydrologic connection of the two reservoirs via a pipeline connection. It is not reasonable to
expect a rupture or leak in the LPP that would result in potentially contaminating other water
sources that the Proposed Project crosses. Therefore, the primary area of focus is to eliminate the
potential for the pipeline and especially Sand Hollow to become infested with quagga mussels.
Mitigation measures may be implemented in order to reduce or avoid adverse effects to the
environment from the Proposed Project due to the life history attributes that make quagga mussels
prolific invaders and extremely difficult to eradicate, any reasonable potential for infestation would
be considered an adverse effect, especially since the Proposed Project would discharge LPP water
into a watershed currently unoccupied by quagga mussels.
All involved federal and state agencies were contacted in a request to gather crucial AIS information
and concerns that would inform this analysis. There is much research on quagga mussel life history
and prevention and even more research is ongoing due to the huge environmental and financial
concerns that the species causes. Novel prevention approaches are being researched continuously
and although much promise is shown with these new strategies, a proven and reliable prevention
method needs to be employed to ensure quagga mussels are not spread as a result of the Proposed
Project.
The mitigation measures were developed using the best information available after consulting with
respected experts in quagga mussel control and research. The measures were adapted to the Project
Proponent’s delivery and storage systems. The Project Proponent was consulted to gain a better
understanding of their system as well as provide project-specific measures that would be the most
effective and feasible considering their current and potential future operations. These methods were
exhaustively researched using electronic libraries and literature databases. Experts provided original
work and references. Companies specializing in water filtration and quagga mussel treatment
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provided guidance based on similar projects. RNT Consulting provided recommendations based
upon research and years of expertise.
Potential effects of AIS from implementing the Proposed Project were compared to risks of
infestation from recreational boaters based on the No Action Alternative. Data for the risk
assessment was provided by the Utah Division of Wildlife Resources (UDWR) (Owens 2020).

1.3 Environmental Protection Measures
Environmental Protection Measures (EPMs) as outlined in the LPP Plan of Development (POD)
are measures or procedures that are part of the Proposed Project and would be implemented as
standard practice, including measures or procedures that could reduce or avoid adverse impacts
(UDWRe 2020; provided as Appendix E, Plan of Development). EPMs would be applied regardless
of landownership, except where the jurisdictional agency or landowner determines changes to the
EPM(s) would ensure greater consistency with governing statutes, policies, or plans. Proper
communication and coordination would occur with the jurisdictional agency, private landowner, etc.,
to ensure changes to EPMs are modified and applied appropriately.
The POD includes EPMs for the AIS resource, which include:
Current designs to prevent quagga mussels in LPP supplies currently call for coatings,
screens, and chemical treatment at the intake and booster pump stations. The best available
technology would be evaluated during final design and would be implemented to prevent
quagga mussels. Applicable technology could include self-cleaning screens and ultraviolet
treatment. Preventive measure could be installed at all pump stations and hydrostations.
Since coatings, screening, ultraviolet (UV) treatment, and chemical treatment of the pipeline are
included as EPMs in the POD, they are discussed in detail in this section. The best available
technology would be implemented to prevent quagga mussels. The following summary of EPMs is a
synopsis of findings based on extensive research and expert opinion:
1. Use the lowest possible intake whenever practicable.
2. Apply silicone-based antifouling coating (needs to be reapplied every five to seven years).
3. Manually clean intake structures to reduce risk of veligers entering the system.
4. Close off intakes not in use.
5. Install self-cleaning filters with 30-micron screens at intake pumping station. A second filter
system may be required upon initial testing in order to reduce debris or additional mussels.
6. Install Hydro-Optic Disinfection Ultraviolet (HOD-UV) units after filters to kill any
remaining veligers.
1.3.1 Design Features for the Intake
The primary objective of the Proposed Project’s quagga mussel control plan would be to rid the
diverted Lake Powell water of all life stages of the mussel at the water intake/initial pump station
complex and avoid any conveyance in the pipeline. The primary complex hydraulic components
include three dual-bore intakes located between the elevation of 3,575 feet and 3,375 feet (at 100foot separation). The lake elevation is expected to range from 3,400 feet to 3,700 feet. The intake
structure would include a vertical common collection shaft for the lake intakes, a horizontal forebay
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for supplying water pumps, the vertical well shaft and pump, and the connection piping to the initial
section of the delivery pipeline.
The six water intake tunnels (72-inch diameter) that extend out into the lake would each be
equipped with trash racks and intake screens. The intake velocity would need to be below 0.4 feet
per second to avoid fish entrainment as per the U.S. Army Corps of Engineers criteria.
Intakes that draw water from depths greater than 90 feet generally experience the least amount of
fouling by mussels (East Bay MUD 2009). The reasons include:
Cooler water (below the thermocline) results in lower ambient temperatures and slower
growth of mussels;
Less food availability caused by lower light penetration and reduced green algae growth
(mollusk food source); and
Seasonal lower oxygen conditions that can preclude survival.
Intakes in the upper 60 feet of the water column are more susceptible to quagga mussel infestation.
The deeper into the colder water column of the lake that the intake extracts water, the less likely (but
not completely) is the presence of quagga mussels. The mussels do better in the warmer photic zone
where algae and plankton are more available but not restricted. Therefore, the lowest possible intake
should be used whenever practicable.
One approach to quagga mussel control is to prevent their introduction into the intake system.
While it is important to maintain a low intake velocity (<0.4 feet per second) to prevent small fish
and other biota (as well as suspended inorganic solids) from being drawn into the intake system, the
effective prevention of mobile life stages of the mussel (egg, larva, veligers) from being drawn into
the system is extremely impractical. Intake screens and trash racks experiencing gravity flow to the
delivery system are susceptible to fouling. Mussel growth and accumulation can close the gaps in
screens and bars and result in decreased flows. The buildup of quagga mussel mass can alter the
hydraulic characteristics of the system by affecting the design flow. Anecdotal evidence from the
Great Lakes area reported that power plants with the bar rack set at 3 inches have experienced
75 percent occlusion of the open area from mussel encrustation (UBWR 2016a).
Regardless of the location (depth) of the screened tunnel intakes, the surface of the diversion
screens would need to be manually cleaned. Antifouling coatings should be used to minimize the
buildup of biological encrustation to reduce the risk of veligers entering the system and necessity for
frequent manual cleaning (Reclamation 2012, 2016). Antifouling coating would need to be applied
along the entire path from the intakes to the screens, which includes the horizontal intake tunnel,
vertical shaft, forebay connection tunnel, forebay chamber, and pump well shaft. This would also
reduce the likelihood of adult implantation and reproduction in proximity to the primary control
system. In many marine applications, copper or copper/bronze material or a copper-based coating
has been used to prevent mussel/barnacle growth on aquatic structures. The use of copper nickel
(90:10) materials are common in seawater applications. The copper oxide film that forms on the
materials protects the metal from seawater chloride corrosion and reduces the attachment of biota.
These coatings leach copper to the surface and allow for easier release of the base build-up (dead
animals holding fast to the structure of the mussel). Since the Proposed Project would deliver water
into a recreational reservoir and may be used for human consumption, a copper-based coating is not
recommended. There are also silicone-based coatings that decrease the strength of the animal’s hold-
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fast attachment. Silicone-based coatings do not pose the same environmental risks as copper-based
coatings but need to be reapplied every five to seven years. None of the available coatings are
permanent and need to be periodically reapplied, which would be difficult in the application of the
Proposed Project.
A hazard analysis and critical control point plan would be submitted to the NPS detailing how
construction and maintenance within Glen Canyon National Recreation Area will contain and
prevent spreading AIS. The need for periodic manual cleaning of the intake screen structure is
almost guaranteed. This would require deep water divers, which has both safety and cost
implications. The scheduled need for cleaning may be a function of the intake location and use
related to the ability to use the deeper water intakes may reduce the periodic need for cleaning and
associated concerns and cost. Any intakes not in use should be closed off (valved) to avoid
oxygenated water entering the tunnels. Under low oxygen conditions Dreissena species are reported
to survive up to two weeks. While oxygen deprivation is not a practical control measure, it would
assist in preventing mussel accumulation at the intakes, but it cannot be considered as a method of
chronic mussel control.
There is no perfect method to protect the intake screen or bar rack from quagga mussel intrusion.
The exposed screen would need to be designed to be manually cleaned in place to maintain the open
area and proper hydraulic velocity through the unit to prevent entrapment of fish and other
materials. Constructing the intake screen or bar rack of low fouling material (planktonic toxic metal
or smooth surface) or coating the exposed surface with an antifouling or fouling release coating
would help facilitate maintenance. It would be necessary to use divers to periodically check each
intake structure and clean any accumulation of material. An air-blast type cleaning system, common
for some smaller pump intakes, would not effectively clean the LPP intakes due to the size (very
large air requirements) and depth (very high pressure burst required) of the bar rack. Employing a
surface retrievable screen or rack system may be possible, but at the proposed depth a required rail
guide system would be difficult to implement, expensive, and would still require the assistance of
divers to make sure the structure was properly fitted to the intake mating flange upon replacement.
In deep water (200+ feet) human divers are probably the best approach; however, at some point it
may be worthwhile to investigate the use of remote-controlled underwater vehicles that could be
configured as cleaning machines operated from a surface location.
1.3.2 Filtration
Physical prevention measures (screens) provide the most reliable systems for 100 percent
effectiveness with the least amount of uncertainty, especially for systems that have not yet been
tested. The water temperatures, quality, and velocities vary seasonally. The water temperatures would
be considerably cold at the intake (as low as 45 degrees Fahrenheit) and would limit the feasibility of
many chemical treatments (see Appendix C-10, Hydrology, and Appendix C-11, Water Quality;
Luoma et al. 2018a). Some chemical treatments, such as those containing chlorine and niclosamide,
are promising at the water temperatures and limited exposure durations of the Proposed Project.
However, niclosamide is not approved by the U.S. Environmental Protection Agency (EPA) and
includes both uncertainty about overall human environmental consequences for a water source
reservoir such as Sand Hollow Reservoir. Additionally, the potential for environmental impacts
increases due to the chemical concentrations and volume of water that would be delivered to Sand
Hollow. While other methods have shown promise in research settings, the research is not definitive
and the methods have not been field-proven, especially regarding to the size and logistics of the
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Proposed Project. Many pipeline studies have been conducted on considerably smaller diameter pipe
and reduced flow rates than what is required for the Proposed Project.
Having more than a single method of control for any waterborne agent is typically desirable in water
treatment. Filtration is an effective process that can provide a level of security to prevent the spread
of dreissenid mussels from LPP’s initial pump station. Filtration is critical to enhance the success of
the Proposed Project’s mussel control because it provides multiple barriers to remove or destroy the
mussel at all life stages. Mechanical filtration has proven to be a cost-effective, reliable and
environmentally friendly approach to the control of zebra mussels in the northeastern United States.
Screen microfiltration can offer 100 percent barrier of the aquatic life forms. Although it has a
significant upfront cost, it requires minimal annual maintenance. Filters have been implemented for
mussel control in the State of Vermont State Fish Hatchery with positive results, as well as the Mud
Creek Irrigation District in the state of Michigan with success. Several fish hatcheries in the East
have adopted a screening approach for mussel control.
While both the veligers and adults are relatively large, compared with typical bacterial or viral water
treatment organisms targeted in wastewater and water treatment systems, they are considerably
robust and veligers can squeeze through filters. The self-cleaning filters rely on the removal of
particles by screening water and the rejection or entrapment of particles, through a porous media.
Media can range from simple wire well screens (10 to 100 microns), to typical water treatment sand
filters (20 to 50 microns). Filtration or fine screening should be capable of removing all dreissenids
at any life stage. This would be dependent on the type and operation of equipment. Both quagga and
zebra mussel veligers are microscopic and range in size from 39 to 500 microns (see Figure 1.3-1,
below; Culver et al. 2009).
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Illustrated by Chris Webb, U.C. Cooperative Extension. Culver et al. 2009.

Figure 1.3-1 Dreissena Mussel Life Cycle
The Proposed Project’s primary pump station facility would need to provide a positive barrier to
downstream spread of quagga mussels to southwest Utah communities. Resources such as Sand
Hollow Reservoir, Quail Creek Reservoir, and other facilities would be at risk if mussels were
transported by the conveyance system to the distribution center. The use of a fine screen can be
effective in eliminating all larval dreissenids, including egg clusters if the design pore size of the
screen is small enough. These types of filter units (several commercial manufacturers) are designed
to process large volumes of water and are programmable (automatic screen cleaning) to maintain a
relatively low operating head loss. The filter operates automatically and during the self-cleaning
process, it treats water continuously to maintain production flow. The unit requires little operational
involvement and can be programmed to reduce the cleaning of wastewater to a minimum. With
moderate total suspended solids in water, such as in Lake Powell, the waste backwash water should
be plus or minus 1 percent of the processed water flow (Draft Environmental Impact Statement
[DEIS] Section 3.9, Water Quality). The units would be installed on each high lift pump and the
filtered water discharge connected to a common header that would connect to the Lake Powell
conveyance pipeline (72 inches).
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Backwash water could be discharged to an infiltration/evaporation pond since there would be
minimal constituents in the wash water that would affect groundwater quality. The wash water
should only contain solids (including quagga mussel components) taken from the lake at the intake.
Disposal options include typical waste management because the volume would not be expected to
be significant. The self-cleaning filter system would be provided at the Proposed Project’s Water
Intake Pump Station to prevent the transmission of quagga mussels in the pipeline.
A screen with an absolute pore size of <25 microns would be satisfactory to remove any eggs or
surviving larvae stage organisms that reach the initial pump station. Other recommendations
received from quagga control experts include 100-micron screens and 25-micron screens (Willet
2020; Pucherelli 2020a). Based on the data provided by Amiad Water Systems, their improved 30micron filter has been engineered to have a higher rejection rate than the standard 25-micron filter
(see Figure 1.3-2). Therefore, the 30-micron filter should be used but updates to the system could
occur if better screening technology becomes available. It would be beneficial to use a screening
system in conjunction with the intake pumps to avoid using a booster pump.

Figure 1.3-2 Comparison of Screen Size Efficiencies using Amiad Self-cleaning Filters
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The self-cleaning Omega Series Filter by Amiad is an example of a commercially available unit (see
Figure 1.3-3, below). An Amiad unit dedicated to each pump would provide continuous service. The
filters are self-cleaning while maintaining the design flow and head. Head-loss through the filter is
maintained by monitoring the differential pressure and starting the cleaning process once a
predetermined pressure loss is reached. The filter screens are automatically cleaned in place over a
30- to 60-second period and the filter screen continues to produce near the desired flow during the
cleaning process. Cleaning wastewater can be infiltrated or ponded for evaporation. The flush cycle
requires 1,500 to 2,000 gallons (typically 1 to 2 percent of the influent flow) and the frequency is
dependent on influent total filterable solids concentration in the source water. The Amiad filters are
designed to remove the design particle size and process large volumes of water efficiently. However,
maintenance would still be required to completely clean and service the system. Therefore, the flow
must be shut off or a smaller volume diverted to the other filters while units are maintained. The
filter uses a proprietary stainless-steel mesh (layers) screen. These types of screens have been used to
protect against mussel infestations at fish hatcheries, power plants, agricultural diversions, and other
industrial and municipal applications. Power demand is minimal (5 amps per unit) and is only
required when the motors that operate the cleaning mechanism are engaged. The motive flow for
the cleaning mechanism is provided by the influent pumping pressure (35+ pounds per square inch
minimum). Applications of this type of screen filter indicate that a 95+ to 100 percent removal of
mussel eggs and larvae can be achieved (UBWR 2016b).
Discussions with Amiad Filtration Systems regarding this type of screen filter resulted in the
following recommendation:
Each of the intake pumps would be provided with an independent Amiad screen/filter that
would process the pumped water prior to discharge into the common pump header
supplying the initial segment of the water conveyance system. Each of the filters would be a
separate unit with a 30-micron screen. A common programmable control panel would be
used to monitor and operate the complete system (five duty pumps and one standby pump
as proposed). The Amiad Omega units recommended are pressure rated for the LPP water
intake pump station service and are constructed of fully coated and lined steel. The clearing
water and solids would be directed to a containment site that would need to be defined for
infiltration, evaporation, or reuse (recovered).
As shown on Figure 1.3-3, below, (1) raw water enters from the filter inlet and passes through the
screen; (2) clean water flows through the filter outlet; (3) the gradual dirt buildup on the inner screen
surface causes a filter cake to develop, with a corresponding increase in the pressure differential
across the screen; (4) a pressure differential switch senses the pressure differential and when it
reaches a pre-set value, the cleaning process begins; and (5) cleaning of the filter is carried out by the
suction scanner which spirals across the screen, the open exhaust valves create a high velocity
suction stream at the nozzle tip which “vacuums” the filter cake from the screen. During the selfcleaning process, which takes approximately 30 seconds, filtered water continues to flow
downstream.
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Figure 1.3-3 Representative Diagram of an Amiad Self-Cleaning Filter
1.3.3 Ultraviolet Treatment
UV irradiation has been tested for its ability to induce mortality and reduce settlement of dreissenid
veligers. Increased mortality days after exposure to UV irradiation has been observed during labscale tests (Delrose 2012; Stewart-Malone et al. 2015). Time scales, which are not applicable to flowthrough facilities such as hydroelectric power plants, where the residence time of veligers in the
facility is on the scale of minutes. However, field tests have shown that inline UV treatment can
reduce settlement in downstream bioboxes by as much as 99 percent (Pucherelli and Claudi 2017).
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Such effects have the potential to significantly reduce the impact of dreissenid mussel settlement on
infrastructure, and such UV irradiation systems are beginning to be installed at a number of facilities
(Pucherelli 2020b).
HOD-UV light systems are designed to increase efficiency and reduce the treatment dose required
to cause mortality of quagga mussels when compared to traditional UV systems (Claudi et al. 2014).
The HOD-UV units provide a single medium pressure lamp contained within a reflective quartz
chamber (Figure 1.3-4). This results in higher reflectance and eliminates dead zones because more
UV beams reach the entire column of water treated. The Atlantium HOD system is engineered to
deliver the desired UV dose regardless of changes in the water transmissibility (UVT) or decline in
performance of the UV lamps (Figure 1.3-4). This ability rests on the presence of two separate UV
intensity sensors present in the reaction vessel. These sensors automatically adjust the output of the
UV lamps to compensate for increased or decreased transmissibility and for decreased lamp
performance due to age. The system tracks UVT values continuously and displays and stores the
data (Claudi et al. 2014).
UV exposure is believed to impact the essential functions of the veliger, which inactivates the
organism and prevents settlement (Mackie and Claudi 2010). Although the exact effects of UV
exposure on veligers are unknown, previous studies have indicated that UV exposure causes
immediate or latent mortality (Wright et al. 1996). While Pucherelli and Claudi (2017) did not
experience 100 percent mortality, their results may have been influenced by a narrower observation
period (<120 hours post treatment) and dead veligers could have been falsely determined to be alive
if they had closed shells.
Veliger mortality was variable at each dose and during each month tested (Pucherelli and Claudi
2017). Similarly, Claudi et al. (2014) found variation in settlement reduction at the same dose
throughout the year. Other than the 20 millijoule per square centimeter (mJ/cm2) dose, all other
doses produced less mortality in the early summer months when compared to later in the summer.
Claudi et al. (2014) also found the 40 mJ/cm2 dose to be less effective in November than July. This
variation may be due to environmental variables such as temperature, which has been found to
impact mussel robustness (McMahon 1996). However, the HOD-UV effectiveness is not dependent
upon temperature. Therefore, the year-round performance should be considerably higher and more
reliable. Both the filters and UV units would require maintenance and would need to be designed to
facilitate that work. If it is not desirable to shut down the entire system, flow would need to be
diverted to the other units at a lower volume while maintenance is completed.
The HOD-UV units would offer redundancy as a two-part treatment system that would first
comprise of the self-cleaning filters and then the HOD-UV units. This would ensure the highest
UVT in order to increase the overall efficiency of the treatment. Together, these systems seem to
offer the best and most reliable method for treating water conveyance systems given the primary
constraints of the Proposed Project. Considering the best available science, the combination of
HOD-UV and filtration is as close to 100 percent prevention as you can accomplish (Willett 2020).
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Figure 1.3-4 Atlantium Hydro-Optic Disinfection Ultraviolet (HOD-UV) Unit.
1.3.4 Chemical Treatment Comparison
Much of the following is taken directly from Reclamation (2015a) and Passamaneck (2018) as
fundamental Reclamation documents about quagga mussel control techniques. Additionally, some of
the information throughout the appendix is adapted from the LPP Final Study Report 2 – Aquatic
Resources. Aquatic Invasive Species Control and Monitoring Plan (UBWR 2016a), which is based
on zebra mussel information (Messer and Veldhuizen 2005).
Chemical additives for Dreissena species control include both oxidizing and non-oxidizing chemicals.
Oxidizing chemicals such as chlorine, chloramine, ozone, and hydrogen peroxide are effective at
eliminating veligers but not adults. Adults can simply close their shell and necessary contact time
would not be achieved to cause mortality. However, adults would be prevented from entering into
the pipeline due to the self-cleaning microscreens and HOD-UV units.
A variety of chemical compounds have been tested for control of dreissenid mussels (Glomski
2015), but the most appropriate choice of chemical depends upon the specific circumstances under
which treatments would be performed (see Table 1.3-1). The four major constraints to chemical
application for the Proposed Project are: (1) extremely large water volumes (54,000 gallons per
minute); (2) limited exposure duration in the pipeline (approximately 32 hours); (3) cold water
temperatures (approximately 45 degrees Fahrenheit); and (4) treated water would be discharged into
Sand Hollow Reservoir. An overview of chemical treatments considered and relevant literature
regarding them is presented below. Non-oxidizing chemicals used for disinfection have been
developed for a variety of applications. Specific chemicals for mussel control (molluscicides) are not
common. The products approved for drinking water and/or discharge to waters of the United States
for mussel control are limited. Several that have been reported that are specifically for dreissenid
mussels include the following.
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Table 1.3-1 Comparative Review of Quagga Mussel Control Options
Option
Advantages
Disadvantages

Chlorine

Simple, reliable (one
chemical system)
Assume 12% liquid
NaOCI

Forms trihalomethanes
Quality and regulatory
effects on aquifer
recharge

Chloramines

Simple, reliable (two
chemical systems)
Assume 12% liquid
NaOCI and <20
percent NH4OH
Residual will last
longer than chlorine
Better for biofilm
control than chlorine

Chlorine
Dioxide

Stronger disinfectant
than chlorine and
chloramines

Potassium
Permanganate

Relatively simple dry
feed system
No DBP effects on
Sand Hollow
Reservoir or aquifer
recharge

Ozone

Stronger than other
oxidants
No DBP effects on
Sand Hollow
Reservoir or aquifer
recharge
Forms AOCs, which
may create additional
biofilm

Ammonia would enter
Sand Hollow Reservoir
(nutrient)
Quality and regulatory
effects on aquifer
recharge (if ammonia
present)
Residue cannot be easily
removed prior to
discharge to open
waters
More complicated
process than chlorine
and chloramines
Forms chlorite and
chlorate (DBPs)
Quality and regulatory
effects on aquifer
recharge
Adds Mn to water,
which would likely
create buildup on pipe
walls
Adds Mn to Sand
Hollow Reservoir (and
other receiving water
bodies)
No disinfection benefits
Complex system to
operate and maintain
Probably cannot inject
into high-pressure
pipeline; need to repump after ozonation
No residue in pipeline
Bromate formation and
effects on regulatory
compliance
Forms AOCs, which
may create additional
biofilm

Capital Costs

O&M Costs

Low costs to
remove DBPs
at Sand
Hollow
Reservoir
Low costs to
remove NH3 at
Sand Hollow
Reservoir

Lowest costs to
remove DBPs
at Sand Hollow
Reservoir

Low costs to
remove DBPs
at Sand
Hollow
Reservoir

Medium costs
to remove
DBPs at Sand
Hollow
Reservoir

Low

Medium costs
to pig/flush
pipeline with
Mn deposits

High

High

Low costs to
remove NH3 at
Sand Hollow
Reservoir
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Table 1.3-1 Comparative Review of Quagga Mussel Control Options (continued)
Option
Advantages
Disadvantages
Capital Costs

UV

No chemical addition
No DBPs or WQ
effects on Sand
Hollow Reservoir or
aquifer recharge

Hydrogen
Peroxide

No DBP or WQ
effects on Sand
Hollow Reservoir or
aquifer recharge
Relatively simple dry
feed system
No DBP effects on
Sand Hollow
Reservoir or aquifer
recharge
No DBPs
Simple liquid or dry
feed system
Less frequent
addition than
oxidizers

Copper Sulfate

Water
Treatment
Polymers

Molluscides

Bacterial Toxins

Plasma System

Simple feed system
Less frequent
addition than
oxidizers
Feed in a slurry
Less frequent
addition than
oxidizers
No chemicals

O&M Costs

Inefficient due to low
UVT with unfiltered
water
Cannot treat under high
pressure; need to repump after UV
treatment
Dangerous chemical to
store and handle
Limited disinfection
benefit
Adds copper to water;
quality and regulatory
effects on Sand Hollow
Reservoir and aquifer
recharge
No disinfection benefit
Would coagulate
particles and, perhaps,
coat pipe interior
Could possibly effects
Sand Hollow Reservoir
effects on treatment if
membrane filtration is
used
Could possibly impact
Sand Hollow Reservoir
and aquifer recharge

High

Medium costs
to minimize UV
lamp fouling

Low

Medium

Low

Low

Low

Medium

Low

Expensive
chemical

Not proven for largescale use
Unknown WQ issues
and effects
Not proven for largescale system

Low

Expensive
chemical

Medium

Medium-high
costs to replace
components?

Key:
AOC = assimilable organic carbon
DBP = disinfection byproducts
O&M = operation and maintenance
UV = ultraviolet
UVT = water transmissibility
WQ = water quality
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Veligon (Calgon Corporation)
Veligon is an EPA-approved chemical for drinking water. It is a proprietary chemical compound of
dimethyl diallyl ammonium chloride, which is both a flocculant that helps settle out veligers, and a
toxicant. Literature suggests that the effect on veligers and larva forms is toxic and may prevent a
firm surface attachment in adults. The material is toxic to fish and aquatic species and is not
recommended for discharges into the environment.
Mexel 432® (RTK Technologies, Inc.)
One alternative to control bio-growth is to reduce the attachment potential or organisms. Protective
materials on pipe outer and inner surfaces are available, which reduces biological growth. One such
product on the market is Mexel 432®, manufactured by Mexel Industries in France. This product is
considered a combination bio-dispersant/biocide. Mexel 432® is a non-oxidizing stable emulsion,
made from alkyl amines. The product acts as a coating on intake pipelines and other structures, and
prevents bio-growth, mussels, scales and other debris from fouling the surfaces. The coating is very
thin, at only 1 to 2 molecules in thickness. The product typically is dosed for one half hour on a daily
basis at 4 to 5 milligrams per liter (mg/L). In addition to preventing bio-growth, the manufacturer
also claims prevention of scaling, corrosion and sedimentation in hydraulic systems.
In addition to a bio-dispersant, Mexel 432® is considered a biocide. The product is registered with
the EPA as a biocide, and the active ingredient is 1-(Alkyl* amino)-3-aminopropane (*as in fatty
acids in coconut oil). In order to obtain EPA registration to be sold or distributed in the United
States, the product must undergo scientific studies showing it can be used without posing
unreasonable risks to people or the environment. Literature provided by the manufacturer claims
Mexel 432® is non-toxic to mammals and biodegradable. While the advantage is that it can be
applied in situ and screens and pipes would not have to be taken out of service, it poses
environmental effects greater than other antifouling coatings, especially silicone-based coatings.
Both Veligon and Mexel 432 are products that were originally formulated for other uses but were
adapted for use in mussel control and have limited efficiency as reported in the literature. Therefore,
they were removed from further consideration.
BioBullets
Microencapsulation of toxins has been pursued as a method to specifically target invasive mussels
for chemical treatment. Because dreissenid mussels are highly efficient filter feeders, their capture
and ingestion of these particles are expected to concentrate toxins in the target species. Termed
“BioBullets,” these synthetic particles have been shown in laboratory experiments to effectively kill
zebra mussels when dosed with potassium chloride (Costa et al. 2008a, 2011). BioBullets have been
reported to have been tested in a closed pipe irrigation system, with 100 percent mortality of fouling
zebra mussels (Latuszek 2013).
Zequanox
Zequanox is the trade name for a biopesticide (meaning is a pesticide derived from a living
organism), which is specifically designed to target dreissenid mussels. Zequanox is derived from the
strain of the bacterium Pseudomonas fluorescens, a naturally occurring microbe that is found in soils and
waters globally (Molloy and Mayer 2007; Molloy et al. 2013a). Zequanox appears to cause mortality
by degrading the stomach and digestive gland of the mussel following ingestion of the bacteria
(Molloy et al. 2013b). This is likely due to the production of a toxin by bacteria, rather than
infection, as equivalent rates of mortality are observed following exposure to either live or dead
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bacteria (Molloy et al. 2013b). This is advantageous for application of the biopesticide as it allows
preparation of a relatively stable formulation, which need not contain viable bacterial cells.
Laboratory trials have generally found Zequanox to be highly specific in its toxicity, with low rates
of mortality in a range of invertebrate and fish species (Molloy et al. 2013c; Meehan et al. 2014a;
Waller et al. 2016). One recent study has reported significant latent morality in lake trout (Salvelinus
namaycush) following exposure to Zequanox, suggesting additional testing of the impact on salmonid
species may be warranted (Luoma et al. 2018b). Laboratory trials of Zequanox have found rates of
mussel mortality up to, or in excess of, 90 percent (Molloy and Mayer 2007; Molloy et al. 2013b;
Meehan 2014). Field test of Zequanox have shown a range of mortality rates from as low as 36
percent of adult mussels to as high as 100 percent, depending on the waters being treated (Link
2014; Meehan 2014; Meehan et al. 2014b; Lund et al. 2018). However, even at lower rates of adult
mortality, reductions of up to 85 percent in juvenile settlement have been observed (Link 2014).
Treatment needs to be isolated to high densities of feeding adults for consumption and 100 percent
mortality is rare. Due to the size of Sand Hollow and Quail Creek reservoirs the desired 100 percent
eradication, Zequanox is not suggested for implementation as part of the Rapid Response Plan
(RRP).
Copper
Copper compounds including cupric chloride and copper sulfate have been shown to be toxic to
zebra mussels (Rao and Khan 2000; Kennedy et al. 2006). These compounds are not specific
molluscicides and can display toxicity in a wide variety of animals (Eisler 1998). Indeed, at least one
effort to utilize copper sulfate to control zebra mussels in open water resulted in significant fish
mortality (URS Group, Inc. 2009). More recently, a commercial copper-based formulation has been
developed that is intended to specifically target dreissenid mussels. These products, named EarthTec
and EarthTec QZ, have been used in limited open-water applications, with high levels of mortality
observed within treated areas (Hammond 2016; Lund et al. 2018). However, such treatments have
been limited to small portions of lakes and have not resulted in full eradication of mussels from a
whole lake (Lund et al. 2018). Copper ion generators have also been tested to directly introduce
copper ions to control mussel veligers and limit settlement within water infrastructure such as power
plant piping (Turcotte 2009). The success of such systems in unclear and they have not been widely
adopted.
Ozone Treatment
Ozone is a powerful oxidation agent effective in eradicating quagga and zebra mussels. Ozone
dosages to produce quagga mussel mortality range from 0.2 mg/L to 0.5 mg/L. It leaves a low
residual impact and no downstream environmental impact. It also has a short half-life and it is
soluble in water, and, unlike chlorine, it does not accelerate corrosion. Large dosages and long
contact times are required to eliminate quagga and zebra mussels because of its short half-life. Zebra
mussel mortality was 100 percent with a dosage of 1.0 mg/L ozone after 5 hours of continuous
exposure (Van Benschoten et al. 1993). Because of the logistical constraints of continuous exposure
and the cost when compared to other treatments, the use of ozone alone would not be feasible for
the high flow of the Proposed Project.
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Considerations for Chemical Controls
As discussed above, chemical treatments vary in their specificity, and so special attention must be
paid to potential off-target effects. In addition, environmental conditions may affect the efficacy of
chemical treatments. Variations in temperature have been shown to substantially affect the
minimum lethal concentration or time to mortality for several treatments (Rao and Khan 2000;
Costa et al. 2008b; O’Meara and Hosler 2016; Luoma et al. 2018a). In general, higher temperatures
are correlated with greater toxicity, and in some cases lower temperatures may limit the efficacy of
chemical treatments. Other water quality parameters may also impact chemical controls. It has been
shown that the efficacy of potassium chloride treatment appears to be inhibited in the presence of
elevated dissolved solids, in particular, the concentration of sodium (Moffitt et al. 2016; StocktonFiti and Moffitt 2017). Many popular chemical control methods are summarized in Table 1.3-1.
1.3.4.1 Recommended Chemical Controls

Potassium Salts
The toxicity of potassium salts to bivalves was first documented in native unionid mussels and the
invasive Asian clam Corbicula (Anderson 1976). Potassium salts were shown to have similar toxicity
in zebra mussels shortly after their introduction to the United States (Fisher et al. 1991). Both
potassium chloride (KCl), also known as potash, and potassium phosphate (KH2PO4) show
comparable toxicity, destroying the gill epithelium and leading to asphyxiation (Fisher et al. 1991;
Fisher 1994; O’Donnell et al. 1996; Wildridge et al. 1998). Potassium chloride has been shown to
have significantly lower toxicity in fish than it does in mussels (Waller et al. 1993; Fisher 1994; Sykes
2009; Sykes et al. 2011; Crank and Barnes 2017), supporting its use as an environmentally benign
treatment. However, native mussel populations may be susceptible to potassium chloride (Fisher et
al. 1991), potentially limiting its use in some waters, but not for this Proposed Project. The use of
potassium chloride as an effective open-water treatment as part of the RRP is discussed in Section
2.2.2, below.
Chlorination
Chlorination, using a variety of chlorine containing compound (e.g., chlorine gas, hypochlorites,
chloramine, and chlorine dioxide) are effective at killing dreissenid mussels through oxidation (Van
Benschoten et al. 1995; Rajagopal et al. 2002). It causes rapid mortality in veligers at concentrations
as low as 0.5 mg/L. A dosage of 0.5 mg/L for 120 minutes is recommended for 100 percent larvae
kill in flowing water. Rapid killing of adults requires considerably higher doses. However, low
dosages of chlorine cause adults to simply close their shells and cease feeding or taking in fresh
oxygen. The adults can survive in this condition for a week to 10 days in a closed condition. If
chlorination is maintained for a longer period, mortality will occur. Chlorine is the most popular
chemical used to date for the control of “fouling bivalves and prevent settlement in fresh water
reservoirs, treatment works, power stations and water ways of raw water supply systems, estuarine
waterworks and seawater cooled power stations” (Rajagopal 1997). Chlorine has the benefit of being
effective in cold water temperatures with limited exposure durations. It may also be prudent to have
the ability to add chlorine on an occasional basis at the intake tunnels to address other problems
(algae or slime accumulations). Even though it is a popular treatment, it cannot be readily
implemented for the LPP since chlorine products can be toxic to fish (State of Michigan 2014).
Toxicity data for sodium hypochlorite to aquatic species is provided in Table 1.3-2.
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Table 1.3-2 Toxicity of Sodium Hypochlorite (5 percent Chlorine(a)) to Aquatic Species
Organism
Test
Result

Freshwater Algae
Fathead Minnow (Pimephales promelas)
Water Flea (Daphnia magna)
Water Flea (Daphnia magna)

24 hr EC50
96 hr LC50
48 hr EC50
96 hr EC50

0.095 mg L-1
0.82-0.98 mg L-1
0.033-0.044 mg L-1
2.1 mg L-1

Note:
(a) From MSDS (ACROS Organics 2012)
Key:
mg L-1 = milligrams per liter

Discharge limits for specific facilities depend on local, state, and Federal water restrictions as
permitted under the NPDES program. The EPA National Primary Drinking Water Regulations
(EPA 2009) set the following maximum contaminant levels (MCL) and maximum residual
disinfectant levels (MRDL):
Chloramine (as Cl2): 4.0 mg L-1 MRDL;
Chlorine (as Cl2): 4.0 mg L-1 MRDL;
Chlorite: 1.0 mg L-1 MCL; and
Total trihalomethanes: 0.08 mg L-1 MCL.
Chlorination is widely used for water treatment, but the action of chlorination is non-specific and
thus not appropriate for open water use or treatments in power plants and other infrastructure
where raw water is returned to the environment. Therefore, the treated water from the intake
pumping station would need to be neutralized before being discharged into Sand Hollow Reservoir.
Dilution is the most common means of detoxification. However, due to the large water volume
requirements for the Proposed Project, the chlorinated water would likely need to be neutralized
before discharge. For facilities that cannot achieve discharge limits via dilution, chlorine must be
neutralized with sodium sulfite, sulfur dioxide, or sodium bisulfite or metabisulfite. “Liquid sulfite”
is a commercially available sodium bisulfite solution. Use 1.8 to 2.0 mg L-1 of sulfite per mg L-1
residual chlorine; the reaction is rapid. Project-specific water parameters would determine the final
neutralizing location in order to alleviate water quality concerns in Sand Hollow Reservoir.
Glomski (2015) raised concern that the cumulative effects of extensive chlorine use for zebra mussel
control in large rivers in North America could be problematic due to toxicity to non-target
organisms and formation of trihalomethanes. There have been studies that suggest a link between
disinfection byproducts from chlorinated water containing organic matter and cancers of the bladder
and rectum (Michaud et al. 2007; Villanueva et al. 2007). However, the limited evidence suggesting a
very small increased risk of cancer does not constitute a reasonable risk. The Australian Drinking
Water Guidelines report no adverse effects from consuming chlorinated water. Long-term animal
studies indicate that the chlorination or breakdown of by-products do not create carcinogens or
tumor initiators (National Health and Medical Research Council 2011). The International Agency for
the Research of Cancer concluded that there was not enough evidence to support the
carcinogenicity in animals and humans and classified chlorine as not being a possible carcinogen
(International Agency for Research on Cancer 1991). The National Health and Medical Research
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Council (2011) showed that even drinking high concentrations of chlorinated water (> 32 mg/L) for
extended periods showed no adverse effects.
If the physical screening, HOD-UV treatment, and chemical treatment (sodium hypochlorite) do not
prevent the successful passage of quagga mussels into Sand Hollow Reservoir, the RRP would
outline the necessary actions to be taken. The specific actions outlined in the RRP would include
eradication and decontamination as described in Section 2.2.2, below. Cost estimates for all
preventive and remedial measures are provided in Appendix C-23, Socioeconomics.
1.3.5 Stormwater and Erosion Control
The EPMs for stormwater and erosion controls to minimize the potential effects of introducing
quagga mussels to waterbodies along the alignment are outlined in the POD:
B.1.46. A General Permit for Stormwater Discharges Associated with Construction Activity
(UTRC00000 and Arizona Department of Environmental Quality [ADEQ] CGP) will be obtained
prior to any surface disturbance that includes clearing, grading, excavation, and/or stockpiling.
B.1.47. A site-specific Stormwater Pollution Prevention Plan (SWPPP) will be prepared and
implemented for each construction contract. The plan will be submitted to the Bureau of Land
Management (BLM) and other applicable agencies. The SWPPP will identify all potential sources of
pollution which could affect the quality of stormwater discharges from the construction site,
describe the construction activities that disturb soils at the site, provide an estimate of the total
disturbance area, and identify waters of the United States within 1 mile of the site. The SWPPP will
identify erosion and sediment control measures, compliance inspection metrics, maintenance, and
reporting. A copy of the SWPPP will be kept on site and updated as needed to manage pollutants or
reflect changes in site conditions.
B.1.50. Erosion and sediment control will be implemented using both non-structural and structural
best management practices (BMPs). Non-structural BMPs examples include not performing topsoil
stripping during wet weather if there is risk of topsoil eroding or washing off the site in violation of
NPDES permits, and soil stabilization such as mulch, slope tracking, seeding, and erosion matting.
Structural examples are silt fence, wattles, and ditch checks. Any netting for erosion and sediment
control BMPs will be of natural fiber (non-plastic material). BMP specifications will be included in
the Proposed Project-specific SWPPP(s).
B.1.55. Non-stormwater discharges, including from pipeline and facility hydrostatic testing, will be
directed into existing dry washes or other downstream project facilities as feasible. BMPs such as
diffusers or other energy dissipaters, straw bales (certified weed free), or filter sacks will be used to
prevent bank instability and erosion. Discharges will be managed and monitored so that they do not
exceed the typical two- to five-year flood event of the existing washes, and to allow debris
accumulations to be removed as needed. Discharges will also be managed to not exceed bank levels
and downstream banks and terrestrial vegetation will be monitored and discharges stopped if
erosion above the bank is detected.
B.1.56. Stormwater compliance inspections will be conducted by the Utah Department of Water
Resources (UDWRe) throughout construction at least once every seven days regardless of rain
events, or every 14 days and additionally within 24 hours of a storm event greater than 0.5 inches to
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ensure compliance with the SWPPP and Utah Department of Environmental Quality (UDEQ) and
ADEQ permits. Inspections will include disturbed areas of the Proposed Project that have not been
stabilized, material and equipment storage areas that are exposed to precipitation, all erosion and
sediment control measures installed within the rights-of-way (ROWs), all structural control
measures, and all locations where vehicles enter and/or exit the ROWs. Inspectors will notify the
construction manager to where requirements of the SWPPP are not followed, and implement
corrective action as required to achieve compliance. Inspection reports will be maintained on file
and submitted to the BLM and UDEQ or ADEQ upon request.
B.1.57. A Hydrostatic Discharge Plan will be submitted to the BLM for approval, prior to the start
of any discharges.
B.1.58. Water quality of the hydrostatic testing water will be tested prior to discharge in accordance
with UDEQ or ADEQ permit requirements.
B.1.60. Washes and ephemeral drainage function will be restored. Soils over the pipeline will be
compacted in place for maximum pipeline stability, and additional stabilization measures such
natural fiber erosion matting and seeding will be installed where necessary. Stabilization measures
such as riprap may be required to protect facilities and prevent increased erosion in washes. If
armoring of a channel crossing with riprap or concrete is necessary due to high erosion potential,
those areas and erosion control methods will be identified for the BLM, U.S. Army Corps of
Engineers, or other appropriate agency based upon the jurisdictional status of the feature.
B.1.61. Post-construction stormwater management will consist of permanent erosion control
measures installed as necessary to protect areas disturbed by UDWRe activities. These could include
but are not limited to vegetation restoration, tracking and matting of steep slopes to maintain
stability, berming (contoured to blend with existing landscape), and/or placement of appropriately
colored riprap. Final stabilization of soil disturbed areas will be achieved when vegetation restoration
and other erosion control measures are completed in accordance with the BLM-approved
Restoration Plan and UDEQ or ADEQ stormwater permit requirements.

1.4 Existing Conditions
The inter-basin transfer of Proposed Project water from Lake Powell to Sand Hollow Reservoir
through the Proposed Project could result in transfer of undesirable and invasive aquatic organisms
from the upper Colorado River basin to the Virgin River basin. While no LPP water would be
directly discharged into the Virgin River or any of its tributary streams, Quail Creek Reservoir has an
outlet to the Virgin River and a direct connection to Sand Hollow Reservoir via a connecting
pipeline. Quail Creek Reservoir is the terminus for Harrisburg/Leeds Creek, a perennial stream. All
of the Proposed Project water conveyed through the pipeline would flow into Sand Hollow
Reservoir for the specific purpose of providing municipal and industrial raw water supply for
treatment in a water treatment facility and distribution as culinary water. A single quagga mussel was
discovered attached to a docked boat in Sand Hollow Reservoir in 2010. An emergency response
was immediately implemented. DNA from quagga mussel was subsequently detected in the reservoir
in 2011. There were no detections in 2013, 2014, 2015, or 2016 with successive sampling. Sand
Hollow Reservoir is not currently designated as infested with quagga mussels or other AIS.
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However, based on the analysis of UDWR, Sand Hollow Reservoir is designated as a high-risk
reservoir based on the number of recreational boaters that travel to Sand Hollow Reservoir from
infested waterbodies such as Lake Powell and Lake Mead (UDWR 2019).
The terminus of the initial pipeline segment is proposed to be the existing Sand Hollow Reservoir
near St. George. Sand Hollow Reservoir (volume = 50,000 acre-feet and depth = 65 feet when full)
currently is used as off-line storage for the Quail Creek Water Treatment Plant, for aquifer recharge
and recreation. Surplus water from the Virgin River is diverted into Sand Hollow Reservoir during
spring runoff and then water from Sand Hollow Reservoir flows back into Quail Creek Reservoir
during the summer and fall during low river flow periods. Quail Creek Reservoir (volume = 40,325
acre-feet and depth = 135 feet when full) also is filled from the Virgin River and provides the raw
water supply for the 60 million gallons per day Quail Creek Water Treatment Plant.
Sand Hollow Reservoir is an off-stream reservoir constructed, owned, operated and maintained by
the Washington County Water Conservancy District (WCWCD) and would be the terminal reservoir
for the WCWCD’s share of the Proposed Project water. The reservoir is a popular recreational
destination for local St. George metropolitan residents and regional users, with a self-sustaining fish
population, boat launch, swimming beaches, and campsites adjacent to the shores. The reservoir was
initially stocked with catchable sport fish following construction. The fish community is considered
by the Utah Department of Natural Resources as a blue-ribbon warmwater fishery. Important
recreational species present in the reservoir include bluegill (Lepomis macrochirus), largemouth bass
(Micropterus salmoides), black bullhead (Ameiurus melas), and black crappie (Pomoxis nigromaculatus). The
UDWR actively stocks the reservoir with rainbow trout (Oncorhynchus mykiss) and have maintained a
small “put and take” catchable (10- to 20-inch fish) program since 2003 according to UDWR
records. The reservoir lacks a vegetated shoreline, but some emergent vegetation is located along the
southern and eastern shorelines.
Currently, the greatest threat to Sand Hollow and Quail Creek reservoirs is recreational boats
spreading AIS. The UDWR (2019) classifies Sand Hollow Reservoir as high risk due to the number
of boaters traveling there from other nearby quagga mussel infested waterbodies such as Lake
Powell and Lake Mead. Based on the usage data, Sand Hollow Reservoir has the highest threat of
becoming infested with quagga mussels in Utah.

2 Results/Environmental Consequences
2.1 No Action Alternative
The No Action Alternative would be the same as the Existing Conditions outlined in Section 1.4,
above. Sand Hollow Reservoir would remain at high risk for quagga mussel infestation due to the
number of recreational boaters traveling to it and Quail Creek Reservoir from nearby infested
waterbodies. Additionally, none of the projects planned by the WCWCD, that would occur if the
LPP was not built, would increase risk of infestation of quagga mussels to surrounding waterbodies.
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2.2 Southern Alternative
The Southern Alternative would increase the overall threat to spreading quagga mussels to Sand
Hollow and Quail Creek Reservoirs. Implementing the EPMs would minimize that risk to the
greatest extent given the practicality of treatments to this specific project while using the best
available information to inform both the EPMs and mitigation measures. After accounting for these
measures in analyzing the environmental consequences, the Proposed Project poses a lower risk to
spreading quagga mussels into Sand Hollow Reservoir than the risk that recreational boaters pose. In
2018 and 2019, the only Utah reservoir that required more decontaminations than Sand Hollow
Reservoir was Lake Powell (UDWR 2019). While Sand Hollow Reservoir is designated as a high-risk
reservoir, the Proposed Project has the potential for adverse effects on the environment by
contributing to additional risks of quagga mussel infestation to a watershed that currently has no
established populations.
AIS includes many species but the quagga mussel is a primary concern for the Proposed Project. By
implementing the EPMs, the potential for transporting other AIS species is eliminated. These
important EPMs include cleaning biological and hazardous materials from any machinery that enters
below the ordinary high-water mark. Additionally, construction would occur during dry times of the
year to minimize effects on aquatic resources. The machinery would be cleaned and dried before use
in another water body to eliminate the threat of transporting AIS such as algae. Therefore, the
following discussion will focus on preventing the spread of quagga mussels from Lake Powell to
Proposed Project facilities in Washington County.
The Proposed Project increases the risk for potentially spreading AIS and causing great
environmental effects. Because of the potential for negative effects caused from quagga mussels,
extensive avoidance and minimization measures, design features, and mitigation are incorporated
into the effects analysis. While these individual measures do not completely alleviate the potential
effects from quagga mussels, a combination of all measures would reduce the potential for
infestation and minimize the potential for spreading quagga mussels to waterbodies outside of the
Project Area. If the EPMs ever fail to prevent the spread of quagga mussels, eradication and
decontamination measures would be incorporated as highlighted in Section 2.2.2, below. The
primary control system (self-cleaning filters and HOD-UV treatment) and secondary chemical
treatment system would be re-evaluated. The primary control systems are modular, and a simple
design could incorporate additional units to increase exclusion efficiency. These measures reduce the
risk of infestation due to the Proposed Project below the high-risk level from recreational boaters
visiting Sand Hollow Reservoir from infested waterbodies, but still pose an overall risk of spreading
quagga mussels.
The risks of infestation from the Southern Alternative would be minimal as long as the design
outlined in Section 1.3, Environmental Protection Measures, are implemented. The micro-screens
and HOD-UV treatment would provide the two most reliable treatments based on the logistics of
the Proposed Project and having a redundant system is crucial to preventing AIS issues. While there
is no single system that provides 100 percent efficacy in preventing or eliminating the threat of
quagga mussel infestation, this two-part system provides the best method based on current research.
If the screens stay clear and the HOD-UV units function properly, the transport risk of live veligers
through the pipeline is extremely low. This system would be thoroughly tested before becoming
fully functional for the Proposed Project and chemical treatment would be added, if necessary. The
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water flow would slowly increase along with demands into the future, which would allow the Project
Proponent to refine the system, if needed, before relying on it to prevent the spread of AIS.
Adaptive management of any system issues that develop during the life of the Proposed Project
would allow established steps to be enacted and protect Sand Hollow Reservoir from infestation.
These steps could include adding units to the modular system and/or chemical treatment, which
would include adding 5 percent chlorine (sodium hypochlorite) at the intake pumping station and
adding the neutralizing chemical (sodium bisulfite) at the Sand Hollow discharge station.
If chemical treatment is required, any hydrostatic testing (using LPP water) or O&M activity that
requires releasing LPP water from the pipeline, would be released into dry washes or drainages that
do not contain standing water. The risk of releasing viable quagga mussels increases with decreasing
exposure duration to those chemical treatments. While the chlorine treatment should cause
100 percent mortality in 2 hours, or about 9 miles through the pipeline, the testing and discharge
locations would not be set until final design of the Proposed Project. Therefore, the effects of AIS
to local and downstream water sources are uncertain. However, the EPMs include a Hydrostatic
Discharge Plan that will be submitted to the BLM for approval prior to the start of any discharges
(B.1.57). The hydrostatic water quality would be tested prior to discharge in accordance with UDEQ
or ADEQ permit requirements (B.1.58). Groundwater should be used for required testing, but if
using treated water from Lake Powell is proposed, testing for live quagga mussels may be required in
order to obtain permit approval. Using treated water from Lake Powell creates potential issues with
transporting invasive species across state boundaries, which would violate the Lacey Act. The U.S.
Fish and Wildlife Service (USFWS) would need to be contacted to receive a permit if Lacey Act
violations would result as part of the Proposed Project O&M.
All of the perennial streams crossed by both alternatives terminate into the Colorado River, a system
already established with quagga mussels due to the contributions from Lake Powell. The pipeline
developing a leak into a perennial stream would be extremely unlikely and not accounted for in this
analysis. Dry washes would not be suitable for establishment of quagga mussels even if living
veligers were released. The limited water sources along the Southern Alternative are discussed in
detail in DEIS Section 3.12, Wetland and Riparian. All waterbodies posing risks for supporting
populations of AIS would be isolated from any released LPP water to alleviate potential local and
downstream infestation.
Chlorine is a common chemical used in the treatment of water across the world. At dosages higher
than typical treatments and discharge limits, it can become lethal to aquatic organisms (Section
1.3.4.1, above). For smaller water conveyance systems, chlorine often does not pose environmental
effects due to the level of dilution that occurs at the discharge site. However, the large volumes of
water for the Proposed Project would pose varying levels of effects depending on the delivery
volume and season. Since the volume of water would increase with demands throughout the life of
the Proposed Project, the concentration of chlorine would become too high to support all existing
aquatic life at Sand Hollow Reservoir and would pose contamination concerns for the aquifer.
Therefore, the chlorine would be neutralized with sodium bisulfite before it is discharged into Sand
Hollow Reservoir. The toxicity threshold of sodium bisulfite (100 hours at 23 degrees Celsius) to
Daphnia magna (common zooplankton species) has been reported to be 102 mg/L. In the presence
of additional sodium salts, this threshold may be lower and would need to be calculated before
implementation. Sodium bisulfite has been proven to be safe for most aquatic organisms as a safer
neutralizing chemical than sulfur dioxide (InEOS Calabrian 2016).
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Routine maintenance of filters and the UV system should take place before major quagga mussel
reproduction is anticipated at Lake Powell (Figure 1.3-1). All maintenance should occur outside of
these crucial times. For routine maintenance, water flow in the pipeline would either be shut off
completely or reduced in order for the water to pass through the portion of the two-part treatment
system still online.
If all preventive measures (filtration, UV treatment, chemical application) fail and quagga mussels are
released into Sand Hollow, their successful establishment would be inevitable. Without treatment,
the infestation would have impacts on the aquatic resources within Sand Hollow Reservoir and
Quail Creek Reservoir since they are connected via a pipeline. These environmental impacts are
generally discussed in Section 1, Introduction/Affected Environment, and occur due to extremely
large concentrations of quagga mussels. Some of these impacts would be expected at Sand Hollow
and Quail Creek reservoirs if there was no management strategy to treat the infestation. However,
since the RRP would call for specific measures to eliminate the existing quagga mussels, the
potential effects from the Southern Alternative are a result of treatment and not the threat of an
established population. While neither reservoir is immediately connected with the Virgin River,
Quail Creek would remain closed and absolutely no releases would be allowed in order to contain
the quagga mussels in the two reservoirs and the downstream sections of Harrisburg/Leeds Creek,
which terminates into Quail Creek Reservoir. Harrisburg/Leeds Creek is a perennial stream that
supports aquatic life such as largemouth bass (Micropterus salmoides), bluegill (Lepomis macrochirus), and
rainbow trout (Oncorhynchus mykiss) in the lower section and native Bonneville cutthroat trout
(Oncorhynchus clarkii utah) farther upstream. Since quagga mussels are dependent on human
intervention to move upstream, it is extremely unlikely that quagga mussels would establish in Leeds
Creek. The only mechanism for upstream dispersal would be due to fishermen wading in the stream
and transporting water from Quail Creek Reservoir in live wells or bait buckets. If quagga mussels
were to be spread into Leeds Creek, chemical treatment would occur for the affected area along with
Sand Hollow Reservoir and Quail Creek Reservoir.
There is limited potential for environmental effects on the established fishery from implementing
the eradication treatment (potassium chloride) for Sand Hollow and Quail Creek Reservoirs (Section
2.2.2, above). While this fishery is entirely non-native fish, those effects are discussed in DEIS
Section 3.14, Sensitive Species. Sand Hollow Reservoir is a high use recreation area valued for
boating, fishing, and swimming. If treatment for quagga mussels is required in Sand Hollow
Reservoir, the fish may incur limited mortality, although not expected using anticipated dosages
(Densmore et al. 2018). Potassium chloride has been shown to have significantly lower toxicity in
fish than it does in mussels (Waller et al. 1993; Fisher 1994; Sykes 2009; Sykes et al. 2011; Crank and
Barnes 2017), supporting its use as an environmentally benign treatment. If the quagga mussel
monitoring did not detect the infestation before it spread to Quail Creek Reservoir, similar impacts
on the fishery would be expected because both would be treated simultaneously at similar
concentrations. Since both reservoirs contain a similar fish assemblage, similar effects would be
expected.
2.2.1 Mitigation Measures
Minor changes to the EPMs should be implemented to meet agency-specific goals and objectives for
management of AIS resources.
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Should Sand Hollow Reservoir become infested with Quagga mussels, despite the prevention and
control measures outlined in Section 1.3, Environmental Protection Measures, there are measures
that would be implemented to manage the infestation and control any transfer to the Virgin River. If
Sand Hollow Reservoir becomes infested, it would be necessary to shut down the transfer of water
between Sand Hollow Reservoir and Quail Creek Reservoir to prevent colonization in Quail Creek
Reservoir and the pipeline that connects them. Should Quail Creek Reservoir become infested,
treatment would be applied at its two outlet structures, main dam, and south dam. At the same time,
any discharges from the reservoir would be shut off. There are many levels of protection to protect
the Virgin River from any AIS infestation resulting from the Proposed Project. Closing the outlet
valve at Quail Creek Reservoir, combined with additional treatment, would completely address this
issue (UBWR 2016b).
The AIS Control and Monitoring Plan would recommend a combination of self-cleaning
microscreen filtration, HOD-UV treatment, and chemical application, if necessary, at the intake
pumping station. However, prior to construction of the LPP, the Project Proponent, WCWCD, and
applicable agencies (e.g., UDWR) will review the AIS Control and Monitoring Plan and determine
the precise measures to be implemented. The chemical treatment would remove all life stages of
dreissenid mussels, non-native invertebrates, non-native fish species, and non-native plant species
from the Lake Powell water before it leaves the Water Intake Pump Station. These EPMs combined
with mitigation measures would remove all potential AIS from the Lake Powell water diverted into
the Proposed Project. If more effective and reliable AIS control measures are available when the
Proposed Project is designed prior to construction, then the best available technology would be
designed and implemented, as long as such best available technology does not have adverse effects
on environmental resources. If the AIS control needs to involve the use of chemical treatment, then
the Project Proponent will prepare and submit a pesticide use proposal to the Glen Canyon National
Recreation Area. Park integrated pest management coordinator for authorization by the NPS. The
Project Proponent would prepare an annual report on water volume treated and would comply with
Arizona Pollutant Discharge Elimination System and Utah Pollutant Discharge Elimination System
permit regulations for any discharges of treated water. The Project Proponent would document the
results of chemical use and consult with the USFWS on potential impacts on listed species,
providing such documentation and consultation to NPS for approval.
Potassium chloride is an inorganic salt that has been shown to be one of the most selective
chemicals tested against zebra mussels (Waller et al. 1993). Potassium chloride has been used to
attempt open-water control of zebra mussels in several lakes in the Eastern United States and
Canada (DFO 2014; Butts 2016; Janusz 2016; Lund et al. 2018). Potassium chloride treatment
resulted in eradication of zebra mussels from Millbrook Quarry, Virginia (Fernald and Watson 2005,
2013). Potassium chloride also produced 100 percent mortality of zebra mussels at Reclamation’s
San Justo Reservoir in California (Emerson 2015; O’Meara and Hosler 2016). It is effective within
24 hours, but repeat applications are recommended for maximum effectiveness (Fisher et al. 1991;
Glomski 2015).
Zebra mussels are generally more sensitive to elevated potassium concentrations with expected
mortality occurring at 100 parts per million (ppm). Results also indicate that increased water
temperature during treatment with potassium is likely to significantly increase toxicity in zebra
mussels. For treatment of San Justo Reservoir, laboratory studies found that 100 ppm would be
sufficient for eradicating mussels from the reservoir in 25 days at 54 degrees Fahrenheit and eight
days at 72 degrees Fahrenheit (Reclamation 2018). Potassium chloride is not effective at
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temperatures less than 54 degrees Fahrenheit (Luoma et al. 2018a). Both increased salinity and
decreased temperature decrease toxicity (Moffitt et al. 2016). Effectiveness is impacted by
conductivity (specifically sodium levels) of site-specific water (Stockton-Fiti and Moffitt 2017).
At the concentrations recommended for the Proposed Project, there would be no risk to human
health or non-target species other than unionids (Waller et al. 1993; DFO 2014). At target
concentrations of 100 ppm potassium, no non-molluscan aquatic wildlife, vegetation, or terrestrial
wildlife were harmed during or after treatment at Millbrook Quarry (Fernald and Watson 2013).
Fernald and Watson (2013) found that turtles, fish, aquatic insects, and snails all “continued to
thrive” post treatment.
A variety of aquatic species, including certain fish and invertebrates appear to be less susceptible
than dreissenid mussels to the effects of potassium toxicity. In contrast to zebra mussels, no
mortality is expected for several common fish species in the 300 to 1,000 ppm potassium range or
for planktonic crustaceans at approximately 200 ppm (see Table 2.2-1). Potassium chloride has been
shown to kill zebra mussels at relatively low concentration without affecting most nontarget
organisms (Fisher et al. 1991). For these combined reasons, potassium chloride is the recommended
open-water treatment of Sand Hollow and Quail Creek reservoirs if they become infested
(Reclamation 2015b).
The RRP would call for the following steps to ensure containment of quagga mussels and successful
treatment of the continual supply of water to Sand Hollow Reservoir. The initial measures would be
incorporated as soon as a suspected quagga mussel is discovered to contain the potential infestation.
These measures would remain in effect until laboratory results confirm whether it is a quagga
mussel.
All appropriate decision makers would be informed on the steps needed to be taken so a “rapid
response” could be implemented without having to wait for approval.
1. It would be necessary to hydraulically disconnect Sand Hollow Reservoir from Quail Creek
Reservoir. Current operations typically send water via gravity from Sand Hollow Reservoir to
Quail Creek Reservoir for diversion into the existing water treatment plant. Quail Creek
Reservoir water is at times discharged to the Virgin River. The WCWCD has built valve and
pipeline infrastructure to send Sand Hollow water directly to the water treatment plant. This
infrastructure is sometimes used if Quail Creek Reservoir is low or has algae issues. If quagga
mussels are detected, this infrastructure would be used to isolate Sand Hollow Reservoir
from the Virgin River via Quail Creek Reservoir. Another future option may be to bypass
the existing water treatment plant altogether by using the proposed Sand Hollow water
treatment plant that WCWCD has plans to construct.
2. Require monitoring and decontamination of watercraft leaving Sand Hollow Reservoir
(currently performed by UDWR).
3. Evaluate condition and efficacy of screens. If screens are in good shape and structurally
intact, consider reducing size of the mesh that would still facilitate the water volume for the
Proposed Project.
4. Add chlorine (sodium hypochlorite) at the intake. Due to the volume of treated water, the
chlorine would need to be neutralized at the terminus of the pipeline before it is dumped
into Sand Hollow Reservoir. Chlorine dissipates rapidly (ACROS Organics 2012) when
exposed to the environment and UV radiation. Although dilution is a commonly adopted
method, the volume of chlorinated water would create water quality concerns.
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5. Localize treatment of Sand Hollow Reservoir using potassium chloride. The lethal levels
required for quagga mussel treatment are below the lethal limit for many aquatic species
(Densmore et al. 2018).
Table 2.2-1 Summary of Potassium Toxicity Literature for General Reservoir Organisms
Potassium
Taxonomic
Species
Toxicity
(parts per
Literature Source
Group
million)

Crustaceans

Water flea (Ceriodaphnia dubia)
Scud/Amphipod (Hyallela azteca)
Crayfish (Orconectes limosus)

Aquatic Insects
Worms
Snails

Bivalves

Fish

Amphibians

Midge (Chironomis tentans)
Sludge worm (Tubifex tubifex)
Oligochaete worm (Nais
variabilis)
Freshwater snail (Physa
heterostropha)
Ram’s horn snail (Bimophalaria
alexandrina)
Clam (Corbicula fluminea)
Zebra mussel (Dreissena
polymorpha)
Bluegill sunfish (Lepomis
macrochirus)
Mosquitofish (Gambusia affinis)
Fathead minnow (Pimephales
promelas)
Common carp (Cyprinus carpio)
Channel catfish (Ictalurus
punctatus)
Rainbow trout (Oncorhynchus
mykiss)
Ornate narrow-mouthed frog
(Microphyla ornata)
Bullfrog (Rana breviceps)

LC50
Mortality No
effect
LC50 (4-day)
LC50 (30day)
LC50 (4-day)
LC50 (4-day)
LC50 2-day)

630
299-596
193
134-630
330-450

EPA 2009
Aquatic Sciences 1997

1,250-6,830
813(a)
65-75(a)

EPA 2009
EPA 2009
EPA 2009

LC50

940

Daum et al. 1977

Lethal

1,000-2,600

EPA 2009

LC50
95%
mortality
LC50 (1-day)
LC50 (4-day)
LC50
LC50 (4-day)
LC50 (4-day)
Lethal
No effect
Near zero
Lethal
LC50 (2-day)

225
100
138

Anderson 1976
Aquatic Sciences 1997
Fisher et al. 1991

951-2,010
2,010
435-485
880
1,191
302
299
5,910-6,590
720

EPA 2009
Daum et al. 1977
EPA 2009
EPA 2009
Aquatic Sciences 1997
EPA 2009

No effect (7day)
LC50 (4-day)
Lethal
Mortality

500-1,000

EPA 2009

1,414-2,539
2,000
1,00010,000

EPA 2009

EPA 2009
EPA 2009

EPA 2009
EPA 2009

Kegley et al. 2010

Note:
(a) Test conditions for worms did not allow normal burial within substrate which may have produced the low toxicity
values.
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Quagga Mussel Monitoring
The inevitability of quagga mussels posing a chronic problem for the operation of the Proposed
Project is generally accepted. Diver inspections and cleaning of attached quagga mussels would
occur often at the Lake Powell intake structures. The ability to mitigate the occurrence of the mussel
in the intake and conveyance system was discussed in Section 1.3, Environmental Protection
Measures. However, regardless of what methods are used to prevent the mussels from proliferating
in the Proposed Project system, careful monitoring for the mussels is necessary and can have several
advantages to help maintain effective operation. A suitable monitoring plan would be refined as
additional research findings are reported. Monitoring would be required at the high point regulating
tank and Sand Hollow Discharge Station, which would contain bioboxes to examine the possibility
of live veligers bypassing the treatment system. The presence of quagga mussels would be monitored
weekly when the high point regulating tank is inspected (UDWRe 2020). The plan would provide
notification that remedial action may be required to prevent further infestation and that action may
be required to prevent contamination into mussel-free waterbodies in the system.
The recommended method of active control utilizes both micro-screens and HOD-UV for removal.
The two-barrier approach provides a feasible method of control with a reasonable safety factor. The
pipeline and related appurtenances would have pigging (mechanical cleaning) capability; however,
the system from the intake to the pump station discharge would be difficult to clean. The antifouling
coating in concert with intake screens should be effective in reducing the potential for mussel
infestation within the Proposed Project intake system.
Environmental DNA (eDNA) is commonly used for AIS detection and monitoring. It would not be
a viable option for the testing the effectiveness of the primary control method of micro-screens and
HOD-UV treatment because these methods would not destroy quagga mussel DNA. However,
eDNA would be a viable option if continuous chlorination is required. The chlorine dosage and
exposure duration would be sufficient to destroy all quagga mussel DNA. Therefore, any eDNA
positive results at either Sand Hollow or Quail Creek Reservoirs would indicate that live mussels
were present. This monitoring method could provide useful for initial testing of the micro-screens
and HOD-UV treatment. It would also be beneficial for discovering and eradicating quagga mussels
before they have a chance to become established. However, eDNA would not indicate the origin of
the quagga mussels. Therefore, to determine the effects of the Proposed Project additional sampling
would be required. Traditional sampling methods and microscopic analysis are typically more cost
effective than eDNA sampling and analysis.
Based upon the type and size of the mussel organism, monitoring would need to be accomplished
using a concentrated sampler that would collect and fine screen (<10 micron) a large volume of
water. An aliquot of representative samples would be passed through a sample screen (similar to a
plankton net) and a microscopic examination would be necessary for identification and enumeration.
Given the available detritus in the Lake Powell pool, automated monitoring would not be practical
using available instrumentation (particle number and size analysis instruments). Collected
concentrated samples would need to be evaluated frequently after project construction. Use of a
counting cell slide on a stage microscope (low magnification) could allow for sample identification
and enumeration since the individual quagga mussel or veliger is relatively large (messo plankton).
However, since HOD-UV treatment may not noticeably destroy the quagga mussel veligers as
evident under microscopic inspection, additional sampling may be required. A biobox that contains
settling plates would be installed at the high point regulating tank and at the discharge station at
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Sand Hollow Reservoir. The use of bioboxes provided easy inspection and monitoring at Davis
Dam (Figure 2.2-1; Pucherelli and Claudi 2017). These samplers would be monitored weekly and
offer a visual check on any mussel propagation. Plankton tows should occur weekly during periods
when quagga mussel spawning is most prolific (Figure 2.2-2). Tow sampling should occur
approximately 50 feet in depth. Mesh size should be a maximum size of 64 microns with a 12- to 18inch diameter. Settlement plate sampling already occurs in Sand Hollow Reservoir and Quail Creek
Reservoir, due to quagga mussel threats from recreational use. Plate sampling would continue during
the spring to fall months after LPP Project operations commence. The plate sampling at Sand
Hollow Reservoir would not determine whether the mussels were introduced from recreational
boats or from the Proposed Project. However, sampling the bioboxes within the Proposed Project
system would indicate whether the control mechanisms were effective. If mussels were found in
Sand Hollow Reservoir but not in any of the Proposed Project facilities, it would be reasonable to
conclude that the Proposed Project was not the source of infestation.

Figure 2.2-1 An Example of Bioboxes Used to Observe the Settlement of Quagga Mussel
Veligers
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Figure 2.2-2 Quagga Mussel Veliger Count Based on Plankton Tow Sampling from Lake
Powell, Utah and Arizona in 2012 through 2019
The problems associated with quagga mussel infestation in the lower Colorado River are generally
recognized as a concern for water supply systems. The existing water supplies for the southern
Nevada area including local municipalities, the Lake Mead Fish Hatchery, and major water
diversions in California and Arizona have all been impacted by the presence of the quagga mussel on
the operation of intakes, pipelines and conveyance systems, and mechanical equipment.
The Proposed Project would likewise be affected unless prescriptive action to control quagga
mussels is included as a component of the design and operation of the intake and conveyance
facilities. It is critical that all efforts be made to prevent bio-transfer of this species to unaffected
resources. Both the states of Utah and Nevada have defined mussel control plans in effect that are
intended to prevent the use of recreational boats and other aquatic vehicles to transfer AIS from
affected drainages to waterbodies free of mussels.
Several methods and means are discussed herein to control, mitigate, and monitor quagga mussels.
O&M of the LPP water intake and pipeline initial pump station is identified as the point of primary
control for mussel management in the Proposed Project. Two recommended primary
treatment/control methods are using a system of self-cleaning micro-screens and treating the water
with doses of UV prior to discharge into the water conveyance system. The secondary treatment
would involve chlorination. The combination of control methods should help maintain the
operation of the intake pump station and related facilities, as well as effectively in prevent quagga
mussel contamination in other facilities and waterbodies associated with the Proposed Project.
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2.3 Highway Alternative
Potential effects from AIS for the Highway Alternative would be very similar as described in Section
2.2, Southern Alternative. There are negligible differences between the Southern and Highway
alternatives. Those differences are discussed in Section 2.4, below.
2.3.1 Mitigation Measures
The mitigation measures would be the same as those described in Section 2.2.2, above, for the
Southern Alternative.

2.4 Comparative Analysis of Alternatives
A few minor differences occur between the Highway and Southern Alternatives regarding AIS.
These differences would only occur if the primary quagga control method did not provide complete
protection and chemical treatment was required. For the Highway Alternative, the pipeline length
would be reduced by approximately 7 miles, which would reduce the duration of chemical exposure
approximately 94.5 minutes at an average water velocity of 6.5 feet per second. The minimum
required exposure (2 hours) to chlorine to result in 100 percent mortality of dreissenid mussels
would still be achieved, which is discussed in detail in Section 1.3, Environmental Protection
Measures.
The alternatives could have different potential effects based on the proposed discharges along the
pipeline. Since the testing and discharge locations would not be set until final design of the Proposed
Project, the effects of AIS to local and downstream water sources are uncertain. However, several of
the EPMs discussed in Section 2.2, above, would minimize those potential effects. Additional
approval from the USFWS and the BLM would be required if pipeline discharges would have the
potential to transport AIS.
All pipeline structures affecting AIS would remain the same between both action alternatives. The
differences indicated above are negligible between the Southern and Highway alternatives. The
differences between the action alternatives and the No Action Alternative includes the increased risk
of quagga mussel infestation of Sand Hollow and Quail Creek reservoirs.
The No Action Alternative includes the threat of recreational boats spreading AIS into Sand Hollow
and Quail Creek reservoirs. UDWR (2019) classifies Sand Hollow Reservoir as high risk due to the
number of boaters traveling there from other nearby infested waterbodies such as Lake Powell and
Lake Mead. Both action alternatives have the potential for adverse effects on the environment by
contributing to additional risks of quagga mussel infestation to a watershed that currently has no
established populations.
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4 Acronyms
ADEQ
AIS
BLM
BMP
DBP
DEIS
eDNA
EPA
EPM
HOD-UV
KCl
KH2PO4
LPP
MCL
mg/L
mJ/cm2
MRDL
MWH
NEPA
NPDES
NPS
O&M
POD
ppm
ROW
RRP
SWPPP
TM
UDEQ
UDWR
UDWRe
USC

Arizona Department of Environmental Quality
aquatic invasive species
Bureau of Land Management
best management practice
disinfection byproducts
Draft Environmental Impact Statement
Environmental DNA
U.S. Environmental Protection Agency
environmental protection measure
Hydro-Optic Disinfection Ultraviolet
potassium chloride
potassium phosphate
Lake Powell Pipeline
maximum contaminant levels
milligrams per liter
millijoule per square centimeter
maximum residual disinfectant levels
Consulting firm that is now Stantec
National Environmental Policy Act of 1969
National Pollutant Discharge Elimination System
National Park Service
operation and maintenance
Plan of Development
parts per million
right-of-way
Rapid Response Plan
Stormwater Pollution Prevention Plan
Technical Memorandum
Utah Department of Environmental Quality
Utah Division of Wildlife Resources
Utah Division of Water Resources
United States Code
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USFWS
UV
UVT
WCWCD

U.S. Fish and Wildlife Service
ultraviolet
water transmissibility
Washington County Water Conservancy District

5 Consultation and Coordination
Bureau of Land Management
National Park Service
U.S. Fish and Wildlife Service
Bureau of Reclamation
Utah Board of Water Resources
Washington County Water Conservancy District
Utah Division of Water Resource
Arizona Game and Fish Department
Stantec
RNT Consulting
ASI Group Ltd.
Atlantium
Amiad Water Systems
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