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Geology and Soil Resources Study Report 
Executive Summary 

 
 

ES-1 Introduction 
 
This study report describes the results and findings of an analysis to evaluate geology and soil resources 
impacts along the proposed alternative alignments of the Lake Powell Pipeline Project (LPP Project), No 
Lake Powell Water Alternative, and No Action Alternative. The purpose of the analysis, as defined in the 
2008 Geology and Soils Study Plan prepared for the Federal Energy Regulatory Commission 
(Commission), was to identify potential impacts of geologic and soil conditions on the LPP Project during 
construction and operation, document the potential influence of soil and geologic conditions on LPP 
Project features, and identify measures to mitigate impacts of the geology and soils conditions. 
 
 

ES-2 Methodology 
 
The analysis of impacts on geology and soil resources follows methodology identified and described in 
the Preliminary Application Document, Scoping Document No. 1 and the Geology and Soil Study Plan 
filed with the Commission. 
 
 

ES-3 Key Results of the Geology and Soil Resources Impact Analyses 
 
Significance criteria were established based on fault movement, seismic activity, unstable slopes, 
expandable, collapsible, or subsiding soils or rocks, geologic hazards to human health and safety, 
important structures and mineral resources, and borrow and spill. The following sections summarize the 
key results of the geology and soil resources impact analyses. 
 
ES-3.1 South Alternative 
 
No significant impacts associated with the impact topics are expected to occur during construction and 
operation of the South Alternative.  Fault movement along the alignment is expected to be below 75 mm 
during the design life of the LPP Project, the alignment is not within a zone of high projected Peak 
Ground Acceleration (PGA), construction and operation of the pipeline and associated features would not 
cause slope failures that could result in injury to humans, damage to major human structures, or damage 
to the environment, geologic hazards would not cause deformation or failure of foundation conditions 
sufficient to cause pipeline rupture or failure of associated pipeline features, the impacts of geologic 
hazards along the alignment would not result in human injury or death, present a serious risk to human 
health, or cause major damage to structures, and borrow and spoil associated with the alternative will 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.   
 
Precautions may be necessary during construction and operation to preclude significant impacts, such as 
conducting site stabilization measures, trench shoring or sloping, removal of rock and soil at risk of 
failure prior to heavy earthwork or blasting, using lower-energy blasting methods, and other standard 
construction safety practices.  In addition, special design considerations may be necessary, such as using 
appropriate seismic design standards for pipelines and associated facilities, and over excavating and 
placing additional bedding when constructing in expandable, collapsible, or subsiding soils or rocks. 
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ES-3.2 Existing Highway Alternative 
 
Impacts would be the same as for the South Alternative.  No significant impacts would occur during 
construction and operation. 
 
ES-3.3 Southeast Corner Alternative 
 
Impacts would be the same as for the South Alternative.  No significant impacts would occur during 
construction and operation.  
 
ES-3.4 Cedar Valley Pipeline Alternative 
 
No significant impacts associated with the impact topics are expected to occur during construction and 
operation.  Precautions may be necessary during construction and operation to preclude significant 
impacts, such as conducting site stabilization measures, trench shoring or sloping, removal of rock and 
soil at risk of failure prior to heavy earthwork or blasting, using lower-energy blasting methods, and other 
standard construction safety practices.  In addition, special design considerations may be necessary, such 
as using appropriate seismic design standards for pipelines and associated facilities, and over excavating 
and placing additional bedding when constructing in expandable, collapsible, or subsiding soils or rocks. 
Reduction of pumping of groundwater in the Cedar Valley would help to reduce the rate of land 
subsidence associated with over pumping of the aquifer, and may cause subsidence to halt, which would 
be a positive impact. 
 
ES-3.5 No Lake Powell Water Alternative 
 
Over pumping of groundwater in the Cedar Valley would continue to deplete the aquifer, which would 
result in continuation of land subsidence.  The effect on land users could be significant if subsidence 
changes drainage patterns.  Also, soil fissures caused by land subsidence already allow direct inflow of 
raw surface water into the ground and may provide a conduit for surface water to flow unfiltered into the 
aquifer.  If this trend continues due to over pumping, it could have a significant impact on groundwater 
quality.  No impacts are expected to the other impact topics. 
 
ES-3.6 No Action Alternative 
 
Impacts would be the same as for the No Lake Powell Water Alternative. 
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Chapter 1 
Introduction 

 
 

1.1 Introduction 
 
This chapter presents a summary description of the alternatives studied for the Lake Powell Pipeline 
(LPP) project, located in north central Arizona and southwest Utah (Figure 1-1) and identifies the issues 
and impact topics for the Geology and Soil Resources Study Report. The alternatives studied and 
analyzed include different alignments for pipelines and penstocks and transmission lines, a no Lake 
Powell water alternative, and the No Action alternative. The pipelines would convey water under pressure 
and connect to the penstocks, which would convey the water to a series of hydroelectric power generating 
facilities. The action alternatives would each deliver 86,249 acre-feet of water annually for municipal and 
industrial (M&I) use in the three southwest Utah water conservancy district service areas. Washington 
County Water Conservancy District (WCWCD) would receive 69,000 acre-feet, Kane County Water 
Conservancy District (KCWCD) would receive 4,000 acre-feet and Central Iron County Water 
Conservancy District (CICWCD) could receive up to 13,249 acre-feet each year. 
 
 

1.2 Summary Description of Alignment Alternatives 
 
Three primary pipeline and penstock alignment alternatives are described in this section along with the 
electrical power transmission line alternatives. The pipeline and penstock alignment alternatives share 
common segments between the intake at Lake Powell and delivery at Sand Hollow Reservoir, and they 
are spatially different in the area through and around the Kaibab-Paiute Indian Reservation. The South 
Alternative extends south around the Kaibab-Paiute Indian Reservation. The Existing Highway 
Alternative follows an Arizona state highway through the Kaibab-Paiute Indian Reservation. The 
Southeast Corner Alternative follows the Navajo-McCullough Transmission Line corridor through the 
southeast corner of the Kaibab-Paiute Indian Reservation. The transmission line alignment alternatives 
are common to all the pipeline and penstock alignment alternatives. Figure 1-1 shows the overall 
proposed project and alternative features from Lake Powell near Page, Arizona to Sand Hollow and Cedar 
Valley, Utah. 
 
1.2.1 South Alternative 
 
The South Alternative consists of five systems: Intake, Water Conveyance, Hydro, Kane County Pipeline, 
and Cedar Valley Pipeline. 
 
The Intake System would pump Lake Powell water via submerged horizontal tunnels and vertical shafts 
into the LPP. The intake pump station would be constructed and operated adjacent to the west side of 
Lake Powell approximately 2,000 feet northwest of Glen Canyon Dam in Coconino County, Arizona 
(Figure 1-2). The pump station enclosure would house vertical turbine pumps with electric motors, 
electrical controls, and other equipment at a ground level elevation of 3,745 feet mean sea level (MSL).  
 
The Water Conveyance System would convey the Lake Powell water from the Intake System for about 
51 miles through a buried 69-inch diameter pipeline parallel with U.S. 89 in Coconino County, Arizona 
and Kane County, Utah to a buried regulating tank (High Point Regulating Tank-2) on the south side of 
U.S. 89 at ground level elevation 5,695 feet MSL, which is the LPP project topographic high point  
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(Figure 1-2). The pipeline would be sited within a utility corridor established by Congress in 1998 which 
extends 500 feet south and 240 feet north of the U.S. 89 centerline on public land administered by the 
Bureau of Land Management (BLM) (U.S. Congress 1998). Four booster pump stations (BPS) located 
along the pipeline would pump the water under pressure to the high point regulating tank. Each BPS 
would house vertical turbine pumps with electric motors, electrical controls, and other equipment. 
Additionally, each BPS site would have a substation, buried forebay tank and a surface emergency 
overflow detention basin. BPS-1 would be sited within the Glen Canyon National Recreation Area 
adjacent to an existing Arizona Department of Transportation maintenance facility located west of U.S. 
89. BPS-2 would be sited on land administered by the Utah School and Institutional Trust Lands 
Administration (SITLA) near the town of Big Water, Utah on the south side of U.S. 89. BPS-3 and an in-
line hydro station (WCH-1) would be sited at the east side of the Cockscomb geologic feature in the 
Grand Staircase-Escalante National Monument (GSENM) within the Congressionally-designated utility 
corridor. BPS-3 (Alt) is an alternative location for BPS-3 on land administered by the BLM Kanab Field 
Office near the east boundary of the GSENM on the south side of U.S. 89 within the Congressionally-
designated utility corridor. Incorporation of BPS-3 (Alt.) into the LPP project would replace BPS-3 and 
WCH-1 at the east side of the Cockscomb geologic feature. BPS-4 would be sited on the west side of U.S. 
89 and within the Congressionally-designated utility corridor in the GSENM on the west side of the 
Cockscomb geologic feature. 
 
The High Point Alignment Alternative would diverge south from U.S. 89 parallel to the K4020 road and 
continue outside of the Congressionally-designated utility corridor to a buried regulating tank (High Point 
Regulating Tank-2 (Alt.) at ground level elevation 5,630 feet MSL, which would be the topographic high 
point of the LPP project along this alignment alternative (Figure 1-2). The High Point Alignment 
Alternative would include BPS-4 (Alt.) on private land east of U.S. 89 and west of the Cockscomb 
geologic feature (Figure 1-2). Incorporation of the High Point Alignment Alternative and BPS-4 (Alt.) 
into the LPP project would replace the High Point Regulation Tank-2 along U.S. 89, the associated buried 
pipeline and BPS-4 west of U.S. 89. 
 
A rock formation avoidance alignment option would be included immediately north of Blue Pool Wash 
along U.S. 89 in Utah. Under this alignment option, the pipeline would cross to the north side of U.S. 89 
for about 400 feet and then return to the south side of U.S. 89. This alignment option would avoid 
tunneling under the rock formation on the south side of U.S. 89 near Blue Pool Wash. 
 
A North Pipeline Alignment option is located parallel to the north side of U.S. 89 for about 6 miles from 
the east boundary of the GSENM to the east side of the Cockscomb geological feature.  
 
The Hydro System would convey the Lake Powell water from High Point Regulating Tank-2 at the high 
point at ground level elevation 5,695 feet MSL for about 87 miles through a buried 69-inch diameter 
penstock in Kane and Washington counties, Utah and Coconino and Mohave counties, Arizona to Sand 
Hollow Reservoir near St. George, Utah (Figure 1-3). The High Point Alignment Alternative would 
convey the Lake Powell water from High Point Regulating Tank-2 (Alt.) at the high point at ground level 
elevation 5,630 feet MSL for about 87.5 miles through a buried 69-inch diameter penstock in Kane and 
Washington counties, Utah and Coconino and Mohave counties, Arizona to Sand Hollow Reservoir near 
St. George, Utah (Figure 1-3). Four in-line hydro generating stations (HS-1, HS-2 HS-3 and HS-4) with 
substations located along the penstock would generate electricity and help control water pressure in the 
penstock. HS-1 would be sited on the south side of U.S. 89 within the Congressionally-designated utility 
corridor through the GSENM. The High Point Alignment Alternative would include HS-1 (Alt.) along the 
K4020 road within the GSENM and continue along a portion of the K3290 road. 
 
The proposed penstock alignment and two penstock alignment options are being considered to convey the 
water from the west GSENM boundary south through White Sage Wash. The proposed penstock   
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alignment would parallel the K3250 road south from U.S. 89 and follow the Pioneer Gap Road alignment 
around the Shinarump Cliffs. One penstock alignment option would parallel the K3285 road southwest 
from U.S. 89 and continue to join the Pioneer Gap Road around the Shinarump Cliffs. The other penstock 
alignment option would extend southwest through currently undeveloped BLM land from the K3290 road 
into White Sage Wash. 
 
The penstock alignment would continue through White Sage Wash and then parallel to the Navajo-
McCullough Transmission Line, crossing U.S. 89 Alt. and Forest Highway 22 toward the southeast 
corner of the Kaibab Indian Reservation. The penstock alignment would run parallel to and south of the 
south boundary of the Kaibab Indian Reservation, crossing Kanab Creek and Bitter Seeps Wash, across 
Moonshine Ridge and Cedar Ridge, and north along Yellowstone Road to Arizona State Route 389 west 
of the Kaibab Indian Reservation. HS-2 would be sited west of the Kaibab Indian Reservation. The 
penstock alignment would continue northwest along the south side of Arizona State Route 389 past 
Colorado City to Hildale City, Utah and HS-3. 
 
The penstock alignment would follow Uzona Road west through Canaan Gap and south of Little Creek 
Mountain and turn north to HS-4 (Alt.) above the proposed Hurricane Cliffs forebay reservoir. The 
forebay reservoir would be contained in a valley between a south dam and a north dam and maintain 
active storage of 11,255 acre-feet of water. A low pressure tunnel would convey the water to a high 
pressure vertical shaft in the bedrock forming the Hurricane Cliffs, connected to a high pressure tunnel 
near the bottom of the Hurricane Cliffs. The high pressure tunnel would connect to a penstock conveying 
the water to a pumped storage hydro generating station. The pumped storage hydro generating station 
would connect to an afterbay reservoir contained by a single dam in the valley below the Hurricane Cliffs. 
A low pressure tunnel would convey the water northwest to a penstock continuing on to the Sand Hollow 
Hydro Station. The water would discharge into the existing Sand Hollow Reservoir. 
 
The peaking hydro generating station option would involve a smaller, 200 acre-foot forebay reservoir 
with HS-4 discharging into the forebay reservoir, with the peaking hydro generating station discharging to 
a small afterbay connected to a penstock running north along the existing BLM road and west to the Sand 
Hollow Hydro Station. A low pressure tunnel would convey the water to a high pressure vertical shaft in 
the bedrock forming the Hurricane Cliffs, connected to a high pressure tunnel near the bottom of the 
Hurricane Cliffs. The high pressure tunnel would connect to a penstock conveying the water to a peaking 
hydro generating station, which would discharge into a 200 acre-foot afterbay reservoir. A penstock 
would extend north from the afterbay reservoir along the existing BLM road and then west to the Sand 
Hollow Hydro Station. The water would discharge into the existing Sand Hollow Reservoir. 
 
The Kane County Pipeline System would convey the Lake Powell water from the Lake Powell Pipeline 
at the west GSENM boundary for about 8 miles through a buried 24-inch diameter pipe in Kane County, 
Utah to a conventional water treatment facility located near the mouth of Johnson Canyon. The pipeline 
would parallel the south side of U.S. 89 across Johnson Wash and then run north to the new water 
treatment facility site (Figure 1-3). 
 
The Cedar Valley Pipeline System would convey the Lake Powell water from the Lake Powell Pipeline 
just upstream of HS-4 or HS-4 (Alt.) for about 58 miles through a buried 36-inch diameter pipeline in 
Washington and Iron counties, Utah to a conventional water treatment facility in Cedar City, Utah 
(Figure 1-4). Three booster pump stations (CVBPS) located along the pipeline would pump the water 
under pressure to the new water treatment facility. The pipeline would follow an existing BLM road north 
from HS-4, cross Utah State Route 59 and continue north to Utah State Route 9, with an aerial crossing of 
the Virgin River at the Sheep Bridge. The pipeline would run west along the north side of Utah State 
Route 9 and parallel an existing pipeline through the Hurricane Cliffs at Nephi’s Twist. The pipeline  
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would continue across LaVerkin Creek, cross Utah State Route 17, and make an aerial crossing of Ash 
Creek. The pipeline would continue northwest to the Interstate 15 corridor and then northeast parallel to 
the east side of Interstate 15 highway right-of-way. CVBPS-1 would be sited adjacent to an existing 
gravel pit east of Interstate 15. CVBPS-2 would be sited on private property on the east side of Interstate 
15 and south of the Kolob entrance to Zion National Park. CVBPS-3 would be sited on the west side of 
Interstate 15 in Iron County. The new water treatment facility would be sited near existing water 
reservoirs on a hill above Cedar City west of Interstate 15. 
 
1.2.2 Existing Highway Alternative 
 
The Existing Highway Alternative consists of five systems: Intake, Water Conveyance, Hydro, Kane 
County Pipeline, and Cedar Valley Pipeline. The Intake, Water Conveyance and Cedar Valley Pipeline 
systems would be the same as described for the South Alternative. 
 
The Hydro System would convey the Lake Powell water from the regulating tank at the high point at 
ground elevation 5,695 feet MSL for about 80 miles through a buried 69-inch diameter penstock in Kane 
and Washington counties, Utah and Coconino and Mohave counties, Arizona to Sand Hollow Reservoir 
near St. George, Utah (Figure 1-5). The High Point Alignment Alternative would convey the Lake Powell 
water from High Point Regulating Tank-2 (Alt.) at the high point at ground level elevation 5,630 feet 
MSL for about 80.5 miles through a buried 69-inch diameter penstock in Kane and Washington counties, 
Utah and Coconino and Mohave counties, Arizona to Sand Hollow Reservoir near St. George, Utah 
(Figure 1-3). The High Point Alignment Alternative would rejoin U.S. 89 about 2.5 miles east of the west 
boundary of the GSENM. Four in-line hydro generating stations (HS-1, HS-2 HS-3 and HS-4) located 
along the penstock would generate electricity and help control water pressure in the penstock. HS-1 
would be sited on the south side of U.S. 89 within the Congressionally-designated utility corridor through 
the GSENM. The High Point Alignment Alternative would include HS-1 (Alt.) along the K4020 road 
within the GSENM and continue along a portion of the K3290 road to its junction with the pipeline 
alignment along U.S. 89. 
 
The penstock would parallel the south side of U.S. 89 west of the GSENM past Johnson Wash and follow 
Lost Spring Gap southwest, crossing U.S. 89 Alt. and Kanab Creek in the north end of Fredonia, Arizona. 
The penstock would run south paralleling Kanab Creek to Arizona State Route 389 and run west adjacent 
to the north side of this state highway through the Kaibab-Paiute Indian Reservation past Pipe Spring 
National Monument. The penstock would continue along the north side of Arizona State Route 389 
through the west half of the Kaibab-Paiute Indian Reservation to 1.8 miles west of Cedar Ridge 
(intersection of Yellowstone Road with U.S. 89), from where it would follow the same alignment as the 
South Alternative to Sand Hollow Reservoir. HS-2 would be sited 0.5 mile west of Cedar Ridge along the 
north side of Arizona State Route 389. 
 
The Kane County Pipeline System would convey the Lake Powell water from the Lake Powell Pipeline 
crossing Johnson Wash along U.S. 89 for about 1 mile north through a buried 24-inch diameter pipe in 
Kane County, Utah to a conventional water treatment facility located near the mouth of Johnson Canyon 
(Figure 1-5). 
 
1.2.3 Southeast Corner Alternative 
 
The Southeast Corner Alternative consists of five systems: Intake, Water Conveyance, Hydro, Kane 
County Pipeline, and Cedar Valley Pipeline. The Intake, Water Conveyance, Kane County Pipeline and 
Cedar Valley Pipeline systems would be the same as described for the South Alternative. 
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The Hydro System would be the same as described for the South Alternative between High Point 
Regulating Tank-2 and the east boundary of the Kaibab-Paiute Indian Reservation. The penstock 
alignment would parallel the north side of the Navajo-McCullough Transmission Line corridor in 
Coconino County, Arizona through the southeast corner of the Kaibab Indian Reservation for about 3.8 
miles and then follow the South Alternative alignment south of the south boundary of the Kaibab-Paiute 
Indian Reservation, continuing to Sand Hollow Reservoir (Figure 1-6). 
 
1.2.4 Transmission Line Alternatives 
 
Transmission line alternatives include the Intake (3 alignments), BPS-1, Glen Canyon to Buckskin, 
Buckskin Substation upgrade, Paria Substation upgrade, BPS-2, BPS-2 Alternative, BPS-3 North, BPS-3 
South, BPS-3 Underground, BPS-3 Alternative North, BPS-3 Alternative South, BPS-4, BPS-4 
Alternative, HS-1 Alternative, HS-2 South, HS-3 Underground, HS-4, HS-4 Alternative, Hurricane Cliffs 
Afterbay to Sand Hollow, Hurricane Cliffs Afterbay to Hurricane West, Sand Hollow to Dixie Springs, 
Cedar Valley Pipeline booster pump stations, and Cedar Valley Water Treatment Facility. 
 
The proposed new Intake Transmission Line would begin at Glen Canyon Substation and run parallel to 
U.S. 89 for about 2,500 feet to a new switch station, cross U.S. 89 at the Intake access road intersection 
and continue northeast to the Intake substation. This 69 kV transmission line would be about 0.9 mile 
long in Coconino County, Arizona (Figure 1-7). One alternative alignment would run parallel to an 
existing 138 kV transmission line to the west, turn north to the new switch station, cross U.S. 89 at the 
Intake access road intersection and continue northeast to the Intake substation. This 69 kV transmission 
line alternative would be about 1.2 miles long in Coconino County, Arizona (Figure 1-7). Another 
alternative alignment would bifurcate from an existing transmission line and run west, then northeast to 
the new switch station, cross U.S. 89 at the Intake access road intersection and continue northeast to the 
Intake substation. This 69 kV transmission line alternative would be about 1.3 miles long in Coconino 
County, Arizona (Figure 1-7). 
 
The proposed new BPS-1 Transmission Line would begin at the new switch station located on the south 
side of U.S. 89 and parallel the LPP Water Conveyance System alignment to the BPS-1 substation west of 
U.S. 89. This 69 kV transmission line would be about 1 mile long in Coconino County, Arizona 
(Figure 1-7). 
 
The proposed new Glen Canyon to Buckskin Transmission Line would consist of a 230 kV 
transmission line from the Glen Canyon Substation to the Buckskin Substation, running parallel to the 
existing 138 kV transmission line. This transmission line upgrade would be about 36 miles long through 
Coconino County, Arizona and Kane County, Utah (Figure 1-7). 
 
The existing Buckskin Substation would be upgraded as part of the proposed project to accommodate 
the additional power loads from the new 230 kV Glen Canyon to Buckskin transmission line. The 
substation upgrade would require an additional 5 acres of land within the GSENM adjacent to the existing 
substation in Kane County, Utah (Figure 1-7). 
 
The existing Paria Substation would be upgraded as part of the proposed project to accommodate the 
additional power loads to BPS-4 Alternative. The substation upgrade would require an additional 2 acres 
of privately-owned land adjacent to the existing substation in Kane County, Utah (Figure 1-7). 
 
The proposed new BPS-2 Transmission Line alternative would consist of a new 3-ring switch station 
along the existing 138 kV Glen Canyon to Buckskin Transmission Line and a new transmission line from 
the switch station to a new substation west of Big Water and a connection to BPS-2 substation in Kane  
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County, Utah. The new transmission line would parallel an existing distribution line that runs northwest, 
north and then northeast to Big Water. This new 138 kV transmission line alternative would be about 7 
miles long across Utah SITLA-administered land, with a 138 kV connection to the BPS-2 substation 
(Figure 1-7). 
 
The new BPS-2 Alternative Transmission Line would consist of a new 138 kV transmission line from 
Glen Canyon Substation parallel to the existing Rocky Mountain Power 230 kV transmission line, 
connecting to the BPS-2 substation west of Big Water. This new 138 kV transmission line alternative 
would be about 16.5 miles long in Coconino County, Arizona and Kane County, Utah crossing National 
Park Service-administered land, BLM-administered land and Utah SITLA-administered land (Figure 1-7). 
 
The new BPS-3 Transmission Line North alternative would consist of a new 138 kV transmission line 
from BPS-2 paralleling the south side of U.S. 89 within the Congressionally designated utility corridor 
west to BPS-3 at the east side of the Cockscomb geological feature. This new 138 kV transmission line 
alternative would be about 15.7 miles long in Kane County, Utah (Figure 1-7). 
 
The new BPS-3 Transmission Line South alternative would consist of a new 3-ring switch station along 
the existing 138 kV Glen Canyon to Buckskin Transmission Line and a new transmission line from the 
switch station north along an existing BLM road to U.S. 89 and then west along the south side of U.S. 89 
within the Congressionally designated utility corridor to BPS-3 at the east side of the Cockscomb. This 
new 138 kV transmission line alternative would be about 12.3 miles long in Kane County, Utah 
(Figure 1-7). 
 
The new BPS-3 Underground Transmission Line alternative would consist of a new buried 24.9 kV 
transmission line (2 circuits) from the upgraded Paria Substation to BPS-3 on the east side of the 
Cockscomb geological feature. This new underground transmission line would be parallel to the east and 
south side of U.S. 89 and would be about 4.1 miles long in Kane County, Utah (Figure 1-7). 
 
The new BPS-3 Alternative Transmission Line North alternative would consist of a new 138 kV 
transmission line from BPS-2 paralleling the south side of U.S. 89 west to BPS-3 Alternative near the 
GSENM east boundary within the Congressionally-designated utility corridor. This new 138 kV 
transmission line alternative would be about 9.3 miles long in Kane County, Utah (Figure 1-7). 
 
The proposed new BPS-3 Alternative Transmission Line South alternative would consist of a new 3-
ring switch station along the existing 138 kV Glen Canyon to Buckskin Transmission Line and a new 
transmission line from the switch station north along an existing BLM road to BPS-3 Alternative near the 
GSENM east boundary and within the Congressionally-designated utility corridor. This new 138 kV 
transmission line alternative would be about 5.9 miles long in Kane County, Utah (Figure 1-7). 
 
The new BPS-4 Transmission Line alternative would begin at the upgraded Paria Substation and run 
parallel to the west side of U.S. 89 north to BPS-4 within the Congressionally designated utility corridor. 
This new 138 kV transmission line would be about 0.8 mile long in Kane County, Utah (Figure 1-7). 
 
The proposed new BPS-4 Alternative Transmission Line would begin at the upgraded Paria Substation 
and run north to the BPS-4 Alternative. This 69 kV transmission line would be about 0.4 mile long in 
Kane County, Utah (Figure 1-7). 
 
The proposed new HS-1 Alternative Transmission Line would begin at the new HS-1 Alternative and 
run southwest parallel to the K4020 road and then northwest parallel to the K4000 road to the U.S. 89 
corridor where it would tie into the existing 69 kV transmission line from the Buckskin Substation to the 
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Johnson Substation. This 69 kV transmission line would be about 3 miles long in Kane County, Utah 
(Figure 1-7). 
 
The proposed new HS-2 South Transmission Line alternative would connect the HS-2 hydroelectric 
station and substation along the South Alternative to an existing 138 kV transmission line paralleling 
Arizona State Route 389. This new 34.5 kV transmission line would be about 0.9 mile long in Mohave 
County, Arizona (Figure 1-8). 
 
The proposed new HS-3 Underground Transmission Line would connect the HS-3 hydroelectric station 
and substation to the existing Twin Cities Substation in Hildale City, Utah. The new 12.47 kV 
underground circuit would be about 0.6 mile long in Washington County, Utah (Figure 1-8). 
 
The proposed new HS-4 Transmission Line would consist of a new transmission line from the HS-4 
hydroelectric station and substation north along an existing BLM road to an existing transmission line 
parallel to Utah State Route 59. The new 69 kV transmission line would be about 8.2 miles long in 
Washington County, Utah (Figure 1-8). 
 
The new HS-4 Alternative Transmission Line alternative would connect the HS-4 Alternative 
hydroelectric station and substation to an existing transmission line parallel to Utah State Route 59. The 
new 69 kV transmission line would be about 7.5 miles long in Washington County, Utah (Figure 1-8). 
 
The proposed new Hurricane Cliffs Afterbay to Sand Hollow Transmission Line would consist of a 
new 69 kV transmission line from the Hurricane Cliffs peaking power plant and substation, and run 
northwest to the Sand Hollow Hydro Station substation. This new 69 kV transmission line would be about 
4.9 miles long in Washington County, Utah (Figure 1-8). 
 
The proposed new Hurricane Cliffs Afterbay to Hurricane West Transmission Line would consist of 
a new 345 kV transmission line from the Hurricane Cliffs pumped storage power plant and run northwest 
and then north to the planned Hurricane West 345 kV substation. This new 345 kV transmission line 
would be about 10.9 miles long in Washington County, Utah (Figure 1-8). 
 
The proposed new Sand Hollow to Dixie Springs Transmission Line would consist of a new 69 kV 
transmission line from the Sand Hollow Hydro Station substation around the east side of Sand Hollow 
Reservoir and north to the existing Dixie Springs Substation. This new 69 kV transmission line would be 
about 3.4 miles long in Washington County, Utah (Figure 1-8). 
 
The three Cedar Valley Pipeline booster pump stations would require new transmission lines from 
existing transmission lines paralleling the Interstate 15 corridor. The new CVBPS-1 transmission line 
would extend southeast over I-15 from the existing transmission line to the booster pump station 
substation for about 1.3 miles in Washington County, Utah (Figure 1-9). The new CVBPS-2 transmission 
line would extend east over I-15 from the existing transmission line to the booster pump station substation 
for about 0.2 mile in Washington County, Utah (Figure 1-9). The new CVBPS-3 transmission line would 
extend west over I-15 from the existing transmission line and southwest along the west side of Interstate 
15 to the booster pump station substation for about 0.6 mile in Iron County, Utah (Figure 1-9). 
 
The Cedar Valley Water Treatment Facility Transmission Line would begin at an existing substation 
in Cedar City and run about 1 mile to the water treatment facility site in Iron County, Utah (Figure 1-9). 
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1.3 Summary Description of No Lake Powell Water Alternative 
 
The No Lake Powell Water Alternative would involve a combination of developing remaining available 
surface water and groundwater supplies, developing reverse osmosis treatment of existing low quality 
water supplies, and reducing residential outdoor water use in the WCWCD and CICWCD service areas. 
This alternative could provide a total of 86,249 acre-feet of water annually to WCWCD, CICWCD and 
KCWCD for M&I use without diverting Utah’s water from Lake Powell. 
 
1.3.1 WCWCD No Lake Powell Water Alternative 
 
The WCWCD would implement other future water development projects currently planned by the 
District, develop additional water reuse/reclamation, and convert additional agricultural water use to M&I 
use as a result of urban development in agricultural areas through 2020. Remaining planned and future 
water supply projects through 2020 include the Ash Creek Pipeline (5,000 acre-feet per year), Crystal 
Creek Pipeline (2,000 acre-feet per year), and Quail Creek Reservoir Agricultural Transfer (4,000 acre-
feet per year). Beginning in 2020, WCWCD would convert agricultural water to secondary use and work 
with St. George City to maximize existing wastewater reuse, bringing the total to 96,258 acre-feet of 
water supply per year versus demand of 98,427 acre-feet per year, incorporating currently mandated 
conservation goals. The WCWCD water supply shortage in 2037 would be 70,000 acre-feet per year, 
1,000 acre-feet more than the WCWCD maximum share of the LPP water. Therefore, the WCWCD No 
Lake Powell Water Alternative needs to develop 69,000 acre-feet of water per year to meet comparable 
supply and demand requirements as the other action alternatives. 
 
The WCWCD would develop a reverse osmosis (RO) advanced water treatment facility near the 
Washington Fields Diversion in Washington County, Utah to treat up to 40,000 acre-feet per year of 
Virgin River water with high total dissolved solids (TDS) concentration and other contaminants. The RO 
advanced water treatment facility would produce up to 36,279 acre-feet per year of water suitable for 
M&I use. The WCWCD would develop the planned Warner Valley Reservoir to store the diverted Virgin 
River water, which would be delivered to the RO advanced water treatment facility. The remaining 3,721 
acre-feet per year of brine by-product from the RO treatment process would require evaporation and 
disposal meeting State of Utah water quality regulations. 
 
The remaining needed water supply of 32,721 acre-feet per year to meet WCWCD 2037 demands would 
be obtained by reducing and restricting outdoor residential water use in the WCWCD service area. The 
Utah Division of Water Resources (UDWR) estimated 2005 culinary water use for residential outdoor 
watering in the communities served by WCWCD was 97.4 gallons per capita per day (gpcd) (UDWR 
2009). This culinary water use rate is reduced by 30.5 gpcd to account for water conservation attained 
from 2005 through 2020, yielding 66.9 gpcd residential outdoor water use available for conversion to 
other M&I uses. The equivalent water use rate reduction to generate 32,721 acre-feet per year of 
conservation is 56.6 gpcd for the 2037 population within the WCWCD service area. Therefore, beginning 
in 2020, the existing rate of residential outdoor water use would be gradually reduced and restricted to 
10.3 gpcd, or an 89.4 percent reduction in residential outdoor water use. 
 
The combined 36,279 acre-feet per year of RO product water and 32,721 acre-feet per year of reduced 
residential outdoor water use would equal 69,000 acre-feet per year of M&I water to help meet WCWCD 
demands through 2037. 
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1.3.2 CICWCD No Lake Powell Water Alternative 
 
The CICWCD would implement other future groundwater development projects currently planned by the 
District, purchase agricultural water from willing sellers for conversion to M&I uses, and convert 
additional agricultural water use to M&I use as a result of urban development in agricultural areas 
through 2020. Remaining planned and future water supply projects through 2020 include additional 
groundwater development projects (3,488 acre-feet per year), agricultural conversion resulting from M&I 
development (3,834 acre-feet per year), and purchase agricultural water from willing sellers (295 acre-
feet per year). Beginning in 2020, CICWCD would have a total 19,772 acre-feet of water supply per year 
versus demand of 19,477 acre-feet per year, incorporating required progressive conservation goals. The 
CICWCD water supply shortage in 2060 would be 11,470 acre-feet per year. Therefore, the CICWCD No 
Lake Powell Water Alternative needs to develop 11,470 acre-feet of water per year to meet comparable 
supply and demand limits as the other action alternatives. 
 
The remaining needed water supply of 11,470 acre-feet per year to meet CICWCD 2060 demands would 
be obtained by reducing and restricting outdoor residential water use in the CICWCD service area. The 
UDWR estimated 2005 culinary water use for residential outdoor watering in the communities served by 
CICWCD was 84.5 gpcd (UDWR 2007). A portion of this residential outdoor water would be converted 
to other M&I uses. The equivalent water use rate to obtain 11,470 acre-feet per year is 67.8 gpcd for the 
2060 population within the CICWCD service area. Therefore, the existing rate of residential outdoor 
water use would be gradually reduced and restricted to 16.7 gpcd beginning in 2023, an 80 percent 
reduction in the residential outdoor water use rate between 2023 and 2060. The 11,470 acre-feet per year 
of reduced residential outdoor water use would be used to help meet the CICWCD demands through 
2060. 
 
1.3.3 KCWCD No Lake Powell Water Alternative 
 
The KCWCD would use existing water supplies and implement future water development projects 
including new groundwater production, converting agricultural water rights to M&I water rights as a 
result of urban development in agricultural areas, and developing water reuse/reclamation. Existing water 
supplies (4,039 acre-feet per year) and 1,994 acre-feet per year of new ground water under the No Lake 
Powell Water Alternative would meet projected M&I water demand of 6,033 acre-feet per year within the 
KCWCD service area through 2060. The total potential water supply for KCWCD is about 12,140 acre-
feet per year (4,039 acre-feet per year existing culinary plus secondary supply, and 8,101 acre-feet per 
year potential for additional ground water development up to the assumed sustainable ground water yield) 
without agricultural conversion to M&I supply. Short-term ground water overdrafts and new storage 
projects (e.g., Jackson Flat Reservoir) would provide reserve water supply to meet demands during 
drought periods and other water emergencies. 
 
 

1.4 Summary Description of the No Action Alternative 
 
No new intake, water conveyance or hydroelectric features would be constructed or operated under the 
No Action Alternative. The Utah Board of Water Resources’ Colorado River water rights consisting of 
86,249 acre-feet per year would not be diverted from Lake Powell and would continue to flow into the 
Lake until the water is used for another State of Utah purpose or released according to the operating 
guidelines. Future population growth as projected by the Utah Governor’s Office of Planning and Budget 
(GOPB) would continue to occur in southwest Utah until water and other potential limiting resources 
such as developable land, electric power, and fuel begin to curtail economic activity and population in-
migration. 
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1.4.1 WCWCD No Action Alternative 
 
The WCWCD would implement other future water development projects currently planned by the 
District, develop additional water reuse/reclamation, convert additional agricultural water use to M&I use 
as a result of urban development in agricultural areas, and implement advanced treatment of Virgin River 
water. The WCWCD could also limit water demand by mandating water conservation measures such as 
outdoor watering restrictions. Existing and future water supplies under the No Action Alternative would 
meet projected M&I water demand within the WCWCD service area through approximately 2020. The 
2020 total water supply of about 96,528 acre-feet per year would include existing supplies, planned 
WCWCD water supply projects, wastewater reuse, transfer of Quail Creek Reservoir supplies, and future 
agricultural water conversion resulting from urban development of currently irrigated lands. Each future 
supply source would be phased in as needed to meet the M&I demand associated with the forecasted 
population. The No Action Alternative would not provide WCWCD with any reserve water supply (e.g., 
water to meet annual shortages because of drought, emergencies, and other losses). Maximum reuse of 
treated wastewater effluent for secondary supplies would be required to meet the projected M&I water 
demand starting in 2020. The No Action Alternative would not provide adequate water supply to meet 
projected water demands from 2020 through 2060. There would be a potential water shortage of 
approximately 139,875 acre-feet per year in 2060 under the No Action Alternative (UDWR 2008b). 
 
1.4.2 CICWCD No Action Alternative 
 
The CICWCD would implement future water development projects including converting agricultural 
water rights to M&I water rights as a result of urban development in agricultural areas, purchasing “buy 
and dry” agricultural water rights to meet M&I demands, and developing water reuse/reclamation. The 
Utah State Engineer would act to limit existing and future ground water pumping from the Cedar Valley 
aquifer in an amount not exceeding the assumed sustainable yield of 37,600 ac-ft per year. Existing and 
future water supplies under the No Action Alternative meet projected M&I water demand within the 
CICWCD service area during the planning period through agricultural conversion of water rights to M&I 
use, wastewater reuse, and implementing “buy and dry” practices on irrigated agricultural land. Each 
future water supply source would be phased in as needed to meet the M&I demand associated with the 
forecasted population. The CICWCD No Action Alternative includes buying and drying of agricultural 
water rights covering approximately 8,000 acres between 2005 and 2060 and/or potential future 
development of West Desert water because no other potential water supplies have been identified to meet 
unmet demand. The No Action Alternative would not provide CICWCD with any reserve water supply 
(e.g., water to meet annual shortages because of drought, emergencies, and other losses) after 2010 (i.e., 
after existing supplies would be maximized).  
 
1.4.3 KCWCD No Action Alternative 
 
The KCWCD would use existing water supplies and implement future water development projects 
including new ground water production, converting agricultural water rights to M&I water rights as a 
result of urban development in agricultural areas, and developing water reuse/reclamation. Existing water 
supplies (4,039 acre-feet per year) and 1,994 acre-feet per year of new ground water under the No Action 
Alternative would meet projected M&I water demand of 6,033 acre-feet per year within the KCWCD 
service area through 2060. The total potential water supply for KCWCD is about 12,140 acre-feet per 
year (4,039 acre-feet per year existing culinary plus secondary supply, and 8,101 acre-feet per year 
potential for additional ground water development up to the assumed sustainable ground water yield) 
without agricultural conversion to M&I supply. Short-term ground water overdrafts and new storage 
projects (e.g., Jackson Flat Reservoir) would provide reserve water supply to meet demands during 
drought periods and other water emergencies. 
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1.5 Identified Issues 
 
1.5.1 Purposes of Study 
 
This technical report describes the results and findings of a preliminary geologic survey performed to 
evaluate conditions along the proposed alternative pipeline alignments of the LPP Project (Project).  The 
purpose of the survey, as defined in the 2008 Geology and Soils Study Plan (UBWR 2008) prepared for 
the Federal Energy Regulatory Commission (FERC), was to identify potential impacts of geologic and 
soil conditions on the Project during construction and operation, document the potential influence of soil 
and geologic conditions on Project features, and identify measures to mitigate impacts of the geology and 
soils conditions.  
 
The primary objectives of the geology and soils survey with regard to geology included elements intended 
to help provide information for pipeline design, as well as to determine the impacts of construction, 
operation, and maintenance of the Project on geologic resources and, conversely, the impact of geologic 
features on the Project.  While these two needs included substantial overlap, they have been documented 
in separate reports.  This report documents the components of the geology and soils survey that addressed 
the impacts of the Project on geologic resources, as well as the impact of geologic resources on the 
Project.   
 
Additional studies were undertaken to evaluate impacts associated with groundwater resources and to 
evaluate engineering conditions at tunnels, shafts, and reservoirs. These are documented in separate 
reports. 
 
1.5.2 Identified Issues 
 
The geologic and soils issued identified in the Geology and Soils Study Plan for analyses include the 
following: 
 
 

• Estimating fault locations and determination of fault activity 

• Field survey for potential unidentified fault locations (minor faults, fault zone displacements, 
fault spurs, etc.) 

• Determining known seismic activity – magnitude and acceleration 

• Determining 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 

• Identifying locations and types of soil and rock conditions subject to liquefaction 

• Risk of liquefaction occurrence 

• Identifying landslides, potentially unstable slopes, and related features 

• Identifying locations along the alternative alignments where soil and/or rock conditions have been 
or may be conducive to subsidence, expansion, or collapse, including soluble rock and soil such 
as gypsum deposits and limestone with solution cavities, clay deposits, alluvial fans, and loess. 

• Characterizing locations at risk of landslides, rock falls, debris flows, and other geologic hazards 

• Characterizing the possible risks to Project features and to human safety associated with geologic 
hazards that could be affected by Project features 
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• Identifying 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 

• Characterizing specific types of soils along alternative alignments 

• Estimating engineering characteristics of soils at selected locations along alternative alignments 

• Identifying rock engineering characteristics pertaining to excavation, tunneling, removal and 
disposal along alternative alignments 

• Determining the presence of groundwater, at what levels and within what range of fluctuations 
within the alternative alignments 

• Estimating groundwater inflow rates into excavations and tunnels 

• Estimating soil and rock strength characteristics at the Lake Powell Intake and Hurricane Cliffs 
Hydropower Facilities 

• Recommending mitigation measures for problems and hazards associated with geologic and soils 
features 

• Identifying best methods and locations for reuse and/or disposal of waste rock and soil resulting 
from Project construction 

• Identifying best methods and locations for obtaining rock and soil for Project construction 

• Identifying mineral deposits within the pipeline alignments subject to mineral disposal rules 
under the requirements of 43 CFR 3600, and identify characteristics of mineral deposits required 
for permitting (free use or sale) 

 
 
Issues associated with engineering requirements for construction of the pipeline, intake, shafts, and other 
features were addressed during the study but are not included in this report unless the results pertain 
directly to geology and soil resources impacts. A separate engineering report was prepared to facilitate 
engineering requirements and provide more extensive descriptions of general rock and soil characteristics. 
Groundwater resource impacts are presented in a separate resource technical report (MWH 2010). 
 
 

1.6 Impact Topics 
 
The following impact topics are addressed in the Geology and Soil Resources Study Report: 
 
 

• Would fault movement damage the LPP or CVP pipelines, resulting in releases that would have a 
significant impact on geology and soils?  If so, what impacts would occur? 

• Would seismic activity create conditions that would damage the LPP or CVP pipelines, resulting 
in releases that would have a significant impact on geology and soils?  If so, what impacts would 
occur? 

• Are potentially unstable slopes found in the areas of impact of the LPP or CVP pipelines that 
would be at risk for failure (landslides, rockfalls, debris flows, or other geologic hazards) due to 
construction or operation of the pipelines?  Would the failure cause risk to human life or the 
environment? 

• Do conditions along the LPP or CVP pipelines present a significant risk of subsidence due to 
collapsible soils, dissolution of gypsum or other soluble rock or soil, or collapse of subsurface 
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cavities that would damage the pipelines, resulting in releases that would have a significant 
impact on geology and soils?  If so, what impacts would occur? 

• Would construction or operation of the LPP or CVP pipelines result in conditions that would 
present a risk to human health or safety associated with geologic hazards?  If so, what impacts 
would occur? 

• Would construction activities, in particular but not limited to blasting, present a significant risk to 
important human structures, including but not limited to existing pipelines, buildings, wells, and 
major roads?  If so, what impacts would occur? 

• Is there a significant risk of pipeline, tunnel, shaft, or appurtenance failure due to rock and/or soil 
characteristics?  If so, why, and what impacts would occur? 

• Will excess or unsuitable excavated rock or soil occur during construction of the LPP or CVP 
pipelines?  If so, which materials will be unsuitable, and how and where will the materials be 
disposed of?  Will this have a significant impact on geology and soils? 

• Will it be necessary to import rock or soil for pipeline and/or appurtenance construction?  If so, 
from where will this material come, and will this have a significant impact on geology and soils? 
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Chapter 2 
Methodology 

 
 

2.1 General 
 
Information was obtained and developed for this study by performing a review of relevant available 
reports and maps and by performing a field survey of geologic conditions along the alternative pipeline 
alignments.  These activities are described hereafter.   
 
 

2.2 Assumptions 
 
The following assumptions were used in performing this study: 
 
 

• Stable soil and rock conditions would continue to remain stable 

• Dormant or inactive faults and fault zones (no activity in the past 10,000 years) would remain so 
for the lifetime of the Project 

• No significant additional human development would occur in the pipeline right of way before 
construction of the pipeline and appurtenances  

• Future development near the pipeline right of way and appurtenances will be subject to 
restrictions to prevent construction near blowoff valves and other active features and to allow 
unobstructed access for operations and maintenance 

• Disposal of spoils will be allowed on-site by spreading of excess excavated materials in a thin 
layer across the pipeline right-of-way on both public and private land, as indicated for lands under 
its jurisdiction by U.S. Department of Interior, Bureau of Land Management (BLM) personnel 
during performance of this study 

• Stream channels and washes that are dry most of the year flow as a direct result of specific 
precipitation events and/or snowmelt runoff and do not intercept groundwater 

• All construction and operations/maintenance (O&M) activities would be performed using Best 
Management Practices (BMPs) to minimize or prevent slope instability or erosion caused by 
construction, operations, or maintenance of the pipeline and appurtenances 

• All construction and O&M activities will comply with health and safety requirements of the 
Occupational Safety and Health Administration (OSHA) 

• Project design will be performed using appropriate design parameters to minimize risks 
associated with fault displacement, seismic activity, expansive and collapsible soils, subsidence, 
compaction requirements, etc. 

• Spoils and areas disturbed during construction will be seeded with appropriate vegetation and 
stabilized as needed to prevent erosion. 
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2.3 Data Used 
 
The information that was reviewed for this study included the following maps and documents.  The 
complete references are found in Chapter 8: 
 
 

• Arizona Bureau of Mines (ABM). 1959. Geologic map of Mohave County, Arizona 

• ABM.  1960.  Geologic map of Coconino County, Arizona 

• Fugro William Lettis and Associates (FWLA). 2009. Geologic Characterization of Multiple Fault 
Crossings along the Proposed Lake Powell and Cedar Valley Pipelines, Hurricane Cliffs 
Hydropower Facility, Iron, Washington and Kane Counties, Utah and Mohave and Coconino 
Counties, Arizona 

• MWH Americas (MWH). 2009a. Lake Powell Pipeline Phase I – Preliminary Engineering and 
Environmental Studies, Task 5 – Develop and Analyze Alternatives, Technical Memorandum 
5.11 - Geological, Geotechnical and Foundation Conditions  

• MWH. 2009b. Lake Powell Pipeline Phase II – Preliminary Engineering and Environmental 
Studies, Task 6 – Conceptual Design Report  

• MWH. 2009c. Lake Powell Pipeline Phase II – Preliminary Engineering and Environmental 
Studies, Task 6 – Conceptual Design Report, Appendix B – Special Crossings Details  

• MWH. 2010.  Groundwater Resources Technical Report. 

• Natural Resources Conservation Service (NRCS). 1971. Soil survey of Washington County area, 
Utah 

• NRCS. 1983. Soil survey of Coconino County area, Arizona, North Kaibab Part 

• NRCS. 1996. Soil survey of Iron-Washington area, parts of Iron, Kane, and Washington Counties 

• NRCS. 2003. Soil survey of Grand Staircase-Escalante National Monument area, parts of Kane 
and Garfield Counties, Utah 

• NRCS. 2007a. Soil survey of Coconino County area, Arizona, north Kaibab part  

• NRCS. 2007b. Soil survey of Grand Staircase-Escalante National Monument area, parts of Kane 
and Garfield Counties, Utah 

• NRCS. 2007c. Soil survey of Iron-Washington area, parts of Iron, Kane, and Washington 
Counties 

• NRCS. 2007d. Soil survey of Washington County area, Utah 

• U.S. Geological Survey (USGS). 1963. Geology of the Lees Ferry area, Coconino County, 
Arizona: U.S. Geological Survey Bulletin 1137 

• USGS. 2004a. Geologic map of the Kanab 30’ x 60’ quadrangle, Utah and Arizona: U.S. 
Geological Survey Geologic Investigations Series I-2655 

• USGS. 2004b. Geologic map of the Pipe Spring National Monument and the western Kaibab-
Paiute Reservation, Mohave County, Arizona: U.S. Geological Survey Scientific Investigations 
Map 2863 

• USGS.  2009.  Hazard Mapping Images and Data:  USGS National Seismic Hazard Maps, Data, 
and Documentation. 
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• Utah Geological and Mineral Survey (UGMS). 1989. Geology of Kane County, Utah – Geologic 
Hazard Map. Bulletin 124 

• Utah Geological Survey (UGS). 1995a.  Geologic map of the Hildale quadrangle, Washington 
and Kane Counties, Utah and Mojave County, Arizona:  Utah Geological Survey Map 167 

• UGS. 1995b.  Geologic map of the New Harmony Quadrangle, Washington County, Utah:  Utah 
Geological Survey Miscellaneous Publications 95-2 

• UGS. 1999. Digital geologic map of the Kanab 30’ x 60’ quadrangle, Kane and Washington 
Counties, Utah and Coconino County, Arizona: Utah Geological Survey Open-File Report 366 

• UGS. 2001.  Geologic map of the Smithsonian Butte quadrangle, Washington County, Utah:  
Utah Geological Survey Miscellaneous Publication 01-1 

• UGS. 2003a. Geologic map of the Harrisburg Junction 7.5’ quadrangle, Washington County, 
Utah: Utah Geological Survey Map 191  

• UGS. 2003b. Geologic map of the Hurricane 7.5’ quadrangle, Washington County, Utah: Utah 
Geological Survey Map 187 

• UGS. 2003c. Geologic map of the Pintura quadrangle, Washington County, Utah: Utah 
Geological Survey Map 196 

• UGS. 2004a. Geologic Map of the Divide quadrangle, Washington County, Utah: Utah 
Geological Survey Map 197 

• UGS. 2004b. Geologic Map of the Little Creek Mountain quadrangle, Washington County, Utah:  
Utah Geological Survey Map 204 

• UGS. 2005.  Geologic Map of the Washington Dome Quadrangle, Washington County, Utah:  
Utah Geological Survey Map 209 

• UGS. 2006a. Geologic Map of the Smoky Mountain 30’ x 60’ quadrangle, Kane and San Juan 
Counties, Utah, and Coconino County, Arizona: Utah Geological Survey Map 213 

• UGS. 2006b. Interim geologic map of the Cedar City 30’ x 60’ quadrangle, Iron and Washington 
Counties, Utah: Utah Geological Survey Open-File Report 476DM 

• UGS. 2007.  Interim Geologic Map of the St. George 30’ x 60’ Quadrangle and the east part of 
the Clover Mountain 30’ x 60’ Quadrangle, Washington and Iron Counties, Utah:  Utah 
Geological Survey Open-File Report 478 

• UGS. 2008a. Collapsible-Soil-Susceptibility Map for the St. George-Hurricane Metropolitan 
Area. Special Study 127, Plate 7 

• UGS. 2008b. Expansive-Soil-and Rock-Susceptibility Map for the St. George-Hurricane 
Metropolitan Area. Special Study 127, Plate 6 

• UGS. 2008c. Gypsiferous-Soil-and Rock-Susceptibility Map for the St. George-Hurricane 
Metropolitan Area. Special Study 127, Plate 8 

• UGS. 2008d. Landslide-Hazard Map for the St. George-Hurricane Metropolitan Area. Special 
Study 127, Plate 4 

• UGS. 2008e. Shallow-Bedrock-Susceptibility Map for the St. George-Hurricane Metropolitan 
Area. Special Study 127, Plate 10 

• UGS. 2008f. Surface-Fault-Rupture-Hazard Map for the St. George-Hurricane Metropolitan 
Area. Special Study 127, Plate 1 
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• UGS.  2009.  Presentation regarding the Enoch earth fissure.  Presented to the Central Iron 
County Water Conservancy District, June 11, 2009.   

• Washington County Water Conservancy District (WCWCD). 2005. Geology along the route of 
the Lake Powell water pipeline, Utah and Arizona: Washington County Water Conservancy 
District Report WCWCD-02. 

 
 

2.4 Impact Analysis Methodology 
 
2.4.1 Fault Movement Impacts 
 
Faults were identified as part of the field survey. Major faults were evaluated for hazard potential by 
Fugro William Lettis and Associates (FWLA). Their findings are incorporated into this report. A report of 
FWLA’s findings is included as Attachment A. 
 
2.4.2 Seismic Activity Impacts 
 
The hazards associated with seismic activity were evaluated by identifying locations where the potential 
for a large-magnitude earthquake could occur in vicinity of the pipeline alignments using seismic hazard 
maps prepared by the U.S. Geological Survey (USGS). Specifically, locations where the pipeline 
alignments were within zones of high probability of Peak Ground Acceleration (PGA) were identified 
with a two-percent probability of exceedance within 50 years. Locations were identified where 
liquefaction risk is high, i.e. pipeline or facilities in sandy, saturated soils and within zones of high PGA 
potential within the two-percent probability of exceedance over a 50-year period. These risks were 
assessed by comparing pipeline alignments with USGS earthquake hazard maps, as well as NRCS soils 
maps and field descriptions of soils, and by identifying locations where shallow soils would most likely 
be saturated. Locations along the alignments with high likelihoods of saturation were identified from the 
Groundwater Resources Technical Report (MWH 2010). 
 
2.4.3 Unstable Slope Impacts 
 
Geologic hazards were identified where possible during the field survey.  Potential hazards include 
unstable slopes, rockfall, and landslides.  Potential hazard indicators on the ground surface have been 
documented in this field survey.  During the field survey, the geologic units mapped by the USGS and 
others were verified at outcrops along the alignment. In general the mapped units correlated with the rock 
observed in the field. Rock characteristics were described using the Classification of Rocks and 
Description of Physical Properties system found in the U.S. Bureau of Reclamation’s Engineering 
Geology Field Manual (USBR 1998). The properties identified included the formation name, lithologic 
description, hardness, weathering, alteration, strength, color, texture, bedding orientation, discontinuities 
(faults, joints, sheering, etc.), and a summary description. Where feasible and applicable, rock-mass field 
characterization was performed using the Geologic Strength Index (BEGE 1998).  
 
2.4.4 Subsidence, Expansion, or Collapsible Soils Impacts 
 
During the field survey, the soil types encountered in the field were compared to the available mapped 
soil descriptions. The mapped soil descriptions were based on the National Cooperative Soil Survey, 
operated by the Natural Resource Conservation Service (NRCS).  Field soil descriptions were prepared 
using the Unified Soil Classification System (USCS) method (ASTM 2000, 2006) and are consistent with 
the U.S. Bureau of Reclamation’s Engineering Geology Field Manual. Soil characteristics, including 
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grain size and distribution, color, plasticity, toughness, consistency, angularity, cementation, and 
dilatancy were estimated and recorded. Characterization occurred along each alignment at major changes 
in soil or rock types and at important pipeline feature locations, such as pump stations and surge tanks. 
 
Potential hazards identified during characterization of rock and soil included expansive rock and soil, 
collapsible soils, and subsidence caused by dissolution of minerals (most notably gypsum) or by 
overpumping of groundwater.  There are some indicators that can be identified in the field for expansive 
and collapsible soils, but the presence of a hazard at the pipeline foundation level is only identifiable with 
drilling or trenching. In the case of this survey, potential hazard indicators on the ground surface have 
been documented.  The characteristics for potential subsidence, including the presence of gypsum and soil 
fissures, were noted if observed.  The characteristics of potentially expansive soils, primarily the presence 
of plastic clays and desiccated soils, also were observed and recorded.  Potentially collapsible soils were 
identified where loosely compacted deposits were observed, most probably occurring in alluvial fans or 
windblown deposits such as loess. 
 
2.4.5 Geologic Hazards to Human Health and Safety Impacts 
 
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.  
 
2.4.6 Impacts on Important Structures or Mineral Resources 
 
The presence of buildings and other structures (such as wells and underground utilities) may be impacted 
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. 
 
2.4.7 Borrow and Spoil Impacts 
 
Potential borrow sources and spoil placement areas were identified along each alignment alternative. 
Suitable borrow (e.g. existing gravel or sand pits) and spoil locations (e.g. existing spoil sites, spent 
gravel pits, etc.) were identified if the locations were of sufficient size to be worthwhile for extraction or 
disposal of materials, had good access to the alignment, and were within about 15 minutes travel time of 
the alignment. The preliminary inspection included a general description of the primary materials, 
accessibility, dimensions of area considered, proximity to pipeline proximity to manmade features and 
any other characteristics that could be relevant to site use. The primary criteria for identifying suitable 
borrow materials included that most of the materials are non-angular, are generally 1-inch or less in 
diameter, and have relatively low percentages of silt or clay.  These parameters may be modified as 
circumstances require during design and construction but were used for initial screening of borrow sites. 
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Chapter 3 
Affected Environment (Baseline Conditions) 

 
 

3.1 Impact Area 
 
3.1.1 Regional Geology 
 
Based on characteristic landforms, North America has been divided into areas called physiographic 
provinces, with substantial transition zones (zones at boundaries that share characteristics of the adjoining 
provinces) occurring in some places. The proposed LPP alignment alternatives extend from Lake Powell 
(near Page, Arizona) to St. George, Utah, and the CVP Alternative alignment extends from the Hurricane 
Cliffs to Cedar City, Utah.  The LPP and CVP alignments are planned to be constructed through two 
physiographic provinces: approximately 78 percent of the pipeline is proposed to be located in the 
Colorado Plateau Province and the remaining 22 percent is proposed to be located in the transition zone 
between the Colorado Plateau and the Basin and Range provinces. For a more detailed description of the 
regional geology of this area, see TM 5.11 Geological, Geotechnical, and Foundation Conditions (MWH 
2009a). 
 
The Colorado Plateau province is generally characterized by a thick sequence of largely undeformed, 
nearly flat-lying sedimentary rocks. The Colorado Plateau is 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 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 the Coral Pink Sand Dunes State Park. 
 
The boundary between the Colorado Plateau and the Great Basin is not a single line but instead is a zone 
up to 62 miles wide, known as a transition zone, in which faults become more abundant and larger farther 
to the west. The transition zone extends from the Hurricane fault zone at the town of Hurricane westward 
30 to 50 miles to the Gunlock fault zone at Gunlock State Park, Utah. The Colorado Plateau proper is 
generally considered to lie east of the Hurricane Cliffs and the Great Basin proper lies west of Gunlock. 
The LPP is proposed to enter and cross into this transition zone at the proposed Hurricane Cliffs 
Hydropower (HCH) facility.  The CVP crosses from the Colorado Plateau into the transition zone near the 
town of La Verkin, Utah. 
 
3.1.2 Area of Potential Effect 
 
The area of potential effect for Geology and Soil Resources includes a corridor encompassing both sides 
of each of the alignments identified and described in Sections 1.2.1 (South Alternative), 1.2.2 (Existing 
Highway Alternative), and 1.2.3 (Southeast Corner Alternative). The corridor extended 200 feet on either 
side of each alternative alignment, and 1,000 feet on each side of each alignment for evaluating potential 
impacts on important structures and mineral resources.   
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The Transmission Line Alternatives described in Section 1.2.4 were not included in the Geology and Soil 
Resources Study Report because these alternatives would not materially affect geology and soils 
resources. 
 
 

3.2 Overview of Baseline Conditions 
 
3.2.1 Lake Powell Pipeline 
 
3.2.1.1  Fault Movement 
 
The fault crossings evaluated by FWLA for the LPP section of the pipeline are summarized in Table 3-1. 
Figures showing the locations of the crossings relative to the pipeline are included in the FWLA report. 
The fault crossings evaluated to be of potentially high relevance for the LPP section of the pipeline were 
the Sevier fault and the West Grass Valley fault. The Sevier fault crosses the Highway, South and 
Southeast Corner alternatives of the LPP. The Sevier fault hazard was designated as potentially high 
relevance by FWLA based on evidence of Quaternary displacement and the presence of a 3-4 foot scarp 
just south of the Highway alternative alignment and the displacement of 5-6 feet of alluvium near the 
South Alternative. The West Grass Valley fault hazard was designated as potentially high relevance based 
on displacement of approximately the 1 million year-old 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. 
 
3.2.1.2  Seismic Activity 
 
Review of USGS seismic hazard maps shows that the LPP alternatives lie within zones of low to 
moderate potential seismic activity (0.1 to 0.4 gravity Peak Ground Acceleration) with a two-percent 
probability of exceedance over a 50-year period.   
 
3.2.1.3  Unstable Slopes 
 
Rocks along the LPP alternatives alignments are primarily sedimentary but include some basalt.  
Sedimentary rocks include sandstone, siltstone, limestone, shale, and evaporites.  Sandstone from the 
Navajo, Entrada, Page, and Carmel formations is the most common rock type in the eastern part of the 
LPP alternatives whereas siltstone, limestone, shale, and other sedimentary rocks of the Moenkopi, 
Chinle, and Kaibab formations are more common further westward.  Navajo Sandstone re-appears west of 
the Hurricane Fault Zone due to westward downthrown displacement.  Basalt outcrops are present 
primarily near the end of the LPP alternatives and in the section from the bottom of the Hurricane Cliffs 
to Sand Hollow Reservoir.   
 
The rock characteristics observed in the field were compared to existing geologic maps. The rock 
characteristics observed during the field survey are included in Table 3-2.  The locations of survey points 
are shown on Figures 3-1 and 3-2. 
 
Potential geologic hazards exist along the proposed LPP alternatives. During the field survey, where 
potential hazard indicators were observed, the area was noted. Upon completing the field survey, the data 
was extrapolated between survey points using the geologic maps, soil maps and, where available 
(Washington and Kane Counties, Utah), existing hazard maps. The hazards were separated into ‘rock’ and 
‘soil’ categories.  



Fault Name Alignment
Station 
Range

Rupture 
Assessment

Urban 
development

Preliminary 
Impact Risk Remarks

Glen Canyon City 
fault

HWY 820 + 00 Not significant No Low

East Kaibab fault – 
Cockscomb

HWY 1729 + 20 Not significant No Low

Central Kaibab fault HWY 2270 + 00 Low 
significance

No Low

HWY 2570 + 00 and 
2579 + 00

Low 
significance

No Low Fault locations inferred

HWY ALT 2600+00 Low 
significance No Low

Fault location inferred; 
possible splay at 

2566+30

HWY 2950 + 00 Low 
significance

Yes Low Fault locations inferred

South 3030+00 to 
3060+00 

Low 
significance

No Low Fault locations inferred

South - 
Penstock Alt 

East
170+00 Low 

significance No Low Fault locations inferred

South - 
Penstock Alt 

Middle
51+00 Low 

significance No Low Fault locations inferred

HWY 3250 + 00 to 
3300 + 00

Not significant No Low

South 3360 + 00 Not significant No Low

Quikwater fault South 4300 + 00 Not significant No Low

HWY 4704 + 10 High 
significance

No Low

South 4985 + 35 High 
significance

No Low

Short Creek fault HWY 5920 + 00 to 
5940 + 00

Not significant No Low

LPP Hydro 50 + 00 High 
significance

Yes High Upslope of community

LPP Sand 
Hollow West 
Tunnel Alt 

44+00 High 
significance No Low Avoids community

LPP Hydro 76 + 00 Not significant No Low

LPP Hydro 110 + 00 Not significant No Low

Western Sand 
Mountain fault

LPP Hydro 200 + 00 Not significant No Low
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Sevier fault   (N. 
Toroweap)

Remnants Basalt 
faults

West Kaibab fault

West Grass Valley 
fault

Table 3-1
Lake Powell Pipeline

Fault Intersection Assessment

Paunsaugunt fault

Johnson Canyon 
fault
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The geology and/or rock hazards are shown on Figures 3-3 and 3-4, and include the presence of gypsum 
in rock, expansive clay bedrock, rockfall, landslides, unstable slopes and steeply dipping bedrock. 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. Rock hazards have been broken up into segments where 
they are likely to exist along the alignment, and are shown in Tables 3-3 through 3-6 below. 
 
 

Table 3-3 
Lake Powell Water Conveyance System Rock Hazards 

From Station: To Station: Description 
50+00 WCS 100+00 WCS possible gypsum 

570+00 WCS 580+00 WCS rockfall hazard 
1030+00 WCS 1230+00 WCS possible gypsum 
1370+00 WCS 1400+00 WCS gypsum observed 
1400+00 WCS 1685+00 WCS possible gypsum 

1685+00 WCS 1800+00 WCS 
rockfall hazard and steeply dipping 

bedrock 
1800+00 WCS 1845+00 WCS possible gypsum 
1845+00 WCS 1870+00 WCS gypsum observed 
1870+00 WCS 1935+00 WCS possible gypsum 
2150+00 WCS 2660+00 WCS possible gypsum 
2660+00 WCS 2680+00 WCS gypsum observed 

 
 

Table 3-4 
Hydro System-Highway Alternative Rock Hazards 

From Station: To Station: Description 
2980+00 HS 3700+00 HWY expansive potential 

3700+00 HWY 3750+00 HWY rockfall hazard 
3850+00 HWY 3960+00 HWY possible gypsum 
3960+00 HWY 4020+00 HWY gypsum observed 
4020+00 HWY 4130+00 HWY possible gypsum 
4130+00 HWY 4700+00 HWY gypsum observed 
4700+00 HWY 4800+00 HWY possible gypsum 
4800+00 HWY 5100+00 HWY expansive potential 
5100+00 HWY 5120+00 HWY gypsum observed 
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Table 3-5 

Hydro System-South Alternative Rock Hazards 
From Station: To Station: Description 
2980+00 HS 2990+00 SOUTH expansive potential 

2990+00 SOUTH 3015+00 SOUTH rockfall hazard 
3015+00 SOUTH 3200+00 SOUTH possible gypsum 
4165+00 SOUTH 4180+00 SOUTH rockfall hazard and slope stability 
4390+00 SOUTH 4440+00 SOUTH rockfall hazard and slope stability 
4600+00 SOUTH 4610+00 SOUTH rockfall hazard and slope stability 
5000+00 SOUTH 5030+00 SOUTH possible gypsum 
5030+00 SOUTH 5045+00 SOUTH gypsum observed 
5045+00 SOUTH 5152+00 SOUTH possible gypsum 
5152+00 SOUTH 5154+00 SOUTH rockfall 

 
 

Table 3-6 
Lake Powell Hydro System Rock Hazards 

From Station: To Station: Description 
2680+00 WCS 2915+00 HS possible gypsum 
2915+00 HS 2950+00 HS gypsum observed 
2950+00 HS 2980+00 HS expansive potential 
6150+00 HS 6250+00 HS expansive potential 
6290+00 HS 6370+00 HS rockfall hazard 
6370+00 HS 6780+00 HS possible gypsum 
7010+00 HS 7045+00 HS rockfall hazard 
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3.2.1.4  Subsidence, Expansion, and Collapsible Soils 
 
Soils along the LPP alignments are typically composed of alluvial, eolian and fluvial deposits and 
terraces. Some soils are weathered-in-place residual soils over shallow sedimentary bedrock. Soils east of 
the Cockscomb are typically eolian sand derived from the Navajo, Entrada and Page Sandstone 
formations. Soils over the Carmel Formation are typically weathered shale, limestone and sandstone and 
the shale typically contains gypsum. Soils along the Highway, South and Southeast Corner alignment 
alternatives typically consist of clay, silty loam, silty clay loam, or sandy loam. The soils are mostly 
weathered from the Moenkopi Formation and are shale, sandstone, or limestone derived. Soils in the 
Shinarump Member of the Chinle Formation consist of coarse sand and gravel weathered from the 
sandstone and well rounded gravel conglomerate. Soils in the Petrified Forest Member of the Chinle 
Formation are primarily plastic clays, or occasionally, fine sands. The soil near Sand Hollow Reservoir 
consists of variable depths of windblown sand derived from weathering of Navajo Sandstone outcrops. 
 
The soil characteristics observed in the field were compared to the NRCS descriptions. The soil 
characteristics observed during the field survey are provided in Table 3-7. The locations of the field 
survey points are shown on Figures 3-5 and 3-6. 
 
Potential geologic hazards exist along the proposed LPP alignment alternatives. During the field survey, 
where potential hazard indicators were observed, the area was noted. Upon completing the field survey, 
the data was extrapolated between survey points using the geologic maps, soil maps and, where available 
(Washington and Kane Counties, Utah), existing hazard maps. The hazards were separated into ‘rock’ and 
‘soil’ categories.  
 
Soil hazards are shown on Figures 3-7 and 3-8 and include the presence of gypsiferous soils and soil with 
expansive or collapsible potential. Areas where geologic hazards were not identified were designated as 
low risk. However, as-yet unidentified soil hazards may still be present. Soil hazards have been broken up 
into segments where they are likely to exist along the alignment, and are shown in Tables 3-8 through 
3-11. 
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Table 3-8 

Lake Powell Water Conveyance System Soil Hazards 
From Station: To Station: Description 

1320+00 WCS 1420+00 WCS possible gypsum 
1910+00 WCS 2680+00 WCS possible gypsum 

 
 

Table 3-9 
Lake Powell Hydro System Soil Hazards 

From Station: To Station: Description 
2680+00 HS 2720+00 HS possible gypsum 
2720+00 HS 2800+00 HS gypsum observed 
2800+00 HS 2980+00 HS possible gypsum 
6295+00 HS 6505+00 HS expansive potential and possible gypsum 
6505+00 HS 6920+00 HS possible gypsum 
6920+00 HS 7045+00 HS gypsum observed 

 
 

Table 3-10 
Hydro System-Highway Alternative Soil Hazards 

From Station: To Station: Description 
3595+00 HWY 3730+00 HWY expansive potential 
3595+00 HWY 3795+00 HWY expansive potential and possible gypsum 
3795+00  HWY 3940+00 HWY possible gypsum 
3940+00HWY 3955+00 HWY expansive potential and gypsum observed 
3955+00 HWY 4070+00 HWY collapsible and gypsum observed 
4130+00 HWY 4270+00 HWY possible gypsum 
4270+00 HWY 4305+00 HWY expansive potential 
4305+00 HWY 4570+00 HWY possible gypsum 
4573+00 HWY 4650+00 HWY possible gypsum 

4650+00 HWY 4705+00 HWY expansive potential and gypsum observed 
4705+00 HWY 4755+00 HWY possible gypsum 
4755+00 HWY 4765+00 HWY expansive potential 
4765+00 HWY 4810+00 HWY possible gypsum 
4810+00 HWY 4815+00 HWY expansive potential 
4815+00 HWY 4875+00 HWY possible gypsum 
4875+00 HWY 4880+00 HWY expansive potential 
4880+00 HWY 5115+00 HWY possible gypsum 
5115+00 HWY 5130+00 HWY expansive potential 
5130+00 HWY 5170+00 HWY expansive potential and gypsum observed 
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Table 3-11 
Hydro System-South Alternative Soil Hazards 

From Station: To Station: Description 
131+00 SOUTH, EAST 

PENSTOCK 
210+00 SOUTH, 

EAST PENSTOCK Expansive potential and possible gypsum 
2980+00 SOUTH 3165+00 SOUTH possible gypsum 
3165+00 SOUTH 3285+00 SOUTH expansive potential and possible gypsum 
3285+00 SOUTH 3315+00 SOUTH possible gypsum 
3315+00 SOUTH 3380+00 SOUTH expansive potential and possible gypsum 
3430+00 SOUTH 3500+00 SOUTH expansive potential 
3550+00 SOUTH 3645+00 SOUTH expansive potential 
4800+00 SOUTH 5050+00 SOUTH expansive potential 
5110+00 SOUTH 5150+00 SOUTH expansive potential 
5210+00 SOUTH 5260+00 SOUTH collapsible potential 
5260+00 SOUTH 5310+00 SOUTH expansive potential 

 
 
3.2.1.5  Geologic Hazards to Human Health and Safety 
 
No geologic hazards to human health and safety were identified in the study area, except for possible risks 
of slope stability or rockfall that have been addressed previously. 
 
Important Structures and Mineral Resources 
 
The location coordinates of buildings and other structures encountered during the field survey are 
summarized in Table 3-12 and shown in Figures 3-9 and 3-10. The structures have been generalized into 
categories; buildings, quarries, utilities, wells or other. 
 
3.2.1.6  Borrow and Spoil 
 
Locations for borrow material (bedding and backfill) were identified based on U.S. Geological Survey 
(USGS) topographic maps and aerial photos, visual observations along the alignments, and 
recommendations from local contractors. Thirty-six potential borrow sites were inspected along the LPP, 
including pits on both public and private land. Of these, seven were determined to be disturbed sites or 
rock quarries but not borrow sites. At the remaining 29 sites, the suitability of materials for bedding, 
potential for significant quantities of borrow material, proximity to pipeline alignments, and accessibility 
were considered as part of the inspections. Some locations appeared to have potential for both borrow and 
spoil of excess excavated trench material, or may not be suitable as a borrow source but could provide a 
convenient and substantial space for spoil of excess trench material. Table 3-13 shows the field inspection 
results of potential borrow and spoil sites near the LPP alignment alternatives. The locations of these sites 
are shown on Figures 3-11 and 3-12. 
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3.2.2 Cedar Valley Pipeline 
 
3.2.2.1  Fault Movement 
 
All of the fault crossings evaluated by FWLA for the CVP section of the pipeline are summarized in 
Table 3-14. Figures showing the locations of the crossings relative to the pipeline are shown in the FWLA 
report. The proximity of the Hurricane fault, which lies parallel to most of the CVP alignment and the 
potentially short recurrence intervals for surface rupture events give the hazards associated with the 
Hurricane fault a high relevance rating along the entire length of the CVP. The CVP alignment also 
crosses all of the major traces of the Hurricane Fault. There are several fault crossings that have been 
evaluated as high relevance in the Segment Boundary (Nephi’s Twist) based on the potential for large 
displacements in these areas. The hazard associated with the faults at the Pintura and Ash Creek graben 
were determined to be of high significance based on the apparent association of this trace with the 
Hurricane Fault. There is a housing development downslope of the fault crossings in the Segment 
Boundary area, increasing the potential for impacts associated with a pipeline rupture. The Pintura and 
Ash Creek graben fault crossing is not located near a populated area, decreasing the potential impacts 
associated with a pipeline rupture. 
 
3.2.2.2  Seismic Activity 
 
Review of USGS seismic hazard maps shows that the CVP Alternatives lie within zones of low to 
moderate potential seismic activity (0.14 to 0.4 gravities Peak Ground Acceleration) with a two-percent 
probability of exceedance over a 50-year period.  However, the CVP Alternative lies parallel to the 
Hurricane fault system, and several relatively large magnitude earthquakes have occurred along the 
Hurricane Fault in recorded history, including the 5.8 Richter scale magnitude St. George quake in 1992.  
Projected PGA is high (>0.41 g) north of the CVP Alternative, north of Cedar City, suggesting some 
potential for higher PGA near the north end of the alignment. 
 
3.2.2.3  Unstable Slopes 
 
Rocks along the CVP Alternative alignment are primarily volcanic such as basalt and ash flow tuffs over 
sedimentary rocks. The sedimentary rocks include limestone, sandstone, siltstone, shale, and evaporites.  
The Moenkopi Formation outcrops along most of the southern half of the CVP. The Virgin Limestone, 
Timpoweap limestone and sandstone and shale and sandstone from the Middle and Lower Red Members 
are most prominent.  
 
The rock characteristics observed in the field were compared to existing geologic maps. The rock 
characteristics observed during the field survey are included in Table 3-15. The locations of survey points 
are shown on Figure 3-13. 
 
Potential geologic hazards exist along the proposed CVP Alternative alignment. During the field survey, 
where potential hazard indicators were observed, the area was noted. Upon completing the field survey, 
the data was extrapolated between survey points using the geologic maps, soil maps and, where available 
(Washington County, Utah), existing hazard maps. The hazards were separated into ‘rock’ and ‘soil’ 
categories.  
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The geology and/or rock hazards are shown on Figure 3-14 and include the presence of gypsum in rock, 
expansive clay bedrock, rockfall, landslides, unstable slopes and steeply dipping bedrock. 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. Rock hazards have been broken up into segments where 
they are likely to exist along the alignment, and are shown in Table 3-16. 
 
 

Table 3-16 
Cedar Valley Pipeline System Rock Hazards 

From Station: To Station: Description 
0+00 CVP 5+00 CVP rockfall hazard 

130+00 CVP 180+00 CVP rockfall hazard 
180+00 CVP 245+00 CVP rockfall hazard 
315+00 CVP 330+00 CVP rockfall hazard 
690+00 CVP 700+00 CVP rockfall hazard 
910+00 CVP 975+00 CVP rockfall hazard 

1005+00 CVP 1015+00 CVP rockfall hazard 
1370+00 CVP 1395+00 CVP rockfall hazard 
1555+00 CVP 1850+00 CVP rockfall hazard 
2990+00 CVP 3040+00 CVP rockfall hazard and slope stability 

 
 
3.2.2.4  Expansive, Collapsible Soils and Subsidence 
 
Soils along the CVP Alternative alignment are typically composed of alluvial, eolian and fluvial deposits 
and terraces. Some soils are weathered-in-place residual soil over shallow sedimentary bedrock. This is 
especially common over outcrops of Middle and Lower Red Moenkopi formations. Large alluvial fans 
cover most of the northern half of the alignment. These soils are typically fine grained silt with some sand 
but there are several areas where cobbles and large boulders are prevalent.  
 
The soil characteristics observed in the field were compared to the NRCS descriptions. The soil 
characteristics observed during the field survey are provided in Table 3-17. The locations of the field 
survey points are shown on Figure 3-15. 

 
Potential geologic hazards exist along the proposed CVP Alternative alignment. During the field survey, 
where potential hazard indicators were observed, the area was noted. Upon completing the field survey, 
the data was extrapolated between survey points using the geologic maps, soil maps and, where available 
(Washington County, Utah), existing hazard maps. The hazards were separated into ‘rock’ and ‘soil’ 
categories.  
 
Soil hazards are shown on Figure 3-16 and include the presence of gypsiferous soils and soil with 
expansive or collapsible potential. Areas where geologic hazards were not identified were designated as 
low risk. However, as-yet unidentified soil hazards may still be present. Soil hazards have been broken up 
into segments where they are likely to exist along the alignment, and are shown in Table 3-18 below.  
 
  











Lake Powell Pipeline 3-46 3/10/11 
Draft Geology and Soil Resources Study Report  Utah Board of Water Resources 

 
Table 3-18 

Cedar Valley Pipeline System Soil Hazards 
From Station: To Station: Description 

00+00 CVP 35+00 CVP gypsum 
40+00 CVP 110+00 CVP gypsum 

180+00 CVP 210+00 CVP gypsum 
210+00 CVP 285+00 CVP possible gypsum 
340+00 CVP 420+00 CVP possible gypsum 
460+00 CVP 500+00 CVP possible gypsum 
580+00 CVP 640+00 CVP possible gypsum 
715+00 CVP 880+00 CVP possible gypsum 
940+00 CVP 960+00 CVP possible gypsum 

1860+00 CVP 2210+00 CVP expansive potential 
2550+00 CVP 2950+00 CVP expansive potential 

 
 
In addition to these hazards, land subsidence associated with overpumping of groundwater is 
occurring in the Cedar Valley (UGS 2009).  Subsidence has resulted in soil fissures in two areas:  
west and northwest of Quichipa Lake, and north of the City of Enoch.  Land has subsided in 
these areas from a few inches to a few feet, causing damage to roads and reversing flow in some 
gravity drainage pipes.  Sinkholes associated with the soil fissures have been observed to allow 
water to flow directly into the ground, possibly providing a direct, unfiltered conduit for surface 
water to flow into the aquifer. 
 
3.2.2.5  Geologic Hazards to Human Health and Safety 
 
No geologic hazards to human health and safety were identified in the study area, except for potentially 
unstable slopes or rockfall hazards that have been addressed previously. 
 
3.2.2.6  Important Structures and Mineral Resources 
 
The location coordinates of buildings and other structures encountered during the field survey are 
summarized in Table 3-19 and shown in Figure 3-17. The structures have been generalized into 
categories; buildings, quarries, utilities, wells or other.   
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3.2.2.7  Borrow and Spoil 
 
Locations for borrow material (bedding and backfill) were identified based on U.S. Geological Survey 
(USGS) topographic maps and aerial photos, visual observations along the alignments, and 
recommendations from local contractors. Sixteen potential borrow sites were inspected near the CVP, 
including both public and private borrow sites. Of these, three were determined to be disturbed sites or 
stone quarries but not borrow sites.  At the remaining 13 sites, the suitability of materials for bedding, 
potential for significant quantities of borrow material, proximity to pipeline alignments, and accessibility 
were estimated as part of the inspections.  Some locations appeared to have potential for both borrow and 
spoil of excess trench excavated material, or may not be suitable as a borrow source but could provide a 
convenient and substantial space for spoil of excess trench material.  Table 3-20 shows the results of 
inspection of potential borrow and spoil sites near the Cedar Valley Pipeline System.  The locations of 
these sites are shown on Figure 3-18.   
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Chapter 4 
Environmental Consequences (Impacts) 

 
 

4.1 Significance Criteria 
 
The following criteria were used in this evaluation to determine whether impacts associated with the LPP, 
CVP, and appurtenances would be significant.  Significance criteria were established based on the impact 
topics identified herein, which were identified in the Study Plan. Impacts are considered significant only 
if they would occur within the design life of the Project (75 years), and could not be mitigated by design. 
 
4.1.1 Fault Movement 
 
Fault movement impacts 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 
mm (about three inches).  Thus, an average displacement rate of 1 mm/yr or more would be more likely to 
result in pipeline rupture during the design life of the Project and therefore could cause a significant 
impact. 
 
4.1.2 Seismic Activity 
 
Seismic activity would have a significant impact if an earthquake would create unstable foundation 
conditions for the pipeline or associated features, resulting in pipeline deformation or rupture, or pipeline 
feature failure.  This instability could include liquefaction of underlying soils or slope failure above or 
below the pipeline or associated features.  Proper seismic design would prevent substantial damage to the 
pipeline or associated features in the event of an earthquake under most circumstances.  A risk of a 
significant impact would be high if all or part of an alignment alternative is located in a zone with high 
(greater than about 0.4 gravity) Peak Ground Acceleration (PGA) with a two percent or greater 
probability of exceedance within 50 years, and this would occur in a location with a high probability of 
liquefaction (saturated, sandy soil within the pipeline trench depth or excavated depth of pipeline 
facilities; for practical purposes a depth of 15 feet was assumed for the LPP and 10 feet for the CVP). 
 
4.1.3 Unstable Slopes 
 
Slope failure along the pipeline alignments would be considered a significant impact if the slope failure 
were caused by construction or operation of the pipeline or associated features, and if the slope failure 
resulted in injury to humans, damage of major human structures, or damage to the environment 
(significant and long-term erosion; discharges to streams, rivers, lakes or reservoirs causing degradation 
of water quality as defined by Utah or Arizona state law; or long-term loss of important wildlife habitat). 
 
4.1.4 Expandable, Collapsible, or Subsiding Soils or Rocks 
 
Geologic hazards from soil or rock conditions would have a significant impact if such conditions would 
occur and would cause deformation or failure of foundation conditions underlying the pipeline or 
associated features sufficient to cause pipeline rupture or failure of associated pipeline features. 
 



Lake Powell Pipeline 4-2 3/10/11 
Draft Geology and Soil Resources Study Report  Utah Board of Water Resources 

4.1.5 Geologic Hazards to Human Health and Safety 
 
Impacts associated with geologic hazards to human health or safety associated with construction or 
operation of the pipeline and associated features would be considered significant if the impacts of 
geologic hazards resulted in human injury or death, or presented a serious risk to human health.   
 
4.1.6 Important Structures and Mineral Resources 
 
Construction or operation impacts on important human structures would be significant if they would 
result in major damage to the structures.  Major damage includes damage requiring replacement, or 
repairs that would cost more than 25 percent of the value of the structure, or damage which renders the 
structure inoperable or unusable. 
 
4.1.7 Borrow and Spoil 
 
Impacts associated with borrow of material for pipeline or structure bedding would be significant if 
extraction of the borrow material causes new and substantial disturbance of land from the extraction 
source areas.   
 
Impacts associated with disposal (spoil) of excess excavated material would be significant if disposal of 
spoils would cause substantial changes in runoff patterns, turbid runoff that would discharge to rivers, 
streams, or lakes, or create unstable slope conditions. 
 
 

4.2 Potential Impacts Eliminated From Further Analysis 
 
No impacts were eliminated from further analysis. 
 
 

4.3 South Alternative Impacts 
 
4.3.1 Construction Impacts 
 
4.3.1.1  Fault Movement 
 
The rate of fault movement on faults crossed by the South Alternative alignment and associated hydraulic 
conveyance and hydropower segments of the LPP are believed to be no more than 0.2 mm/yr on average 
for the Paunsaugunt Fault and less than that for the Sevier Fault.  The displacement rate for other faults 
crossed by the South Alternative alignment is unknown but this is probably because the remaining faults 
appear to be less active.  The duration of construction activities is too short to be affected by such low 
rates of displacement.  Therefore no impacts would occur during construction. 
 
4.3.1.2  Seismic Activity 
 
Major earthquakes can occur associated with faults along the South Alternative alignment and are likely 
to occur during the design life of the Project; however, most measured earthquakes in the vicinity have 
been associated with the Basin and Range Province or the transition zone between the Colorado Plateau 
and the Basin and Range, both of which are west of the South Alternative alignment. This probably would 
diminish the potential impacts of earthquake activity on the South Alternative alignment.  Proper bedding 
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and pipeline design and construction would further minimize seismic effects.  The alignment lies within a 
zone of low to moderate projected PGA with a two-percent probability of exceedance over a 50-year 
period.  Therefore no impacts would occur. 
 
4.3.1.3  Unstable Slopes 
 
Locations where rockfall and steep slopes exist along the various alignments, including the South 
Alternative and associated alignment sections, are shown in Tables 3-3, 3-5, and 3-6.  Nine locations were 
identified that are subject to rockfall hazards on steep slopes.  These locations are primarily associated 
with channel crossings or adjacent loose rock outcrops on steep slopes.  These locations may be subject to 
failure, particularly in the event of an earthquake.  Individual locations would need to be examined before 
heavy earthwork, especially blasting, could take place, and site stabilization measures or removal of rock 
and soil at risk of failure may need to occur before proceeding.  If these precautions are followed, no 
significant impacts would occur. 
 
4.3.1.4  Expandable, Collapsible, or Subsiding Soils or Rocks 
 
Substantial sections of the South Alternative may be subject to expandable, collapsible, or subsiding soils 
or rocks, as identified in Tables 3-8, 3-9, 3-11, and 3-12.  These are primarily associated with gypsiferous 
soils, which are susceptible to subsidence if gypsum is extensively wetted because gypsum can dissolve, 
leaving voids.  Expansive soils occur in some places along the alignment and are associated with clay 
deposits, primarily montmorillonite derived from basalts.  Construction in such materials may require 
special design considerations, such as over-excavation and placement of additional bedding, may be 
necessary.  If design considerations are implemented where appropriate, no significant impacts would 
occur. 
 
4.3.1.5  Geologic Hazards to Human Health and Safety 
 
Geologic hazards to human health and safety would be minimized by following appropriate and site-
specific precautions, including trench shoring or sloping, slope stabilization where applicable, and other 
standard construction safety practices.  Therefore no significant impacts would occur. 
 
4.3.1.6  Important Structures and Mineral Resources 
 
Human structures within 1,000 feet of the South Alternative are shown in Table 3-12. The primary risk of 
damage is associated with the effects of blasting during trenching, since none of the structures are in the 
direct alignment (excluding highway crossings, which are not included as part of this evaluation and in 
any event will be repaired as necessary).  Structures or groups of structures that may be at risk from 
blasting include the Town of Big Water, Utah and a windmill at Station 6270+00; all other important 
structures are not near trench sections that would require blasting.  Special blasting methods may need to 
be employed to minimize the transfer of energy through rock and soil to the structures.  At Big Water, 
most of the town overlies several feet of soil.  This would help to absorb and therefore help minimize the 
transfer of energy to the buildings.  Use of lower-energy blasting methods at closer spacings would 
minimize the effects of blasting near structures.  Therefore no significant impacts would occur. 
 
4.3.1.7  Borrow and Spoil 
 
It is anticipated that most, if not all, material for the pipe zone and underlying bedding will be obtained 
from commercial sand and gravel pits. Some public pits have been identified and may be used, but these 
are not likely to be major sources of material. All borrow will be obtained from existing disturbed sites, 
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either public or private.  Therefore no significant impacts associated with obtaining borrow materials 
would occur. 
 
Disposal of spoils is expected to be primarily, if not entirely, by spreading within the alignment right of 
way.  This spreading will be in accordance with practices that would be reviewed and approved by the 
governing public agencies, including BLM, NPS, UDOT and ADOT as well as on private lands. In most 
locations, less than one foot of spoils is anticipated to be spread across the alignment right of way. Where 
spreading is not allowed or is not sufficient to dispose of all spoils, materials will be deposited in existing, 
largely used-up gravel pits. All spoiled materials would be reclaimed by stabilization practices and 
seeding with an approved seed mix. Therefore no significant impacts associated with spoils would occur. 
 
4.3.2 Operation and Maintenance Impacts 
 
4.3.2.1  Fault Movement 
 
The Paunsaugunt Fault has a projected displacement rate of <0.2 mm/yr, and the Sevier Fault 
displacement rate is 0.04 to 0.18 mm/yr. The displacement rates for the other faults crossed by the South 
Alternative alignment are not known, but these faults appear to be less active, which is why displacement 
rates have not been determined. A displacement of 0.2 mm/yr, which exceeds average displacement rates 
for the most active faults (including the Paunsaugunt and Sevier faults) would result in a total 
displacement of 15 mm over the Project design life. Therefore no significant impacts associated with fault 
movement would occur. 
 
4.3.2.2  Seismic Activity 
 
Major earthquakes can occur associated with faults along the South Alternative alignment and are likely 
to occur during the design life of the Project; however, most measured earthquakes in the vicinity have 
been associated with the Basin and Range Province or the transition zone between the Colorado Plateau 
and the Basin and Range, both of which are west of the South Alternative alignment.  This probably 
would diminish the potential impacts of earthquake activity on the South Alternative alignment.  Proper 
bedding and pipeline design and construction would further minimize seismic effects.  The alignment lies 
within a zone of low to moderate projected PGA with a two-percent probability of exceedance over a 50-
year period.  Therefore no impacts would occur. 
 
Saturated sandy soils may be encountered at the crossing of the Paria River.  However, the projected PGA 
is low, and proper design and construction would minimize the risks of impacts associated with 
liquefaction at this location.  Therefore no significant impacts would occur associated with liquefaction. 
 
4.3.2.3  Unstable Slopes 
 
Locations where rockfall and steep slopes exist along the various alignments, including the South 
Alternative and associated alignment sections, are shown in Tables 3-3 through 3-6.  These locations may 
be subject to failure, particularly in the event of an earthquake, but because the pipeline will be buried this 
probably would not affect the pipeline operations or maintenance, and conversely the operation and 
maintenance of the pipeline is unlikely to affect the slope stability.  Therefore no significant impacts 
would occur. 
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4.3.2.4  Expandable, Collapsible, or Subsiding Soils or Rocks 
 
Substantial sections of the South Alternative alignment may be subject to expandable, collapsible, or 
subsiding soils or rocks, as identified in Tables 3-8, 3-9, 3-11 and 3-12.  These are primarily associated 
with gypsiferous soils, which are susceptible to subsidence if gypsum is extensively wetted because 
gypsum can dissolve, leaving voids.  Expansive soils occur in some places along the alignment and are 
associated with clay deposits, primarily montmorillonite derived from basalts.  If design considerations 
are implemented where appropriate, no significant impacts would occur associated with operations and 
maintenance. 
 
4.3.2.5  Geologic Hazards to Human Health and Safety 
 
Geologic hazards to human health and safety during operations and maintenance would be minimized if 
appropriate design and construction practices are followed.  Therefore no significant impacts would 
occur. 
 
4.3.2.6  Important Structures and Mineral Resources 
 
No significant impacts would occur in connection with operations and maintenance. 
 
4.3.2.7  Borrow and Spoil 
 
No significant impacts would occur associated with operations and maintenance. 
 
 

4.4 Existing Highway Alternative Impacts 
 
4.4.1 Construction Impacts  
 
4.4.1.1  Fault Movement 
 
The rate of fault movement on faults crossed by the Existing Highway Alternative alignment and 
associated hydraulic conveyance and hydropower segments of the LPP are believed to be no more than 
0.2 mm/yr on average.  The duration of construction activities is too short to be affected by such low rates 
of displacement.  Therefore no impacts would occur during construction. 
 
4.4.1.2  Seismic Activity 
 
Impacts associated with seismic activity for the Existing Highway Alternative would be similar to 
impacts for the South Alternative.  No significant impacts would occur.  
 
4.4.1.3  Unstable Slopes 
 
Locations where rockfall and steep slopes exist along the Existing Highway Alternative alignment and 
associated alignment sections, are shown in Table 3-3, 3-4, and 3-6.  Five locations were identified that 
are subject to rockfall hazards on steep slopes.  These locations are primarily associated with channel 
crossings or adjacent loose rock outcrops on steep slopes.  The slope failure hazards are similar to the 
hazards for the South Alternative; therefore no impact would occur if appropriate precautions are taken. 
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4.4.1.4  Expandable, Collapsible, or Subsiding Soils or Rocks 
 
Impacts associated with expandable, collapsible, or subsiding soils or rocks for the Existing Highway 
Alternative alignment would be similar to impacts for the South Alternative alignment and are a result of 
gypsiferous soils, expansive clays, or gypsiferous or clay-mineral rocks, as identified in Table 3-8, 3-9, 3-
10, and 3-11. If design considerations are implemented where appropriate, no significant impacts would 
occur. 
 
4.4.1.5  Geologic Hazards to Human Health and Safety 
 
Geologic hazards to human health and safety would be minimized by following appropriate and site-
specific precautions, including trench shoring or sloping, slope stabilization where applicable, and other 
standard construction safety practices. This would be the same as for the South Alternative. Therefore no 
significant impacts would occur. 
 
4.4.1.6  Important Structures and Mineral Resources 
 
Human structures within 1,000 feet of the Existing Highway Alternative alignment are shown in 
Table 3-12. The primary risk of damage is the same as for the South Alternative and includes the same 
structures, which are located on sections that are common to both alternatives. Therefore no significant 
impacts would occur if appropriate precautions are taken. 
 
4.4.1.7  Borrow and Spoil 
 
Impacts associated with borrow and spoils for the Existing Highway Alternative would be the same as for 
the South Alternative. Therefore no significant impacts would occur. 
 
4.4.2 Operation and Maintenance Impacts 
 
4.4.2.1  Fault Movement 
 
Impacts associated with fault movement for the Existing Highway Alternative alignment would be similar 
to the South Alternative.  Therefore no significant impacts associated with fault movement would occur. 
 
4.4.2.2  Seismic Activity 
 
Impacts associated with seismic activity for the Existing Highway Alternative alignment would be the 
same as for the South Alternative.  Proper bedding and pipeline design and construction would further 
minimize seismic effects.  Therefore no impacts would occur. 
 
4.4.2.3  Unstable Slopes 
 
Impacts associated with slope failure during operation and maintenance for the Existing Highway 
Alternative are the same as for the South Alternative.  No significant impacts would occur. 
 
4.4.2.4  Expandable, Collapsible, or Subsiding Soils or Rocks 
 
Substantial sections of the Existing Highway Alternative alignment may be subject to expandable, 
collapsible, or subsiding soils or rocks, as identified in Table 3-8, 3-9, 3-10, and 3-11.  These are 
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primarily associated with gypsiferous soils, which are susceptible to subsidence if gypsum is extensively 
wetted because gypsum can dissolve, leaving voids. Expansive soils occur in some places along the 
alignment and are associated with clay deposits, primarily montmorillonite derived from basalts. If design 
considerations are implemented where appropriate, no significant impacts would occur associated with 
operations and maintenance activities. 
 
4.4.2.5  Geologic Hazards to Human Health and Safety   
 
No significant impacts would occur. 
 
4.4.2.6  Important Structures and Mineral Resources 
 
No significant impacts would occur. 
 
4.4.2.7  Borrow and Spoil 
 
No significant impacts would occur. 
 
 

4.5 Southeast Corner Alternative 
 
4.5.1 Construction Impacts 
 
4.5.1.1  Fault Movement 
 
Impacts would be the same as for the South Alternative.  No impacts would occur during construction. 
 
4.5.1.2  Seismic Activity 
 
Impacts would be the same as for the South Alternative.  No impacts would occur during construction. 
 
4.5.1.3  Unstable Slopes 
 
Impacts would be the same as for the South Alternative.  No impacts would occur during construction. 
 
4.5.1.4  Expandable, Collapsible, or Subsiding Soils or Rocks 
 
Impacts would be the same as for the South Alternative.  No impacts would occur during construction. 
 
4.5.1.5  Geologic Hazards to Human Health and Safety 
 
Impacts would be the same as for the South Alternative.  No impacts would occur during construction. 
 
4.5.1.6  Important Structures and Mineral Resources 
 
Impacts would be the same as for the South Alternative.  No impacts would occur during construction. 
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4.5.1.7  Borrow and Spoil 
 
It is anticipated that most, if not all, material for the pipe zone and underlying bedding will be obtained 
from commercial sand and gravel pits. Some public pits have been identified and may be used, but these 
are not likely to be major sources of material. All borrow will be obtained from existing disturbed sites, 
either public or private. Therefore no significant impacts associated with obtaining borrow materials 
would occur. 
 
Disposal of spoils is expected to be primarily, if not entirely, by spreading within the alignment right of 
way.  This spreading will be in accordance with practices that would be reviewed and approved by the 
governing public agencies and Indian tribe, including BLM, NPS, Kaibab Band of Paiute Indians, UDOT 
and ADOT as well as on private lands. In most locations, less than one foot of spoils is anticipated to be 
spread across the alignment right of way. Where spreading is not allowed or is not sufficient to dispose of 
all spoils, materials will be deposited in existing, largely used-up gravel pits. All spoiled materials would 
be reclaimed by stabilization practices and seeding with an approved seed mix. Therefore no significant 
impacts associated with spoils would occur. 
 
4.5.2 Operation and Maintenance Impacts 
 
4.5.2.1  Fault Movement 
 
Impacts would be the same as for the South Alternative.  No impacts would occur during operations and 
maintenance. 
 
4.5.2.2  Seismic Activity 
 
Impacts would be the same as for the South Alternative.  No impacts would occur during operations and 
maintenance. 
 
4.5.2.3  Unstable Slopes 
 
Impacts would be the same as for the South Alternative.  No impacts would occur during operations and 
maintenance. 
 
4.5.2.4  Expandable, Collapsible, or Subsiding Soils or Rocks 
 
Impacts would be the same as for the South Alternative.  No impacts would occur during operations and 
maintenance. 
 
4.5.2.5  Geologic Hazards to Human Health and Safety 
 
Impacts would be the same as for the South Alternative.  No impacts would occur during operations and 
maintenance. 
 
4.5.2.6  Important Structures and Mineral Resources 
 
Impacts would be the same as for the South Alternative.  No impacts would occur during operations and 
maintenance. 
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4.5.2.7  Borrow and Spoil 
 
Impacts would be the same as for the South Alternative.  No impacts would occur during operations and 
maintenance. 
 
 

4.6 Cedar Valley Pipeline Alternative 
 
4.6.1 Construction Impacts 
 
4.6.1.1  Fault Movement 
 
The relatively short duration of construction activities would not be long enough for fault movement, 
projected to be 0.6 mm/yr or less along the Hurricane fault system, to affect pipeline construction.  
Therefore no significant impacts associated with fault movement would occur. 
 
4.6.1.2  Seismic Activity 
 
The CVP Alternative alignment would lie parallel or near to the seismically active Hurricane fault system. 
However, the CVP Alternative alignment lies within a zone of low to moderate potential for PGA with a 
two-percent probability of exceedance over 50 years. The probability of a large earthquake event during 
construction is also relatively small.  For these reasons, no significant impacts would occur.   
 
4.6.1.3  Unstable Slopes 
 
Locations where rockfall and steep slopes exist along the CVP Alternative alignment are shown in 
Table 3-16.  Nine segments of pipeline were identified that are subject to rockfall hazards on steep slopes.  
These locations are primarily associated with adjacent loose rock outcrops on steep slopes.  These 
locations may be subject to failure, particularly in the event of an earthquake.  Individual locations would 
need to be examined before heavy earthwork, especially blasting, could take place, and site stabilization 
measures or removal of rock and soil at risk of failure may need to occur before proceeding.  If these 
precautions are followed, no significant impacts would occur. 
 
4.6.1.4  Expandable, Collapsible, or Subsiding Soils or Rocks 
 
Some sections of the CVP Alternative alignment may be subject to expandable, collapsible, or subsiding 
soils or rocks, as identified in Table 3-18.  These are primarily associated with gypsiferous soils, which 
are susceptible to subsidence if gypsum is extensively wetted because gypsum can dissolve, leaving 
voids.  Expansive soils occur in some places along the alignment and are associated with clay deposits, 
primarily montmorillonite derived from basalts.  Construction in such materials may require special 
design considerations, such as over excavation and placement of additional bedding, may be necessary.  If 
design considerations are implemented where appropriate, no significant impacts would occur. 
 
4.6.1.5  Geologic Hazards to Human Health and Safety 
 
Geologic hazards to human health and safety would be minimized by following appropriate and site-
specific precautions, including trench shoring or sloping, slope stabilization where applicable, and other 
standard construction safety practices.  Therefore no significant impacts would occur. 
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4.6.1.6  Important Structures and Mineral Resources 
 
Human structures within 1,000 feet of the CVP Alternative alignment are shown in Table 3-19. The 
primary risk of damage is associated with the effects of blasting during trenching, since none of the 
structures are in the direct alignment (excluding highway crossings, which are not included as part of this 
evaluation and in any event will be repaired as necessary). Structures or groups of structures that may be 
at risk from blasting include houses, manholes, pipes, wells, and other features; all other important 
structures are not near trench sections that would require blasting.  Many of these features occur near 
pipes and manholes within the Nephi’s Twist trail area; houses, manholes, and pipelines in the 
Toquerville area; and fire hydrants, pipelines, manholes, a gas pipeline, and building in the Pintura area.  
Special blasting methods may need to be employed to minimize the transfer of energy through rock and 
soil to the structures.  Use of lower-energy blasting methods at closer spacings would minimize the 
effects of blasting near structures.  Therefore no significant impacts would occur. 
 
4.6.1.7  Borrow and Spoil 
 
It is anticipated that most, if not all, material for the pipe zone and underlying bedding will be obtained 
from commercial sand and gravel pits.  Some public pits have been identified and may be used, but these 
are not likely to be major sources of material.  All borrow will be obtained from existing disturbed sites, 
either public or private.  Therefore no significant impacts associated with obtaining borrow materials 
would occur. 
 
Disposal of spoils is expected to be primarily, if not entirely, by spreading within the alignment right of 
way. This spreading will be in accordance with practices that would be reviewed and approved by the 
governing public agencies, including BLM and UDOT, as well as on private lands. In most locations, less 
than one foot of spoils is anticipated to be spread across the alignment right of way. Where spreading is 
not allowed or is not sufficient to dispose of all spoils, materials will be deposited in existing, largely 
used-up gravel pits. All spoiled materials would be reclaimed by stabilization practices and seeding with 
an approved seed mix. Therefore no significant impacts associated with spoils would occur. 
 
4.6.2 Operation and Maintenance Impacts 
 
4.6.2.1  Fault Movement 
 
None of the faults along the CVP Alternative alignment are believed to have a displacement rate of more 
than about 0.6 mm/yr, and most faults are projected to have much lower average rates of displacement, if 
any at all, during the design life of the Project.  A displacement of 0.6 mm/yr would result in a total 
displacement of 45 mm over the Project design life.  Because the Hurricane Fault has been seismically 
active in recent history (the most recent major earthquake occurring in 1992 near St. George), there is a 
risk of substantial rapid fault movement and associated displacement within the Project design life.  
However, average rates of displacement have been between 0.12 and 0.6 mm/yr, meaning that fault 
displacement probably would be significant to pipeline rupture only if it represents release of stresses that 
have accumulated for about 125 years or more (for a 75 mm displacement).  It is assumed that the 1992 
earthquake event and other relatively recent earthquakes along the Hurricane Fault released at least some 
of the accumulated stresses in the vicinity of the pipeline crossing on the Hurricane Fault.  Displacement 
rates, if known, on other major faults crossed by the CVP Alternative alignment are generally believed to 
be lower than displacement rates for most of the Hurricane Fault.  Therefore no significant impacts 
associated with fault movement would occur. 
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4.6.2.2  Seismic Activity 
 
The CVP Alternative alignment would lie parallel or near to the Hurricane fault system.  The Hurricane 
fault system, including interrelated normal faults and grabens within a fault zone parallel to and just west 
of the Hurricane Cliffs, is considered to be seismically active and has demonstrated the potential for 
relatively large-magnitude quakes, including the 5.8 magnitude St. George earthquake in 1992.  However, 
the CVP Alternative alignment lies within a zone of low to moderate potential for PGA with a two-
percent probability of exceedance over 50 years.  If proper consideration is given to using appropriate 
seismic design standards for pipelines and associated facilities, no significant impacts would occur.   
 
Saturated sandy soils occur at the La Verkin Creek crossing, but the projected PGA risk is low to 
moderate, and proper design and construction would minimize the risks associated with liquefaction.  
Therefore no significant impacts would occur as a result of liquefaction. 
 
4.6.2.3  Unstable Slopes 
 
Locations where rockfall and steep slopes exist along the CVP Alternative alignment are shown in 
Table 3-16.  No steep, unstable slopes were identified that would be likely to fail in a manner that would 
either be caused by, or cause damage to, the pipeline and associated facilities.  Therefore no significant 
impacts would occur. 
 
4.6.2.4  Expandable, Collapsible, or Subsiding Soils or Rocks 
 
Impacts associated with expandable, collapsible, or subsiding soils or rocks would be similar to 
construction impacts, except that operations and maintenance would occur over a longer period of time 
and therefore the probability of soil or rock expansion, collapse, or subsidence in a manner that could 
affect the Project may be greater.  However, if proper design and construction practices are followed, no 
significant impacts would occur. 
 
Reduction of pumping of groundwater in the Cedar Valley would help to reduce the rate of land 
subsidence associated with over pumping of the aquifer, and may cause subsidence to halt.  This would be 
a positive impact. 
 
4.6.2.5  Geologic Hazards to Human Health and Safety 
 
No significant impacts would occur. 
 
4.6.2.6  Important Structures and Mineral Resources 
 
No significant impacts would occur. 
 
4.6.2.7  Borrow and Spoil 
 
No significant impacts would occur. 
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4.7 No Lake Powell Water Alternative 
 
4.7.1 WCWCD No Lake Powell Water Alternative 
 
4.7.1.1  Fault Movement 
 
No impacts would occur. 
 
4.7.1.2  Seismic Activity 
 
No impacts would occur. 
 
4.7.1.3  Unstable Slopes 
 
No impacts would occur. 
 
4.7.1.4  Expandable, Collapsible, or Subsiding Soils or Rocks 
 
No impacts would occur. 
 
4.7.1.5  Geologic Hazards to Human Health and Safety 
 
No impacts would occur. 
 
4.7.1.6  Important Structures and Mineral Resources 
 
No impacts would occur. 
 
4.7.1.7  Borrow and Spoil 
 
No impacts would occur. 
 
4.7.2 C I C W C D No L ake Powell W ater  A lter native 
 
4.7.2.1  Fault Movement 
 
No impacts would occur. 
 
4.7.2.2  Seismic Activity 
 
No impacts would occur. 
 
4.7.2.3  Unstable Slopes 
 
No impacts would occur. 
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4.7.2.4  Expandable, Collapsible, or Subsiding Soils or Rocks 
 
Over pumping of groundwater in the Cedar Valley would continue to deplete the aquifer, which would 
result in continuation of land subsidence.  This would not be a significant impact on the Project since 
there would be no pipeline or facilities to damage.  However, the effect on land users could be significant 
if subsidence changes drainage patterns.  Also, soil fissures caused by land subsidence already allow 
direct inflow of raw surface water into the ground and may provide a conduit for surface water to flow 
unfiltered into the aquifer.  If this trend continues due to over pumping, it could have a significant impact 
on groundwater quality. 
 
4.7.2.5  Geologic Hazards to Human Health and Safety 
 
No impacts would occur. 
 
4.7.2.6  Important Structures and Mineral Resources 
 
No impacts would occur. 
 
4.7.2.7  Borrow and Spoil 
 
No impacts would occur. 
 
4.7.3 K C W C D No L ake Powell W ater  A lter native 
 
4.7.3.1  Fault Movement 
 
No impacts would occur. 
 
4.7.3.2  Seismic Activity 
 
No impacts would occur. 
 
4.7.3.3  Unstable Slopes 
 
No impacts would occur. 
 
4.7.3.4  Expandable, Collapsible, or Subsiding Soils or Rocks 
 
No impacts would occur. 
 
4.7.3.5  Geologic Hazards to Human Health and Safety 
 
No impacts would occur. 
 
4.7.3.6  Important Structures and Mineral Resources 
 
No impacts would occur. 
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4.7.3.7  Borrow and Spoil 
 
No impacts would occur. 
 
 

4.8 No Action Alternative 
 
4.8.1 W C W C D No L ake Powell W ater  A lter native 
 
4.8.1.1  Fault Movement 
 
No impacts would occur. 
 
4.8.1.2  Seismic Activity 
 
No impacts would occur. 
 
4.8.1.3  Unstable Slopes 
 
No impacts would occur. 
 
4.8.1.4  Expandable, Collapsible, or Subsiding Soils or Rocks 
 
No impacts would occur. 
 
4.8.1.5  Geologic Hazards to Human Health and Safety 
 
No impacts would occur. 
 
4.8.1.6  Important Structures and Mineral Resources 
 
No impacts would occur. 
 
4.8.1.7  Borrow and Spoil 
 
No impacts would occur. 
 
4.8.2 C I C W C D No L ake Powell W ater  A lter native 
 
4.8.2.1  Fault Movement 
 
No impacts would occur. 
 
4.8.2.2  Seismic Activity 
 
No impacts would occur. 
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4.8.2.3  Unstable Slopes 
 
No impacts would occur. 
 
4.8.2.4  Expandable, Collapsible, or Subsiding Soils or Rocks 
 
Impacts would be the same as for the No Lake Powell Water Alternative. 
 
4.8.2.5  Geologic Hazards to Human Health and Safety 
 
No impacts would occur. 
 
4.8.2.6  Important Structures and Mineral Resources 
 
No impacts would occur. 
 
4.8.2.7  Borrow and Spoil 
 
No impacts would occur. 
 
4.8.3 K C W C D No L ake Powell W ater  A lter native 
 
4.8.3.1  Fault Movement 
 
No impacts would occur. 
 
4.8.3.2  Seismic Activity 
 
No impacts would occur. 
 
4.8.3.3  Unstable Slopes 
 
No impacts would occur. 
 
4.8.3.4  Expandable, Collapsible, or Subsiding Soils or Rocks 
 
No impacts would occur. 
 
4.8.3.5  Geologic Hazards to Human Health and Safety 
 
No impacts would occur. 
 
4.8.3.6  Important Structures and Mineral Resources 
 
No impacts would occur. 
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4.8.3.7  Borrow and Spoil 
 
No impacts would occur. 
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Chapter 5 
Mitigation and Monitoring 

 
 

5.1 South Alternative 
 
5.1.1 Mitigation 
 
No mitigation of impacts would be required if Best Management Practices are followed and design and 
construction activities include consideration of risks identified. 
 
5.1.2 Monitoring 
 
No monitoring would be required. 
 
 

5.2 Existing Highway Pipeline Alternative 
 
5.2.1 Mitigation 
 
No mitigation of impacts would be required if Best Management Practices are followed and design and 
construction activities include consideration of risks identified. 
 
5.2.2 Monitoring 
 
No monitoring would be required. 
 
 

5.3 Southeast Corner Alternative 
 
5.3.1 Mitigation 
 
No mitigation of impacts would be required if Best Management Practices are followed and design and 
construction activities include consideration of risks identified. 
 
5.3.2 Monitoring 
 
No monitoring would be required. 
 
 

5.4 Cedar Valley Pipeline Alternative 
 
5.4.1 Mitigation 
 
No mitigation of impacts would be required if Best Management Practices are followed and design and 
construction activities include consideration of risks identified. 
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5.4.2 Monitoring 
 
No monitoring would be required. 
 
 

5.5 No Lake Powell Water Alternative 
 
5.5.1 Mitigation 
 
Alternative water supplies, combined with extensive water conservation measures, would be necessary to 
mitigate for increased demands from growth.   
 
Subsidence resulting from over pumping of groundwater in the Cedar Valley would require regular 
repairs of broken or damaged structures, including roads, buildings, or other structures in the direct 
alignment of soil fissures.  Damage to pipelines and reversal of gravity flow may require redesign and 
replacement of pipelines and possibly installation of pump stations and associated power requirements. 
 
5.4.2 Monitoring 
 
Monitoring of subsidence in affected areas may be required, including periodic land elevation surveys in 
developed areas where evidence of subsidence occurs. 
 
 

5.6 No Action Alternative 
 
5.6.1 Mitigation 
 
Alternative water supplies, combined with extensive water conservation measures, would be necessary to 
mitigate for increased demands from growth.   
 
Subsidence resulting from over pumping of groundwater in the Cedar Valley would require regular 
repairs of broken or damaged structures, including roads, buildings, or other structures in the direct 
alignment of soil fissures.  Damage to pipelines and reversal of gravity flow may require redesign and 
replacement of pipelines and possibly installation of pump stations and associated power requirements. 
 
5.6.2 Monitoring 
 
Monitoring of subsidence in affected areas may be required, including periodic land elevation surveys in 
developed areas where evidence of subsidence occurs. 
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Chapter 6 
Unavoidable Adverse Impacts 

 
 

6.1 South Alternative 
 
No unavoidable adverse impacts associated would occur. 
 
 

6.2 Existing Highway Pipeline Alternative 
 
No unavoidable adverse impacts would occur. 
 
 

6.3 Southeast Corner Line Alternative 
 
No unavoidable adverse impacts would occur. 
 
 

6.4 Cedar Valley Pipeline Alternative 
 
No unavoidable adverse impacts would occur. 
 
 

6.5 No Lake Powell Water Alternative 
 
Continued subsidence of land levels, with associated damage to property and structures, would occur in 
portions of the Cedar Valley. 
 
 

6.6 No Action Alternative 
 
Continued subsidence of land levels, with associated damage to property and structures, would occur in 
portions of the Cedar Valley. 
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Chapter 7 
Cumulative Impacts 

 
 
This chapter analyzes cumulative impacts that may occur from construction and operation of the proposed 
LPP project when combined with the impacts of other past, present, and reasonably foreseeable future 
actions and projects after all proposed mitigation measures have been implemented. Only those resources 
with the potential to cause cumulative impacts are analyzed in this chapter. 
 
 

7.1 South Alternative 
 
(The cumulative impacts analysis is pending completion for identification of inter-related projects that 
would cause cumulative impacts with the LPP project.) 
 
 

7.2 Existing Highway Alternative 
 
(The cumulative impacts analysis is pending completion for identification of inter-related projects that 
would cause cumulative impacts with the LPP project.) 
 
 

7.3 Southeast Corner Alternative 
 
(The cumulative impacts analysis is pending completion for identification of inter-related projects that 
would cause cumulative impacts with the LPP project.) 
 
 

7.4 Transmission Line Alternatives 
 
(The cumulative impacts analysis is pending completion for identification of inter-related projects that 
would cause cumulative impacts with the LPP project.) 
 
 

7.5 No Lake Powell Water Alternative 
 
(The cumulative impacts analysis is pending completion for identification of inter-related projects that 
would cause cumulative impacts with the LPP project.) 
 
 

7.6 No Action Alternative 
 
The No Action Alternative would have no cumulative impacts. 
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Glossary 
 
 
Alluvium.   A deposit of soil particles transported by flowing water. 
 
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. 
 
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. 
 
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. 
 
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. 
 
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 10,000 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. 
 
Quaternary Period.  A unit of geologic time corresponding to the period at about the beginning of the 
last Ice Age until the present time, roughly  1.8 million years, and inclusive of the Pleistocene and 
Holocene Epochs. 
 
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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Abbreviations and Acronyms 
 
 
ABM Arizona Bureau of Mines 
ASTM American Society for Testing and Materials 
BEGE 
BLM U.S. Department of the Interior, Bureau of Land Management 
BMP Best Management Practices 
BPS Booster Pump Station 
CBPS Cedar Valley Pipeline Booster Pump Station 
CFR Code of Federal Regulations 
CICWCD Central Iron County Water Conservancy District 
CVP Cedar Valley Pipeline 
FERC Federal Energy Regulatory Commission 
FWLA Fugro, Williams, Lettice and Associates 
GOPB Utah Governor’s Office of Planning and Budget 
gpcd Gallons per capita day 
GSENM Grand Staircase-Escalante National Monument 
HS Hydropower Station 
HWY Highway 
Hydro Hydropower 
KCWCD Kane County Water Conservancy District 
kV kilovolt 
LPP Lake Powell Pipeline 
Ma Million years ago 
M&I Municipal and Industrial 
MSL Mean Sea Level (feet above) 
NPS U.S. Department of the Interior, National Park Service 
NRCS U.S. Department of Agriculture, Natural Resource Conservation Service 
O&M Operations and Maintenance 
OSHA Occupational Safety and Health Administration 
PGA Peak Ground Acceleration 
Project Lake Powell Pipeline Project 
RO Reverse Osmosis 
SITLA Utah School and Institutional Trust Lands Administration 
Study Plan FERC Geology and Soils Study Plan 
TDS Total Dissolved Solids 
UBWR Utah Board of Water Resources 
UDWR Utah Department of Water Resources 
USCS Unified Soil Classification System 
UGS Utah Geological Survey 
UGMS Geological and Mineralogical Survey (now UGS) 
USBR U.S. Department of the Interior, Bureau of Reclamation 
USGS U.S. Department of the Interior, Geological Survey 
WCS Water Conveyance System 
WCWCD Washington County Water Conservancy District 
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Appendices 
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