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The Fredonia Natural Resource Conservation District and Town of Fredonia, with assistance from the NRCS, 
completed a Supplemental Watershed Plan and Environmental Assessment (Plan/EA) in 2009. The Plan/EA 
details replacement of the FRS with a levee/floodway system to provide continued flood protection for the Town 
of Fredonia. The total damage reduction benefit from the rehabilitation project is estimated at $31 million. NRCS 
is working with the Fredonia Natural Resource Conservation District and Town of Fredonia to complete 
engineering design and specifications for this high priority dam rehabilitation project. Construction is projected to 
begin once all funding has been secured and be completed approximately two years thereafter. 

The Existing Highway Alternative would be constructed through a portion of the FRS dam near Lost Spring 
Wash. Although the construction of this project is projected to occur prior to the Lake Powell Pipeline 
construction, the operational effects of the Existing Highway Alternative is considered in the cumulative effects 
analysis. 
Resources with potential to have cumulative effects with the LPP Project effects: 

Archaeological and Historic-Era Resources 
Paleontological Resources 
Ethnographic Resources 
Land Use Plans and Conflicts 
Socioeconomic Resources 
Surface Water Resources 

5.3 Proposed Action and Alternatives 

This section describes the anticipated effects of the Proposed Action and alternatives on environmental resources. 
The following topics are addressed for each affected resource: affected environment; environmental effects of the 
Proposed Action and alternatives; proposed protection, mitigation and enhancement (PM&E) measures and their 
effects; cumulative effects; and unavoidable adverse effects. 

5.3.1 Geology and Soil Resources 

 Affected Environment 

5.3.1.1.1 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.  The LPP 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. 

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. 
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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 facility. 

5.3.1.1.2 Area of Potential Effect.  

The area of potential effect (APE) for geology and soil resources includes a corridor encompassing both sides of 
each of the alignments identified and described in Chapter 3. The corridor extended 200 feet on either side of the 
alternative alignments to evaluate an area on either side of the pipeline that might reasonably be affected during 
construction or operation.  A 1,000 foot corridor was evaluated on either side of the alignments for effects on 
important structures and mineral resources because structures and access to mineral resource extraction facilities 
could be affected by blasting or excavation, or access could be limited during construction.  Important structures 
are defined as features such as wells, utility alignments, and buildings, and excludes common features such as 
roads and power or telephone poles.   

For all action alternatives, the Transmission Line Alignments described in Section 1.2.3 would include the 
following activities that would affect geology and soil resources: 

 Auguring for placement of poles 
 Construction of foundations for towers 
 Improvement of existing roads for access 

 
Auguring for placement of holes is a localized activity that will disturb and permanently displace a small area at 
each pole location.  Construction of tower foundations will disturb and permanently displace a slightly larger area 
for each foundation.  Existing roads will be used for construction and maintenance access, including public 
highways, gravel roads, and dirt roads.  Some roads, primarily “two-track” dirt roads or gravel roads in poor 
condition, will be improved by adding crushed rock where needed for stability or by widening to 10 feet where 
too narrow for safe operation.  These represent both construction and operation effects. The Transmission Line 
Alignments described in Chapter 3 are not included in this section because these alternatives would not materially 
affect geology and soil resources. 

5.3.1.1.3 Fault Movement.  

The fault crossings evaluated for the LPP pipelines and penstocks are summarized in Table 5-3. The fault 
crossings evaluated to be of potentially high relevance for the LPP pipelines and penstocks are the Sevier fault, 
the Hurricane fault, and the West Grass Valley fault. The Sevier fault crosses the Highway, South and Southeast 
Corner alternatives. The Sevier fault hazard was designated as potentially high relevance based on evidence of 
Quaternary displacement and the presence of a 3 to 4 foot scarp just south of the Highway alternative alignment 
and the displacement of 5 to 6 feet of alluvium near the Proposed Action alignment. The Hurricane Fault is 
crossed by the LPP Hydro alignment common to all alternatives. It is designated as potentially high relevance 
because of its potential for generating high-magnitude earthquakes, recent movement and relatively high 
recurrence intervals. The West Grass Valley fault hazard was designated as potentially high relevance based on 
displacement of the approximately 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 effects associated with a pipeline rupture. 
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5.3.1.1.4 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. 

5.3.1.1.5 Unstable Slopes.  

Rocks along the LPP alternative 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 alternative alignments 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 because of westward 
downthrown displacement. Basalt outcrops are present primarily near the end of the Hydro System 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 5-4. The locations of survey points are shown on Figures 
5-6 and 5-7. 

 
Table 5-3 

Fault Intersection Assessment 
Page 1 of 2

Fault Name Alignment 
Station 
Range 

Rupture 
Assessment 

Urban 
Development 

Preliminary 
Effect Risk Remarks 

Glen Canyon 
City fault 

Highway 820 + 00 
Not 

significant 
No Low 

  
East Kaibab fault 

– Cockscomb 
Highway 1729 + 20 

Not 
significant 

No Low 
  

Central Kaibab 
fault 

Highway 2270 + 00 
Low 

significance 
No Low 

  

West Kaibab 
fault 

Highway 
2570 + 00 
and 2579 + 

00 

Low 
significance 

No Low 
Fault locations 

inferred 

Highway 2600+00 
Low 

significance 
No Low 

Fault location inferred; 
possible splay at 

2566+30 

South 
3030+00 to 

3060+00  
Low 

significance 
No Low 

Fault locations 
inferred 

Paunsaugunt 
fault 

Highway 2950 + 00 
Low 

significance 
Yes Low 

Fault locations 
inferred 

Johnson Canyon 
fault 

Highway 
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 

  
  



Lake Powell Pipeline Project  5-32 4/30/2016 
Exhibit E 

 
Table 5-3 

Fault Intersection Assessment 
Page 2 of 2

Fault Name Alignment 
Station 
Range 

Rupture 
Assessment 

Urban 
Development 

Preliminary 
Effect Risk Remarks 

Sevier fault 
(N. Toroweap) 

Highway 4704 + 10 
High 

significance 
No Low 

  

South 4985 + 35 
High 

significance 
No Low 

  

Short Creek fault Highway 
5920 + 00 to 

5940 + 00 
Not 

significant 
No Low 

  

Hurricane fault LPP Hydro 7192+00 
High 

significance 
Yes Moderate  

West Grass 
Valley fault 

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 

Remnants Basalt 
faults 

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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Table 5-4 

Field Survey of Rock Characteristics 
Page 1 of 5

Station Northing Easting Symbol Formation Lithology Hardness
Unconfined 

Compressive 
Strength (psi)1 

Weathering Alteration Strength Color Texture 

 Water Conveyance System  
4+00 4088436.3N 456406.9E Jn Navajo Sandstone Sandstone H/MH 7,250-14,500/ 

1,810-7,250 
M SA S/MS red, pink, white MG 

45+00 4088382.4N 455423.4E Jn Navajo Sandstone Sandstone H/MH 7,250-14,500/ 
1,810-7,250 

M SA S/MS red, pink, white MG 

50+00 4088538.9N 455464.5E Jn/Jc Contact Carmel Formation dark brown weathered 
shale 

M/S 725-1,810/  
180-725 

MS MA MS/W white, tan, maroon A/FG 

50+00 4088538.9N 455464.5E Jn/Jc Contact Navajo Sandstone red sandstone H/MH 7,250-14,500/ 
1,810-7,250 

M SA S/MS red, pink, white MG 

85+00 4089350.3N 454931.6E Jc Carmel Formation dark red/ brown 
sandstone 

M/S 725-1,810/  
180-725 

MS MA MS/W white, tan, maroon A/FG 

200+00 4092583.3N 453610.5E Je Entrada Sandstone cross-bedded sandstone MH 1,810-7,250 M SA MS gray, tan, white FG 

880+00 4104734.9N 438028.4E Jpt Thousand Pockets 
Tongue of the Page 
Sandstone 

cross-bedded, poorly 
cemented sandstone 

MH/M 1,810-7,250/ 
725-1810 

M SA MS tan, gray, pink CG 

1170+00 4106278.5N 429298.5E Jcu Upper Unit, Carmel sandstone over 
weathered limestone, 
maroon banding 

M/S 725-1,810/  
180-725 

MS MA MS/W white, tan, maroon A/FG 

1390+00 4106438.4N 423109.2E Jcu Upper Unit, Carmel sandstone over 
weathered limestone, 
maroon banding 

M/S 725-1,810/  
180-725 

MS MA MS/W white, tan, maroon A/FG 

1685+00 4109475.4N 414797.6E Jcu/Je contact Upper Unit, Carmel weathered shale M/S 725-1,810/ 
180-725 

MS MA MS/W white, tan, maroon A/FG 

1685+00 4109475.4N 414797.6E Jcu/Je contact Entrada Sandstone Sandstone MH 1,810-7,250 M SA MS gray, tan, white FG 

1710+00 4109330.3N 414137.5E Jn Navajo Sandstone massive eolian 
sandstone 

H/MH 7,250-14,500/ 
1,810-7,250 

M SA S/MS red, pink, white MG 

1745+00 4109133.5N 413217.0E Jmo Moenave Sandstone sandstone/ siltstone MH 1,810-7,250 M SA S/MS red, brown, white FG 

1770+00 4109988.9N 413240.5E TRml/Pk contact Lower Red Member, 
Moenkopi 

red sandstone VH/H 14,500-36,250/ 
7,250-14,500 

MS SA VS/S tan, brown, red FG/MG/CG 

1770+00 4109988.9N 413240.5E TRml/Pk contact Kaibab Limestone VH 14,500-36,250 M MA VS tan, gray MG 

1905+00 4113985.8N 413682.5E TRmm Middle Red Member, 
Moenkopi 

sandstone/ siltstone S/VS 180-725/  
90-180 

VS MA/HA W/VW red, brown, gray, 
white, green 

FG 

1935+00 
BPS-4 (Alt.) 

4114806.4N 413463.3E TRml/TRmt contact Lower Red Member, 
Moenkopi 

red sandstone/ shale VH/H 14,500-36,250/ 
7,250-14,500 

MS SA VS/S tan, brown, red FG/MG/CG 

1935+00 
BPS-4 (Alt.) 

4114806.4N 413463.3E TRml/TRmt contact Timpoweap Member, 
Moenkopi 

yellow limestone VH 14,500-36,250 F/VS F ES tan, yellow, brown FG 
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Table 5-4 

Field Survey of Rock Characteristics 
Page 2 of 5

Station Northing Easting Symbol Formation Lithology Hardness
Unconfined 

Compressive 
Strength (psi)1 

Weathering Alteration Strength Color Texture 

 Water Conveyance System (cont.)  

1980+00 4115691.4N 412914.2E TRmt Timpoweap Member, 
Moenkopi 

Limestone H 7,250-14,500 S/M SA/MA VS tan, gray FG 

2059+00 4115183.8N 410520.4E TRml Lower Red Member, 
Moenkopi 

angular, platy, broken 
red shale 

S/VS 180-725/  
90-180 

VS CA W/VW red, brown, white, 
green 

A 

2060+00 4115140.4N 410453.6E TRmt Timpoweap member, 
Moenkopi 

limestone/ sandstone H 7,250-14,500 S/M SA/MA VS tan, gray FG 

2270+00 4111654.2N 405237.7E TRmt Timpoweap Member, 
Moenkopi 

limestone/ sandstone H 7,250-14,500 S/M SA/MA VS tan, gray FG 

2350+00 4109960.8N 403387.7E TRmt Timpoweap Member, 
Moenkopi 

massive dolomite H 7,250-14,500 M/MS SA S tan A/FG 

2400+00 4108881.9N 402026.2E TRml Lower Red Member, 
Moenkopi 

thin platy sandstone 
with some shale 

VH/H 14,500-36,250/ 
7,250-14,500 

MS SA VS/S tan, brown, red FG/MG/CG 

2566+30 4105766N 398917E TRml/TRmm contact Middle Red Member, 
Moenkopi 

siltstone S 90-180 VS MA W/VW red, brown FG 

2674+20 
HPRT-2 

4102952N 397331E TRmm Middle Red Member, 
Moenkopi 

siltstone S 90-180 VS MA W/VW red, brown FG 

2915+40 4099966N 391090E TRmm Middle Red Member, 
Moenkopi 

siltstone 
S 90-180 VS MA W/VW red, brown 

FG 

 Hydro System  

2736+60 
HS-1 

4101494N 396146E TRmm Middle Red Member, 
Moenkopi 

siltstone S 90-180 VS MA W/VW red, brown FG 

2800+80 4100625N 394468E TRmm Middle Red Member, 
Moenkopi 

siltstone S 90-180 VS MA W/VW red, brown FG 

5950+00 4093084.5N 324388.0E JTRm Moenave Sandstone sandstone/ siltstone MH 1,810-7,250 M SA S/MS red, brown, white FG 

6270+00 4096842.1N 317795.3E TRcs Shinarump Member, 
Chinle 

sandstone and 
conglomerate 

MH 1,810-7,250 M F/SA VS/S tan, yellow, gray MG/CG 

6970+00 4100838.7N 297842.5E TRmv Virgin Limestone limestone boulders H/MH 7,250-14,500/ 
1,810-7,250 

VS/S SA S white, gray, tan, green FG 

6990+00 4101331.4N 297731.9E Qa Alluvium large boulders NA  NA NA NA NA NA 

7030+00 4102429.5N 297892.5E TRmv/TRml contact Virgin Limestone limestone H/MH 7,250-14,500/ 
1,810-7,250 

VS/S SA S white, gray, tan, green FG 

7030+00 4102429.5N 297892.5E TRmv/TRml contact Lower Red Member, 
Moenkopi 

red shale and sandstone VH/H 14,500-36,250/ 
7,250-14,500 

MS SA VS/S tan, brown, red FG/MG/CG 
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Table 5-4 

Field Survey of Rock Characteristics 
Page 3 of 5

Station Northing Easting Symbol Formation Lithology Hardness
Unconfined 

Compressive 
Strength (psi)1 

Weathering Alteration Strength Color Texture 

Hydro System-Existing Highway Alternative 
3670+00 4096916.5N 367886.3E TRcs Shinarump Member, 

Chinle 
sandstone/ 
conglomerate 

MH 1,810-7,250 M F/SA VS/S tan, yellow, gray MG/CG 

3685+00 4096532.3N 367859.7E TRcs Shinarump Member, 
Chinle 

sandstone/ 
conglomerate 

MH 1,810-7,250 M F/SA VS/S tan, yellow, gray MG/CG 

3750+00 4094829.5N 367280.7e TRm Lower or Middle Red 
Member, Moenkopi 

sandstone and shale VH/H 14,500-36,250/ 
7,250-14,500 

MS SA VS/S tan, brown, red FG/MG/CG 

4200+00 4086685.0N 359216.7E TRmm Middle Red Member, 
Moenkopi 

weathered shale S/VS 180-725/  
90-180 

VS MA/HA W/VW red, brown, gray, 
white, green 

FG 

5110+00 4082753.1N 332822.3E TRcp Petrified Forest 
Member, Chinle 

claystone/ siltstone 
with gypsum 

M/S 725-1,810/ 180-
725 

VS HA W red, purple, tan A/FG 

Hydro System-Proposed Action  
3000+00 4099328.2N 388045.3E TRcs Shinarump Member, 

Chinle 
med to coarse grained 
sandstone with 
conglomerate layer 

MH 1,810-7,250 M F/SA VS/S tan, yellow, gray MG/CG 

3010+00 4099306.8N 388268.3E TRcs/TRmu contact Shinarump Member, 
Chinle 

sandstone and 
conglomerate 

MH 1,810-7,250 M F/SA VS/S tan, yellow, gray MG/CG 

3010+00 4099306.8N 388268.3E TRcs/TRmu contact Upper Red Member, 
Moenkopi 

red shale S/VS 180-725/  
90-180 

VS MA/HA W/VW red, brown, gray, 
white, green 

FG 

3552+00 4088851.4N 377181.9E TRm Lower or Middle Red 
Member, Moenkopi 

hard sandstone and 
some platy siltstone 

VH/H 14,500-36,250/ 
7,250-14,500 

MS SA VS/S tan, brown, red FG/MG/CG 

3755+00 4085999.5N 372353.0E TRm Lower or Middle Red 
Member, Moenkopi 

red sandstone VH/H 14,500-36,250/ 
7,250-14,500 

MS SA VS/S tan, brown, red FG/MG/CG 

3880+00 4083471.9N 369665.4E TRm Lower or Middle Red 
Member, Moenkopi 

red sandstone VH/H 14,500-36,250/ 
7,250-14,500 

MS SA VS/S tan, brown, red FG/MG/CG 

4005+00 4081417.2N 367931.5E TRmt/PK Timpoweap Member, 
Moenkopi or Kaibab 

limestone VH 14,500-36,250 M MA VS tan, gray MG 

4060+00 4079350.1N 365921.2E TRmt/TRmt/Pkh Virgin Limestone, 
Timpoweap, or 
Harrisburg Member, 
Kaibab 

massive gray limestone 
with chert nodules 

VH 14,500-36,250 M MA VS tan, gray MG 

4150+00 4077276.4N 365367.0E TRmt/Pk Timpoweap Member, 
Moenkopi or Kaibab 

limestone VH 14,500-36,250 M MA VS tan, gray MG 

4180+00 4077021.0N 364591.1E Pkh Harrisburg Member, 
Kaibab 

limestone/ sandstone M 725-1,810 M SA MS tan FG 

4190+00 4077113.7N 364364.7E Pk Kaibab sandstone/ limestone M 725-1,810 M SA MS tan FG 
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Table 5-4 

Field Survey of Rock Characteristics 
Page 4 of 5

Station Northing Easting Symbol Formation Lithology Hardness
Unconfined 

Compressive 
Strength (psi)1 

Weathering Alteration Strength Color Texture 

Hydro System-Proposed Action (Cont.) 
4200+00 4077304.7N 363905.7E Pk Kaibab red and yellow 

limestone/ sandstone 
M 725-1,810 M SA MS tan FG 

4250+00 4077316.2N 362648.4E Pk Kaibab linestone outcrop M 725-1,810 M SA MS tan FG 

4275+00 4077348.2N 361248.5E Pkh Harrisburg Member, 
Kaibab 

limestone/ dolomite M 725-1,810 M SA MS tan FG 

4418+00 4076828.0N 357564.7E Pk Kaibab limestone M 725-1,810 M SA MS tan FG 

4420+00 4076890.8N 357558.9E Pkh 
Harrisburg Member, 
Kaibab 

cherty, fossiliferous 
limestone, weathered, 
blocky 

M 725-1,810 M SA MS tan FG 

4440+00 4076753.0N 357120.3E TRml Lower Red Member, 
Moenkopi 

red sandstone VH/H 14,500-36,250/ 
7,250-14,500 

MS SA VS/S tan, brown, red FG/MG/CG 

4602+00 4075023.2N 352695.2E Pk Kaibab rockfall hazard M 725-1,810 M SA MS tan FG 
4608+00 4074951.6N 352567.7E Pk Harrisburg Member or 

Fossil Mountain 
Member, Kaibab 

cherty, fossiliferous 
limestone, weathered, 
blocky 

M 725-1,810 M SA MS tan FG 

4610+00 4074647.9N 352525.5E TRml over Pkh Lower Red Member, 
Moenkopi 

red sandstone H/MH 7,250-14,500/ 
1,810-7,250 

S/M SA S light red CG 

4610+00 4074647.9N 352525.5E TRml over Pkh Harrisburg Member, 
Kaibab 

massive limestone VH 14,500-36,250 M MA VS tan, gray MG 

4680+00 4074279.1N 350329.9E TRml Lower Red Member, 
Moenkopi 

thin platy sandstone H/MH 7,250-14,500/ 
1,810-7,250 

S/M SA S light red CG 

5155+00 4075466.2N 336076.4E TRcs over TRmu Shinarump Member, 
Chinle 

sandstone and 
conglomerate 

MH 1,810-7,250 M F/SA VS/S tan, yellow, gray MG/CG 

5155+00 4075466.2N 336076.4E TRcs over TRmu Upper Red Member, 
Moenkopi 

red shale S/VS 182-725/  
90-180 

VS MA/HA W/VW red, brown, gray, 
white, green 

FG 

5170+00 4075549.3N 335216.8E TRcs Shinarump Member, 
Chinle 

coarse grained 
sandstone 

MH 1,810-7,250 M F/SA VS/S tan, yellow, gray MG/CG 

5170+00 4075719.8N 335269.5E TRcs Shinarump Member, 
Chinle 

medium grained 
sandstone 

MH 1,810-7,250 M F/SA VS/S tan, yellow, gray MG/CG 

Hydro System-Southeast Corner Alignment Alternative  
4100+00 4078902.9N 364032.8E TRml Lower Red Member, 

Moenkopi 
red sandstone VH/H 14,500-36,250/ 

7,250-14,500 
MS SA VS/S tan, brown, red FG/MG/CG 

4130+00 4078888.3N 363628.8E TRml Lower Red Member, 
Moenkopi 

red sandstone with 
white/ yellow 
weathered surface 

VH/H 14,500-36,250/ 
7,250-14,500 

MS SA VS/S tan, brown, red FG/MG/CG 

 



Lake Powell Pipeline 
Exhibit E 

4/30/2016

 

 

 

 
Table 5-4 

Field Survey of Rock Characteristics 
Page 5 of 5

Station Northing Easting Symbol Formation Lithology Hardness 
Unconfined 

Compressive 
Strength (psi)1 

Weathering Alteration Strength Color Texture 

Hydro System-Southeast Corner Alignment Alternative 
4160+00 4078270.3N 362765.1E TRml Lower Red Member, 

Moenkopi 
red sandstone VH/H 14,500-36,250/ 

7,250-14,500 
MS SA VS/S tan, brown, red FG/MG/CG 

4200+00 4077719.2N 361312.3E Pkh Harrisburg Member, 
Kaibab 

limestone/ dolomite M 725-1,810 M SA MS tan FG 

Hurricane Cliffs Pump Storage Forebay and Afterbay, and Sand Hollow Peaking Alignment Section of Hydro System 
N Forebay 
Embankment 

4104247.8N 296489.2E Qb Basalt basalt boulders VH 14,500-36,250 S SA VS black, cream A 

Between Forebay and 
Afterbay 

4104765.5N 296169.9E Pk/TRmt Kaibab Limestone/ 
Timpoweap 

massive limestone H 7,250-14,500 S MA ES tan FG 

Hurricane Cliffs 4104808.6N 295824.5E Pk Kaibab massive, cherty, 
fossiliferous limestone 

VH 14,500-36,250 M MA VS tan, gray MG 

40+00 N of Afterbay 4106914.1N 294554.3E Qb Basalt basalt flow VH 14,500-36,250 S SA VS black, cream A 

Sand Hollow Pump Storage Alignment Section of Hydro System 
41+80 4104099N 292795E Qb/Jn 

Basalt/Navajo 
Sandstone 

basalt boulders 
overlying sandstone 
and sand

VH/MH 
100-14,500/ 
1,810-7,250 

F/M F/MA VS/MS 
black, dark gray /red, 
pink 

A/MG 

84+80 4105213N 292285E Qb Basalt basalt boulders in sand VH 14,500-36,250 VS F VS dark gray A 

90+80 4105392N 292250E Qb Basalt 
basalt boulders (E. of 
alignment) VH 14,500-36,250 F F VS black A 

195+90 4108056 290736 Jn Navajo Sandstone sandstone outcrop in 
gulley, overlain by 
sand 

M 725-1,810 MS SA MS red, pink MG 

Notes:  
Hardness: VH=Very Hard, H=Hard, MH=Medium Hard, M=Medium, S=Soft, VS=Very Soft. 
Weathering: F=Fresh, VS=Very Slight, S=Slight, M=Moderate, MS=Moderately Severe. 
Alteration: F=Fresh, SA=Slight Alteration, MA=Medium Alteration, HA=High Alteration, CA=Complete Alteration. 
Strength: ES=Extremely Strong, VS=Very Strong, S=Strong, MS=Medium Strong, W=Weak, VW=Very Weak. 
Texture: CG=Coarse Grained, MG=Medium Grained, FG=Fine Grained, A=Amorphous.  General: NA=Not Applicable. 
1Unconfined compressive strength range(s) correspond to the hardness(es) called out in the adjacent column of hardness descriptions. The descriptions and strength ranges are as presented in the National Engineering Handbook.  Part 631, Geology.  Chapter 4, 
Engineering Classification of Rock Materials.  Table 4-3, Unconfined Compressive Strength of Rock Materials. U.S. Department of Agriculture, Natural Resources Conservation Service (NRCS). 2012 
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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.  

The geology and/or rock hazards are shown on Figures 5-8 and 5-9, 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 divided into segments where they are likely to exist along the 
alignment, and are displayed in Tables 5-5 through 5-8. 

5.3.1.1.6 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. 

Drilling and subsurface characterization of rock and soil conditions for foundations of proposed facilities for all 
action alternatives were not authorized by land management agencies except at the Intake Structure and the 
Hurricane Cliffs Hydropower locations.  Subsurface characterization at the locations of proposed facilities and 
along the pipeline alignment of the selected alternative will be performed prior to the detailed design.   

Cryptobiotic soils are present along much of the LPP Project alignments.  Cryptobiotic soil crusts consist of soil 
cyanobacteria, lichens and mosses that live on and within the soil matrix.  Cryptobiotic crusts protect and stabilize 
soils against wind erosion and promote water infiltration, and can provide nutrients for other plant growth. 

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 5-9. The locations of the field survey points are shown on 
Figures 5-10 and 5-11. 

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. No 
landslides or slumping features were observed or recorded throughout the area of potential effect from the Intake 
Pump Station to Sand Hollow Reservoir. The base of the Hurricane Cliffs and the adjacent valley floor contain 
colluvial and alluvial deposits, along with large blocks of bedrock that have fallen off the cliff faces and tumbled 
to stable locations. 

Soil hazards have been divided into segments where they are likely to exist along the alignment, and are shown in 
Tables 5-10 through 5-13. Soil hazards are shown on Figures 5-12 and 5-13 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. 
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Table 5-5 

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 5-6 

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 5-7 

Hydro System-Proposed Action 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 5-8 

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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Table 5-9 

Field Survey of Soil Characteristics 
Page 1 of 6 

Station Northing Easting 
Soil 

Symbol 
Soil Name 

USCS 
Class 

% 
Cobble 

% 
Gravel 

% C. 
Sand 

% 
M. 

Sand 

% F. 
Sand 

% 
Fines 

Color 
Fines 

Dilatancy 
Toughness Plasticity 

Fines 
Consistency 

Sand/Gravel 
Angularity 

Cementation Origin 

Water Conveyance System 

54+00  4088618.7N 455367.0E 33 
Pagina-Wahweap 

complex 
SP 0 0 0 0 100 0 Red NA NA NA NA R W 

derived from Navajo 
SS 

74+50 
BPS-1 

4089219.9N 455127.5E 33 
Pagina-Wahweap 

complex 
SP 0 0 0 0 100 0 Red NA NA NA NA R W 

derived from Navajo 
SS 

100+00  4089635.3N 454824.2E 33 
Pagina-Wahweap 

complex 
SP 0 0 0 0 100 0 Red NA NA NA NA R W 

derived from Navajo 
SS 

550+00  4098818.8N 445524.6E s342 
Rock Outcrop - 

Moenkopi 
SP 0 0 0 50 50 0 Red NA NA NA NA R W weathered Moenkopi 

790+30 4104003N 440509E s351 

Wayneco-Sazi-Rock 
outcrop-Rizno-
Palma-Mespun 

(most like Mespun 
soils) 

SP 0 TR TR 10 90 0 Red NA NA NA NA R W   

1315+50 4106795.7N 424793.8E 5138 
Nakai-Sheppard 

complex 
SM 0 0 0 0 60 40 Red NA NA NA NA R W 

limestone derived, 
weathered Jcu 

1905+00  4113981.0N 413681.6E 5112 Barx-Radnik SP 0 0 0 0 100 0 Red NA NA NA NA R W eolian 

2030+00  4115584.0N 411334.6E 5037 
Barx fine sandy 

loam 
SP 0 0 0 0 100 0 Red Rapid Low 

Non-
Plastic 

NA R None alluvium/ eolian 

2090+00  4114860.5N 410168.7E 5037 
Barx fine sandy 

loam 
SP 0 0 0 0 100 0 Red Rapid Low 

Non-
Plastic 

NA R None alluvium/ eolian 

2540+00  4106194.0N 399089.9E 5172 
Ruinpoint-Barx 

complex 
SC 0 0 0 60 0 40 Red, Brown NA NA NA NA SR W weathered Moenkopi 

2680+00  4103412.6N 395774.4E 5171 
Kenzo-Retsabal-

Progresso Complex 
CL 0 0 0 0 0 100 

Pale Tan, 
Pale Red 

Rapid Low Low Hard NA None 
alluvium from 

Moenkopi/ Chinle 

2741+00  
HS-1 

4102274.4N 394311.4E 5171 
Kenzo-Retsabal-

Progresso Complex 
CL 0 0 0 0 0 100 

Pale Tan, 
Pale Red 

Rapid Low Low Hard NA None weathered Moenkopi 

2920+00  4100067.2N 389563.9E 5171 
Kenzo-Retsabal-

Progresso Complex 
CL 0 0 0 0 0 100 

Pale Tan, 
Pale Red 

Rapid Low Low Hard NA None 
alluvium from 

Moenkopi/ Chinle 
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Table 5-9 

Field Survey of Soil Characteristics 
Page 2 of 6 

Station Northing Easting 
Soil 

Symbol 
Soil Name 

USCS 
Class 

% 
Cobble 

% 
Gravel 

% C. 
Sand 

% M. 
Sand 

% F. 
Sand 

% 
Fines 

Color 
Fines 

Dilatancy 
Toughness Plasticity 

Fines 
Consistency 

Sand/Gravel 
Angularity 

Cementation Origin 

Hydro System 

5880+00  4090724.6N 325815.4E 2 
Barx fine sandy 

loam 
SP 0 0 0 0 80 20 Pale Red Rapid Low Low Firm R M alluvium/ eolian 

5950+00  4093084.5N 324388.5E 37 Mido fine sand SC 0 10 0 10 40 40 Pale Red Rapid Low Medium Firm R - SR W 
alluvium/ eolian/ 

weathered in place ss 

6050+00  4095657.7N 322692.3E 38/44 
Mido loamy fine 

sand 
SC/CL 0 0 0 0 

40 - 
60 

40 - 
60 

Brown, 
Pale Red 

Rapid Low Medium Hard R - SR M-S alluvium 

6090+00  4095689.7N 321777.7E 44 
Palma loamy fine 

sand 
SP 0 0 0 50 50 0 Red NA NA Non-Plastic NA SR - R None eolian 

6148+50  4096810.3N 321103.4E PAC/44 
Palma loamy fine 

sand 
SP 0 0 0 50 50 0 Red NA NA Non-Plastic NA SR - R None eolian 

6210+00  4096810.3N 321103.4E MFD/50 
Mespun Fine 

Sand/Radnik Fine 
Sandy Loam 

SP 0 5 0 0 95 0 Pale Red NA NA Non-Plastic NA R W 
wind-blown sand 

over Petrified Forest 
member 

6275+00  4096825.2N 317303.4E 6 
Bidonia-Bond Rock 

outcrop complex 
SC 0 0 0 35 35 30 

Red, 
Brown 

Rapid Low 
Low to 

Medium 
Firm to Hard SR - R 

W, some 
caliche 

alluvium 

6440+00  4098129.9N 312524.9E NaC Naplene Silt loam CH 0 <5 0 0 0 95 Red Rapid Low High Firm NA None 
alluvium from 

Moenkopi 

6450+00  4097750.5N 311879.9E NaC Naplene Silt loam CH 0 <5 0 0 0 95 Red Rapid Low High Firm NA W 
alluvium from 

Moenkopi 

6550+00  4098207.8N 309105.2E SH Schmutz Loam ML 5 TR 0 0 10 85 
Pale 

Brown 
Rapid Low Low Soft NA W old alluvium 

6920+00  4099229.1N 298223.6E SH Schmutz Loam ML 5 TR 0 0 10 85 
Pale 

Brown 
Rapid Low Low Soft SR None old alluvium 
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Table 5-9 
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Station Northing Easting 
Soil 

Symbol 
Soil Name 

USCS 
Class 

% 
Cobble 

% 
Gravel 

% C. 
Sand 

% M. 
Sand 

% F. 
Sand 

% 
Fines 

Color 
Fines 

Dilatancy 
Toughness Plasticity 

Fines 
Consistency 

Sand/Gravel 
Angularity 

Cementation Origin 

Hydro System-Existing Highway Alternative 

3130+00  4099907.1N 383222.9E s8197 
Yarts/Palma/ 

Neville Family - 
Barx Atchee 

SM 0 5 0 0 70 25 Red Rapid Low Non-Plastic Firm 
SA (gravel) R 

(sand) 
None 

alluvium from 
Jm/TRcp 

3230+00  4099906.8N 380408.5E s8197 
Yarts/Palma/ 

Neville Family - 
Barx Atchee 

SM 0 5 0 0 70 25 Red Rapid Low Non-Plastic Firm 
SA (gravel) R 

(sand) 
None 

alluvium from 
Jm/TRcp 

3380+00  4099316.1N 376007.0E s8197 
Yarts/Palma/ 

Neville Family - 
Barx Atchee 

ML 0 0 0 0 0 100 Red Rapid Low Non-Plastic Soft NA None alluvium 

3500+00  4098259.9N 372599.9E s8197 
Yarts/Palma/ 

Neville Family - 
Barx Atchee 

ML 0 0 0 0 0 100 Red Rapid Low Non-Plastic Soft NA M eolian or alluvium 

3610+00  4098085.9N 369348.3E s8198 
Skos - Rock 

Outcrop 
CL/CH 0 0 0 0 0 100 

Red, 
Brown 

unknown unknown unknown unknown NA unknown alluvium 

3665+00  4096965.1N 367943.2E s8197 
Yarts/Palma/ 

Neville Family - 
Barx Atchee 

CL/CH 0 0 0 0 0 100 
Red, 

Brown 
unknown unknown unknown unknown NA unknown alluvium 

3750+00  4094828.6N 367280.1E 47 Torriorthents ML, CL 0 0 0 0 5 95 

Pale Tan, 
Gray, 
Pale 

Green 

Rapid Low Non-Plastic Hard SR M 
alluvium derived 
from limestone 

3780+00  4093829.7N 366506.6E 16 
Glenyon silty clay 

loam 
CH 0 0 0 0 0 100 Red None Low High Firm NA W alluvium 

3820+00  4093022.1N 366573.4E 47 Torriorthents ML 0 0 0 0 5 95 

Pale Tan, 
Gray, 
Pale 

Green 

Rapid Low Non-Plastic Hard SR M 
alluvium derived 
from limestone 

3950+00  4091804.0N 363468.3E 18/19 
Jocity loamy fine 

sand 
CH 0 0 0 0 0 100 Pale Red None Medium High Hard NA M alluvium 

4005+00  4090301.9N 362966.3E 15 
Gypsiorthids 

shallow complex 
ML 0 0 0 0 30 70 Pale Red Rapid Low Non-Plastic Hard R M eolian or alluvium 

4110+00  4088167.4N 360856.4E 55 Sheppard fine sand SP 0 0 0 0 90 10 Red Rapid Low Non-plastic NA SR W alluvium 

4280+00  4084773.2N 357085.7E 21 
Jocity silty clay 

loam 
CH 0 0 0 0 0 100 

Pale 
Red, 

Brown 
Slow Low High Firm NA S alluvium 

4370+00  4083445.0N 354687.5E 10 clayhole loam ML 0 0 0 0 20 80 Pale Red Rapid Low Non-Plastic Firm R S alluvium 

4420+00  4082686.3N 353141.5E 22 Kinan gravelly loam SM 0 5 0 65 30 0 
Brown, 

Red 
NA NA NA NA R M alluvium 

4570+00  4081411.4N 348778.9E 38 
Mido loamy fine 

sand 
SP 0 0 0 100 0 0 Pale Red NA Low Non-Plastic NA SR W alluvium/ eolian 
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Table 5-9 

Field Survey of Soil Characteristics 
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Station Northing Easting 
Soil 

Symbol 
Soil Name 

USCS 
Class 

% 
Cobble 

% 
Gravel 

% C. 
Sand 

% M. 
Sand 

% F. 
Sand 

% 
Fines 

Color 
Fines 

Dilatancy 
Toughness Plasticity 

Fines 
Consistency 

Sand/Gravel 
Angularity 

Cementation Origin 

Hydro System-Existing Highway Alternative (cont.) 

4650+00  4080495.0N 345878.8E 15 
Gypsiorthids 

shallow complex 
CH 0 0 0 0 0 100 Pale Red Rapid Low High Soft NA S weathered TRmm 

4695+00  4080623.7N 345201.8E 42 
Monue fine sandy 

loam 
SP 0 0 0 50 50 0 Pale Red Rapid Low Non-Plastic NA R W 

alluvium from 
sandstone 

4755+00  4080566.6N  343178.8E 20 
Jocity silty clay 

loam 
CH 0 0 0 0 0 100 Pale Red Rapid Low High Firm to Hard NA M clay alluvium 

5150+00  4083202.6N  331539.7E 63/9 

Torriorthents rock 
outcrop 

complex/Campanile 
clay 

CH 5 0 0 0 0 95 
Tan, 
Red, 

Purple 
None Low High Soft NA None 

weathered in place 
shale 

5202+00  
HS-2 

Highway 
4083915.3N 330234.3E 2 

Barx fine sandy 
loam 

SP 0 0 0 0 80 20 Pale Red Rapid Low Low Firm R M alluvium 

Hydro System-Proposed Action 

3060+00  4097824.0N 388554.0E s8197 
Yarts/Palma/ 

Neville Family - 
Barx Atchee 

CL/ML 0 0 0 0 0 100 Red unknown unknown unknown unknown NA unknown 
alluvium from Upper 

Red Moenkopi 

3130+00  4095892.6N 387619.7E s8198 
Skos - Rock 

Outcrop 
CL/ML 0 0 0 0 0 100 Red unknown unknown unknown unknown NA unknown 

rounded gravel from 
Shinarump. 

Weathered Upper 
Red Moenkopi 

3190+00  4094912.6N 385927.2E 8 Clayhole silty loam SM 0 0 0 0 20 80 Pale Red Rapid Low Non-Plastic Firm R M weathered Moenkopi 

3300+00  4093444.0N 383863.7E 47 Torriorthents CH 0 0 0 0 0 100 
Pale 
Red, 

Brown 
unknown unknown unknown unknown NA M 

alluvium derived 
from limestone 

3400+00  4091583.7N 381021.4E 19 
Jocity silty clay 

loam 
CL 0 0 0 0 0 100 Pale Red Rapid Low High Firm to Hard NA M 

partially derived from 
limestone 

3455+00  4090504.4N 379665.3E 23 
Klondike sandy clay 

loam 
CH 0 0 0 0 0 100 Red 

None to 
Slow 

Low High Hard NA W alluvium 

3550+00  4088859.5N 377279.6E 19/23 
Jocity silty clay 
loam/Klondike 
sandy clay loam 

CH 0 0 0 0 0 100 Red 
None to 

Slow 
Low High Hard NA M note chert gravel 

3680+00  4087699.4N 374203.4E 19 
Jocity silty clay 

loam 
CH 0 0 0 0 0 100 Pale Red Rapid Low High Hard NA M alluvium, no gravel 

4000+00  4081837.8N 368058.2E 10 Clayhole loam ML 0 20 0 0 5 75 
Tan, Pale 

Brown 
Rapid Low Non-Plastic Soft SA None 

alluvium derived 
from limestone 

4695+00  4074473.5N  350015.5E 47 or 20 
Pennell gravelly 

loam or Jocity silty 
clay loam 

CH 0 TR 0 0 0 100 
Pale 
Red, 

Brown 
None Low High Firm NA None possibly eolian clay 

4815+00  4074530.7N 346360.8E 20 
Jocity silty clay 

loam 
CH 0 0 0 0 0 100 Pale Red Rapid Low High Hard NA None clay alluvium 

4830+00  4074361.0N 345906.0E 20 
Jocity silty clay 

loam 
CH 0 0 0 0 0 100 Pale Red Rapid Low High Hard NA None clay alluvium 
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Table 5-9 

Field Survey of Soil Characteristics 
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Station Northing Easting 
Soil 

Symbol 
Soil Name 

USCS 
Class 

% 
Cobble 

% 
Gravel 

% C. 
Sand 

% M. 
Sand 

% F. 
Sand 

% 
Fines 

Color 
Fines 

Dilatancy 
Toughness Plasticity 

Fines 
Consistency 

Sand/Gravel 
Angularity 

Cementation Origin 

Hydro System-Proposed Action (cont.) 

4830+00  4074527.6N 345875.8E 20 
Jocity silty clay 

loam 
CH 0 0 0 0 0 100 Pale Red Rapid Low High Hard NA None clay alluvium 

4880+00  4074425.7N  344271.9E 20 
Jocity silty clay 

loam 
CH 0 0 0 0 0 100 Pale Red Rapid Low High Hard NA None clay alluvium 

4950+00  4074434.9N 342205.1E 20 
Jocity silty clay 

loam 
CH 0 0 0 0 0 100 Pale Red Rapid Low High Firm to Hard NA None clay alluvium 

5020+00  4074510.5N 340196.0E 20 
Jocity silty clay 

loam 
CH 0 0 0 0 0 100 Pale Red Rapid Low High Firm to Hard NA None clay alluvium 

5040+00  4074524.4N 339474.9E 20 
Jocity silty clay 

loam 
CH 0 0 0 0 0 100 Pale Red Rapid Low High Firm to Hard NA None white caliche crust 

5090+00  4074952.9N 338027.4E 13 
Grieta fine sandy 

loam  
ML 0 TR 0 0 0 100 Pale Red Rapid Low Non-Plastic Hard NA None eolian loess?  

5125+00  4075042.8N 337004.4E 13 
Grieta fine sandy 

loam  
ML 0 TR 0 0 0 100 Pale Red Rapid Low Non-Plastic Hard NA None eolian loess?  

5140+00  4075394.0N 336337.7E 13 
Grieta fine sandy 

loam 
ML 0 TR 0 0 0 100 Pale Red Rapid Low Non-Plastic Hard NA None eolian loess?  

5220+00  4075962.7N 333724.8E 2 or 13 
Grieta fine sandy 
loam or Barx fine 

sandy loam 
ML 0 TR 0 0 0 100 Pale Red Rapid Low Non-Plastic Hard NA None eolian loess?  

5310+00  4076672.2N 331926.6E 9 Campanile clay CH 0 TR 0 0 0 100 
Red, 

Brown 
Rapid Low High Firm to hard NA M alluvium 

5315+00  4076807.9N 331418.9E 2 
Barx fine sandy 

loam 
SP 0 10 90 0 0 0 

Pale 
Brown, 

Red 
NA NA Non-Plastic NA R None alluvium 

5315+00  4076628.7N 331393.7E 9 Campanile clay CL 0 0 0 0 25 75 
Pale 

Brown, 
Pale Red 

Rapid Low Low Firm R M alluvium 

5390+00  4077313.1N 329053.2E 14 Grieta loam ML 0 0 0 0 25 75 
Pale 

Brown, 
Pale Red 

Rapid Low Low Firm to Hard SR - R W alluvium/ eolian 

5607+50   
HS-2 
South 

4083914.6N 329129.3E 2 
Barx fine sandy 

loam 
SC 0 0 0 0 80 20 Pale Red Rapid Low Low Firm R M alluvium/ eolian 
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Table 5-9 

Field Survey of Soil Characteristics 
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Station Northing Easting 
Soil 

Symbol 
Soil Name 

USCS 
Class 

% 
Cobble 

% 
Gravel 

% C. 
Sand 

% M. 
Sand 

% F. 
Sand 

% 
Fines 

Color 
Fines 

Dilatancy 
Toughness Plasticity 

Fines 
Consistency 

Sand/Gravel 
Angularity 

Cementation Origin 

Hurricane Cliffs Peaking Forebay and Afterbay and Sand Hollow Alignment Section of Hydro System 

Hurricane 
Cliffs Hydro 

Station 
4104781.7N 295166.9E NNE 

Nikey-Ison 
Complex 

GC 10 40 5 5 5 35 
Brown, 

Red 
None Low 

Low to 
Medium 

Soft SA None 
alluvium/ 

slopewash from ss 
and limestone 

10+00 (N of 
afterbay)  

4106034.1N 294585.8E NNE 
Nikey-Ison 
Complex 

ML 0 0 0 0 0 100 
Pale 

Red, Tan 
Rapid Low Low Firm NA None 

alluvium 
transported far 

from source 

165+00 Sand 
Hollow 

4107316.4N 291357.6E HbC 
Harrisburg fine 

sandy loam 
ML/GM 0 25 10 5 5 55 Red None Low Low Soft SA None eolian/ alluvium 

210+00 Sand 
Hollow 

4108439.3N 291357.6E PoD 
Pintura Loamy 

Fine Sand 
SP 0 0 0 50 50 0 Red NA NA Non-Plastic NA SR - R None 

eolian-derived 
from Navajo SS 

Hurricane Cliffs Pump Storage Forebay and Afterbay and Sand Hollow Pump Storage Alignment Section of Hydro System 
42+85 

Hurricane 
Cliffs HF 

Penstock at 
Powerhouse 

4104045N 295244E NNE 
Nikey-Ison 
Complex 

SP 5 20 TR 5 60 10 Tan NA NA Non-Plastic NA 
Gravel - A 
Sand - R 

L 
alluvial fan 

outwash / eolian 

54+75 
Hurricane 
Cliffs HF 

Powerhouse 
Penstock 
Tailrace 

4104013N 294880E NNE 
Nikey-Ison 
Complex 

SP/SM 2 15 5-8 TR 50 20 
Pale 

Brown 
NA NA Non-Plastic NA 

Gravel - A 
Sand - R 

L alluvium / eolian 

63+50 Pump 
Storage 
Tunnel 

Alignment 

4104579N 292431E PoD Pintura Fine Sand SP 0 0 TR 10 90 TR Pale Red NA NA Non-Plastic NA R None alluvium / eolian 

90+80 Pump 
Storage 
Tunnel 

Alignment 

4105392N 292250E PoD Pintura Fine Sand SP 0 0 TR 5 90 5 Pale Red NA NA Non-Plastic NA R None alluvium / eolian 

116+15 Pump 
Storage 
Tunnel 

Alignment 

4106144N 292073E PoD 
Pintura Loamy 

Fine Sand 
SP/SM 0 TR TR TR 90 10 Red NA NA Low NA R L alluvium / eolian 

KCWCD System 

Kane County  4101627.7N 378477.7E s8197 
Yarts/Palma/ 

Neville Family - 
Barx Atchee 

SM 0 0 0 0 60 40 Red NA NA NA NA R M 
weathered 
Morrison?  

 



27
00

 +
 0

0

28
00

 +
 0

0

29
00

 +
 0

0

3000 + 00

3100 + 00

32
00

 +
 0

0

33
00

 +
 0

0

3400 + 00

3500 + 00

36
00

 +
 0

0

37
00

 +
 0

0

38
00

 +
 0

0

39
00

 +
 0

0

40
00

 +
 0

0

4100 + 00 42
00

 +
 0

0

43
00

 +
 0

0

44
00

 +
 0

0

45
00

 +
 0

0

46
00

 +
 0

0

47
00

 +
 0

0

48
00

 +
 0

0

49
00

 +
 0

0

50
00

 +
 0

0

51
00

 +
 0

0

52
00

 +
 0

0

53
00

 +
 0

0

5400 + 00

5500 + 00

5600 + 00

5700 + 00

5800 + 00

5900 + 00

6000 + 00

61
00

 +
 0

0

62
00

 +
 0

0

63
00

 +
 0

0

64
00

 +
 0

0

65
00

 +
 0

0

66
00

 +
 0

0

67
00

 +
 0

0

68
00

 +
 0

0

69
00

 +
 0

0

7000 + 00

0 
+ 

00100 + 00

20
0 

+ 
00

30
0 

+ 
00

400 +
 00

500 +
 00

600 + 00

700 + 00

80
0 

+ 
00

90
0 

+
 0

0

10
00

 +
 0

0

11
00

 +
 0

0

12
00

 +
 0

0

13
00

 +
 0

0

14
00

 +
 0

0

15
00

 +
 0

0

16
00

 +
 0

017
00

 +
 0

0

1800 + 00

1900 + 00

20
00

 +
 0

0

21
00

 +
 0

0

22
00

 +
 0

0

23
00

 +
 0

0

24
00

 +
 0

0

25
00

 +
 0

0

26
00

 +
 0

0

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

#

!

"

"

"

"

"

BPS-1
Sta - 73+00

High Point Reg. Tank 2
Sta - 2681+00

Intake Pump Station
Sta - 0+00

Utah
Arizona

Grand Staircase-Escalante
National Monument

BPS-2
Sta - 840+00

BPS-3 (Alt.)
Sta - 1316+50

BPS-4 (Alt.)
Sta - 1926+50

Paria River

Buckskin Gulch

Coyote Creek

Wa
hw

ea
p C

ree
k

£¤89

Copyright: © 2013 National Geographic Society

!( Soil Characteristics Points

" Project Pump Station

! Project Regulating Tank

# Project Hydro Station

Water Conveyance System

Hydro System - South Alignment Alternative

Interstate

US Highway

ST Highway

Hwy

Major Road

Lakes & Reservoirs

Major Rivers & Streams

!!!!!!!!

!
!

!! !! !! !
!

! National Park/Monument

State Boundaries

0 1 2 3 40.5
Miles

´
Spatial Reference: UTM Zone 12N, NAD-83

Lake Powell Pipeline Project

Lake Powell Pipeline
Soil Characteristics Points
Water Conveyance System

Figure 5-10UDWRe

FERC Project Number:
12966-001

BLM Serial Numbers:
AZA-34941
UTU-85472



30
00

 + 
00

31
00

 + 
00

32
00

 + 
00

33
00

 + 
00

34
00

 + 
00

35
00

 + 
00

360
0 +

 00

3700 + 00
3800 + 00

3900 + 00
4000 + 00

410
0 +

 00
420

0 +
 00

43
00

 + 
00

44
00

 + 
00

45
00

 + 
00

46
00

 + 
00

47
00

 + 
00

48
00

 + 
00

49
00

 + 
00

50
00

 + 
00

51
00

 + 
00

5200 + 00

0 +
 00100 + 00

200
 + 0

0

32
00

 + 
00

33
00

 + 
00

34
00

 + 
00

35
00

 + 
00

36
00

 + 
00

370
0 +

 00

380
0 +

 00

390
0 +

 00

400
0 +

 00

4100 + 00

42
00

 + 
00

43
00

 + 
00

44
00

 + 
00

450
0 +

 00
46

00
 + 

00
47

00
 + 

00
48

00
 + 

00

49
00

 + 
00

50
00

 + 
00

51
00

 + 
00

52
00

 + 
00

53
00

 + 
00

54
00

 + 
00

5500 + 00

5600 + 00

5700 + 005800 + 005900 + 006000 + 0061
00

 + 
00

62
00

 + 
00

63
00

 + 
00

6400 + 00

65
00

 + 
00

66
00

 + 
00

67
00

 + 
00

68
00

 + 
00

69
00

 + 
00

7000 + 00

41
00

 + 
00

42
00

 + 
00

3100 + 00

!(
!(

!(
!(

!(

!(

!(

!(

!(!(!(

!(

!(!(

!(

!(

!(

!(!(

!( !(!(!(
!(

!(

!( !(!(!( !(

!(

!(

!(

!(
!(
!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !( !(

!(!( !( !(!(
!(

!(

!(
!(

!(

!(

!(

!(
!(

!(!( !(
!(

!(
!(

!(

!(

!(

!(

!(

#

#

#

#

#

#
!

High Point Reg. Tank-2
Sta. 2681+00

Grand Staircase-Escalante
National Monument

Utah
Arizona

HS-1
Sta. 2742+50

HS-3
South Alt. Sta. 6151+00
Hwy Alt. Sta. 5759+00

HS-2 South (Alt.)
South Alt. Sta. 5609+50

Sand Hollow Hydro Station

Hurricane Cliffs Hydro Station
HS-2 Hwy. (Alt.)
Hwy. Alt. Sta. 5202+00

¬«59

HS-4 (Alt.)
South Alt. Sta. 7045+50
Hwy. Alt. Sta. 6653+50

Kaibab-Paiute Indian Reservation

Kanab Creek

Clayhole Wash

Hurricane Wash

East Fork Virgin River

Rock Canyon

Jacob Canyon

Virg
in R

ive
r

Ro
un

d V
all

ey

Bulrush Wash

Park WashNo
rth

 Cr
eek

As
h C

ree
k

Sand Wash

Deer Spring Wash

No
rth

 Fo
rk 

Vir
gin

 Ri
ver

Twomile Wash

Fort Pearce Wash

White Sage Wash

Sku
tum

pa
h C

ree
k

§̈¦I-15

§̈¦I-15

£¤89a

£¤89

£¤89

¬«389

¬«9
¬«17

¬«9

" Project Pump Station

! Project Regulating Tank

# Project Hydro Station

!( Soil Characteristics Points

Water Conveyance System

Hydro System - South Alignment Alternative

Hydro System - Highway Alignment Alternative

Interstate

US Highway

ST Highway

Hwy

Major Road

Hurricane Cliffs Forebay/Afterbay

Lakes & Reservoirs

Major Rivers & Streams

!!!!!!

!
!

!! !! !! !!
! National Park/Monument

Tribal Lands

State Boundaries

County Boundaries
0 2.5 5 7.5 101.25

Miles

Spatial Reference: UTM Zone 12N, NAD-83

Lake Powell Pipeline Project

Lake Powell Pipeline
Soil Characteristics Points

Hydro System

UDWRe Figure 5-11´
FERC Project Number:

12966-001
BLM Serial Numbers:

AZA-34941
UTU-85472



Lake Powell Pipeline Project 5-53 4/30/16 
Exhibit E 

5.3.1.1.7. Geologic Hazards to Human Health and Safety.  

No geologic hazards to human health and safety were identified in the area of potential effect, except for possible 
risks of slope stability or rockfall that have been addressed previously. 

5.3.1.1.8 Important Structures and Mineral Resources.  

The location coordinates of buildings and other structures encountered during the field survey are summarized in 
Table 5-14 and shown in Figures 5-14 and 5-15. The structures have been generalized into categories; buildings, 
quarries, utilities, wells or other. 

5.3.1.1.9 Borrow and Spoil.  

The soil and rock materials excavated from the trenches, road cuts, tunnels and shafts would be reused for 
pipeline bedding and backfill, construction of maintenance roads, and dam construction to the extent 
economically practical.  All excavated rock would be used for bedding, backfill, and road construction.  
Assuming that 75 percent of the excavated rock would be usable for bedding and the remaining rock could be 
used for maintenance road construction and backfill, all rock would be used. All excavated rock and soil would be 
compacted for use as bedding, backfill, or spoils.  Assuming rock could be re-compacted to an average of 65 
percent of its in-situ volume and soil could be compacted to 90 percent of its in-situ volume, there would be a net 
expansion of 35 percent for rock and 10 percent for soil after re-compaction.  

Construction of the North Dam and South Dam for the Forebay reservoir, and construction of the Afterbay Dam 
for the Afterbay reservoir, will use all rock excavated from the tunnels and shafts for the Hurricane Cliffs hydro 
system (36,710 cubic yards) and for the Sand Hollow Tunnel (40,291 cubic yards), for a total of 77,001 cubic 
yards.  Borrow requirements are anticipated to be needed for certain specialized materials. If necessary, 
specialized material, such as the clay for dam core construction (515,300 cubic yards for all three dams), may 
have to be obtained from sources outside of the project boundary.  It is anticipated that the clay pit near the City 
of Hurricane, owned by WCWCD, would be used as the clay source.  The remaining dam construction material 
requirements, including sand for filters, general fill, and riprap, would be obtained using excavated rock and soil 
at the dams, with the deficit of fill material supplemented from excess soil from the trenches excavated 
construction of the pipeline and penstock.  The total excavated rock and soil for all three dams is estimated at 
2,592,600 cubic yards.  Excluding the clay core, the remaining material required for sand filters, fill, and riprap is 
2,823,200 cubic yards.  After accounting for the 77,001 cubic yards from tunnels and shafts, this leaves a net 
deficit of material for fill of 153,600 cubic yards that would come from excess soil associated with the trenches 
for the pipeline and penstock. 

Cross-sections that include construction activities through the Cockscomb Cut area were developed as part of the 
conceptual design. These sections are provided in Appendix C of the Geology and Soil Resources Study Report 
(UDWRe 2016). The cross-sections are provided for 13 stations between Project Station 1689+80 and 1734+15 (a 
total alignment length of 4,435 feet) and show the approach, passage through the cut, highway crossing, and exit 
from the cut.  Using the cross-sections, an estimate of rock that would be removed on the cut slope was made.  
Potential slope modifications to the north cut slope are shown in some of the cross sections.  Slope modifications 
would probably require controlled drill and blast methods (common to the highway construction industry).  Rock 
material suitable for crushing and use as pipe bedding will be processed and used for that purpose.  The remaining 
material will be used as backfill and/or spread as spoils along the ROW outside of the cut area.  

Because the Utah Department of Transportation would be unlikely to approve an open cut highway crossing in 
this reach, the pipeline crossing under Highway 89 in the Cockscomb Cut would either be bored and jacked, or 
microtunneled with a casing pipe.  The primary factor controlling this choice is whether groundwater is present 
and, if so, how effectively it can be dewatered.  Groundwater is not expected to be encountered in the Cockscomb 
Cut. 
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Table 5-10 

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 5-11 

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 5-12 

Hydro System-Highway Alternative Soil Hazards 
Page 1 of 2

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 
 

  



Lake Powell Pipeline Project 5-57 4/30/16 
Exhibit E 

 
Table 5-12 

Hydro System-Highway Alternative Soil Hazards 
Page 2 of 2

From Station: To Station: Description 

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 
 

 
Table 5-13 

Hydro System-Proposed Action Soil Hazards 
 

From Station: To Station: Description 

131+00 SOUTH 210+00 SOUTH 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 
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Table 5-14 

Field Survey of Physical Characteristics 
 

Station Northing Easting Type Description 

Water Conveyance System 

0+00  4088541.8N 456505.0E Other Construction staging area at intake 
672+00  4101517.0N 442978.8E Building Town of Big Water 
755+00  4103504.2N 441291.0E Building BLM Welcome Center building 

835+00  4104529.0N 439179.3E Other 
Brass cap survey marker, State 

Road Right of Way 
1092+00  4105941.2N 431625.2E Building Town of Church Wells 
1415+00  4106462.8N 422409.3E Other Brass cap, survey marker 
2060+00  4115140.5N 410453.9E Other Bench mark, Range R138 
2340+00  4110219.3N 403558.5E Quarry Gravel quarry 

Hydro System-Existing Highway Alternative 
3980+00  4090779.9N 363240.2E Building House 

4695+00  4080531.5N 345245.7E Building 
Tribal Headquarters Building and 

gas station 

Hydro System- Proposed Action 
4100+00  4077951.2N 365894.6E Other Survey marker, brass cap 
4280+00  4077357.3N 361117.7E Other Survey marker, brass cap 
5480+00  4079470.7N 329041.0E Other Windmill 
5580+00  4082673.7N 329104.5E Well Two water tanks 

Hydro System 
5790+00  4088981.0N 326880.4E Building Five houses 
6080+00  4095681.7N 321936.8E Building 2 houses 
6270+00  4096825.2N 317303.4E Other Windmill 
6400+00  4098111.3N 413374.9E Building House 
6440+00  4098129.9N 312524.9E Well Well 
 6450+00  4097754.2N 311667.3E Well Well 
6550+00  4098207.8N 309105.2E Other Brass cap 

 



27
00

 +
 0

0

28
00

 +
 0

0

29
00

 +
 0

0

3000 + 00

3100 + 00

32
00

 +
 0

0

33
00

 +
 0

0

3400 + 00

3500 + 00

36
00

 +
 0

0

37
00

 +
 0

0

38
00

 +
 0

0

39
00

 +
 0

0

40
00

 +
 0

0

4100 + 00 42
00

 +
 0

0

43
00

 +
 0

0

44
00

 +
 0

0

45
00

 +
 0

0

46
00

 +
 0

0

47
00

 +
 0

0

48
00

 +
 0

0

49
00

 +
 0

0

50
00

 +
 0

0

51
00

 +
 0

0

52
00

 +
 0

0

53
00

 +
 0

0

5400 + 00

5500 + 00

5600 + 00

5700 + 00

5800 + 00

5900 + 00

6000 + 00

61
00

 +
 0

0

62
00

 +
 0

0

63
00

 +
 0

0

64
00

 +
 0

0

65
00

 +
 0

0

66
00

 +
 0

0

67
00

 +
 0

0

68
00

 +
 0

0

69
00

 +
 0

0

7000 + 00

0 
+ 

00100 + 00

20
0 

+ 
00

30
0 

+ 
00

400 +
 00

500 +
 00

600 + 00

700 + 00

80
0 

+ 
00

90
0 

+
 0

0

10
00

 +
 0

0

11
00

 +
 0

0

12
00

 +
 0

0

13
00

 +
 0

0

14
00

 +
 0

0

15
00

 +
 0

0

16
00

 +
 0

017
00

 +
 0

0

1800 + 00

1900 + 00

20
00

 +
 0

0

21
00

 +
 0

0

22
00

 +
 0

0

23
00

 +
 0

0

24
00

 +
 0

0

25
00

 +
 0

0

26
00

 +
 0

0

&3

&3
&3

&3

&3
&3

&3

&3
&3&3

&3&3

&3
&3

&3

&3

&3
&3

&3
&3

&3&3

&3

&3&3
&3&3

&3

&3

&3

&3
&3&3

&3

&3
&3&3 &3

&3

&3
&3

&3&3
&3&3

&3 &3

&3
&3&3

&3&3

&3&3&3

&3

&3&3

&3

&3 &3 &3 &3&3

&3

&3

&3

&3
&3&3

&3

&3

&3

&3&3

&3

&3

&3

&3
&3

&3

&3&3

&3

&3

&3

&3

&3

&3

&3

&3

&3
&3

&3

&3

&3

&3

&3

&3&3
&3

&3&3

&3

&3

&3

&3

&3
&3
&3
&3&3

&3

&3

&3
&3

&3
&3

&3&3&3&3&3&3&3&3&3&3&3&3&3
&3&3
&3

&3

&3
&3

&3
&3&3
&3&3

&3&3

&3

&3
&3
&3

&3

&3&3
&3
&3

&3

&3

&3

&3

&3

&3

&3

&3

&3

!.

!.

!.

!.

!.

!.

!.
!.

#

!

"

"

"

"

"

BPS-1
Sta - 73+00

High Point Reg. Tank 2
Sta - 2681+00

Intake Pump Station
Sta - 0+00

Utah
Arizona

Grand Staircase-Escalante
National Monument

BPS-2
Sta - 840+00

BPS-3 (Alt.)
Sta - 1316+50

BPS-4 (Alt.)
Sta - 1926+50

Paria River

Buckskin Gulch

Coyote Creek

Wa
hw

ea
p C

ree
k

Copyright: © 2013 National Geographic Society

&3 Drainages

!. Building

!. Other

!. Quarry

!. Utility

!. Well

" Project Pump Station

! Project Regulating Tank

# Project Hydro Station

Water Conveyance System

Hydro System - South Alignment Alternative

Interstate

US Highway

ST Highway

Hwy

Major Road

Lakes & Reservoirs

Major Rivers & Streams

!!!!!!!!

!
!

!! !! !! !!
!
! National Park/Monument

State Boundaries

0 1 2 3 40.5
Miles

´
Spatial Reference: UTM Zone 12N, NAD-83

Lake Powell Pipeline Project

Lake Powell Pipeline
Drainages & Structures

Water Conveyance System

Figure 5-14UDWRe

FERC Project Number:
12966-001

BLM Serial Numbers:
AZA-34941
UTU-85472



30
00

 + 
00

31
00

 + 
00

32
00

 + 
00

33
00

 + 
00

34
00

 + 
00

35
00

 + 
00

360
0 +

 00

3700 + 00
3800 + 00

3900 + 00
4000 + 00

410
0 +

 00
420

0 +
 00

43
00

 + 
00

44
00

 + 
00

45
00

 + 
00

46
00

 + 
00

47
00

 + 
00

48
00

 + 
00

49
00

 + 
00

50
00

 + 
00

51
00

 + 
00

5200 + 00

0 +
 00100 + 00

200
 + 0

0

32
00

 + 
00

33
00

 + 
00

34
00

 + 
00

35
00

 + 
00

36
00

 + 
00

370
0 +

 00

380
0 +

 00

390
0 +

 00

400
0 +

 00

4100 + 00

42
00

 + 
00

43
00

 + 
00

44
00

 + 
00

450
0 +

 00
46

00
 + 

00
47

00
 + 

00
48

00
 + 

00

49
00

 + 
00

50
00

 + 
00

51
00

 + 
00

52
00

 + 
00

53
00

 + 
00

54
00

 + 
00

5500 + 00

5600 + 00

5700 + 005800 + 005900 + 006000 + 0061
00

 + 
00

62
00

 + 
00

63
00

 + 
00

6400 + 00

65
00

 + 
00

66
00

 + 
00

67
00

 + 
00

68
00

 + 
00

69
00

 + 
00

7000 + 00

41
00

 + 
00

42
00

 + 
00

3100 + 00

#

#

#

#

#

#
!

&3&3&3

&3
&3
&3
&3&3
&3&3

&3
&3&3&3&3

&3

&3

&3

&3&3
&3&3

&3
&3&3&3

&3

&3 &3

&3&3&3&3

&3 &3

&3
&3&3

&3&3

&3&3&3

&3

&3&3

&3

&3&3 &3 &3&3

&3

&3

&3 &3&3

&3

&3

&3

&3&3

&3

&3

&3

&3&3
&3

&3&3

&3

&3

&3

&3&3

&3

&3&3&3

!.

!.!.!. !.

!.

!.

!.

!.

!.

!.

!.

!.
!.

!.

!.
!.
!.!.

High Point Reg. Tank-2
Sta. 2681+00

Grand Staircase-Escalante
National Monument

Utah
Arizona

HS-1
Sta. 2742+50

HS-3
South Alt. Sta. 6151+00
Hwy Alt. Sta. 5759+00

HS-2 South (Alt.)
South Alt. Sta. 5609+50

Sand Hollow Hydro Station

Hurricane Cliffs Hydro Station

HS-2 Hwy. (Alt.)
Hwy. Alt. Sta. 5202+00

¬«59

HS-4 (Alt.)
South Alt. Sta. 7045+50
Hwy. Alt. Sta. 6653+50

Kaibab-Paiute Indian Reservation

Kanab Creek

Clayhole Wash

Hurricane Wash

East Fork Virgin River

Rock Canyon

Jacob Canyon

Virg
in R

ive
r

Ro
un

d V
all

ey

Bulrush Wash

Park WashNo
rth

 Cr
eek

As
h C

ree
k

Sand Wash

Deer Spring Wash

No
rth

 Fo
rk 

Vir
gin

 Ri
ver

Fort Pearce Wash

Sku
tum

pa
h C

ree
k

§̈¦I-15

§̈¦I-15

£¤89a

£¤89

£¤89

¬«389

¬«9
¬«17

¬«9

¬«9

!. Building

!. Other

!. Quarry

!. Utility

!. Well

&3 Drainages

" Project Pump Station

! Project Regulating Tank

# Project Hydro Station

Water Conveyance System

Hydro System - South Alignment Alternative

Hydro System - Highway Alignment Alternative

Hurricane Cliffs Forebay/Afterbay

Lakes & Reservoirs

Major Rivers & Streams

Interstate

US Highway

ST Highway

Hwy

Major Road

!!!!!!!!

!
!

!! !! !! !
!

National Park/Monument

Tribal Lands

State Boundaries

County Boundaries

0 2.5 5 7.5 101.25
Miles

Spatial Reference: UTM Zone 12N, NAD-83

Lake Powell Pipeline Project

Lake Powell Pipeline
Drainages & Structures

Hydro System

UDWRe Figure 5-15´
FERC Project Number:

12966-001
BLM Serial Numbers:

AZA-34941
UTU-85472



Lake Powell Pipeline Project 5-61 4/30/16 
Exhibit E 

Bore and jack tunneling uses an open-shield cutter head with a rotary cutter bar or a wheel excavator.  This 
method is limited to use above the water table, so if saturated conditions are encountered during installation and 
cannot be effectively dewatered, microtunneling would be used.  Microtunneling uses a remote-controlled, laser-
guided boring machine that uses a closed-face tunneling head that can be used in saturated conditions.  Both 
methods would require temporary excavation of a jacking pit on one side of the crossing and a receiving pit on the 
other side.  The jacking pit would be 30 feet long or more, 15 feet wide and seven to eight feet deep.  The 
receiving pit would be 15 feet long, 12 feet wide and seven to eight feet deep.  In the unexpected event that 
groundwater is encountered, the pits would be dewatered.  The pits would be backfilled and compacted upon 
completion of the crossing.  Any groundwater that is dewatered would be pumped out of the Cockscomb Cut and 
land-applied on soil, away from surface water, using sprinklers or perforated pipe.    

A preliminary comparison between the excavated volumes and the volumes of materials needed for construction 
of all alternatives indicates a surplus of soil for all alternatives.  Rock for bedding material would be sufficient for 
the total required volume for the South and Southeast Corner alternatives.  The amount of soil that would need to 
be used for bedding is estimated at 0 percent for the Proposed Action, 48.5 percent for the Existing Highway 
Alternative, and 0 percent for the Southeast Corner Alternative.  The surplus soil would be spread across the 
ROW along the pipeline and penstock alignments.  The total estimated area of the ROW for the alignment 
alternatives (approximating the disturbed area outside the dam and reservoir areas) is 2,848 acres for the Proposed 
Action, 2,724 acres for the Existing Highway Alternative, and 2,823 acres for the Southeast Corner Alternative.  
The preliminary analysis indicates the spread and compacted spoils would be approximately 5 inches thick for the 
Proposed Action, 2.4 inches thick for the Existing Highway Alternative, and 5.3 inches thick for the Southeast 
Corner Alternative.  The spoils would be spread in a manner to blend with original topography and drainages with 
periodic swales or rolling dips to promote natural drainage patterns. 

Construction activities, including the pipeline, pump stations, hydro facilities, reservoirs, transmission lines, 
excavation, hauling, spoils disposal, and other features will require a Right of Way (ROW) grant from the BLM 
as specified in 43 CFR Parts 2800 and 2880 and in Sections 501 through 506 of the Federal Lands Policy 
Management Act of 1976, Amended October 2001 (FLPMA) (BLM 2001).  Permits for excavation, hauling, and 
disposal of spoils may be granted by the BLM under Section 302 of FLPMA.  As required under 43 CFR Subtitle 
B.1.429, a Use Authorization may be required from the U.S. Bureau of Reclamation for excavation and 
construction activities and removal of spoils from the Lake Powell Intake Structure site.  The Utah Department of 
Transportation and the Arizona Department of Transportation may both require truck haul permits when using 
public roadways to transport excavated materials.  These would be the responsibility of the individual 
construction contractors.   

5.3.1.1.10 Intake Pump Station Site Geologic and Hydrogeologic Conditions.  

Test boreholes were drilled in Navajo Sandstone (Jn) in four locations at the Intake Pump Station (IPS) site. The 
drilling and testing program was undertaken to investigate subsurface conditions and perform geotechnical 
evaluations of the bedrock, which is generally at or very near the ground surface (generally less than 10 feet of 
overburden). The Navajo Sandstone represents a spatially expansive and thick (1,200 to 1,800 feet) sequence of 
sandstone layers developed from huge dune beds (i.e., layers of windblown sand). The quartzose sandstone is 
generally pale to moderate reddish brown with spots and zones that are very dark reddish brown, dark brown, and 
white; the depositional bedding is very thickly bedded to massive (depositional bedding is mostly greater than 3 
feet, typically greater than 10 feet thick and dipping 2- to 5 degrees to the northeast and east). Between the 
depositional bedding the rock exhibits pronounced, laminated to thin, high-angle cross-bedding (dipping 0- to 40-
degrees in varying directions, but dominantly toward the southeast). The rock is composed of very fine to 
medium-grained, well-rounded to sub-rounded, well-sorted, frosted quartz sand grains that are clast supported 
(i.e., grain-to-grain contact) and moderately- to well-cemented primarily with silica and to a lesser degree with 
hematite, limonite, and calcite that appear as coatings on individual sand grains. 



Lake Powell Pipeline Project 5-62 4/30/16 
Exhibit E 

The type of ground behavior and conditions encountered during shaft and tunnel excavation has been 
characterized in the rock engineering literature using several rock mass classification systems. These systems are 
based on quantifiable rock mass characteristics such as rock quality designation (RQD); rock hardness; rock 
strength; discontinuity orientation, spacing, and condition; weathering; alteration; and groundwater conditions as 
input data for rock mass classification that was derived from the geotechnical drilling and testing program. 
Although these classification methods have been used successfully for underground design projects, there is 
inherent uncertainty and subjectivity with the rock mass systems and therefore a degree of conservatism is 
warranted in their use depending on the quality and quantity of the input data. 

A rock mass analysis of the data obtained from the site geotechnical drilling and testing program indicated the 
Navajo Sandstone bedrock is classified as having a Rock Mass Rating (RMR) of 73, which is consistent with a 
rock quality of Type II - good to fair rock conditions; and a Tunnel Quality Index (Q) of 30, which is classified as 
fair quality rock for tunnel construction. 

Detailed design of these structures will include any foundation preparations necessary to protect the facilities from 
settling and other potential structural damage.  It is anticipated that additional subsurface investigations at these 
locations will be required to more fully characterize conditions for design.  Subsurface characterization at the 
locations of proposed facilities and along the pipeline alignment of the selected alternative will be performed prior 
to the detailed design.  A preliminary assessment of possible stabilization methods for tunnel and shaft 
construction is provided by MWH (2011); it is anticipated that tunnel and shaft stabilization can be achieved by 
standard tunnel construction methods. 

A preliminary analysis of the IPS site hydrogeologic conditions was performed as part of the drilling program. 
Static groundwater levels in each drill hole matched the elevation of Lake Powell during the drilling program. 
Groundwater is expected to seep from the rock mass into the IPS shafts and tunnels during construction. These 
inflows would likely be collected by a system of drains and sumps constructed in the bottom of the excavations. 
Groundwater inflows would be collected in the sumps and then pumped to the surface where it would be 
discharged into portable water tanks and particles settled and removed prior to disposal to minimize effects during 
construction and to protect water quality in the reservoir. The collected hydrogeologic data provided the basis for 
an estimate of maximum expected groundwater inflow volume for the intake shafts, forebay connector tunnels 
and forebay chamber. Groundwater inflows of maximum expected volume are approximated as follows: 

• 1000 gpm for one of the 19-ft diameter intake shafts 
• 1500 gpm for two 19-ft diameter intake shafts if shafts are constructed simultaneously 
• 200 gpm for one of the forebay connector tunnels 
• 400 gpm for the forebay chamber 

Dewatering or extraction wells would be constructed around the footprint of the underground construction area. 
The wells would pump water from the rock mass in the vicinity of the construction area to lower the 
potentiometric surface and discharge it directly into the temporary holding tanks and into the treatment facility 
thereby reducing the potential groundwater inflow volumes into the shafts and tunnels. Discharge to Lake Powell 
may not be permitted; it is anticipated that discharges from construction dewatering will need to be conveyed to 
the emergency spillway at Glen Canyon Dam and discharged on the downstream side of the dam.  A series of 
settling trenches or portable settling tanks may be required to allow sediment from the dewatering to settle before 
discharging.  The blind bore shaft drilling method generally does not require much removal of fluids because the 
reverse circulation component of the blind bore method returns most of the fluids to the flooded shaft, after 
settling the heavier solids.   

The relatively low permeability of the Navajo Sandstone in which the structures would be constructed would 
require very close well spacing and a large numbers of wells to be effective. If previously-unidentified fractures in 
the rock mass are encountered during construction, additional inflow probably would occur from these fractures, 
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which may be difficult to control with dewatering wells because of the heterogeneous flow patterns. A dewatering 
program probably would include pumping from the shafts and tunnels. 

Dewatering will be required for use of micro-tunnel boring machines during construction of the lateral tunnels 
into Lake Powell.  Dewatering will be required for tunneling and blasting during construction of the pump 
forebay. For activities other than blind bore drilling of shafts, dewatering will require a combination of 
dewatering wells and pumping from the shafts.  The blind bore reverse circulation drilling method will minimize 
the amount of fluids that will need to be discharged during drilling of the shafts.   

It is anticipated that fluids circulated during shaft and tunnel construction will discharge into one end of a trench 
or rectangular tank.  Using typical settling velocities for particles in water (Fifield, J.  2001) and assuming a 
particle size of very fine sand (from sandstone), a settling velocity (Vs) of approximately 0.02 ft/sec can be 
expected.  If the tank depth is assumed to be 4 ft deep, a residence time (Tr) of at least 200 seconds would be 
required to settle a particle at the water surface.  For a conservatively high estimate of 1,500 gpm discharge and 
assuming a tank width of 8 feet (a practical width for transport by truck), the velocity of linear flow from one end 
of the tank is: 

Vf = Q/A = (1500 gal/min)(1 ft3/7.48 gal)(1 min/60 sec)/((8 ft)(4 ft)) = 0.1 ft/sec 

The minimum length of the tank would need to be: 

L = (Vf)(Tr) = (0.1 ft/sec)(200 sec) = 20 ft 

Therefore, a settling pond would be about 8 ft x 20 ft x 4 ft deep to remove very fine sand particles. It may be 
advisable to have two settling ponds in series, with the decant from the first pond flowing from the top of the 
water column into the second pond.  Baffles at the end of each pond would help to distribute the flow velocity 
evenly across the width of the pond.  If drilling mud is used, the required residence time would be much longer or 
a deflocculant would be required.   

Once clarified, water that is not recirculated would be pumped to the Glen Canyon Dam spillway and discharged 
on the downstream side away from Lake Powell into the Colorado River. Discharge would be permitted under a 
De Minimus General Permit through the Arizona Department of Environmental Quality. 

5.3.1.1.11 Hurricane Cliffs Area Geologic and Hydrogeologic Conditions.  

The forebay and afterbay reservoir sites in the Hurricane Cliffs area were drilled and tested to investigate 
subsurface conditions and perform geotechnical evaluations of the bedrock. A total of 24 borings were drilled in 
the forebay and afterbay reservoir areas. Additionally, 44 test pits were excavated in the forebay and afterbay 
reservoir areas. 

The north-south trending Hurricane Cliffs escarpment at the project site is formed by about 1 million years of 
faulting along a steep and linear fault-line scarp system that closely follows the trend of the Hurricane Cliffs, with 
an approximate 2,000 to 2,800 feet of total block normal displacement along the tectonically active Hurricane 
fault zone (generally located at the base of the cliffs). The Hurricane fault, referenced as the Anderson Junction 
Segment in the project area, has displaced early Jurassic (Kayenta and Navajo Sandstone Formations) geologic 
units in the hanging wall to the west against sub-horizontally bedded lower Triassic and upper Permian 
(Moenkopi, Kaibab, Toroweap, and Queantoweap sandstone, shale, and limestone Formations) aged bedrock 
units in the footwall to the east. The footwall now forms the cliff face and upper plateau surface and cliff face of 
the Hurricane Cliffs. The bedding exposed in the cliff is generally intact and has a general dip of 7 degrees to the 
east (mean orientation dip/dip direction of 7/66). 
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Numerous researchers have documented displaced Quaternary alluvium and Quaternary basalt flows in segments 
of the fault south and north of the LPP Project site providing evidence of geologically recent activity. The 
Hurricane fault is thought to be the reactivation of Cenozoic thrust fault structures and forms the dividing 
boundary between the Colorado Plateau Province to the east and the transition zone to the Basin and Range 
Province to the west. 

Many northeast-southwest trending subsidiary faults, fault strands, or fault splays are mapped in the foot wall and 
are likely related to a significant bend in the overall trend of the fault south of the project site and associated with 
an overall tectonic regime of fault distribution and transfer of stresses and displacements. Some of these splay 
faults include the Warner Valley and the Graben faults that are referenced later in this document as well as many 
un-named fault strands. 

The bedrock structure at the cliff face, and up to several hundred of feet behind the cliff face, is likely highly to 
moderately disturbed (i.e. highly fractured, fault gouge, weak and very poor quality rock) along a number of relict 
fault features due to the “scissor” and “ramp-forming” nature associated with the normal, en-echelon stepping, 
extensional fault mechanics that were active during the initiation phases of the Hurricane Fault, which is classified 
as a normal fault with down to the west displacement. At the base of the cliffs and within the primary Hurricane 
fault zone, Triassic age Moenkopi formation (Trml; Lower Red Member shale, siltstone and sandstone) is 
intensely sheared and deformed and dips steeply to the west. These Trml slivers were likely entrained within the 
fault during the initiation of the normal faulting along the Hurricane fault. Additionally, along the cliff face there 
are numerous massive blocks of east dipping (up to 40 degrees) limestone that have been rotated toward the west 
with massive fissures and traces of scissor faults forming the back (east) release plane. The blocks may have been 
further rotated by dissolution of gypsum and gypsiferous and weak bedding that underlies the massive limestone 
layers. 

All of these cliff features (i.e. the en-echelon stepping, scissor faulting within the cliff face; overturned slivers of 
Trml entrained within the fault zone; and massive blocks of overturned limestone formed by scissor faults and 
fissures as the release plane) are all reflected to the south of the project site along the much younger Washington 
fault. This location along the Washington fault is interpreted as an analogy to the proto-Hurricane fault reflecting 
the initiation stages of fault development. 

Complex faulting in the Hurricane fault zone has facilitated volcanic activity as magma propagated toward the 
surface along the faults or zones of crustal weakness. This has resulted in the extrusion of lavas in the form of 
flows and cinder cones in the project area. Lava flows and cinder cones are found on top and at the base of the 
cliffs. Most of the volcanic rocks in the project area are composed of basalt. North of the proposed afterbay 
reservoir, the hanging wall bedrock is exposed west of the fault as a back rotated block of Kayenta or Navajo 
Sandstone (dip/dip direction of 15/75) that has been preserved because it is capped with resistant layer of Grass 
Valley Basalt Flow. North of the forebay reservoir, the footwall bedrock is capped with a resistant layer of Divide 
Basalt Flow. 

The base of the Hurricane Cliffs are covered by quaternary eolian, alluvial fan and talus and/or colluvial deposits 
that radiate from the base of the Hurricane Cliffs toward the west. These are generally composed of younger 
alluvial fan materials that are very thick near the cliffs, and tend to become thinner toward the west. These soils 
generally have a high soluble salt content and are potentially collapsible when wetted. The younger alluvial 
materials are underlain by an older alluvial fan surface that is back rotated to nearly horizontal composed of 
strongly consolidated and clayey alluvial fan deposits (conglomerate) composed of limestone and basalt 
fragments in a reddish clayey matrix interpreted to have been derived from erosion of the Moenkopi formation 
that once formed much of the proto-Hurricane Cliff face. 
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The Navajo Sandstone Formation is expected to be the main rock type that would likely be encountered in the 
Sand Hollow Tunnel, although bedded sandstones and sandy siltstones of the Kayenta formation may be 
encountered at the west end of the tunnel and portal area. 

Navajo Sandstone is generally pale to moderate reddish brown with spots and zones that are very dark reddish 
brown, dark brown, and white; the depositional bedding is very thickly bedded to massive (bedding is mostly 
greater than 3 feet, and typically greater than 10 feet thick and dipping 5- to 10-degrees to the east, and exhibits 
pronounced laminated to thin, high-angle cross-bedding (dipping 0- to 40-degrees in varying directions). The rock 
is composed of very fine to medium-grained, well-rounded to sub-rounded, well-sorted, frosted quartz sand grains 
that are clast supported (grain-to-grain contact) and moderately- to well-cemented primarily with silica and to a 
lesser degree with hematite, limonite, and calcite that appear as coatings on individual sand grains. The rock is 
moderately weathered with iron oxide coating sand grains and staining throughout the rock mass; moderately soft 
to moderately hard but can be locally soft and friable; intact rock is mostly weak but can be locally medium 
strong (up to 3,600-7,200 psi); the sand grains and cement have no reaction with hydrochloric acid with the 
exception of occasional, very small, limonite and/or calcite blebs that exhibit a minor reaction with hydrochloric 
acid. 

Drilling at the LPP Intake Pump Station occurred at and near the proposed facility, and the deepest borehole 
extended to a depth of approximately 477 feet, comparable to the anticipated depth of approximately 392 feet for 
the proposed shaft or shafts (Appendix B; RB&G 2010).  Drilling at the Hurricane Cliffs Forebay and Afterbay 
sites was limited to drilling at the proposed dams for the forebay and afterbay facilities and not directly at the 
shaft location.  Drilling at the forebay extended to a maximum borehole depth of 238 feet at the South Dam and 
did not extend to the anticipated maximum depth of the proposed surge shaft, which would have been 
approximately 1,000 feet.   

During drilling, the Navajo Sandstone was encountered at approximately 8 to 9 feet below ground surface at the 
location of the proposed Option 4 Afterbay embankment, and was exposed on the ground surface close to the 
proposed Sand Hollow tunnel eastern portal. The Navajo Sandstone is dipping towards the east so it is expected 
that the Navajo Sandstone would likely be close to the ground surface on the west side of the basalt capped ridge 
above the Afterbay and along the Sand Hollow tunnel. The Navajo Sandstone had varying recovery ranging from 
0 to 100 percent with RQD values ranging from 0 to 100 percent. The hydraulic conductivity ranged from 14 
feet/year to 5,665 feet/year. The estimated NGI or Q-system value of 1 and a RMR value of 50, categorizes the 
rock as poor quality (Q) and fair quality (RMR) rock respectively. 

Groundwater was not encountered in any of the drill holes advanced in the forebay or afterbay reservoir areas and 
is expected to be deeper than 200 feet in the Hurricane Cliffs area. The potentiometric surface is likely generally 
flat or even slightly sloping to the east from Sand Hollow Reservoir and the groundwater flow direction may be 
from west to east toward the Hurricane Cliffs fault. The hydrogeological conceptual model speculates that 
groundwater flows reach the Hurricane Cliffs fault zone and it flows south and north along the Hurricane Cliffs 
fault. A geologic plan and cross section of the Hurricane Cliffs pump storage waterway features is displayed in 
Figure 5-16.  
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 Environmental Effects 

5.3.1.2.1 Significance Criteria.  

The following criteria were used in this evaluation to determine whether geologic and soil effects associated with 
the LPP Project would be significant. Significance criteria were established based on the effect topics identified in 
the Study Plan. Effects are considered significant only if they would occur within the design life of the Project (75 
years), and could not be mitigated by design. 

5.3.1.2.1.1 Fault Movement.  

Fault movement effects would be considered significant if the rate of displacement would result in pipeline 
rupture. The minimum total allowable displacement that would result in pipeline rupture has not been determined, 
but for large diameter steel pipe the displacement tolerance is likely to be at least 75 mm (about three inches). 
Thus, an average displacement rate of 1 mm/year or more would be more likely to result in pipeline rupture 
during the design life of the Project and therefore could cause a significant effect. 

5.3.1.2.1.2 Seismic Activity.  

Seismic activity would have a significant effect 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 effect 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). 

5.3.1.2.1.3 Unstable Slopes.  

Slope failure along the pipeline alignments would be considered a significant effect 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 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). 

5.3.1.2.1.4 Expandable, Collapsible or Subsiding Soils or Rocks.  

Geologic hazards from soil or rock conditions would have a significant effect 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. 

5.3.1.2.1.5 Geologic Hazards on Human Health and Safety.  

Effects associated with geologic hazards on human health or safety associated with construction or operation of 
the pipeline and associated features would be considered significant if the effects of geologic hazards resulted in 
human injury or death, or presented a serious risk to human health. 

5.3.1.2.1.6 Important Structures and Mineral Resources.  

Construction or operation effects 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. 
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5.3.1.2.1.7 Borrow and Spoil.  

Construction effects associated with borrow of earth material for pipeline, penstock or structure bedding would be 
significant if extraction of borrow materials causes new and substantial land disturbance from the extraction 
source areas. Construction effects associated with disposal (spoil) of excess excavated material would be 
significant if spoil disposal would cause substantial changes in runoff patterns, turbid runoff that would discharge 
to rivers, streams, or lakes, or create unstable slope conditions. 

5.3.1.2.2 Effects of Proposed Action Construction. 

5.3.1.2.2.1 Fault Movement.  

The rate of fault movement on faults crossed by the Proposed Action 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 vertical slip rate for the Hurricane fault in the reach 
of the proposed penstock crossing has been estimated to be 0.2 to 0.4 mm/yr. The vertical slip rate on the Sand 
Mountain - West Grassy Valley fault is estimated to be 0.1 to 0.2 mm/yr. The displacement rate for other faults 
crossed by the Proposed Action 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 effects are expected to occur during construction. 

5.3.1.2.2.2 Seismic Activity.  

Major earthquakes can occur associated with faults along the Proposed Action 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 Proposed Action alignment. This probably would diminish the potential effects of 
earthquake activity on the Proposed Action 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 (0.2 
to 0.4 gravity PGA) with a two-percent probability of exceedance over a 50-year period. Therefore, no effects are 
expected to occur. 

5.3.1.2.2.3 Unstable Slopes.  

Locations where rockfall and steep slopes occur along the Proposed Action alignment and associated alignment 
sections, are shown in Tables 5-5, 5-7, and 5-8. 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.  The 
proposed minimum cover for the buried pipeline is 3 feet.  The cover depth will be evaluated during the detailed 
design to verify that the pipeline would be adequately protected in the event of a rockfall.  If these precautions are 
followed, no measurable effects and no significant effects would occur. 

5.3.1.2.2.4 Expandable, Collapsible or Subsiding Soils or Rocks.  

Substantial sections of the Proposed Action may be subject to expandable, collapsible, or subsiding soils or rocks, 
as identified in Tables 5-10, 5-11, 5-13, and 5-14. 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. If design considerations are implemented where appropriate, no 
measurable effects and no significant effects would occur. 
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5.3.1.2.2.5 Geologic Hazards on Human Health and Safety.  

Geologic hazards on 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 measurable effects and no significant effects would occur. 

5.3.1.2.2.6 Important Structures and Mineral Resources.  

Human structures within 1,000 feet of the Proposed Action are shown in Table 5-14. 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 would be repaired as part of 
construction). 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 blasting energy to the buildings. Use of lower-energy blasting 
methods at closer spacings would minimize the effects of blasting near structures. Therefore, no measurable 
effects and no significant effects would occur. 

5.3.1.2.2.7 Borrow and Spoil.  

The Proposed Action would have no measurable effects on borrow material development for pipeline and 
penstock bedding or spoil material disposal. Rock excavated along the alignment suitable for crushing would 
meet the pipeline and penstock bedding requirements and no bedding material would need to be imported from 
commercial gravel pits. The Proposed Action would not require expanding or developing additional gravel 
resources to meet construction demands for the LPP pipeline and penstock alignments. All rock would be used for 
bedding, backfill, or maintenance road construction.  Soil would be used for backfill.  Excess soil not used as 
backfill or for dam construction would be spread and compacted on the pipeline and penstock ROW, an area of 
approximately 2,848 acres, and compacted to a thickness of approximately 5.5 inches.  No additional spoil 
disposal areas would be required and spoil disposal along the pipeline and penstock alignments would be within 
the excavated trenches, covered with previously segregated topsoil, and revegetated at approximate original 
contours. Rolling dips would be contoured in to the spoils as needed to accommodate natural drainage patterns.  
The Proposed Action would have no significant effects resulting from borrow material development and spoil 
material disposal. 

The material generated as part of the pipeline and penstock construction consists of the following categories: 

 Blastable (hard rock such as hard limestone and well-cemented sandstone)    
 Rippable (soft rock such as shale, mudstone, soft limestone, and poorly-cemented sandstone) 
 Mixed Soil over Blastable (soil - assumed 5’ thick - over blastable material as described above) 
 Mixed Soil over Rippable (soil  - assumed 5’ thick – over rippable material as described above) 
 Excavatable (soil and highly decomposed rock) 

The volumes of material generated (neat lines excluding expansion) in cubic yards are summarized below: 

 Blastable   1,666,300    
 Rippable    1,122,500  
 Mixed Soil over Blastable  806,600 (489,600 soil - 317,000 rock) 
 Mixed Soil over Rippable  382,300 (240,100 soil – 142,200 rock) 
 Excavatable    2,107,300 

A discussion of material excavated (blasted) from tunnels and shafts, common to all alternatives, is included in 
Section 5.3.1.1.9. 
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5.3.1.2.2.8 Intake Pump Station Site Effects.  

The rock and geologic structure of the massive Navajo sandstone at the Intake Pump Station site appears to be 
suitable for excavating the shafts, tunnels, and other underground features. There would be no measurable effects 
of the sandstone and geologic structure on the proposed shaft and tunnel locations. Groundwater is expected to 
infiltrate into the tunnels and shafts during excavation. The infiltration rates would be relatively high at the 
beginning of excavation where groundwater is encountered. Continuously pumping sumps in the excavations 
would drawdown the surrounding groundwater and reduce the rate of infiltration as the pumping continues. The 
groundwater infiltration rates would be manageable during the shaft, tunnel and other underground excavation 
work. The groundwater drawdown around the shaft, tunnel and other underground excavation work is expected to 
occur in the adjacent local sandstone aquifer extending not more than 1,500 feet horizontally because the 
transmissivity through the sandstone is relatively low. The local groundwater drawdown effect would be 
temporary (occurring through Intake Pump Station underground construction) and would recover to match the 
unaffected sandstone aquifer levels following construction completion. The drawdown effects would be short-
term and localized, and would have no effect on other wells in the vicinity used for water supply. 

5.3.1.2.2.9 Hurricane Cliffs Forebay and Afterbay Reservoir Area Effects.  

The rock and geologic structure of the Hurricane Cliffs area is complex and contains multiple rock types and 
geologic conditions. The proposed forebay reservoir maximum elevation was limited to avoid a higher elevation 
with rocks containing gypsum minerals that could dissolve in contact with recharged water. The proposed 
afterbay reservoir site was selected because the underlying Navajo Sandstone is suitable foundation material for a 
reservoir and embankment. Other potential afterbay sites investigated did not have suitable foundation materials 
for embankments and a reservoir, and these sites were not investigated further because they are not feasible. 
Excavation for embankment foundations, shafts, tunnels, and the powerhouse is not expected to encounter any 
groundwater because the deepest excavations (at the powerhouse) would be 180 feet and groundwater levels are 
deeper than 200 feet.   

At the afterbay, depth to groundwater was not encountered in test boreholes, including one borehole which 
extended to a depth of 271 feet, at bottom elevation 3,404.7 feet MSL.  The Sand Hollow tunnel section begins at 
the afterbay with a pipe invert at elevation 3,485 feet MSL.  The tunnel section extends at a nearly flat slope for 
approximately 500 feet through a butte before exiting at nearly the same elevation west of the butte.  The tunnel 
would be well above the observed depth to groundwater, therefore little, if any, seepage dewatering would be 
required during construction of the tunnel.   

5.3.1.2.3 Proposed Action Operation and Maintenance Effects. 

5.3.1.2.3.1 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. Projected displacement of the Hurricane fault is estimated at 0.2 to 0.4 mm/yr.  The 
displacement rates for the other faults crossed by the Proposed Action 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. A displacement of 0.4 
mm/yr would result in a total displacement of 30 mm over the project design life. These would be less than half of 
the significance criterion of 75 mm over 75 years. Therefore, no measurable effects and no significant effects 
associated with fault movement are expected to occur. 

5.3.1.2.3.2 Seismic Activity.  

Major earthquakes can occur associated with faults along the Proposed Action 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, 
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both of which are west of the Proposed Action alignment. This probably would diminish the potential effects of 
earthquake activity on the Proposed Action 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 measurable effects and no 
significant effects are expected to occur. 

Saturated sandy soils may be encountered at the pipeline crossing of the Paria River. However, the projected PGA 
is low, and proper design and construction would minimize the risks of effects associated with liquefaction during 
Proposed Action operation at this location. Therefore, no measurable effects and no significant effects would 
occur associated with liquefaction. 

5.3.1.2.3.3 Unstable Slopes.  

Locations where rockfall and steep slopes occur along the Proposed Action alignment and associated alignment 
sections, are shown in Tables 5-5 through 5-8. These locations may be subject to failure, particularly in the event 
of an earthquake; however, because the pipeline would be buried slope failures are not expected to affect the 
pipeline operations or maintenance, and conversely the operation and maintenance of the pipeline is unlikely to 
affect the slope stability. Therefore, no measurable effects and no significant effects would occur. 

5.3.1.2.3.4 Expandable, Collapsible or Subsiding Soils or Rocks.  

Substantial sections of the Proposed Action alignment may be subject to expandable, collapsible, or subsiding 
soils or rocks, as identified in Tables 5-10, 5-11, 5-13 and 5-14. 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 measurable 
effects and no significant effects would occur associated with operations and maintenance. 

5.3.1.2.3.5 Geologic Hazards on Human Health and Safety.  

Geologic hazards on human health and safety during operations and maintenance would be minimized by 
following standard design and construction practices. Therefore, no measurable effects and no significant effects 
would occur. 

5.3.1.2.3.6 Important Structures and Mineral Resources.  

No measurable effects and no significant effects would occur in connection with the Proposed Action operations 
and maintenance. 

5.3.1.2.3.7 Borrow and Spoil.  

No measurable effects and no significant effects would occur in connection with the Proposed Action operations 
and maintenance. 

5.3.1.2.3.8 Intake Pump Station Site Effects.  

The rock and geologic structure of the massive Navajo sandstone at the Intake Pump Station site appears to be 
suitable for operating and maintaining the shafts, tunnels, and other underground features.  

5.3.1.2.3.9 Hurricane Cliffs Forebay and Afterbay Reservoir Area Effects.  

The proposed forebay and afterbay reservoirs would experience some seepage losses and result in localized 
recharge of the foundation rock formations. Portions of the forebay reservoir would be lined with locally-sourced 
Bench Lake clay to control infiltration that could cause water to come into contact with gypsum minerals. The 
afterbay reservoir is expected to recharge the Navajo sandstone foundation rock similar to the ongoing recharge 
below Sand Hollow Reservoir. Because the afterbay reservoir would recharge the same Navajo sandstone bedrock 
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as Sand Hollow Reservoir, an aquifer recharge and recovery system could be developed in the future. The effect 
of groundwater recharge in the Navajo sandstone would be creation of a groundwater mound around the afterbay 
reservoir area. The rate of groundwater recharge to the Navajo sandstone is expected to be slower than the Sand 
Hollow Reservoir aquifer recharge rate because there would be fluctuating head conditions from continuous 
operation of the afterbay reservoir for pump storage. A small quantity of the groundwater recharge in the afterbay 
reservoir area is expected to gradually seep into the Kayenta formation and flow south and southwest. These 
effects on the Navajo sandstone and Kayenta formation would be minimal and not affect any other resources. 

5.3.1.2.4 Existing Highway Alternative Construction Effects.  

5.3.1.2.4.1 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 vertical slip rate for the Hurricane fault in the reach of the proposed penstock crossing has been 
estimated to be 0.2 to 0.4 mm/yr. The vertical slip rate on the Sand Mountain - West Grassy Valley fault is 
estimated to be 0.1 to 0.2 mm/yr. The duration of construction activities is too short to be affected by such low 
rates of displacement. Therefore, no effects are expected to occur during construction. 

5.3.1.2.4.2 Seismic Activity.  

Effects associated with seismic activity for the Existing Highway Alternative would be similar to effects for the 
Proposed Action. No measurable effects and no significant effects are expected to occur. 

5.3.1.2.4.3 Unstable Slopes.  

Locations where rockfall and steep slopes exist along the Existing Highway Alternative alignment and associated 
alignment sections, are shown in Tables 5-5, 5-6, and 5-8. 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 Proposed Action; 
therefore no effects would occur if appropriate precautions are taken. 

5.3.1.2.4.4 Expandable, Collapsible or Subsiding Soils or Rocks.  

Effects associated with expandable, collapsible, or subsiding soils or rocks for the Existing Highway Alternative 
alignment would be similar to effects for the Proposed Action alignment and are a result of gypsiferous soils, 
expansive clays, or gypsiferous or clay-mineral rocks, as identified in Tables 5-10, 5-11, 5-12, and 5-13. If design 
considerations are implemented where appropriate, no measurable effects and no significant effects would occur. 

5.3.1.2.4.5 Geologic Hazards on Human Health and Safety.  

Geologic hazards on 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 Proposed Action. Therefore, no measurable 
effects and no significant effects would occur. 

5.3.1.2.4.6 Important Structures and Mineral Resources.  

Human structures within 1,000 feet of the Existing Highway Alternative alignment are shown in Table 5-14. The 
primary risk of damage is the same as for the Proposed Action and includes the same structures, which are located 
on sections that are common to both alignment alternatives. Therefore, no measurable effects and no significant 
effects would occur if appropriate precautions are taken. 
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5.3.1.2.4.7 Borrow and Spoil.  

The Existing Highway Alternative could have measurable effects on borrow material development for pipeline 
and penstock bedding. Rock excavated along the alignment and from road cuts that would be suitable for crushing 
and bedding would meet 51.5 percent of the pipeline and penstock bedding requirements, and approximately 
1,025,000 cubic yards of bedding material would need to be developed from excavated soil along the alignment.  
If there is insufficient suitable soil for this volume of bedding, the deficit would need to be imported from 
commercial gravel pits. If the volume of soil suitable for bedding is insufficient to meet the needs of bedding 
construction, the Existing Highway Alternative would require expanding or developing additional gravel 
resources by as much as one million cubic yards to meet construction demands for the LPP pipeline and penstock 
alignments. If this occurs, the bedding material requirements and the associated land disturbance under the 
Existing Highway Alternative would be a significant effect on existing commercial gravel pits and currently 
undisturbed land areas suitable for producing construction bedding materials. 

The material generated as part of the pipeline and penstock construction consists of the following categories: 
 

• Blastable (hard rock such as hard limestone and well-cemented sandstone)    
• Rippable (soft rock such as shale, mudstone, soft limestone, and poorly-cemented sandstone) 
• Mixed Soil over Blastable (soil - assumed 5’ thick - over blastable material as described above) 
• Mixed Soil over Rippable (soil - assumed 5’ thick – over rippable material as described above) 
• Excavatable (soil and highly decomposed rock) 

The volumes of material generated (neat lines excluding expansion) in cubic yards are summarized below: 

• Blastable   732,600    
• Rippable    1,712,500  
• Mixed Soil over Blastable  452,300 (274,500 soil – 177,800 rock) 
• Mixed Soil over Rippable  439,900 (276,300 soil – 163,600 rock) 
• Excavatable    2,807,800 

A discussion of material excavated (blasted) from tunnels and shafts, common to all alternatives, is included in 
Section 5.3.1.1.9. 

Excess soil not used as backfill or for dam construction would be spread and compacted on the pipeline and 
penstock ROW, an area of approximately 2,724 acres, and compacted to a thickness of approximately 4.4 inches 
if sufficient suitable soil can be obtained from the excavated material to make up for the deficit in pipe bedding.  
If not, the estimated compacted thickness of soil would be approximately five inches.  No additional spoil 
disposal areas would be required and spoil disposal along the pipeline and penstock alignments would be within 
the excavated trenches, covered with previously segregated topsoil, and revegetated at approximate original 
contours. Rolling dips would be contoured into the spoils as needed to accommodate natural drainage patterns.  
The Existing Highway Alternative would have no significant effects resulting from spoil material disposal. 

5.3.1.2.4.8 Intake Pump Station Site Effects.  

The effects would be the same as described for the Proposed Action in Section 5.3.1.2.2.7. 

5.3.1.2.4.9 Hurricane Cliffs Forebay and Afterbay Reservoir Area Effects.  

The effects would be the same as described for the Proposed Action in Section 5.3.1.2.2.8. 
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5.3.1.2.5 Existing Highway Alternative Operation and Maintenance Effects.  

5.3.1.2.5.1 Fault Movement.  

Effects associated with fault movement for the Existing Highway Alternative alignment would be similar to the 
Proposed Action. Therefore, no measurable effects and no significant effects associated with fault movement are 
expected to occur. 

5.3.1.2.5.2 Seismic Activity.  

Effects associated with seismic activity for the Existing Highway Alternative alignment would be the same as for 
the Proposed Action. Proper bedding and pipeline design and construction would further minimize seismic 
effects. Therefore, no effects are expected to occur. 

5.3.1.2.5.3 Unstable Slopes.  

Effects associated with slope failure during operation and maintenance for the Existing Highway Alternative are 
the same as for the Proposed Action.  No measurable effects and no significant effects would occur. 

5.3.1.2.5.4 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 Tables 5-10, 5-11, 5-12, and 5-13. 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 measurable effects and no significant effects would occur associated with operations and 
maintenance activities. 

5.3.1.2.5.5 Geologic Hazards on Human Health and Safety.  

No measurable effects and no significant effects would occur. 

5.3.1.2.5.6 Important Structures and Mineral Resources.  

No measurable effects and no significant effects would occur. 

5.3.1.2.5.7 Borrow and Spoil.  

No measurable effects and no significant effects would occur. 

5.3.1.2.5.8 Intake Pump Station Site Effects.  

The effects would be the same as described for the Proposed Action in Section 5.3.1.2.3.7. 

5.3.1.2.5.9 Hurricane Cliffs Forebay and Afterbay Reservoir Area Effects.  

The effects would be the same as described for the Proposed Action in Section 5.3.1.2.3.8. 

5.3.1.2.6 Southeast Corner Alternative Construction Effects.  

Construction effects associated with fault movement, seismic activity, rockfall and steep slopes, expandable, 
collapsible, or subsiding soils or rocks, geologic hazards on human health and safety, important structures and 
mineral resources, Intake Pump Station, and Hurricane Cliffs forebay and afterbay reservoir areas would be the 
same as described for the Proposed Action in Section 5.3.1.2.2. 

5.3.1.2.6.1 Borrow and Spoil.  

The Southeast Corner Alternative would have measurable effects on borrow material development for pipeline 
and penstock bedding. Rock excavated along the alignment suitable for crushing would meet all of the pipeline 
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and penstock bedding requirements. The Southeast Corner Alternative would not require expanding additional 
gravel resources to meet construction demands for the LPP pipeline and penstock alignments.  

The material generated as part of the pipeline and penstock construction consists of the following categories: 

• Blastable (hard rock such as hard limestone and well-cemented sandstone)    
• Rippable (soft rock such as shale, mudstone, soft limestone, and poorly-cemented sandstone) 
• Mixed Soil over Blastable (soil - assumed 5’ thick - over blastable material as described above) 
• Mixed Soil over Rippable (soil - assumed 5’ thick – over rippable material as described above) 
• Excavatable (soil and highly decomposed rock) 

The volumes of material generated (neat lines excluding expansion) in cubic yards are summarized below: 

• Blastable   1,604,900    
• Rippable    1,122,500  
• Mixed Soil over Blastable  784,000 (475,900 soil – 308,100 rock) 
• Mixed Soil over Rippable  863,400 (542,200 soil – 321,200 rock) 
• Excavatable    1,626,200 

A discussion of material excavated (blasted) from tunnels and shafts, common to all alternatives, is included in 
Section 5.3.1.1.9. 

All rock would be used for bedding, backfill, or maintenance road construction.  Soil would be used for backfill.  
Excess soil not used as backfill or for dam construction would be spread and compacted on the pipeline and 
penstock ROW, an area of approximately 2,823 acres, and compacted to a thickness of approximately 7.1 inches.  
No additional spoil disposal areas would be required and spoil disposal along the pipeline and penstock 
alignments would be within the excavated trenches, covered with previously segregated topsoil, and revegetated 
at approximate original contours. Rolling dips would be contoured in to the spoils as needed to accommodate 
natural drainage patterns.  The Southeast Corner Alternative would have no significant effects resulting from spoil 
material disposal. 

5.3.1.2.7 Southeast Corner Alternative Operation and Maintenance Effects.  

Operation and maintenance effects associated with fault movement, seismic activity, rockfall and steep slopes, 
expandable, collapsible, or subsiding soils or rocks, geologic hazards on human health and safety, important 
structures and mineral resources, borrow and spoil, Intake Pump Station, and Hurricane Cliffs forebay and 
afterbay reservoir areas would be the same as described for the Proposed Action in Section 5.3.1.2.3. 

5.3.1.2.8 No Lake Powell Water Alternative Construction Effects. 

5.3.1.2.8.1 Fault Movement.  

The rate of fault movement on potential faults near the Warner Valley Reservoir embankment are believed to be 
no more than 0.2 mm/year on average. The vertical slip rate for the closest known major fault, the Sand Mountain 
- West Grassy Valley fault, is estimated to be 0.1 to 0.2 mm/yr. The displacement rate for other faults crossed by 
or near the Warner Valley Reservoir embankment is unknown but this is probably because the 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 effects are expected to occur during construction of the Warner Valley Reservoir and associated 
features. 

5.3.1.2.8.2 Seismic Activity.  

Major earthquakes can occur associated with faults near the Warner Valley Reservoir embankment and are likely 
to occur during the design life of the No Lake Powell Water Alternative; however, most measured earthquakes in 
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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 Warner Valley Reservoir embankment. This 
probably would diminish the potential effects of earthquake activity on the Warner Valley Reservoir 
embankment. Proper embankment design and construction would further minimize seismic effects. The alignment 
lies within a zone of low to moderate projected PGA (0.2 to 0.4 gravity PGA) with a two-percent probability of 
exceedance over a 50-year period. Therefore, no effects are expected to occur. 

5.3.1.2.8.3 Unstable Slopes.  

Rockfall and steep slopes occur within and near the Warner Valley Reservoir. These unstable slopes 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 such as rock bolt 
installation and blasting, excavation and re-contouring or removal of rock and soil at risk of failure may need to 
occur before proceeding. If these precautions are followed, no measurable effects and no significant effects would 
occur. 

5.3.1.2.8.4 Expandable, Collapsible or Subsiding Soils or Rocks.  

Portions of the Warner Valley Reservoir area may be subject to expandable, collapsible, or subsiding soils or 
rocks. These conditions are primarily associated with gypsiferous soils, which are susceptible to subsidence if 
gypsum is extensively wetted because gypsum can dissolve, leaving voids. Construction in such materials may 
require special design considerations, such as over-excavation, placement of bedding materials, and clay liners 
may be necessary. If design considerations are implemented where appropriate, no measurable effects and no 
significant effects would occur. 

5.3.1.2.8.5 Geologic Hazards on Human Health and Safety.  

Geologic hazards on 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 measurable effects and no significant effects would occur. 

5.3.1.2.8.6 Important Structures and Mineral Resources.  

The only important structure within 1,000 feet of the Warner Valley Reservoir and Reverse Osmosis (RO) water 
treatment plant is the Washington Fields Diversion. The primary risk of damage is associated with the indirect 
effects of blasting during construction because the structure is in the vicinity. Special blasting methods may need 
to be employed to minimize the transfer of energy through rock and soil to the structure. Use of lower-energy 
blasting methods at closer spacings would minimize the effects of blasting near the Washington Fields Diversion 
structure. Therefore, no measurable effects and no significant effects would occur. 

5.3.1.2.8.7 Borrow and Spoil.  

Borrow materials for the Warner Valley Reservoir embankment dam would be supplied from local gravel pits and 
other material sources in the St. George metropolitan area. There would be no measurable effects and no 
significant effects on borrow materials supplied from St. George area sources. 

5.3.1.2.9 No Lake Powell Water Alternative Operation and Maintenance Effects. 

5.3.1.2.9.1 Fault Movement.  

The rate of fault movement on potential faults near the Warner Valley Reservoir embankment are believed to be 
no more than 0.2 mm/yr on average. The vertical slip rate for the closest known major fault, the Sand Mountain - 
West Grassy Valley fault, is estimated to be 0.1 to 0.2 mm/yr. A displacement of 0.2 mm/yr, which exceeds 
average displacement rates for the most active regional faults, would result in a total displacement of 15 mm over 
the Project design life. A displacement of 0.4 mm/yr would result in a total displacement of 30 mm over the 
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project design life. These would be less than half of the significance criterion of 75 mm over 75 years. Therefore, 
no measurable effects and no significant effects associated with fault movement are expected to occur. 

5.3.1.2.9.2 Seismic Activity.  

Major earthquakes can occur associated with faults near the Warner Valley Reservoir embankment and are likely 
to occur during the design life of the No Lake Powell Water Alternative; 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 Warner Valley Reservoir embankment. This 
probably would diminish the potential effects of earthquake activity on the Warner Valley Reservoir 
embankment. Proper embankment design and construction would further minimize seismic effects. The 
embankment lies within a zone of low to moderate projected PGA with a two-percent probability of exceedance 
over a 50-year period. Therefore, no measurable effects and no significant effects are expected to occur. 

Saturated sandy soils may be encountered at the RO water treatment plant site near the Washington Fields 
Diversion on the Virgin River. However, the projected PGA is low, and proper design and construction would 
minimize the risks of effects associated with liquefaction during No Lake Powell Water Alternative operation at 
this location. Therefore, no measurable effects and no significant effects would occur associated with liquefaction. 

5.3.1.2.9.3 Unstable Slopes.  

Rockfall and steep slopes occur in the area around the Warner Valley Reservoir. These unstable slopes may be 
subject to failure, particularly in the event of an earthquake. Use of appropriate design techniques would minimize 
the potential for rockfall from steep slopes that could affect the Warner Valley Reservoir facilities. Therefore, no 
measurable effects and no significant effects are expected to occur. 

5.3.1.2.9.4 Expandable, Collapsible or Subsiding Soils or Rocks.  

Portions of the Warner Valley Reservoir area may be subject to expandable, collapsible, or subsiding soils or 
rocks. 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 measurable effects and no significant effects would occur 
associated with operations and maintenance. 

The No Lake Powell Water Alternative would have long-term adverse effects on soil resources in the St. George 
metropolitan area. Soils supporting a wide range of irrigated landscapes would not be irrigated with potable water, 
and only those soils irrigated with secondary water supplies would continue to receive water. Soils previously 
irrigated with potable water would transition to desert plant species and vegetation supported only by 
precipitation. These soils would be susceptible to erosion from wind and precipitation events because they would 
no longer be stabilized by irrigated vegetation. This adverse effect would be significant within the affected 
residential developments in the St. George metropolitan area. 

5.3.1.2.9.5 Geologic Hazards on Human Health and Safety.  

Geologic hazards on human health and safety during operations and maintenance would be minimized if 
appropriate design and construction practices are followed. The Warner Valley Reservoir would be a restricted 
access facility. Therefore, no measurable effects and no significant effects would occur. 

5.3.1.2.9.6 Important Structures and Mineral Resources.  

No measurable effects and no significant effects would occur in connection with operations and maintenance. 

5.3.1.2.10 No Action Alternative.  

The No Action Alternative would have no effect on geology and soil resources. 
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 Protection, Mitigation and Enhancement Measures 

5.3.1.3.1 Fault Movement.  

Pipeline and penstock crossings of potentially active faults would incorporate design features to maintain pipe 
integrity, including features such as flexible couplings, increased pipe wall thickness, and/or pipe sleeves. These 
design features would be determined during detailed geotechnical investigations performed to support final 
pipeline and penstock design. There would be no adverse effects on geology and soils resources associated with 
this protection measure. 

5.3.1.3.2 Unstable Slope Mitigation.  

Unstable slopes with potential rockfall would be examined before heavy earthwork, especially blasting, could 
take place, and site stabilization measures or removal of rock and soil at risk of failure and replacement with 
appropriately designed materials would occur before proceeding. There would be no adverse effects on geology 
and soils resources associated with this mitigation measure. 

5.3.1.3.3 Expandable, Collapsible or Subsiding Soils Mitigation.  

Construction in expandable, collapsible, or subsiding soils would involve special design considerations, such as 
over-excavation and placement of additional bedding to provide appropriate drainage, to mitigate these types of 
soil conditions. Soils susceptible to erosion would be stabilized within the ROW and re-vegetated as applicable. 
There would be no adverse effects on geology and soils resources associated with this mitigation measure. 

5.3.1.3.4 Important Structures Protection.  

Special blasting methods would be employed to minimize the transfer of energy through rock and soil to 
important structures. Use of lower-energy blasting methods at closer spacings would be implemented to minimize 
the effects of blasting near structures. There would be no adverse effects on resources associated with this 
protection measure. 

5.3.1.3.5 Borrow and Spoil Management.  

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

5.3.1.3.6 Blasting Management.  

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

5.3.1.3.7 Erosion and Sediment Control.  

Erosion and sediment control would be implemented using non-structural and structural methods as applicable on 
disturbed soils subject to erosion and sediment mobilization. Non-structural methods would involve contractor 
education, standard construction management practices, good housekeeping practices, and construction 
sequencing. Structural methods would involve physical devices or means for removing, reducing, retarding or 
preventing stormwater runoff constituents, pollutants, contaminants, and soil particles from being mobilized and 
reaching receiving waters. Typical erosion and sediment control methods include filter berms, siltation berms, 
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filter or silt fencing, detention basins, sediment traps, interceptor berms, sediment barriers (e.g., sand bags, hay 
bales, straw wattles, excelsior bundles, excelsior blankets, and excelsior bales or rolls), rock or gravel mulches, 
wood chip mulches, straw and bark mulches, jute netting, synthetic netting, and synthetic blankets. 

5.3.1.3.8 Soil Stockpiling and Management.  

All recoverable growth medium and topsoil would be salvaged prior to surface excavation. Salvaged topsoil and 
native plant materials would be windrowed along the ROW edge or placed in temporary stockpiles no greater than 
six feet high. Native vegetation cleared from within the ROW would be ground or chipped to a mulching 
consistency and stockpiled adjacent to topsoil windrows or stockpiles. Topsoil stripped from areas with varying 
surface conditions would be segregated and stockpiled separately to preserve seedbank integrity (natural seeds 
incorporated into the soils). Segregated topsoil stockpiles would be used following construction completed to 
restore the same areas the topsoil was stripped from. All soil stockpiles would be maintained within the 
construction ROW. 

5.3.1.3.9 Access Roads.  

During construction, all unpaved access roads used by construction personnel, equipment, and materials delivery 
trucks would be maintained to meet local county standards and federal land management agency requirements as 
applicable. Maintenance would include use of road base materials to maintain road integrity and drainage, and to 
avoid damage to adjacent soil resources. Following construction, previous existing access roads would be restored 
to pre-construction conditions or better. Improvements made during construction would be left in place. Access 
roads in areas of silty soil would be restored to pre-construction conditions or better. 

 Cumulative Effects 

5.3.1.4.1 Proposed Action.  

Interrelated actions include the continued construction and operation of the Southern Corridor Highway and 
construction of the Kern River – Hurricane Natural Gas Pipeline. 

The Southern Corridor Highway is a four-lane highway, part of which has already been constructed from I-15 
south of St. George to St. George Municipal Airport, and part of which is under construction from the airport to 
Highway 9 near Hurricane. Construction of the highway has, and will, eliminate the soil resources within the 
footprint of the roadway. Ongoing operation of the highway will permanently remove access to soil resources 
within the footprint of the roadway. This would be a cumulative effect for both construction and operation. 

The Kern River – Hurricane Natural Gas Pipeline will be constructed along one of two routes.  In either case, soil 
resources will be temporarily removed during construction of the buried pipeline. This would be a cumulative 
effect during construction. Once constructed, soil will be replaced and the alignment revegetated, so no 
cumulative effects would occur during operation. 

Temporary groundwater drawdown at the Intake Pump Station site could result in unmeasurable inflow from Lake 
Powell into the Navajo sandstone bedrock and have cumulative effects with the past, present and future actions 
involving Glen Canyon Dam operation and Lake Powell levels. These potential short-term cumulative effects 
would not be measurable. The water supply well at the Intake Pump Station is not expected to cause groundwater 
drawdown intercepting the Lake Powell water surface, and there would be no long-term cumulative effects with 
the past, present and future actions involving operation of Glen Canyon Dam and Lake Powell levels. There 
would be no other measurable effects associated with geology and soil resources, therefore there would be no 
cumulative effects. 

5.3.1.4.2 Existing Highway Alternative.  

The cumulative effects would be the same as described for the Proposed Action in Section 5.3.1.4.1. 
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5.3.1.4.3 Southeast Corner Alternative.  

The cumulative effects would be the same as described for the Proposed Action in Section 5.3.1.4.1. 

5.3.1.4.4 No Lake Powell Water Alternative.  

Interrelated actions include the continued construction and operation of the Southern Corridor Highway and the 
construction of the Kern River – Hurricane Natural Gas Pipeline.   

The Southern Corridor Highway is a four-lane highway, part of which has already been constructed from I-15 
south of St. George to the St. George Municipal Airport, and part of which will be constructed from the airport to 
Highway 9 near Hurricane. Construction of the highway has, and will, eliminate the soil resources within the 
footprint of the roadway. Ongoing operation of the highway will permanently remove access to soil resources 
within the footprint of the roadway.  This would be a cumulative effect for both construction and operation. 

The Kern River – Hurricane Natural Gas Pipeline will be constructed along one of two routes.  In either case, soil 
resources will be temporarily removed during construction of the buried pipeline.  This would be a cumulative 
effect during construction.  Once constructed, soil will be replaced and the alignment revegetated, so no 
cumulative effects would occur during operation.    

The No Lake Powell Water Alternative would have significant effects on soil resources in the St. George 
metropolitan area; however, none of the interrelated actions would combine with these effects to cause cumulative 
effects on soil resources. 

 Unavoidable Adverse Effects 

The Proposed Action, Existing Highway Alternative, and Southeast Corner Alternative each could have a short-
term unavoidable adverse effect on the Navajo sandstone at the Intake Pump Station site resulting from 
groundwater drawdown during underground construction below the corresponding Lake Powell level. This short-
term adverse effect could have an unmeasurable short-term cumulative effect with past, present and future actions 
involving Glen Canyon Dam operations and Lake Powell levels. Following construction completion, the 
groundwater drawdown caused by pumping the underground work areas would cease and the groundwater level 
would return to approximately the same elevation as Lake Powell. 

The Existing Highway Alternative would have a significant unavoidable adverse effect on borrow material 
development from commercial sources of bedding material for pipeline and penstock construction. Up to 1.13 
million cubic yards of bedding material would have to be developed and imported to the pipeline and penstock 
construction alignments, resulting in additional land disturbance on private and/or public land in southwest Utah 
and northern Arizona. 

The Southeast Corner Alternative would have a measurable unavoidable adverse effect on borrow material 
development from commercial sources of bedding material for pipeline and penstock construction. Up to 116,500 
cubic yards of bedding material would have to be development and imported to the pipeline and penstock 
construction alignments, resulting in additional land disturbance on private and/or public land in southwest Utah 
and northern Arizona. 

The No Lake Powell Water Alternative would have long-term unavoidable adverse effects on soil resources in the 
St. George metropolitan area. Soils would no longer be irrigated with potable water and would transition to either 
unvegetated conditions or support only desert vegetation, and the soil resources would be susceptible to weed 
infestation and erosion from wind and precipitation events. 
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