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Exhibit E – Section 6 

Report on Geological and Soil Resources 

As required under 18 CFR 4.41(f)(6), the Applicant is to provide a report on the geological and 
soil resources in the proposed project area and other lands that would be directly or indirectly 
affected by the proposed action and the impacts of the proposed project on those resources. 
The information required may be supplemented with maps showing the location and 
description of conditions. The report must contain: 

(i) A detailed description of geological features, including bedrock lithology, stratigraphy, 
structural features, glacial features, unconsolidated deposits, and mineral resources; 

(ii) A detailed description of the soils, including the types, occurrence, physical and chemical 
characteristics, erodability and potential for mass soil movement; 

(iii) A description showing the location of existing and potential geological and soil hazards and 
problems, including earthquakes, faults, seepage, subsidence, solution cavities, active and 
abandoned mines, erosion, and mass soil movement, and an identification of any large 
landslides or potentially unstable soil masses which could be aggravated by reservoir 
fluctuation; 

(iv) A description of the anticipated erosion, mass soil movement and other impacts on the 
geological and soil resources due to construction and operation of the proposed project; and 

(v) A description of any proposed measures or facilities for the mitigation of impacts on soils. 

6.0. REPORT ON GEOLOGICAL AND SOIL RESOURCES  

6.1. Geology and Soils Environmental Setting. 

Lake Elsinore is a shallow lake (13 meters maximum depth based on historic records) with a 
relatively small drainage basin (<1,240 square kilometers) from which the San Jacinto River 
flows (semi-annually) into and terminates within the lake’s basin.  Lake Elsinore has overflowed 
to the northwest through Walker Canyon very rarely, only three times in the 20th Century and 
20 times since 1769 based on Mission diaries.  Each overflow event was very short-lived 
(<several weeks), demonstrating that Lake Elsinore is essentially a closed-basin lake system.  
Conversely, Lake Elsinore has dried completely on four occasions since 1769.1 

Lake Elsinore sits within a structural depression (a down-dropped graben) along the Elsinore 
fault.  Lake Elsinore is surrounded by a combination of predominantly igneous and 
metamorphic rocks.  Lake Elsinore is constrained along its southern edge by the steep, deeply 

                                                      

1
/ Kirby, Matthew E. and Anderson, Michael, Developing a Baseline of Natural Lake-Level/Hydrologic Variability and 

Understanding Past Versus Present Lake Productivity Over the Late-Holocene: A Paleo-Perspective for Management of 
Modern Lake Elsinore, A Final Contract Report to the Lake Elsinore and San Jacinto Watershed Authority, March 2005, pp. 
18-20. 
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incised Elsinore Mountains.  The Elsinore Mountains provide a local sediment source.  Total 
sediment thickness underlying Lake Elsinore is estimated to be between 600 and 1,000 meters 
(m).  Two exploratory wells have been drilled at the east end of the lake to 542 m and 549 m, 
respectively, with sediment described as mostly fine-grained. 

Presented in Figure E. 6-1.  Physiographic Provinces of Southern California is a map showing the 
Project’s general location relative to physiographic provinces of southern California.  Colored 
areas define structural assemblages.  The approximate location of most faults having large 
displacement or length are shown.  The Peninsular Ranges Province is sharply bounded to the 
east by the San Andreas fault zone but its northern extent is poorly defined.  The inferred 
boundary between the Peninsular Ranges and the San Gabriel Mountains assemblage is hidden 
under thick Quaternary deposits and its location and character are highly speculative.2 

6.1.1. City of Lake Elsinore.   

As indicated therein and as illustrated in Figure E. 6-2.  City of Lake Elsinore Geologic 
Formations: “West of the Elsinore Valley, the Santa Ana Mountains uplift is dominated by 
primarily granitoid rocks of Cretaceous age belonging to the Peninsular Ranges batholith.  
Immediately above Lake Elsinore, rocks are primarily potassium feldspar – bearing tonalite and 
granodioorite.  Bodies of biotite and hornblende granodiorite are present to the northwest and 
southwest; farther to the west, hornblende gabbro occurs locally.  Roof pendants consisting of 
metasedimentary rocks of Mesozoic age are also present to the west.  To the west and north, 
siliceous metasediments of Jurassic Bedford Canyon Formation are exposed in a broad east-
west trending belt.  Where drainages debouch on the valley floor, alluvial fan deposits 
comprising gravel, sand, silt and ranging in age from mid-Pleistocene to Holocene and are 
conspicuous.  Unconsolidated Holocene deposits of bouldery to sandy alluvium are present in 
active and recently active drainage channels. The Elsinore Valley itself is floored primarily by 
unconsolidated sand, silt, and clay of latest Pleistocene and Holocene age, recording riverine 
drainage along the valley axis.  Immediately surrounding Lake Elsinore is a broad expanse of 
late Holocene lake deposits consisting of grey, fine-grained sediments (clay, silt, and fine-
grained sand) documenting the lake’s former extent.”3 

As further noted therein, as illustrated in Figure E. 6-3.  Seismic Hazards and indicated in Table 
E. 6-1.  Maximum Credible Earthquakes and Recurrence Intervals, the City and surrounding 
areas have the potential to experience significant groundshaking as a result of seismic activities 
on a number of active faults.  Figure E. 6-4.  Liquefaction Susceptibility in the Lake Elsinore Area 
presents a generalized map of liquefaction potential based on data on file with the City. 

 

                                                      

2
/ Morton, Douglas M. and Miller, Fred, Geologic Map of the San Bernardino and Santa Ana 30’ x 60’ Quadrangle, California, 

Open File Report 2006-1217, United States Geological Survey, 2006. 
3
/ Id., City of Lake Elsinore General Plan, Background Reports, pp. 12-6 and 12-7. 
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Table E. 6-1.  Maximum Credible Earthquakes and Recurrence Intervals 
for Key Southern California Faults 

Fault 
Magnitude of 

Maximum Credible 
Earthquake 

Approximate Recurrence Interval 

Newport-Inglewood MW 6.0 – 7.4 Unknown 

Whittier MW 6.0 – 7.2 Unknown 

Raymond Hill MW 6.0 – 7.0 Unknown 

Cucamonga MW 6.0 – 7.0 Estimated at 600-700 years 

Elsinore MW 6.5 – 7.5 250 

San Jacinto MW 6.5 – 7.5 100-300 years on each segment 

San Andreas MW 6.8 – 8.0 
Ranges from less than 20 years at Parkfield in the north to more 
than 300 years; Averages about 140 years on Mojave segment of 

fault 

North Frontal fault of the 

San Bernardino Mountains 
MW 6.0 – 7.1 Uncertain 

Pinto Mountain MW 6.5 – 7.5 Uncertain 

Kickapoo (source of 1992 
M7.3 Landers earthquake) 

M1 4.8 – 7.5 Uncertain; Probably about 7,000 years 

Notes: 

MW = Richter (local) magnitude    M1 = Moment magnitude 

Source: City of Lake Elsinore 

6.1.2. United States Geological Survey Geologic Maps.   

With the exception of the Talega-Escondido 69/230-kV transmission (“T–E Line”) upgrade and a 
segment of the southern primary transmission line (located within the area of the USGS 7.5-
Minute Wildomar quadrangle), the Project area is presented on one or more of the included 
USGS maps.  The source map scales differ and, because each map has a separate key (legend), 
those source documents should be consulted. 

• 30x60-Minute Santa Ana Quadrangle.4  A preliminary geologic map of the Santa Ana 30 X 
60-Minute USGS quadrangle is included, in part, as Figure E. 6-5.  Preliminary Geologic 
Map Santa Ana 30’ x 60’ USGS Quadrangle (1999).5 

In total, the quadrangle covers an area of about 2,000 square miles in southeastern Los 
Angeles, most of Orange, and southwestern Riverside Counties.  As illustrated, a portion of 
the Project is located in and proximal to the Elsinore Mountains of the Santa Ana 
Mountain Range, which form the northernmost range of the Peninsular Ranges Province.  
The Peninsular Ranges Province is characterized by a northwest-striking geologic fabric 
(faulting and folding) influenced by the San Andreas tectonic regime. 

                                                      

4
/  Morton, D.M., Preliminary Digital Geologic Map of the Santa Ana 30’ X 60’ Quadrangle, Southern California, Version 1.0, 

Open-File Report 99-172, United States Geological Survey, 1999. 
5
/ Readers should refer to the published USGS geology map for a description of the legend. 
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Physiographically, as illustrated in Figure E. 6-1.  Physiographic Provinces of Southern 
California and in Figure E. 6-6.  Major Structural Blocks of the Northern Peninsular Ranges 
Batholith,6 the northern part of the Peninsular Ranges Province is divided into three major, 
fault-bounded blocks: the Santa Ana Mountains, Perris, and San Jacinto Mountains.  The 
Santa Ana Mountains block is the westernmost of the three, extending eastward from the 
coast to the Elsinore fault zone.  Tertiary sedimentary rocks, ranging in age from 
Paleocene through Pliocene, underlie most of the western part of this block. 

 

East of these tertiary rocks, in the Santa Ana Mountains, a highly faulted anticlinal 
structure is cored by a basement assemblage of Mesozoic meta-sedimentary and 
Cretaceous volcanic and batholithic rocks.  Overlying this basement is a thick section of 
primarily upper Cretaceous marine and Paleocene marine and non-marine rocks.  In the 
southern part of the Santa Ana Mountains, the anticlinal nature of the mountains passes 
into an extensive, nearly horizontal erosional surface that is partly covered by Miocene 
basalt flows. Over the top of this basement assemblage is a thick section of primarily 
upper Cretaceous marine rocks and Paleocene marine and non-marine rocks. 

• San Bernardino and Santa Ana 30x60-Minute Quadrangles.  A geologic map of a portion 
of the San Bernardino and Santa Ana 30’ x 60’ Quadrangles is included in Figure E. 6-7.  
Geologic Map San Bernardino and Santa Ana.7  As more thoroughly described therein, the 
Santa Ana Mountains block is divided longitudinally into an eastern half consisting of the 
Puente Hills and the Santa Ana Mountains and a western half of relatively low-lying 
sedimentary rocks extending west from the flank of the Santa Ana Mountains to the coast. 

The tectonic development of the Santa Ana Mountains anticline appears to be the result 
of the angular discordance between the strike of the Elsinore fault and the more westerly 
striking Whittier fault.  The length of the Santa Ana Mountains elevated by the 
discordance between the two faults extends south of the Santa Ana River about 35 
kilometers (km).  Further south, the summit elevation decreases to 600-800 m over a 
distance of about 12 km where it is the near-horizontal, low-relief Santa Rosa Plateau. 

 

The Santa Ana Mountains consist of three topographically distinct segments.  All three 
segments are bounded on the east by a steep escarpment along the Elsinore fault zone.  
The northern segment extends southward to the north end of Lake Elsinore at Leach 
Canyon where there is a distinct job in the mountain front.  The east flank of the 
mountains is deeply dissected and the crest of the range is at elevation of 1200-1700 

                                                      

6
/ Morton, Douglas M. and Weber, Harold F. Jr., Geology Map of the Lake Mathews 7.5- Quadrangle, Riverside County, 

California, Open-File Report 01-479, United States Geological Survey, 2001. 
7
/ Morton, Douglas M. and Miller, Fred, Geologic Map of the San Bernardino and Santa Ana 30’ x 60’ Quadrangle, California, 

Open File Report 2006-1217, United States Geological Survey, 2006. 
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meters above msl.  Drainages extend four to six km into the mountains from the eastern 
margin and head against extensively developed drainages on the west flank of the 
mountains.  On the west side of the mountains, the northern segment extends south to 
the upper part of Hot Springs Canyon. 

 

The east face of the central segment between Leach Canyon to about Slaughterhouse 
Canyon drainage basin area is moderately dissected but more subdued that the northern 
segment.  Summit elevations are about 1000-1100-meters above msl, the highest 
elevation is Elsinore Peak (1090-meters above msl).  The physiography of the central 
segment is a broad low relief area having short, steep gradient drainages extending about 
two to three km from the east margin of the mountains and that are paired with extensive 
drainages on the western slope.  There is no sharp difference between the north and 
central segments on the west side of the mountains. 

 

The Perris block is a rectangular-shaped block, has low relief, and is bounded on the east 
by the San Jacinto fault zone and on the west by the Elsinore fault zone.  The 
northwestern part of the block is somewhat ill-defined north of City of Corona where the 
Elsinore fault becomes the more westward striking Whittier fault and in the Pomona-San 
Jose Hills area where it is poorly defined beneath thick Quaternary and Tertiary cover.  The 
Perris block consists of two distinct parts, a northern and a southern part.  Upstream from 
Corona, the northern part consists of the largely alluvial valley area of the Santa Ana River.  
The southern part of the block consists of widespread exposures of basement and a series 
of interconnected alleviated valley areas.  Most elevations range from 450-700 m above 
msl. 

 

As illustrated in Figure E. 6-8.  Major Earthquake Faults,8 a number of fault bounded basins 
are located along the margin of the Perris block and within adjacent blocks.  A number of 
pull-apart basins are located along the Elsinore fault zone; most notably, the Elsinore 
basin, a relatively shallow depression bounded on the northeast by the Willard fault and 
on the southwest by the Wildomar fault, both segments of the Elsinore fault zone.  The 
Elsinore fault zone consists of a complex assemblage of right-stepping and left-stepping 
echelon faults.  Movement on these faults have produced a series of extensional basins 
that, in aggregate, result in an elongate, composite, structural trough.  The trough includes 
numerous minor compressional uplifted domains, some of which separate the constituent 
extensional basins.  The largest of these extensional basins, the Elsinore structural basin, is 
largely filled by Lake Elsinore. 

                                                      

8
/ Morton, Douglas M. and Miller, Fred, Geologic Map of the San Bernardino and Santa Ana 30’ x 60’ Quadrangle, California, 

Major Faults, Open File Report 2006-1217, United States Geological Survey, 2006. 
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In the vicinity of the City of Corona, the Elsinore fault zone either branches into or 
intersects two independent faults, the Whittier fault which has a more westerly strike and 
the Chino fault which continues for about 15 km with the same strike as the Elsinore fault.  
The juncture of these faults is obscured beneath young alluvium.  The Elsinore, Whittier, 
and Chino fault zones have commonly been combined as a single, related fault complex.  
North of Wildomar, the Hot Springs fault is considered to be a branch of the Elsinore fault 
zone.  Estimates of lateral displacement along the Elsinore fault zone vary widely. 

• 7.5-Minute Elsinore Quadrangle.9 A preliminary geologic map of the Elsinore 7.5-Minute 
USGS Topographic Quadrangles has been released by the USGS and is included, in part, as 
Figure E. 6-9.  Geologic Map Elsinore 7.5-Minute Quadrangle.  The 7.5-minute quadrangle 
covers an area of about 62 square miles in southwestern Riverside County.  The Elsinore 
quadrangle is located in the northern part of the Peninsular Ranges Province and includes 
parts of two structural blocks, or structural subdivisions of the province.  The active 
Elsinore fault zone diagonally crosses the southwest corner of the quadrangle and is a 
major element of the right-lateral strike-slip San Andreas fault system.  The Elsinore fault 
zone separates the Santa Ana Mountains block west of the fault zone from the Perris block 
to the east.  Internally, both blocks are relatively stable and within the quadrangle are 
characterized by the presence of widespread erosional surfaces of low relief. 

Within the quadrangle, the Santa Ana Mountains block is underlain by undifferentiated 
granitic rocks of the Cretaceous Peninsular Ranges batholith but, to the west, includes 
widespread pre-batholithic Mesozoic rocks.  The Perris block is underlain by a combination 
of batholithic and prebatholithic rocks, the latter consisting of metasedimentary rocks of 
low metamorphic grade; sub-greenschist grade.  The most abundant lithology is phyllite 
but includes locally thick sections of impure quartzite.  Minor sills, dikes, and small 
elongate plutons of fine-grained hornblende gabbro intrude the phyllite.  Thin layers of 
tremolite-bearing marble occur locally.  Also local are thin layers of manganese-bearing 
rocks.  Both rhodonite and manganese oxides occur in these layers.  The phyllite has a 
regular northwest strike throughout the main body of metamorphic rock, giving rise to a 
homoclinal section over 25,000-feet thick.  The layering-schistocity of these rocks is 
transposed bedding. 

 

In the northwest corner of the quadrangle is a series of Cretaceous volcanic and 
associated sedimentary rocks containing widespread primary sedimentary structures that 
appears to post date the metamorphism of the phyllite. The volcanic rocks are part of the 
Estelle Mountain volcanics of primarily rhyolitic composition. The sedimentary rocks are 
well indurated, perhaps incipiently metamorphosed, siliceous rocks containing local 
conglomerate beds. 

                                                      

9
/ Morton, D.M, and Weber, F.H., Preliminary Geologic Map of the Elsinore 7.5’ Quadrangle, Riverside County, California: 

United States Geological Survey Open-File Report OF 03-281, 2003; Morton D.M. and Weber, F.H., Geologic Map of the 
Elsinore Quadrangle, Southern California: United States Geological Survey Open-File Report 90-700, 1991.  
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Within the quadrangle are parts of three plutonic complexes, all part of the composite 
Peninsular Ranges batholith. In the southeast corner is the northwest part of the Paloma 
Valley ring complex, which is elliptical in plan view and consists of an older ring-dike and 
two subsidiary short-arced dikes that were emplaced into gabbro by magmatic stoping.  
Small to large stoped blocks of gabbro are common within the ring-dikes.  A younger ring-
set, made up of hundreds of thin pegmatite dikes, occur largely within the central part of 
the complex. Only the northern part of the older ring dike occurs within the quadrangle.  
Stoped gabbro masses occur near the southeast margin of the quadrangle. 

 

In the northern part of the quadrangle is the southern part of the composite Gavilan ring 
complex of mostly tonalite composition.  Hypersthene, although not usual in tonalite in 
the batholith, is a characteristic mineral of most of the rock of this complex. The Gavilan 
ring complex is a shallow intrusive that appears to be tilted up to the northeast.  Fabric of 
the rocks changes in texture from hypauthomorphic-granular in the east to 
semiporphyritic in the west.  The main part of the complex appears to have been 
emplaced by magmatic stoping.  Several inactive gold mines (e.g., Goodhope, Gavilan, 
Santa Rosa) are located within the complex.  Within the Gavilan ring complex is the south-
half of the Arroyo del Toro pluton. This near circular-in-plan pluton consists of massive-
textured granodiorite that is essentially devoid of inclusions, and at one time was quarried 
for building stone. 

 

The Elsinore fault zone forms a complex series of pull-apart basins.  The largest and most 
pronounced of these pull-apart basins forms a flat-floored closed depression (La Laguna) 
which is partly filled by Lake Elsinore.  This basin forms the terminus for the San Jacinto 
River.  During excessively wet periods the La Laguna fills and the overflow passes through 
Warm Springs Valley into Temescal Wash, before joining the Santa Ana River in the City of 
Corona.  La Laguna, bounded by active faults, is flanked by both Pleistocene and Holocene 
alluvial fans emanating from both the Perris block and the Santa Ana Mountains.  North of 
La Laguna are exposures of the Paleocene Silverado Formation.  Clay beds of the Silverado 
Formation have been an important source of clay.  Overlying the Silverado Formation are 
discontinuous exposures of conglomeratic younger Tertiary sedimentary rocks that are 
tentatively correlated with the Pauba Formation.10 

• 15-Minute Lake Elsinore Quadrangle.11 The Lake Elsinore 15-minute quadrangle coves 
about 250 square miles and includes parts of the southwest margin of the Perris Block, the 
Elsinore trough, the southeastern end of the Santa Ana Mountains, and the Elsinore 

                                                      

10
/ Morton, Douglas M. and Weber, F. Harold Jr., Preliminary Geologic Map of the Elsinore 7.5’ Quadrangle, Riverside County, 

California, United States Geological Survey Open-File Report OF 03-281, 2003, pp. 8-9.  
11

/ Id.., Geology of the Lake Elsinore Quadrangle, California, Geology and Mineral Resources of the Lake Elsinore Quadrangle, 
California, California Division of Mines and Geology, Bulletin 146, 1959. 
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Mountains.  The oldest rocks consist of an assemblage of metamorphics of igneous 
effusive and sedimentary origin.  They are intruded by diorite and various hypabyssal 
rocks, then in turn by granitic rocks which occupy over 40 percent of the area.  Following 
the last igneous activity of probable Lower Cretaceous age, an extended period of 
sedimentation started with the deposition of the marine Upper Cretaceous Chico 
formation and continued during the Paloecene under alternating marine and continental 
conditions on the margins of the block.  A marine regression towards the north, during the 
Neocene, accounts for the younger Tertiary strata in the region.  Outpourings of basalts to 
the southeast indicates that igneous activity was resumed toward the close of the Tertiary. 

The fault zone which characterizes the Elsinore trough marks one of the major tectonic 
lines of southern California.  It separates the upthrown and tilted block of the Santa Ana 
Mountains to the south from the Perris Block to the north.  Most of the faults are normal 
in type and nearly parallel to the general trend of the trough or intersect each other at an 
acute angle.  Vertical displacement generally exceeds horizontal and several periods of 
activity are recognized.12 The principal structural element of the Elsinore trough consists of 
a system of faults which can be divided into two major groups: (1) piedmont or 
longitudinal faults, forming the northeast and southwest boundaries of the trough and 
separating it from the highlands of the Perris and Santa Ana-Elsinore Mountain blocks, 
respectively; and (2) internal or transverse faults which are between and intersect the 
faults of the first group. 

 

The major piedmont or longitudinal faults that may be traversed by either the proposed 
lines, penstocks, and tailrace systems are illustrated, in part, in Figure E. 6-10.  Geologic 
Map Elsinore 15-Minute Quadrangle (1959) and are briefly described below. 

◊ Glen Ivy fault zone.  The Glen Ivy fault zone is a prominent feature that enters the 
Lake Elsinore quadrangle in the northwest corner near Glen Ivy Hot Springs and 
extends southeast toward Lucerne at the northwest end of the lake.  About one mile 
northwest of this point, the fault zone leaves the margin of the Santa Ana-Elsinore 
Mountain block to pass under the alluvium and crosses the trough along the Clevelin 
Hills on the northeast side of Lake Elsinore.  It disappears again under the alluvium 
and the fanglomerate at the southeast end of the lake.  The northwestern segment 
of this fault zone, between Glen Ivy and Lucerne, represents the piedmont fault 
system on the northeast side of the Santa Ana Mountain block.  It consists of several 
parallel to sub-parallel step faults that correspond to different lines of breaks, 
kerncols, and kernbuts.  These faults can be traced only for distances of less than a 
mile and appear to be en echelon or to intersect each other at acute angles.  This 
fault zone is as much as a quarter of a mile wide and apparently decreases in width 
toward the southeast.13 

                                                      

12
/ Id., pp. 9-10. 

13
/ Id., pp. 52-53.  
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◊ Willard fault zone.  The Willard fault zone forms the northwest face of the Elsinore 
Mountains and extends southeasterward to the end of the Elsinore trough south of 
Temecula where it ends against the Agua Tibia Mountains.  The fault line is well 
marked by the bold scarp of the Elsinore Mountains.  It is traceable as a straight line 
for about 11 miles and is marked at a few places by triangular facets. The recency of 
the movements of this fault or its parallel subsidiaries is shown by small hills and 
knolls detached form some of the mountain spurs.  The fault zone consists of several 
major faults.  The first is marked by a slope break at an elevation of 1450-feet above 
msl and is entirely in metamorphic rocks.  The second lies along the contact between 
the metamorphic rocks and quartz diorite at an elevation of about 1700 feet above 
msl.  The third is shown by a slope break encountered in quartz diorite at an 
elevation of 1850 feet above msl, where an extensive line of kernbuts and cols lie 
along the mountain face.  Another slope break marked yet another fault is at an 
elevation of about 2100 feet above msl and probably represents the southern limit of 
the fault zone.  The straightness of the fault line suggests that the dip of the fault 
surface is nearly vertical or steeply dipping to the northeast. On the upthrown side of 
this fault is the Elsinore Mountain block to the southwest and on the downthrown 
side is the Elsinore trough to the northeast.14 

◊ Tenaja fault.  The Tenaja fault is a reverse fault, with a general tilt to the southeast, 
caused by hinge line adjustments of the Santa Ana-Elsinore Mountain block during its 
elevation on the northeast side of the Elsinore trough. 

◊ Los Pinos fault.  This fault is a straight-line feature extending from Hot Springs 
Canyon to the Elsinore trough, separating the Los Pinos Peak block to the north on 
the upthrown side from the Potrero de los Pinos block on the downthrown side to 
the south.  The fault is evidenced by abrupt termination of rock patches at its trace, 
prominent physiographic alignments, and some fracture zones. 

◊ Harris fault.  The Harris fault is a prominent feature and can be traced from about 
eight miles either through displacements of outcrops or physiographic features.15 

• Other USGS Geologic Maps.  USGS geologic maps depicting the area of the proposed Case 
Springs Substation and a portion of the proposed southern primary transmission line, are 
presented, in part, in Figure E. 6-11.  Geologic Map Fallbrook 7.5-Minute Quadrangle.16  A 
USGS geologic map depicting the easterly portion of the T–E Line upgrade, including the 
Escondido Substation, is presented, in part, in Figure E. 6-12.  Geologic Map Oceanside.  
The Oceanside 30x60-minute quadrangle is a compilation of the more detailed Margarita 

                                                      

14
/ Id., p. 54. 

15
/ Id., pp. 56-57. 

16
/ Tan, Siang S., Geologic Map of the Fallbrook 7.5’ Quadrangle, San Diego and Riverside Counties, California: A Digital 

Database, California Division of Mines and Geology, 2000; Tan, Siang S., Geologic Map of the Margarita Peak 7.5’ 
Quadrangle, San Diego County, California: A Digital Database, California Division of Mines and Geology, 2001; Tan, Siang S., 
Geologic maps of the Northwestern Part of San Diego County, California, Open-File Report 96-02, California Division of 
Mines and Geology, 1996. 
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Peak, Fallbrook, Temecula, Pechanga, Pala, Valley Center, and Escondido 7.5-minute 
quadrangles.  Because the proposed 230-kV transmission line upgrades will be constructed 
on existing towers and on involve existing facilities, the more detailed USGS geologic maps 
are not presented herein. 

6.2. Regional Geology.   

There are eleven geomorphic provinces in California. The Peninsular Ranges Geomorphic 
Province encompasses the area of the Project in western Riverside and northern San Diego 
Counties.  The Peninsular Ranges Province terminates at the Transverse Ranges Province at the 
north, in the area of the San Jacinto Mountains.  This province is a well-defined geologic and 
physiographic unit characterized by elongated ranges and valleys with a general northwesterly 
trend.  The Project spans the boundary between two geologic environments - an actively 
subsiding fault-bounded basin (Elsinore Basin) containing Lake Elsinore and a more stable 
mountain block underlain by minor metamorphic rocks and undivided granitic rocks.  The 
Elsinore Mountains are a portion of the Santa Ana Mountain Range, which form the 
northernmost range of the Peninsular Ranges Province. The Peninsular Ranges Province is 
characterized by a northwest-striking geologic fabric (faulting and folding) influenced by the San 
Andreas tectonic regime. 

The Elsinore Basin is located in the southeast part of the Los Angeles Basin.  The Los Angeles 
Basin is a region of alluvial outwash, encompassing most of Los Angeles and Orange Counties, 
as well as western Riverside and San Bernardino Counties.  The Elsinore Basin is a down-faulted 
(trough) portion of the earth’s crust about 8 miles long and between 2-3 miles wide.  The long 
axis of the valley parallels the northwesterly regional structural trend and rugged hills and 
mountains border the basin on all but the southeastern side.  The lowest portion of the basin 
floor is a broad, relatively flat area known as “La Laguna,” which is partially occupied by Lake 
Elsinore.  La Laguna forms the terminus for the San Jacinto River, which flows into the Elsinore 
Basin from the northeast.  To the southwest, are the steep slopes of the Elsinore Mountains. 
The northeastern edge of the basin is bordered by the Sedco and Cleveland Hills, part of the 
Temescal Mountain range.  The Elsinore (Glen Ivy) fault parallels the base of the Cleveland Hills 
and marks the structural edge of the basin in this area.  The southeastern end of the basin is 
formed by a low alluvial divide built up by streams draining the Elsinore Mountains. 

Lake Elsinore is a structural depression formed within a graben along the Elsinore fault.  
Geologically, Lake Elsinore is surrounded by a combination of igneous and metamorphic rocks, 
some of which outcrop in the lake’s littoral zone along the northern edge.  Lake Elsinore is 
constrained along its southern edge by the steep, deeply incised Elsinore Mountains.  The San 
Jacinto Mountains lie about 70 km to the northeast of Lake Elsinore. 

The geology of the Elsinore Valley comprises essentially three major units.  At the surface lies 
alluvium from a variety of sources.  Underneath the surface alluvium, is the sedimentary Pauba 
Formation.  Under that lies the “basement rocks” of the Peninsular Ranges Batholith.  The 
alluvial formation covers the lower portions of the valley and can be divided into alluvial fan 
deposits, floodplain deposits, and recent lacustrine deposits. 
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As illustrated in Figure E. 6-13:  General Soil Map Western Riverside County, most of the soils in 
Elsinore Valley surrounding Lake Elsinore are of the Hanford-Tujunga-Greenfield association.  
These soils are generally sandy loams, loamy sands, although some areas contain loams and 
coarse sandy loams with gravel and cobble.  Erosivity of these soils generally ranges from slight 
to moderate; however, wind-caused erosion can be high in some areas.  Permeability is 
generally moderate to rapid and the shrink-swell potential is low.  Soil depths range can reach 
60 inches.  The soils in the back basins of Lake Elsinore are primarily Waukena loamy fine sand 
and Willows silty clay with some Traver loamy fine sand.  All three of these soils are saline-alkali 
soils because of the repeated wetting and drying of these lakebed soils, as well as accumulation 
of salts.  Wind-caused erosion of these finer (silt and clay) soils is assumed to be moderate to 
high.  Soils to the west of Lake Elsinore at the location of the proposed powerhouse sites are 
Hanford sandy loams.  These soils are generally well-drained soils on alluvial fans and alluvial 
plains formed of granitic alluvium.  Permeability is moderate and, if the soil is bare, runoff is 
slow to moderate and the erosion hazard is slight to moderate. 

As illustrated in Figure E. 6-14.  Soil Survey Map – Upper Reservoir Sites,17 there are three 
distinct soil types in the vicinity of the proposed Decker Canyon upper reservoir.  In the canyon 
bottom, the soil is Blasingame-Vista complex.  This moderately steep mapping unit is about 50 
percent Blasingame loam and 40 percent Vista course sandy loam.  The Blasingame series 
consists of well drained soils in the mountains.  These soils formed in material weathered from 
metamorphic or granitic rocks.  The soil is moderately slowly permeable.  The Vista series 
consists of well-drained soils in the mountains.  The soil is moderately rapidly permeable.  The 
upslope area consists of well-drained Las Posas series soils formed in material weathered from 
gabbro.  Permeability is moderately slow.  Adjoining slopes are Cieneba-Blasiname-Rock 
outcrop complex.  This strongly sloping to moderately steep mapping unit is about 35 percent 
Cieneba sandy loam, 30 percent Blasingame loam, and 25 percent rock outcrop and large 
boulders.  If soil is bare, runoff is rapid and the erosion hazard is high. 

Most of the primary transmission line alignments travel through mountainous or hilly terrain.  
Soil conditions can vary markedly between specific sites; however, along these alignments the 
dominant soil series include the Cieneba and Friant series.  The Friant Series consists of 
somewhat excessively drained soils that formed in the mountains from material weathered 
from fine-grained metasedimentary rock.  Slopes are generally steep and range from 30 to 70 
percent.  A typical Friant soil is a shallow, gravelly fine sandy loam with rock outcrops.  
Permeability is moderately rapid and, if the soil is bare, runoff is rapid and the erosion hazard is 
high. The Cieneba Series comprises shallow, somewhat excessively drained sandy loams on 
steep to very steep slopes.  Some soils in this series are only 5-15 inches deep over bedrock.  
Gullies cut through these soils, and intermittent drainage channels and small landslides are 
common.  Bare soil is susceptible to rapid runoff, and the erosion hazard is high. 

The soils found in proximity to SR-74 (Ortega Highway), as it parallels San Juan Creek include 
calcareous loamy sands and fine sandy loams soils that are on nearly level ground, alluvial fans 

                                                      

17
/ Soil Conservation Service, Soil Survey of Orange County and Western Part of Riverside County, California, United States 

Department of Agriculture, 1978. 
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and floodplains, along with pockets of moderately well-drained sandy loams with strongly 
developed subsoil occurring on terraces and level to moderately steep ground. 

As illustrated in Figure E. 6-15.  Soil Survey Map – Santa Rosa Substation and LEAPS Powerhouse 
Sites, excluding those areas located within the Congressional boundaries of the CNF (which 
were not included in surveys performed by the Soil Conservation Service), there are two distinct 
soil types in the vicinity of the proposed Santa Rosa Substation and LEAPS Powerhouse sites.18  
North of the CNF boundaries, in the vicinity of the Santa Rosa Substation and LEAPS 
Powerhouse sites, the dominant soils type is Honcut series.  The Honcut series are well-drained 
soils on alluvial fans.  These soils developed in alluvium from dominantly basic igneous rocks.  In 
the typical profile, the surface layer is dark-brown sandy loam about 22 inches thick.  The 
underlying material is brown fine sandy loam or sandy loam and extends to a depth greater 
than 60 inches.  Vegetation is chiefly annual grasses, forbs, and chamise.  Runoff is medium and 
the hazard of erosion is moderate.  Near the shoreline, Grangeville series soils are identified.  
The Grangeville series consists of moderately well drained to poorly drained soils on alluvial 
fans and floodplains.  These soils developed in alluvium from granitic materials.  The vegetation 
is chiefly annual grasses, saltgrass, and forbs.  In a typical profile, the surface layer is grayish-
brown loamy find sand and loamy very fine sand about 17 inches thick.  The underlying layers 
are stratified and range from grayish brown to light brownish gray in color and from loamy fine 
to very fine sandy loam in texture.  Runoff is medium and the hazard of erosion is moderate. 

In general, the Camp Pendleton area is underlain by Holocene to late Pleistocene 
unconsolidated sedimentary deposits that include alluvium in canyon bottoms and coastal 
terraces, Eocene to Pliocent sedimentary rocks of marine and non-marine origin, and 
Cretaceous to Triassic bedrock that includes highly consolidated and cemented sedimentary 
rock and plutonic and metamorphic crystalline rock. 

6.3. Geologic Hazards.  

Potential geologic hazards include ground rupture from active faulting, strong ground motions 
from earthquakes, landslides or rockfalls (induced by earthquake, rainfall and saturation, or 
other triggers), liquefaction and seismic settlement, and debris flows. 

As previously described, the Elsinore Valley is a complexly faulted trough formed by the 
movement along a series of parallel northwest-trending faults.  This Elsinore fault zone, 
illustrated in Figure E. 6-16.  Portion of Fault Map of California,19 is a part of the Whittier-
Elsinore fault system.  The parallel series of faults within this zone includes the Willard, Rome 
Hill, Wildomar, Lake, Burchkhalter, Sedco, Glen Ivy, and Freeway faults.  The three main faults 
within the Elsinore Valley are the Willard, Wildomar, and Glen Ivy faults.  These faults appear 
very young in age, evidenced by features such as the steep northeast side of the Elsinore 
Mountains to the southwest of Lake Elsinore.  At its northern end, the Elsinore fault zone splays 
into two segments, the Chino fault and the Whittier fault.  At its southern end, the Elsinore fault 

                                                      

18
/ Soil Conservation Service, Soil Survey of Western Riverside Area, California, United States Department of Agriculture, 

November 1971. 
19

/ Wallace, Robert E. (ed), The San Andreas Fault System, Second Printing, United States Geological Survey, 1991. 
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is cut by the Yuha Wells fault from what amounts to its southern continuation, the Laguna 
Salada fault. 

The Elsinore fault in southern California is a part of the San Andreas system of faults and runs 
southeast from the Los Angeles basin for approximately 250 km to the border of Mexico, where 
it continues southeast as the Laguna Salada fault.  To the east are the San Jacinto and San 
Andreas fault zones and faults associated with the Eastern California Shear Zone. To the west is 
the Newport - Inglewood - Rose Canyon fault zone, which only locally comes on shore, and the 
offshore zone of deformation including the Coronado Bank, San Diego Trough and San 
Clemente faults. A comparison of the Elsinore and San Jacinto fault zones suggests that the 
Elsinore fault may produce larger, less frequent earthquakes on longer segments than the 
nearby San Jacinto fault zone. 

It is estimated that the Elsinore fault accommodates 10-15 percent of the plate-boundary slip in 
southern California.  Previous work on the Elsinore fault has established the late Quaternary slip 
rate at about 4.5 to 5.5 millimeters per year (mm/yr), apparently decreasing to the southeast.  
The fault has been divided into five major segments, based on geometry and geomorphology, 
which are from north to south, the Whittier, Glen Ivy, Wildomar-Wolf Valley-Pala-Temecula, 
Julian, and Coyote Mountain segments. Geologic study of the past behavior of this fault reveals 
that it is capable of producing large earthquakes and, therefore, poses a major potential seismic 
hazard to southern California. The Elsinore fault zone is segmented. The central part of the fault 
zone near Julian fails infrequently in large (M7.5) earthquakes, on the average of several 
thousand years, with the most recent earthquake having occurred 1.5-2 thousand years ago. 
The adjoining segment to the north, from near Pala to Lake Elsinore, ruptures more frequently 
in M7 sized events about every 600 years, with the most recent large earthquake between A.D. 
1655 and 1810.20 

The southeastern extension of the Elsinore fault zone (the Laguna Salada fault) ruptured in 
1892 in a magnitude 7 earthquake, as measured on the Richter scale; however, the main trace 
of the Elsinore fault zone has only seen one historical event greater than magnitude 5.2, a 
magnitude 6 earthquake near Temescal Valley on May 15, 1910, northwest of Lake Elsinore, 
which produced no known surface rupture and did little recorded damage. 

The Elsinore fault zone separates the upthrown and tilted block of the Santa Ana Mountains 
west of the fault zone from the Perris block to the east.  Internally, both blocks themselves are 
relatively stable.  This is evidenced by the presence of widespread erosional surfaces of low 
relief.  Most faults within the Elsinore fault zone are normal in type and nearly parallel to the 
general trend of the trough or intersect each other at an acute angle.  Vertical displacement 
generally exceeds horizontal, and several periods of activity are recognized.  Research studies 
have been conducted to assess faulting on most of the sections and have documented 
Holocene activity for the length of the fault zone with a slip rate around 4-5 millimeter per year.  
Multiple events have only been dated on the Whittier fault and Glen Ivy North fault strand, so 

                                                      

20
/  Thorup, Kimberly M., Paleoseismology of the Central Elsinore Fault in Southern California: Results from Three Trench Sites, 

United States Geological Survey, 1997. 
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interaction between faults and adjacent sections is not well-known. The west edge of the fault 
zone, the Willard fault, is marked by the high, steep eastern face of the Santa Ana Mountains.  
The east side of the zone, the Wildomar fault, forms a less pronounced physiographic step.21 

The Elsinore fault zone forms a complex of pull-apart basins.  The principal structural element 
of the Elsinore trough is a system of faults that can be divided into two major groups: piedmont 
or longitudinal faults, forming the northeast and southwest boundaries of the trough; and 
internal or transverse faults, which are between the faults of the first group and intersect them.  
In addition, a number of major faults are located within the Santa Ana-Elsinore Mountain block.  
The closest faults to the proposed LEAPS Powerhouse site are the Willard and Wildomar faults, 
located west of Lake Elsinore, considered right-lateral, strike-slip faults.  As illustrated in Figure 
E. 6-17.  Willard and Wildomar Faults, the Wildomar fault is mapped within the limits of Lake 
Elsinore.  While the Willard and Wildomar faults are not identified as “active” (ground rupture 
during Holocene time), portions of the Elsinore fault zone have been designated as “active” by 
the State of California.22 

Geomorphic evidence of active faulting has been identified along the traces of the Willard and 
Wildomar faults.  If a moderate to large earthquake were to occur on the Elsinore fault, the 
Willard fault area could be the primary site of potential ground surface rupture and significant 
lateral displacement.  The potential lateral displacement of this fault in a magnitude 7-7.5 
earthquake, as measured on the Richter scale, is estimated to be in the order of 5-16 feet. 

As assessment of seismic activity along the Elsinore fault zone splays located along the south 
side of Lake Elsinore was presented in a technical report prepared for the Geological Society of 
North America.  As noted therein:  “At Lake Elsinore (Riverside County), the Elsinore Fault Zone 
(EFZ) forms a ~2-km wide, right-oblique, transtensional, pull-apart tectonic basin bordered by 
the active (Holocene) Glen Ivy North and Glen Ivy South faults on the north and the Willard and 
Wildomar faults on the south. Immediately south of Lake Elsinore, the structural relationships 
and relative activity of these faults have heretofore been poorly constrained owing to a lack of 
geomorphic expression and to a ~10-m thick cover of late Pleistocene and Holocene lacustrine 
and fluvial (San Jacinto River) distal fan and deltaic deposits. Now, however, interpretations of 
data from new 20 to 30-m deep cone penetrometer test soundings and continuous borings, 
from seismic refraction logs, from soil-stratigraphic documentation of unbroken paleosols and 
other stratigraphic markers exposed in up to 12-m deep trenches, and from several internally 
consistent radiocarbon dates and related rates of fine-grained sedimentation, we determine 
that last displacement of pull-apart faults in a subsurface, ~60-m wide zone, occurred about 33 

                                                      

21
/ Kennedy, Michael P. and Morton, Douglas M., Preliminary Geologic Map of the Murrieta 7.5’ Quadrangle, Riverside County, 

California, Open-File Report OF 03-189, United States Geological Survey, 2003, p. 9.  
22

/ The Willard and Wildomar faults are not identified as “active” by the State of California.  The Elsinore fault zone, however, 
is defined as active by the State of California and the Uniform Building Code (UBC, 1997) identifies the Willard and 
Wildomar faults as within the Glen Ivy segment of the Elsinore fault zone.  Weber (1977) also identifies geomorphic 
evidence of active faulting along the traces of the Willard and Wildomar faults.  Consequently, for conceptual-level 
purposes, the Willard and Wildomar faults should be considered active (Source: GENTERRA Consultants, Inc., Geotechnical 
Feasibility Report – Lake Elsinore Advanced Pumped Storage Project, FERC Project No. 11858, Riverside, California, August 
28, 2003). These reports are available in Volume 12 of this application. 
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to 39 ka ago. The subsurface faults are right stepping and decrease in displacement to the 
south. We interpret these faults as the bifurcating and ‘dying out’ southern extension of the 
Glen Ivy North fault, which has demonstrable Holocene offset some 18 km to the north. 
Accordingly, most neotectonic slip on the south side of Lake Elsinore is now likely taken up by 
the Wildomar fault zone, expressed geomorphically by the nearby transpressional horst of 
Rome Hill and by escarpments along the east side of the Elsinore Trough at Murrieta and 
Temecula. Accordingly, previous southward projections and inferred Holocene activity of the 
Glen Ivy faults on the east and south side of Lake Elsinore now appear to be unfounded.”23 

As illustrated in Figure E. 6-18.  Percent Slope Map and as indicated in the City’s “Background 
Reports,” a substantial portion of the City and surrounding areas is located on slopes 30 percent 
or greater, representing areas at “substantial risk of seismically induced slope failure.”24  Under 
certain conditions, strong ground motions can cause loose, sandy soils to liquefy and settle.  
These soft, fine-grained sediments can lose strength under such strong ground motions.  The 
fine-grained sediments associated with the young lake deposits of Lake Elsinore could have the 
potential for liquefaction and seismic settling.  Because the proposed location for the tailrace 
structure are located on the shores of Lake Elsinore, segments of these hydropower 
components could be founded on materials susceptible to liquefaction and seismic settling. 

Debris flows are a common and widespread phenomenon during periods of intensive winter 
rainfall in southern California.  Most debris flows occur during winters with above normal 
rainfall, especially during “El Nino” winters.  They can cause considerable damage and result in 
loss of life.  These debris flows originate as small, shallow landslides, commonly referred to as 
soil slip.  Most soil slips initiate as debris slide blocks with a form of an elliptical-shaped slab.  
Debris slide blocks are a form of translational slides.  Most soil slips deaggregate into debris 
flows, fluid slurries of soil and rock detritus that commonly converge in stream channels, where 
they flow down channel at various speeds for various distances.  Unlike bedrock or deep-seated 
landslides that are generally recognizable for long periods of time, soil-slip debris flow scars 
quickly absorb into the ambient physiography leaving little record of their prior existence.  The 
most lasting record of debris flows are deposits that accumulate on fans or as relatively steep 
ravine or gully fill. 

Soil-slips pose relatively little hazard at the sites of initial failure but the debris flows that form 
from them can be a serious hazard to people and structures in their flow paths.  As illustrated in 
Figure E. 6-19.  Soil-Slip Susceptibility Map Santa Ana 30’x 60’ Quadrangle, the USGS has 
prepared preliminary soil-slip susceptibility maps for the general Project area. These maps 
serve as a preliminary regional assessment of the relative susceptibility for initiating soil-slip 
debris flows during periods of intense winter rains.  The soil-slip susceptibility maps identify 
those natural slopes most likely to be the sites of debris flow.  Recently burned areas have 
exceptionally great potential for producing debris flows with little rainfall.  Due to the change in 
physical properties of surface material during wildfires, any subsequent debris flow activity is 

                                                      

23
/ Shemon, Roy, J., The Location and Relative Activity of Elsinore Fault Zone Splays, South Shore of Lake Elsinore, Riverside 

County, California, 97th Annual Meeting of American Association of Petroleum Engineers, April 11, 2001. 
24

/ Id., Lake Elsinore General Plan Update, Geology and Mineral Resources Background Report, January 2006, p. 12-10. 
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markedly different from that of unburned areas.  Surface material in recently burned areas is 
commonly hydrophobic and does not require saturation of the soil to form soil slips.25 

6.4. Geotechnical Feasibility Report.  

The following information is derived from a feasibility-level geotechnical assessment of the 
proposed Project.26 Additional design-level investigations will be required prior to the 
commencement of any construction activities.  The feasibility-level analysis concluded that, 
based on the results of the investigation, from a geotechnical perspective, there are no 
apparent geotechnical constraints that would prevent the construction of the Project.  The 
following information summarizes the report’s findings regarding proposed facility sites. 

• Decker Canyon Reservoir.  The geological units at the proposed Decker Canyon Reservoir 
site include granitic bedrock, alluvium, and colluvium.  The bedrock is mapped as 
granodiorite, quartzdiorite, and tonalite.  These rocks are typically light gray medium to 
coarse grained, and moderately fractured.  Weathering of the granitic rock is variable in 
the near-surface.  This variability in weathering was evidenced by the observation of 
nearly unweathered granitic “corestones” surrounded by highly weathered intact bedrock. 

The granitic rocks are cut by occasional darker and finer-grained intrusive dikes.  The 
intrusive dikes are typically more resistant to weathering.  Alluvium was not observed and 
no thick accumulation of colluvium was noted.  Erosion gullies into the sideslopes and 
base of Decker Canyon show only a minor amount (less than two inches) of soil 
development overlying intact bedrock. Evidence of groundwater near the surface was not 
observed during the geologic investigation. 

• Powerhouse and Santa Rosa Substation.  The proposed Powerhouse and Santa Rosa 
Substation is located between the base of the Elsinore Mountains and Lake Elsinore.  The 
surface geologic unit is a relatively young alluvial fan deposit.  It is anticipated that the 
alluvial fan deposits are underlain by granitic bedrock at depth. 

Geophysical surveys were performed at both the proposed Santa Rosa Substation and 

Powerhouse, and alternative Ortega Oaks Powerhouse sites.
27

  Geophysical survey data at 
the Santa Rosa site found 10-30 feet of loose alluvial soils underlain by 60-125 feet of 
dense, unsaturated alluvial soils and/or weathered bedrock.  Crystalline bedrock was 
encountered at depths ranging from 70-145 feet below the ground surface. 

Survey data at the alternative Ortega Oaks Powerhouse site indicates 10-20 feet of loose 
alluvial soils underlain by 20-50 feet of dense, unsaturated alluvial soils, which was 
underlain by 70-90 feet of saturated alluvial soils and/or weathered bedrock.  Crystalline 

                                                      

25
/ Morton, D.M., Alvarez, R.M., and Campbell, R.H., Preliminary Soil-Slip Susceptibility Maps, Southwestern California, Open 

File Report OF 03-17, California Geological Survey, 2003, pp. 3-4. 
26

/ GENTERRA Consultants, Inc., Geotechnical Feasibility Report – Lake Elsinore Advanced Pumped Storage Project, FERC 
Project No. 11858, Riverside, California, August 28, 2003.These reports are available in volume 12 of this application 

27
/ Although eliminated from consideration as the primary powerhouse location in the FEIS, mention is included here for 

completeness, as an alternative to the preferred powerhouse location. 
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bedrock was encountered at depths ranging from 110-160 feet below the ground surface.  
For both sites, it is anticipated that granitic rock will be encountered above the required 
powerhouse depth. 

• LEAPS penstocks.  It is anticipated that the penstock between the upper reservoir and the 
powerhouse site will be excavated into granitic bedrock, similar to that described for the 
upper reservoir sites.  The bedrock should generally be sound and competent, although 
faults, fractures, joints, and groundwater will likely be encountered during the excavation 
of the proposed shaft and tunnel components of the penstock. 

• LEAPS inlet/outlet structure.  Between the LEAPS Powerhouse and Lake Elsinore, there 
are strands/splays of the active Elsinore fault zone.  The strands consist of the Willard 
fault, near the base of the slope, and the Wildomar fault, mapped within the limits of Lake 
Elsinore.  The Willard and Wildomar faults separate different geological units.  Rock units 
are likely to be hard granitic rocks to the west of the faults with younger, less competent 
sedimentary deposits to the east of the faults.   The proposed tailrace tunnel will extend 
from the proposed powerhouse (located on granitic bedrock), across the Willard fault and 
probably across the Wildomar fault into Lake Elsinore.  It is anticipated that a portion of 
the tailrace tunnel will be constructed in soft or loose saturated sedimentary deposits. 

• Talega-Escondido transmission line upgrade.  The T–E Line is situated in the west central 
peninsular Ranges Geomorphic Province, within the Santa Ana Mountains subunit.  
Cretaceous age granitic rocks, generally in the eastern section, and Jurassic to Cretaceous 
age marine sedimentary rocks, in the western section, underlie this area.  The western end 
of the alignment is underlain by Miocene marine sedimentary bedrock.  The line crosses a 
region of locally steep terrain and deeply incised canyons.  Due to the steep terrain, there 
is a moderate potential for rockslides and falls along the transmission line during a seismic 
event or following heavy rainfall.  The marine sedimentary bedrock within the western 
portion of the alignment is susceptible to landslides. 

The T–E Line is situated between the active Newport-Inglewood fault and the Whittier-
Elsinore fault, both subsidiary faults of the San Andreas fault system.  The transmission 
line does not cross any known active faults; however, the line does cross several 
potentially active earthquake faults, including the Harris, Tenaja, Aliso, and Cristianitos 
faults.28  Because of steep terrain, there is a moderate potential for rockslides and falls 
along the transmission line during a seismic event or following heavy rainfall.  The marine 
sedimentary bedrock within the western portion of the –E Line is susceptible to landslides. 

• Primary Transmission Lines.  The northern primary transmission lines connecting the 
Proposed Project to the grid would traverse the Elsinore (Glen Ivy) fault.  Moderate to 
strong ground shaking should be expected in the event of an earthquake on the active 
Elsinore fault.  Over its operational life, it is likely that the primary transmission facilities 
would be subjected to one or more moderate or larger earthquake occurring close enough 
to produce strong ground shaking.  Portions of the primary transmission lines would be 

                                                      

28
/ Op. Cit., Valley-Rainbow Interconnect Proponent’s Environmental Assessment, p. 4-180 through 182. 
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subject to strong ground shaking with vertical and horizontal ground accelerations that 
could exceed lateral wind loads.  In addition, conditions similar to those described for the 
T–E Line would be anticipatedDue to the steep terrain, there is moderate potential for 
rockslides and falls along the primary transmission lines during a seismic event or 
following heavy rainfall. 

6.5. Geology and Soils Regulatory Setting 

The following general discussion is presented of certain Federal, State, and local statutes and 
regulations that may be most applicable to an understanding of the Project’s regulatory setting. 

6.5.1. California Public Resources Code.   

Prompted by damaging earthquakes in northern and southern California in 1990, the State 
Legislature passed the Seismic Hazards Mapping Act (SHMA), codified in Sections 2690 through 
2699.6 in Division 2, Chapter 7.8 of the PRC, which became operative on April 1, 1991.  The 
SHMA was adopted for the purpose of protecting the public from the effects of strong ground 
shaking, liquefaction, landslides and other ground failure, and other hazards attributable to 
earthquakes. As required under the SHMA, the California Department of Conservation, Division 
of Mines and Geology (DMG)29 was directed to delineate the various "seismic hazard zones" 
throughout the State. 

As specified under Section 2696(a) therein, the “State Geologist shall compile maps identifying 
seismic hazard zones, consistent with the requirements of Section 2695.  The maps shall be 
compiled in accordance with a time schedule developed by the director and based upon the 
provisions of Section 2695 and the level of funding available to implement this chapter“ 

The SMGB’s “Guidelines for Evaluating and Mitigating Seismic Hazards in California, Special 
Publication No. 117”30 provides guidelines for evaluating and mitigating seismic hazards (other 
than surface fault rupture) and for recommending mitigation measures as required under 
Section 2695(a) of the PRC.31  As specified therein: “The fact that a site lies outside a mapped 
zone of required investigation does not necessarily mean that the site is free from seismic or 
other geologic hazards, nor does it preclude lead agencies from adopting regulations or 
procedures that require site-specific soil and/or geologic investigations and mitigation of 
seismic or other geologic hazards.”32 

With the exception of area encompassing SDG&E’s existing Talega Substation, no SHMA maps 
have yet been prepared for those areas in which the following Project facilities are located: 

                                                      

29
/ Now the California Geological Survey (CGS). 

30
/ State Mining and Geology Board, Guidelines for Evaluating and Mitigating Seismic Hazards in California, Special Publication 

No. 117, March 13, 1997. 
31

/ As defined in Section 2693(c) of the PRC, “mitigation" means those measures that are consistent with established practice 
and that will reduce seismic risk to acceptable levels.”  As further defined in Section 3721(a) therein, “acceptable level" 
means that level that provides reasonable protection of the public safety, though it does not necessarily ensure continued 
structural integrity and functionality of the project.” 

32
/ Op. Cit., Guidelines for Evaluating and Mitigating Seismic Hazards in California, Special Publication No. 117, p. 15. 
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Lake Switchyard, Santa Rosa Substation, LEAPS Powerhouse, Case Springs Substation, lower 
reservoir (Lake Elsinore), upper reservoir (Decker Canyon Reservoir), Lake-Case Springs 500-kV 
transmission line, SDG&E’s Eastern (Case Springs-Escondido) 230-kV transmission line, and 
SDG&E’s 69-kV subtransmission line.  SDG&E’s existing Talega Substation is located within the 
area illustrated on the USGS 7.5-Minute San Clemente Quadrangle (released June 2, 2002).33  
Although located in close proximity to a liquefaction hazard zone,34 no hazard zones have been 
identified which would directly impact the Talega Substation facility. 

Following the 1971 San Fernando earthquake, the State Legislature passed the Alquist-Priolo 
Earthquake Fault Zoning Act (APEFZA), formerly the Alquist-Priolo Special Studies Zone Act, 
codified in Section 2621 et seq. in Chapter 7.5 of Division 2 of the PRC.  The APEFZA provides 
“policies and criteria to assist cities, counties, and state agencies in the exercise of their 
responsibilities to prohibit the location of developments and structures for human occupancy 
across the trace of active faults.”35  An “active fault” is one along which surface displacement 
has occurred within Holocene time (during the past 11,400 years). 

The purpose of the APEFZA is to regulate land development near active faults in an effort to 
mitigate the hazard of surface fault rupture.  The law requires the State Geologist to establish 
regulatory zones, known as “earthquake fault zones,”36 around the surface traces of active 
faults and to issue appropriate maps.  The zones are defined by turning points connected by 
straight lines. Most of the turning points are identified by roads, drainages, and other features 
on the ground. The zones vary in width, but average about one-quarter mile wide.37 Under the 
APEFZA, local agencies must regulate activities within those zones, as defined by an appropriate 
setback from the fault trace.  Pursuant to Section 2623 of the PRC, “cities and counties shall 
require, prior to the approval of a project, a geologic report defining and delineating any hazard 
of surface fault rupture.  If the city or county finds that no undue hazard of that kind exists, the 
geologic report on the hazard may be waived, with the approval of the State Geologist.”  The 
geologic report required under the APEFZA must meet the criteria and policies established by 
the State Mining and Geology Board (SMGB), as codified in Sections 3600-3603 in Title 14 of the 
CCR. As indicated in the California Department of Conservation’s guidelines: “Most surface 

                                                      

33
/ California Department of Conservation, Seismic Hazard Zone Report for the San Clemente 7.5-Minute Quadrangle, Orange 

County, California, Seismic Hazard Zone Report 062, 2002. 
34

/ Defined as “[a]reas where historic occurrence of liquefaction, or local geological, geotechnical and ground-water conditions 
indicated a potential for permanent ground displacement such that mitigation as defined in Public Resources Code Section 
2693(c) would be required.” 

35
/ Section 2621.5(a), Chapter 7.5, Division 2, PRC. 

36/  Earthquake fault zones are regulatory zones that encompass surface traces of active faults that have a potential for future 
surface rupture.  Areas that are so designated contain active faults that may pose a risk of surface rupture to existing or 
future structures.  If a property is undeveloped, a fault study may be required before the parcel can be subdivided or before 
most structures can be permitted.  If a property is developed, the APEFZA requires that all real estate transactions within 
the earthquake fault zone must contain a disclosure of those potential hazards by the seller to prospective buyers. 

37
/ California Department of Conservation, Division of Mines and Geology, Fault-Rupture Hazard Zones in California, Special 

Publication 42, Revised 1997, Supplements 1 and 2 added in 1999, p. 6. 
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faulting is confined to a relatively narrow zone a few feet to a few tens of feet wide, making 
avoidance (i.e., building setback) the most appropriate mitigation method.”38 

Under the APEFZA special studies zones are depicted in local areas within the USGS 7.5-minute 
Alberhill, Elsinore, and Wildomar topographic quadrangles.  As illustrated in Figure E. 6-20.  
Earthquake Fault Zones - Alberhill Quadrangle, a portion of the proposed Northern (Lake-Santa 
Rosa) transmission line traverses designated Alquist-Priolo special studies zones.  With regard 
to the proposed 230-kV transmission line upgrade, the USGS 7.5-minute Temecula, Pala, 
Pechanga, and Wildomar quadrangles were examined and no Alquist-Priolo seismic hazard 
zones were identified along that alignment. 

6.5.2. California Government Code.   

The California Emergency Services Act (Section 8589.5, CGC) imposes specific emergency-
planning requirements for populated areas downstream of dams and calls for the development 
of inundation maps by the owners of all jurisdictional dams in the State.  The inundation maps 
are based on a hypothetical dam failure, regardless of how small the probability of failure, 
making use of dam breaching parameters that will result in a conservative flood inundation 
map.  As indicated, hazard analysis for dam failure should include the identification of high-risk 
areas, such as dam inundation areas, indicate what areas of adjoining jurisdictions may be 
affected by a dam failure, and develop individual dam inundation maps for each dam that could 
affect the jurisdiction or adjoining jurisdictions. 

6.5.3. California Water Code.   

As required under Section 6200 of the CWC, construction or enlargement of any new dam or 
reservoir shall not be commenced until the owner has applied for and obtained from the 
California Department of Water Resources - Division of Safety of Dams (DSOD) written approval 
of plans and specifications.39  As required under Section 6120 therein, “for the purpose of 
enabling it to make decisions as compatible with economy and public safety as possible the 
department [DSOD] shall make or cause to be made such investigations and shall gather or 
cause to be gathered such data as may be needed for a proper review and study of the various 
features of the design and construction of dams, reservoirs, and appurtenances.”  As authorized 
under Section 6075 of the CWC, the DSOD, under the State’s police power, shall supervise the 
construction, enlargement, alteration, repair, maintenance, operation, and removal of dams 
and reservoirs for the protection of life and property. 

                                                      

38
/ California Department of Conservation, Guidelines for Evaluating the hazard of Surface Fault Rupture, Note 49, California 

Geological Survey, revised May 2002. 
39

/ As defined under Section 6002 of the CWC, “’dam’ means any artificial barrier, together with appurtenant works, which 
does or may impound or divert water, and which either (a) is or will be 25 feet or more in height from the natural bed of the 
stream or watercourse at the downstream toe of the barrier, as determined by the department [DSOD], or from the lowest 
elevation of the outside limit of the barrier, as determined by the department, if it is not across a stream channel or 
watercourse, to the maximum possible water storage elevation or (b) has or will have an impounding capacity of 50 acre-
feet or more.” 
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With regards to those dams and reservoirs in the State that are under the jurisdiction of the 
DSOD (Section 6076, CWC), it is unlawful to construct, enlarge, repair, alter, remove, maintain, 
or operate a dam or reservoir except upon approval of the DSOD (Section 6077).  Supervision 
over the maintenance and operation of dams and reservoirs, insofar as necessary to safeguard 
life and property from injury by reason of the failure thereof, is vested in the DSOD (Section 
6100).  In determining whether or not a dam or reservoir or proposed dam or reservoir 
constitutes or would constitute a danger to life or property, the DSOD takes into consideration 
the possibility that the dam or reservoir might be endangered by seepage, earth movement, or 
other conditions which exist or which might occur in any area in the vicinity of the dam or 
reservoir.  If the DSOD determines that such conditions exist, the department will notify the 
owner to take such action as the DSOD determines to be necessary to remove the resultant 
danger to life and property (Section 6081, CWC). 

6.5.4. Uniform Building Code.40   

The “Uniform Building Code” (UBC) is published by the International Conference of Building 
Officials (ICBO), now the International Code Council (ICC), one of three model code groups in 
the country, and is used by most agencies in southern California as the basis for their building 
codes.41  The UBC defines criteria to be used in construction of structures based on the level of 
seismic activity in the region.  The ICBO (ICC) has subdivided the United States into six seismic 
regions.  Project sites are located in UBC Seismic Zone 4.  As indicated in the UBC, “[t]he 
building official may require a geotechnical investigation in accordance with Section 1804.2 and 
1804.5 when, during the course of investigation, all of the following conditions are discovered, 
the report shall address the potential for liquefaction: (1) Shallow groundwater, 50 feet (15,240 
mm) or less, (2) Unconsolidated sandy alluvium, (3) Seismic Zones 3 and 4.” 

The ICBO has published maps that are used in conjunction with the 1997 UBC (Tables 16-S and 
16-T) for determining engineering factors for new construction in California. In California, the 
known active surface faults are classified in the 1997 Uniform Building Code as “Class A, “Class 
B,” and “Class C” faults.  A “Class A” fault is the most destructive and a “Class C” fault is the 
least destructive.  The slip rate and maximum magnitude of earthquakes associated with a fault 
are the basis for the categories.  Class A faults exhibit magnitudes of 7.0 or greater and slip 
rates of at least 5 millimeters per year.  “Class B” faults fall in the magnitude 6.5 to 7.0 range 

                                                      

40
/ The California Building Code (CBC) is a modified version of the UBC, which is tailored for California geologic and seismic 

conditions. It is included in Title 24 of the California Administrative Code and includes stringent earthquake provisions for 
critical structures. 

41
/ The most effective single element in mitigating earthquake losses to buildings is the consistent application of a modern set 

of design and construction standards, such as those incorporated in modern building codes. The codes are updated 
regularly to include the most effective design and construction measures that have been found by testing and research or 
observed in recent earthquakes to reduce building damage and losses. Local government building departments using a 
relatively modern code, such as the 1997 UBC, regulate the vast majority of buildings.  For new buildings, State and local 
governments enforce the California Building Standards Code (CBSC) that includes earthquake safety provisions from the 
1997 UBC with enhancements for hospitals, public schools, and essential services buildings (Source: Governor’s Office of 
Emergency Services, State of California Multi-Hazard Mitigation Plan, September 2004, p. 80). 
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with slip rates varying depending on maximum magnitude.  Only the “Class A” and “Class B” 
faults are included in the probabilistic maps. 

As illustrated in Figure E. 6-21.  Elsinore Fault (Glen Ivy &Temecula) (Class B) encompasses the 
area of the proposed Santa Rosa Substation, LEAPS Powerhouse, and certain associated LEAPS 
facilities.  The near-source zones have been mapped considering the dip angle of the faults in 
accordance with the 1997 UBC (Footnote 3 of Tables 16-S and 16-T). 
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Figure E. 6-1.  Physiographic Provinces of Southern California 

Source: United States Geological Survey 
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Figure E. 6-2.  City of Lake Elsinore Geologic Formations 

Source: City of Lake Elsinore 
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Figure E. 6-3.  Seismic Hazards 

Source: City of Lake Elsinore 
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Figure E. 6-4.  Liquefaction Susceptibility in the Lake Elsinore Area 

Source: City of Lake Elsinore 
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Figure E. 6-5.  Preliminary Geologic Map Santa Ana 30’ x 60’ USGS Quadrangle (1999)  

Source: United States Geological Survey 
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Figure E. 6-6.  Major Structural Blocks of the Northern Peninsular Ranges Batholith 

Source: United States Geological Survey 
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Figure E. 6-7.  Geologic Map San Bernardino and Santa Ana  
30 x 60-Minute Quadrangles  

Source: United States Geological Survey 
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Figure E. 6-8.  Major Earthquake Faults 

Source: United States Geological Survey 
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Figure E. 6-9.  Geologic Map Elsinore 7.5-Minute Quadrangle 

Source: United States Geological Survey 
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Figure E. 6-10.  Geologic Map Elsinore 15-Minute Quadrangle (1959) 

Source: United States Geological Survey 
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Figure E. 6-11.  Geologic Map Fallbrook 7.5-Minute Quadrangle  

(1 of 2) 
Source: United States Geological Survey (2000) 
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Figure E.6–11.  Geologic Map Margarita Peak 7.5-Minute Quadrangle  

(2 of 2) 
Source: United States Geological Survey 
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Figure E. 6-12.  Geologic Map Oceanside  

30x60-Minute Quadrangle 
Source: United States Geological Survey 
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Figure E. 6-13:  General Soil Map Western Riverside County 

(1 of 2) 
Source: United States Department of Agriculture 
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Figure E.6–13:  General Soil Map Northern San Diego County 

(2 of 2) 

Source: United States Department of Agriculture 
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Figure E. 6-14.  Soil Survey Map – Upper Reservoir Sites 

Source: Soil Conservation Service 
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Figure E. 6-15.  Soil Survey Map – Santa Rosa Substation and LEAPS Powerhouse Sites 

Source: Soil Conservation Service (1971) 
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Figure E. 6-16.  Portion of Fault Map of California 

Source: California Division of Mines and Geology 
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Figure E. 6-17.  Willard and Wildomar Faults 

Source: GENTERRA Consultants, Inc. 
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Figure E. 6-18.  Percent Slope Map 

Source:  City of Lake Elsinore 
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Figure E. 6-19.  Soil-Slip Susceptibility Map Santa Ana 30’x 60’ Quadrangle 

Source: California Geological Survey 
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Figure E. 6-20.  Earthquake Fault Zones - Alberhill Quadrangle 

Source: California Department of Conservation 
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Figure E. 6-21.  Elsinore Fault (Glen Ivy &Temecula)  

Source: International Conference of Building Officials 
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6.6. Impacts on geology, soils, and seismicity 

Impacts on geology, soils, and seismicity associated with the LEAPS generation facilities are 
presented in Section 6.6.1.  Impacts on geology, soils, and seismicity attributable to the primary 
transmission lines are discussed in Section 6.6.2.  Potential cumulative impacts on geology, 
soils, and seismicity relating to the Project (inclusive of both primary transmission lines and 
generation) are presented in Section 6.6.3. 

6.6.1. Potential Impacts of Generation Facilities  

A portion of the proposed generation facilities would be located within the San Jacinto River 
Basin with other associated structures located in the adjacent San Juan Creek watersheds.  The 
San Jacinto River Basin is located in southern California, about 20 miles inland from the Pacific 
Ocean and covers more than 780 square miles of widely varying terrain.  The river basin is 
bounded by north-south mountains: the Santa Ana Mountains (including the Elsinore 
Mountains, Santa Margarita, and the Santa Rosa Plateau) to the west and the more distant San 
Jacinto Mountains to the east (FERC FEIS, 2007).  The generation facilities span the boundary 
between two geologic environments - an actively subsiding fault-bounded basin containing 
Lake Elsinore and a more stable mountain block underlain by minor metamorphic rocks and 
undivided granitic rocks of the Peninsular Ranges Batholith.  Both geologic environments are a 
part of the Peninsular Ranges Geomorphic Province of Southern California (FERC FEIS, 2007). 

The Elsinore Basin is located in the southeast part of the Los Angeles Basin. The Los Angeles 
Basin is a region of alluvial outwash, encompassing most of Los Angeles and Orange Counties, 
as well as western Riverside and San Bernardino Counties.  The Los Angeles Basin is considered 
part of the Peninsular Ranges Geomorphic Province of Southern California, characterized by 
elongated ranges and fault-formed and alluvial valleys with a general northwesterly trend.  The 
Elsinore Basin is a down-faulted (trough) about eight miles long and between two and three 
miles wide.  The long axis of the valley parallels the northwesterly regional structural trend, and 
rugged hills and mountains border the basin on all but the southeastern side.  The lowest 
portion of the basin floor is a broad, relatively flat area known as “La Laguna,” which is partially 
occupied by Lake Elsinore.  La Laguna forms the terminus for the San Jacinto River, which flows 
into the Elsinore Basin from the northeast. To the southwest are the steep slopes of the 
Elsinore Mountains.  The northeastern edge of the basin is bordered by the Sedco and 
Cleveland Hills, part of the Temescal Mountains.  The Elsinore fault parallels the base of the 
Cleveland Hills and marks the structural edge of the basin in this area; the Elsinore fault 
continues northwest at the base of the Santa Ana Mountains and is the principle segment of 
the Elsinore fault zone north of Lake Elsinore.  The southeastern end of the basin is formed by a 
low alluvial divide built up by streams draining the Elsinore Mountains (FERC FEIS, 2007). 

The geology of the Elsinore Basin comprises essentially three major units. At the surface lies 
alluvium from a variety of sources.  Underneath the surface alluvium is the sedimentary Pauba 
Formation, and under that lies the “basement rocks” of the Peninsular Ranges Batholith. The 
alluvial formation covers the lower portions of the valley and can be divided into alluvial fan 
deposits, floodplain deposits, and recent lacustrine deposits.  Lake Elsinore, which is a structural 
depression formed within a graben along the Elsinore fault, is surrounded by a combination of 
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predominantly igneous and metamorphic rocks.  Lake Elsinore is constrained along its southern 
edge by the steep, deeply incised Elsinore Mountains.  The Elsinore Mountains provide a local 
sediment source.  Total sediment thickness underlying Lake Elsinore is estimated to be more 
than 3,000 feet.  Two exploratory wells drilled at the east end of the lake to 1,780 feet and 
1,800 feet encountered unconsolidated sediment described as mostly fine grained. 

The Elsinore Mountains are a portion of the Santa Ana Mountain Range, which form the 
northernmost range of the Peninsular Ranges Geomorphic Province. The Peninsular Ranges 
Province is characterized by a northwest-striking structural fabric (faulting and folding) 
influenced by the San Andreas fault system.  The northern Peninsular Ranges Province is 
divided (in terms of physiography) into three major fault-bounded blocks: the Santa Ana, Perris, 
and San Jacinto.  The westernmost of the three, the Santa Ana block, extends eastward from 
the coast to the Elsinore fault zone. Tertiary sedimentary rocks (Paleocene through Pliocene in 
age) lie under the western foothills portion of the Santa Ana block, and further east the highly 
faulted Santa Ana Mountains are comprised of a basement assemblage of Mesozoic 
metasedimentary and Cretaceous volcanic and batholitic rocks, which is overlain by a thick 
section of primarily upper Cretaceous marine rocks and Paleocene marine and non-marine 
rocks.  The southern part of the Santa Ana Mountains opens into an expansive, nearly 
horizontal erosion surface that is partly covered with Miocene basalt flows (FERC FEIS, 2007). 

The LEAPS high-head conduit and upper reservoir would be constructed within the Santa Ana 
(Elsinore) Mountains.  The proposed Decker Canyon Reservoir is located in the headwaters of 
San Juan Creek. San Juan Creek flows west toward the Pacific Ocean and is separate from the 
drainages on the east flank of the Santa Ana (Elsinore) Mountains.  Because the proposed 
Decker Canyon Reservoir site would be located at the top of the watershed, no stream bypass 
system would be required. 

The proposed Decker Canyon Reservoir site is bounded by Morgan Hill on the south, a ridge to 
the north, and South Main Divide Road to the east.  The rugged, mountainous terrain of the 
Santa Ana Mountains is characteristic of the reservoir site. The geologic units at Decker Canyon 
are comprised of granitic bedrock, alluvium, and slopewash. The bedrock is typically light gray, 
medium-to coarse-grained, and moderately fractured.  Weathering of the granitic rock is 
variable near the surface.  Surface alluvium and thick accumulations of slopewash are largely 
absent. The erosion gullies into the side slopes and base of Decker Canyon show only a minor 
amount (less than 2 inches) of soil development overlying intact bedrock.  No evidence of 
groundwater near the surface was noted during geologic reconnaissance (FERC FEIS, 2007). 

The proposed penstock connecting the Decker Canyon Reservoir and the LEAPS Powerhouse 
would run through the eastern edge of the Santa Ana (Elsinore) Mountains.  It is expected that 
the penstock would be excavated into granitic bedrock similar to that described for the upper 
reservoir.  Because of the nature of such large expanses of bedrock and the characteristics of 
the Santa Ana (Elsinore) Mountains, faults, joints, fractures, and groundwater probably would 
be encountered during excavation of the penstock and tunnel system (FERC FEIS, 2007). 

The proposed tailrace tunnel extends from the proposed powerhouse sites (which will be 
located on granitic bedrock), across the Willard and probably across the Wildomar faults into 
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Lake Elsinore.  It is anticipated that a portion of the tailrace tunnel will be constructed in soft or 
loose, saturated sedimentary deposits. 

The Powerhouse and Santa Rosa Substation site is located at the base of the steep, east face of 
the Elsinore Mountains.  The powerhouse site is located in an area with surface alluvium.  This 
material is a relatively young alluvial fan deposit of mostly gravel-sized sediment.  Because of 
the location at the base of a steep mountain side (a location heavily influenced by gravity-
induced erosion from upslope), this site is expected to contain a substantial amount of larger 
cobble-sized and boulder-sized clasts as well.  Geophysical survey data for the powerhouse site 
indicate 10 to 30 feet of loose alluvial soils underlain by 60 to 125 feet of dense, unsaturated 
alluvial soils and/or weathered bedrock.  Crystalline bedrock was encountered at depths 
ranging from 70 to 140 feet below the ground surface; therefore, from the data, the Applicant 
infers that groundwater is not present at the LEAPS Powerhouse site (FERC FEIS, 2007). 

Lake Elsinore water surface elevations have historically experienced significant fluctuations due 
to periods of flooding followed by prolonged dry periods.  Lake Elsinore is a historically 
ephemeral lake, with the main sources of water being direct natural runoff from the 
surrounding mountains and drainage from the San Jacinto River.  The surficial geology of this 
area is characterized by a transition from the alluvial fans found at the toe of the Elsinore 
Mountains out to the floodplain and lacustrine sediments of La Laguna.  The tailrace tunnel 
would exit the powerhouse, which is expected to be founded on granitic bedrock, and head 
toward Lake Elsinore.  Leaving the bedrock, the tunnel would likely be excavated through loose 
to dense alluvium (saturated and unsaturated) and weathered bedrock. Between the 
powerhouse site and Lake Elsinore are portions of the active Elsinore fault zone. 

The Willard fault is located near the base of the Elsinore Mountains and runs roughly under or 
between the proposed powerhouse site and afterbay (Lake Elsinore).  The Wildomar fault is 
mapped within the limits of Lake Elsinore; however, its exact location is unknown. FERC 
suspects that this fault crosses the alignment of the tailrace tunnel.  Because the intake 
structure is located within the sediment of Lake Elsinore, it is expected that a portion of the 
tailrace tunnel would be constructed in soft or loose saturated alluvium and/or lacustrine 
sedimentary deposits (FERC FEIS, 2007). 

The generation facilities are located in seismically-active southern California and may be 
subjected to strong ground motions from earthquakes during the life of the project. Portions of 
LEAP, including the powerhouse site and tailrace tunnel, would be located within the Elsinore 
Fault Zone - Glen Ivy segment.  The proposed Decker Canyon Reservoir site is located within a 
few kilometers of the faults zone. 

A historic record of earthquakes in the site vicinity available from the National Earthquake 
Information Center, greater than Magnitude 6.0 within a 100-mile radius of the site for the 
period from 1735 to present, was conducted.  The search indicated that 28 earthquakes of 
Magnitude 6.0 and above have occurred within a 100-mile radius of the site between 1735 and 
2008.  The maximum magnitude encountered was the 1992 Magnitude 7.6 Landers Earthquake, 
located about 66 miles from the site.  The closest earthquake with Magnitude 6.0 and above 
was the 1910 Magnitude 6.0 Elsinore Earthquake located about four miles from the site.  The 
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exact epicenter location for this event relative to the generation facilities is not known since 
there was no instrumentation in 1910 and the epicenter was estimated from anecdotal reports 
of damage within a sparsely-populated area. 

Based on an assessment of available geologic, geotechnical, and seismic information, a 
geotechnical feasibility study concluded that there exists “no apparent geotechnical constraints 
to prevent the construction of the project” (GENTERRA, 2007). 

Table E. 6-2.  LEAPS – Geology, Soils, and Seismicity Impacts summarizes the potential geology, 
soils, and seismicity impacts of the hydroelectric portion of the Proposed Project.  Applicable 
PMEs, which serve to mitigate potential geology, soils, and seismicity resource impacts 
attributable to the hydroelectric portion of the Proposed Project are described in Table E. 6-4.  
PMEs Proposed - Geology, Soils, and Seismicity. 

Table E. 6-2.  LEAPS – Geology, Soils, and Seismicity Impacts 

Impact Description 

G-1 Erosion would be triggered or accelerated due to construction activities. 

G-3 
Project would expose people or structures to potential substantial adverse effects as a result of 

seismically-induced ground shaking and/or ground failure. 

G-6 
Project would expose people or structures to potential substantial adverse effects as a result of 

landslides, earthflows, debris flows, and/or rockfall. 

G-7 Project construction would result in geologic waste material 

Source: The Nevada Hydro Company, Inc. 

 

Impact G-1: Erosion would be triggered or accelerated due to construction activities. 

The clearing of vegetation in the Lake Elsinore area would potentially produce erosion by 
disturbing the soil and removing the stabilizing vegetation.  Construction of the proposed dam 
at Decker Canyon would use material from within the reservoir footprint to achieve a balance 
of excavation and fill material.  Vegetation removal, excavation, and grading during 
construction would loosen soil or remove stabilizing vegetation and expose areas of loose soil.  
These areas, if not properly stabilized during construction, would potentially be subject to 
increased soil loss and erosion by wind and stormwater runoff. 

Construction activities resulting in increased erosion and sedimentation could be potentially 
significant but would be mitigable to a less-than-significant level. 

Impact G-3: Project would expose people or structures to potential substantial adverse effects 
as a result of seismically- induced ground shaking and/or ground failure. 

The Willard and Wildomar faults are not identified as “active” by the State of California.  The 
Lake Elsinore Fault Zone, however, is defined as active by the State and the Uniform Building 
Code (UBC, 1997) identifies the Willard and Wildomar faults as within the Glen Ivy segment of 
the Lake Elsinore Fault Zone.  Weber (1977) also identifies geomorphic evidence of active 
faulting along the traces of the Willard and Wildomar faults.  For planning purposes, the Willard 
and Wildomar faults should, therefore, be considered active.  The location and activity of the 
Willard and Wildomar faults would be verified and evaluated during subsequent design phases. 
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Additionally, potential ground rupture along these faults will be examined as part of those later 
studies to evaluate the impact of fault movement to the tailrace tunnel. 

The latest USGS mapping shows that the Wildomar fault is possibly positioned beneath Lake 
Elsinore, a short distance from the southwestern shore.  The potential lateral displacement of 
this fault in a magnitude 7 to 7.5 earthquake as measured on the Richter scale is estimated to 
be on the order of 5 to 16 feet (Berger, 1997).  The direction of the Willard fault is 
approximately parallel to the longitudinal axes of the LEAPS Powerhouse cavern, the 
transformer gallery, and the surge chamber (shaft).  The powerhouse is centered at an 
elevation of approximately 1420-feet above msl ground surface contour, which would place it 
between the lowest surface expression of the Willard fault strands and Lake Elsinore, and the 
series of fault strands would be crossed by the low-pressure tunnel(s). 

Because of the lateral extent (upstream-downstream) of this facility, positioning it to avoid the 
Willard fault zone would be extremely difficult, possibly requiring it to be moved deeper into 
the Elsinore Mountains or closer to the lake.  The former move would affect access, and the 
latter move would raise a concern as to the adequacy of the rock cover (FERC FEIS, 2007).  A 
currently unknown depth of overburden would separate the structures from the rupture 
surface of the Wildomar fault. A lateral displacement of the magnitude reported would likely be 
accompanied by substantial disturbance of the overlying materials. 

The Applicant proposes a number of measures to address potential adverse geologic and 
geotechnical effects, including a board of three or more qualified independent engineering 
consultants who would assess, among other issues: (1) the geology of the site; (2) design, 
specifications, and construction of the dam, spillways, powerhouse, electrical and mechanical 
equipment, and emergency power supply; (3) instrumentation; (4) filling schedule for the 
reservoir and plans and surveillance during the initial filing; (5) construction procedures and 
progress (FERC FEIS, 2007). 

Because LEAPS is a federally-licensed hydroelectric facility, all key design elements must 
conform to FERC standards and guidelines.  LEAPS must comply with FERC’s “Engineering 
Guidelines for the Evaluation of Hydroelectric Projects” (FERC, 2005).  As stipulated in Part 12 
thereof (Safety of Water Power Projects and Project Works) therein, the licensee must use 
sound and prudent engineering practices in any action relating to the design, construction, 
operation, maintenance, use, repair, or modification of a water power project or project works 
(Section 12.5).  In accordance with Subpart D (Inspection by Independent Consultant) therein, 
LEAPS will be periodically inspected and evaluated by or under the responsibility and direction 
of at least one independent consultant in order to identify any actual or potential deficiencies, 
whether in the condition of the project works or in the quality or adequacy of maintenance, 
surveillance, or methods of operation, that might endanger public safety (Section 12.32). 

Because the presence of an active fault or extensive adjacent shear zone whose existence was 
not adequately addressed in the facility’s design could result in electrical supply reliability 
constraints if fault movement were to damage the powerhouse or its underground 
components.  The resulting impact could be potentially significant but would be mitigable to a 
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less-than-significant level  through compliance with FERC design requirements, standards, and 
guidelines. 

 

Impact G-6: Project would expose people or structures to potential substantial adverse effects 
as a result of landslides, earthflows, debris flows, and/or rockfall. 

Slope instability, including landslides, earth flows, and debris flows during LEAPS operation has 
the potential to undermine foundations, cause distortion and distress to overlying structures, 
and displace or destroy facility components.  Faulting in the Lake Elsinore area has been 
relatively well documented (Impact G-4). 

It is very unlikely that any of the activities related to LEAPS construction would induce seismic 
instability and result in a seismic event.  This includes the effects of blasting for tunnels, 
penstocks, and powerhouses and the effects of groundwater disturbance.  However, the 
adverse effects of a seismic event on construction activities would be potentially substantial 
depending on the component of the facility being constructed. Adherence to applicable United 
States Occupational Safety and Health Administration (OSHA) standards would, however, 
ensure that workplace safety concern do not exceed a less-than-significant level  (FERC FEIS, 
2007). 

LEAPS facilities located beneath steep terrain could be subjected to landslides or debris flows. 
Steep slopes loaded with sufficient quantities of colluvium and/or loose or weathered rock are 
susceptible to landslides and debris flows given sufficient initiation.  This initiation could come 
from a seismic event, addition of water (such as might occur from a reservoir or penstock 
breach), concentration of hillslope runoff by a road or drainage structure onto a slope, or from 
a period of heavy or frequent precipitation.  Unstable slopes or areas of unidentified unstable 
slopes could potentially fail during the facility’s lifetime.  Available measures including avoiding 
the placement of structures in unstable areas and removing or stabilizing boulders located 
upslope of structures, thus reducing the threat of possible slope failures or rock falls.  This 
potentially significant impact would be mitigable to a less-than-significant level through 
implementation of the PMEs described in Table E. 6-4.  PMEs Proposed - Geology, Soils, and 
Seismicity. 

The proposed Decker Canyon Reservoir would be classified as a “high hazard dam” or “high 
hazard potential structure” (FERC, 2004).  Final dam design and specifications remain subject to 
the findings of the design-level seismic investigation conforming to FERC standards. Compliance 
with those design, development, and monitoring standards will ensure that the potential for 
dam failure and inundation of downstream areas is reduced to the maximum extent feasible 

Impact G-7: Project construction would result in geologic waste material. 

As proposed, only deleterious soil materials excavated from the shafts, tunnels, powerhouse 
cavern, and upper reservoir would be disposed of off the site; all other materials will be used in 
the facility’s design and development (e.g., structural material for the proposed dam) or 
retained on the site.  Excess spoil material generated in the area of the LEAPS Powerhouse will 
be utilized as engineered fill to create a more useable development pad along Grand Avenue.  
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With the exception of a clay-liner for the upper reservoir (the material for which is available 
locally), on-site and off-site borrow of geologic fill material would primarily occur internally 
within and between the individual LEAPS construction areas and facility sites.  Off-site disposal 
of geologic waste material and other spoils would, therefore, be reduced to the extent feasible. 

6.6.2. Potential Impacts of the Primary Transmission Lines 

Portions of the primary transmission lines including, but not limited to, the Lake Switchyard and 
Santa Rosa Substation, would be located in portions of the San Jacinto River Basin.  The San 
Jacinto River Basin is located in southern California, about 20 miles inland from the Pacific 
Ocean and covers more than 780 square miles of widely varying terrain.  The river basin is 
bounded by north-south mountains, including the Santa Ana Mountains (including the Elsinore 
Mountains, Santa Margarita, and the Santa Rosa Plateau) to the west and the more distant San 
Jacinto Mountains to the east (FERC FEIS, 2007).  The area spans the boundary between two 
geologic environments - an actively subsiding fault-bounded basin containing Lake Elsinore and 
a more stable mountain block underlain by minor metamorphic rocks and undivided granitic 
rocks of the Peninsular Ranges Batholith.  Both geologic environments are a part of the 
Peninsular Ranges Geomorphic Province of Southern California (FERC FEIS, 2007). 

The primary transmission lines would pass through the Santa Ana Mountains.  The Santa Ana 
Mountain Range forms the northernmost segment of the Peninsular Ranges Geomorphic 
Province.  The Peninsular Ranges Province is characterized by a northwest-striking structural 
fabric (faulting and folding) influenced by the San Andreas fault system.  The northern 
Peninsular Ranges Province is divided (in terms of physiography) into three major fault-
bounded blocks: the Santa Ana, Perris, and San Jacinto.  The westernmost of the three, the 
Santa Ana block, extends eastward from the coast to the Whittier-Elsinore fault zone.  Tertiary 
sedimentary rocks (Paleocene through Pliocene in age) lie under the western foothills portion 
of the Santa Ana block, and further east the highly faulted Santa Ana Mountains are comprised 
of a basement assemblage of Mesozoic metasedimentary and Cretaceous volcanic and batholitic 
rocks, overlain by a thick section of primarily upper Cretaceous marine rocks and Paleocene 
marine and non-marine rocks.  The southern part of the Santa Ana Mountains opens into an 
expansive, nearly horizontal erosion surface that is partly covered with Miocene basalt flows 
(FERC FEIS, 2007). 

At the eastern base of the mountains is the Elsinore Basin. The geology of the Elsinore Basin 
comprises essentially three major units.  At the surface lies alluvium from a variety of sources. 
Underneath the surface alluvium, is the sedimentary Pauba Formation.  Under that lies the 
“basement rocks” of the Peninsular Ranges Batholith.  The alluvial formation covers the lower 
portions of the valley and can be divided into alluvial fan deposits, floodplain deposits, and 
recent lacustrine deposits. 

The Elsinore Basin is a complexly faulted trough formed by the movement along a series of 
parallel northwest-trending faults.  This Elsinore fault zone is a part of the Whittier-Elsinore 
fault system.  The parallel series of faults within this zone includes the Willard, Rome Hill, 
Wildomar, Lake, Burchkhalter, Sedco, Glen Ivy, and Freeway faults.  The three main faults 
within the Elsinore Basin are the Willard, Wildomar, and Glen Ivy faults.  These faults appear 
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very young in age, evidenced by features such as the steep northeast side of the Elsinore 
Mountains to the southwest of Lake Elsinore.  At its northern end, the Elsinore fault zone splays 
into two segments, the Chino fault and the Whittier fault.  At its southern end, the Elsinore fault 
is cut by the Yuha Wells fault from what amounts to its southern continuation, the Laguna 
Salada fault. 

The Elsinore fault is a part of the San Andreas fault system and runs southeast from the Los 
Angeles basin for about 250 km to the border of Mexico, where it continues southeast as the 
Laguna Salada fault.  To the east are the San Jacinto and San Andreas fault zones and faults 
associated with the Eastern California Shear Zone.  To the west is the Newport-Inglewood-Rose 
Canyon fault zone, which only locally comes on shore, and the offshore zone of deformation 
including the Coronado Bank, San Diego Trough and San Clemente faults.  A comparison of the 
Elsinore and the San Jacinto fault zones suggests that the Elsinore fault may produce larger, less 
frequent earthquakes on longer segments than the nearby San Jacinto fault zone. 

It is estimated that the Elsinore fault accommodates 10-15 percent of the plate-boundary slip in 
southern California.  Previous work on the Elsinore fault has established the late Quaternary slip 
rate at about 4.5 to 5.5 millimeters per year (mm/yr), apparently decreasing to the southeast.  
The fault has been divided into five major segments, based on geometry and geomorphology, 
which are from north to south, the Whittier, Glen Ivy, Wildomar-Wolf Valley-Pala-Temecula, 
Julian, and Coyote Mountain segments. 

Construction of the primary transmission lines could potentially accelerate erosion.  Excavation 
and grading activities associated with the towers, substations, and switchyard could cause slope 
instability.  Primary transmission line facilities would be subject to seismic forces and could be 
potentially be damaged by landslides, earthflows, debris flows, or rockfalls. 

Table E. 6-3. Primary Transmission Lines – Geology, Soils, and Seismicity Impacts summarizes 
the potential geology, soils, and seismic impacts of the primary transmission lines.  The impacts 
of the primary transmission lines and T–E Line upgrades, , are examined below. 

Table E. 6-3. Primary Transmission Lines – Geology, Soils, and Seismicity Impacts 

Impact Description 

G-1 Erosion would be triggered or accelerated due to construction activities. 

G-2 
Project would expose people or structures to potential substantial adverse effects as a result of problematic 
soils. 

G-3 
Project would expose people or structures to potential substantial adverse effects as a result of seismically- 
induced ground shaking and/or ground failure. 

G-4 
Project would expose people or structures to potential substantial adverse effects as a result of surface fault 
rupture at crossings of active faults. 

G-5 
Project would expose people or structures to potential substantial adverse effects as a result of slope 
instability created during excavation and/or grading. 

G-6 
Project would expose people or structures to potential substantial adverse effects as a result of landslides, 
earthflows, debris flows, and/or rockfall. 

G-7 Project construction would result in geologic waste material 

Source: The Nevada Hydro Company, Inc. 
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Impact G-1: Erosion would be triggered or accelerated due to construction activities. 

Construction of the proposed substations and switchyard, and approximately 9.3 linear miles of 
new temporary access roads (resulting in approximately 30.3 acres of disturbance) would 
potentially accelerate erosion.  Road-related stream crossings, including culverts, bridges, or 
low-water crossings, and trenching have the potential to cause considerable erosion and 
sedimentation.  Smaller, unmapped intermittent or ephemeral stream channels are numerous 
in the Santa Ana Mountains.  These stream types are typically just as adept at moving sediment 
as perennial streams and, because they are often steeper and higher in elevation, can also offer 
additional potential for debris flows. 

The southern primary transmission line and any related access roads would cross San Mateo 
Creek and its tributaries.  The USACE has prepared a “Final Environmental Impact Statement – 
San Juan Creek and Western San Mateo Creek Watershed Special Area Management Plan 
(SAMP)” (USACE, 2007), identifying San Juan and San Mateo Creeks as “area of special 
sensitivity.” 

The Lake Switchyard would be located on a disturbed site near Temescal Wash, and 
construction activities would potentially result in sedimentation production during the rainy 
season.  The Case Springs Substation would be located at the boundary of the Cleveland 
National Forest.  Construction could result in increased erosion and sedimentation in nearby 
waterways. 

In accordance with the CWA, a Storm Water Pollution Prevention Plan (SWPPP) would be 
prepared and implemented, including appropriate Best Management Practices (BMPs), in order 
to minimize construction impacts on surface and groundwater quality.  The SWPPP would be 
prepared once the action is approved and after final design is complete. 

Construction activities resulting in increased erosion and sedimentation could be potentially 
significant but would be mitigable to a less-than-significant level with the implementation of a 
Storm Water Pollution Prevention Plan (SWPPP), and the additional PMEs described in Table E. 
6-4.  PMEs Proposed - Geology, Soils, and Seismicity. 

Impact G-2: Project would expose people or structures to potential substantial adverse effects 
as a result of problematic soils. 

Potentially corrosive soils could potentially impact the chemical stability of concrete and 
uncoated steel used in support structures.  These effects could have adverse consequences to 
structures or people in the vicinity of the transmission line, substations, and the switchyard if 
structures were to become weakened and fail. 

Expansive soils possess a shrink-swell characteristic. Shrink-swell is the cyclic change in volume 
(expansion and contraction) that occurs in fine-grained clay sediments from the process of 
wetting and drying.  Structural damage may occur over a long period of time, usually the result 
of inadequate soil and foundation engineering or the placement of structures directly on 
expansive soils.  Expansive soils may, among other things, cause foundations and flatwork to 
heave and become damaged. 
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The structural damage that may result from corrosive and expansive soils can be effectively 
mitigated through proper preparation of soil subgrade areas, proper foundation design, 
construction and maintenance of proper surface/subsurface drainage, prudent irrigation 
practices, and compliance with applicable code requirements. 

A geotechnical study to assess soils characteristics has not yet been undertaken.  Unidentified 
and unmitigated corrosive and expansive soils could potentially damage structures, facilities, 
and equipment, potentially resulting in their collapse or failure.  Since the collapse of tower or 
damage to equipment located in the substations and switchyard could produce a power 
outage, damage to nearby roads and structures, and serious injury to nearby people, the 
resulting impact could be potentially significant but would be mitigable to a less-than-
significant level with the implementation of Applicant’s proposed PME as detailed in Table E. 
6-4.  PMEs Proposed - Geology, Soils, and Seismicity. 

Impact G-3: Project would expose people or structures to potential substantial adverse effects 
as a result of seismically induced ground shaking and/or ground failure. 

Moderate to strong ground shaking should be expected in the event of an earthquake on the 
active Elsinore fault.  Over its operational life, it is likely that the transmission facilities would be 
subjected to one or more moderate or larger earthquake occurring close enough to produce 
strong ground shaking.  Portions of the transmission line would be subject to strong ground 
shaking with vertical and horizontal ground accelerations that could exceed lateral wind loads, 
resulting in potential damage to or the collapse of the structures.  Since the collapse of the 
primary transmission line structures could produce a power outage, damage to nearby roads 
and structures, and serious injury to nearby people and property, the resulting impact could be 
potentially significant but would be mitigable to a less-than-significant level though the 
implementation of Applicant’s proposed PME measures as detailed in Table E. 6-4.  PMEs 
Proposed - Geology, Soils, and Seismicity. 

Strong ground shaking could potentially result in seismically-induced ground failures, including 
liquefaction and slope failures. Portions of the primary transmission lines that cross active river 
washes, streams, and floodplains, where lenses and pockets of loose sand may be present and 
may become saturated seasonally, resulting in liquefaction damage to the primary transmission 
line structures should a large earthquake occur while these soils are saturated.  Slope failures, 
such landslides and rockfalls, could occur in the event of a large earthquake along portions of 
the route of the primary transmission lines. 

Since the collapse of primary transmission line structures could produce a power outage, 
damage to nearby roads and structures, and serious injury to nearby people, seismically-
induced ground shaking and/or ground failure could be a potentially significant impact but 
would be mitigable to a less-than-significant level (Class II) with the implementation of 
Applicant’s proposed PME measures as detailed in Table E. 6-4.  PMEs Proposed - Geology, 
Soils, and Seismicity. 

Impact G-4: Project would expose people or structures to potential substantial adverse effects 
as a result of surface fault rupture at crossings of active faults (Class II). 
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Because portions of the proposed northern primary transmission line  traverse seismic hazard 
zones, transmission and subtransmission facilities could be subject to surface fault rupture 
hazards.  Since the collapse of transmission or subtransmission structures could produce a 
power outage, damage to nearby roads and structures, and serious injury to people, the 
resulting impact could be potentially significant but would be mitigable to a less-than-
significant level  through the implementation of the Applicant’s PME measures as detailed in 
Table E. 6-4.  PMEs Proposed - Geology, Soils, and Seismicity.   

Implementation of these PMEs will ensure proper placement of conductors and allow 
distribution of fault displacements over a comparatively long span, such that the northern 
primary transmission line would be less likely to collapse in the event of an earthquake. 

Impact G-5: Project would expose people or structures to potential substantial adverse effects 
as a result of slope instability created during excavation and/or grading. 

Since the proposed primary transmission lines do not follow an existing corridor, new access 
and spur roads would be required to be constructed to access the primary transmission lines 
for construction and maintenance purposes.  Road grading and excavation for tower footings 
on the steep terrain that characterizes the primary transmission line route has the potential to 
create unstable slope conditions and/or expose personnel and facilities to existing unstable 
slope conditions. 

The United States Geological Survey (USGS) has developed a generalized debris flow hazard 
map that includes the proposed transmission area.  Areas with slopes of 26 degrees or greater 
are highlighted on the map and correspond with slopes capable of producing debris flows given 
critical rainfall conditions.  The areas indicated to have potential for debris flows in the area 
include a contiguous band along the steep eastern slopes of the Elsinore Mountains above the 
southwestern shores of Lake Elsinore.  The mapping is general but indicates the potential for 
debris flow to affect the primary transmission line towers and the Santa Rosa Substation.  
Surficial instability in the form of slopewash and the accumulation of colluvium was observed 
during geologic reconnaissance.  However, evidence of deep-seated landsliding was not 
observed during review of aerial photographs and geologic reconnaissance. 

This impact of these conditions is potentially significant but would be mitigable to a less-than-
significant level  with the implementation of Applicant’s proposed PME measures as detailed in 
Table E. 6-4.  PMEs Proposed - Geology, Soils, and Seismicity. 

Impact G-6: Project would expose people or structures to potential substantial adverse effects 
as a result of landslides, earthflows, debris flows, and/or rockfall. 

Primary transmission line towers located in steep terrain could be subjected to landslides or 
debris flows. Steep slopes loaded with sufficient quantities of colluvium and/or loose or 
weathered rock are susceptible to landslides and debris flows given sufficient initiation.  This 
initiation could come from a seismic event, addition of water (such as might occur from a 
reservoir or penstock breach), concentration of hillslope runoff by a road or drainage structure 
onto a slope, or from a period of heavy or frequent precipitation.  Unstable slopes or areas of 
unidentified unstable slopes could potentially fail during the facility’s lifetime. 
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Since slope failures could potentially cause collapse of primary transmission line structures 
resulting in a power outage, damage to nearby roads and structures, and serious injury to 
people, the resulting impact could be potentially significant.  Available measures, including 
avoiding the placement of structures in unstable areas and removing or stabilizing boulders 
located upslope of structures, would reduce or eliminate the threat of possible slope failures or 
rock falls. This potentially significant impact would be mitigable to a less-than-significant level 
(Class II) with the implementation of Applicant’s proposed PME measures as detailed in Table E. 
6-4.  PMEs Proposed - Geology, Soils, and Seismicity. 

Impact G-7: Project construction would result in geologic waste material. 

Construction of the primary transmission lines would result in minimal grading operations.  
Because of the remote nature of many of the primary transmission line towers, many of the 
footing will be hand-dug or excavated with helicopter-transported auger.  With the limited 
exception of organics, grading activities will be balanced and geologic waste materials will be 
minimized.  As a result, no impact  associated with geologic waste material is anticipated.  
Accordingly, Applicant has not proposed any PMEs to address this potential impact. 

6.6.3. Cumulative Impact of the Project - Geology, Soils, and Seismicity  

Impacts to geology, soils, and seismicity from the primary transmission lines are presented in 
Section 5.6.2 Impacts to geology, soils, and seismicity from LEAPS are presented in Section 
5.6.1.  The cumulative impacts to geology, soils, and seismicity resulting from the 
implementation of the Project (inclusive of both the primary transmission lines and generation 
facilities) would be similar to the combined effects presented in those two preceding sections. 

 

Table E. 6-4.  PMEs Proposed - Geology, Soils, and Seismicity  

Measure Description 

G-1 

 

Include specific provisions in the proposed erosion control plan that applies erosion control measures 
and BMPs to all construction locations, including the upper reservoir, drainage and flood control 
locations, penstock tunnels, powerhouse, tailrace, inlet/outlet structure, transmission lines, and all 
associated construction laydown areas and temporary on-site borrow areas for all subsequent ground 
disturbing activities over the term of any license issued for the project. 

G- 2 

 

Achieve the balance of excavation and fill material at the upper reservoir site (through additional 
excavation) and dispose of other excavation materials from the construction of project facilities 
(except the upper reservoir) off site. 

G-3 

 

Retain a board of three or more qualified independent engineering consultants experienced in critical 
disciplines, such as geotechnical, mechanical, and civil engineering, to review the design specifications 
and construction of the project for safety and adequacy. 

G-4 

 
Conduct additional geotechnical studies. 

G-5 

 
Develop an erosion control plan prior to construction. 

G-6 

 

Develop and implement a plan to monitor dissolved oxygen (DO) and temperature downstream of the 
tailrace in Lake Elsinore and in Temescal Wash during project operation. 
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Measure Description 

G-7 

 

To the maximum extent feasible, achieve a balance of excavation and fill materials at the project site 
by using excavated materials form the intake, powerhouse, penstock, tunnel, and upper reservoir 
excavation in the construction of the upper reservoir dam and embankments. 

G-8 

 

Before starting construction, the Applicant shall retain a board of three or more qualified independent 
engineering consultants experienced in critical disciplines such as geotechnical, mechanical, and civil 
engineering, to review the design specifications, and construction of the project for safety and 
adequacy.  The Applicant shall submit two copies of a letter with the names and qualifications of the 
board members for FERC’s approval of the board and one copy shall be sent to the Regional Director 
(FERC).  Among other things, the board shall assess the following: (1) the geology of the project site 
and surroundings; (2) the design, specifications, and construction of the dike(s), dam(s), spillways(s), 
powerhouse(s), electrical and mechanical equipment, and emergency power supply; (3) 
instrumentation; (4) the filling schedule for the reservoir(s) and plans and surveillance during the initial 
filling; and (5) construction procedures and progress.  Before each meeting, the Applicant shall furnish 
members of the board of consultants the following: (1) a statement of the specific level of review the 
board is expected to provide; (2) an agenda for the meeting; (3) a list of the items to be discussed with 
the board; (4) a discussion of significant events in the design and construction that have occurred since 
the last board meeting; (5) drawings of the design and construction features; and (6) documentation 
for the details and analyses of the design and construction features to be discussed.  The Applicant 
shall ensure that the board of consultants has sufficient time to review these items before each 
meeting.  At the same time as a copy of these items is provided to the board of consultants, the 
Applicant shall also send two copies to the FERC and one copy to the Regional Office (FERC). Within 30 
days after each board of consultants meeting, the Applicant shall submit to FERC copies of the board’s 
report and a statement of intent to comply with the board’s recommendations or a statement of a 
plan to resolve the issue(s).  The Applicant shall send two copies of this submission to FERC and one 
copy to the Regional Director (FERC).  The board’s review comments shall be submitted prior to or 
simultaneously with the submission of the final contract drawings and specifications accompanied by a 
supporting design report required to be filed with FERC.  Within one year after completion of 
construction, the Applicant shall file two copies with FERC of the board’s final report, which shall 
contain a statement indicating the board’s opinion with respect to the construction, safety, and 
adequacy of the project structures. 

G-9 

At least 180 days before the start of project construction, the Applicant shall file with FERC, for 
approval, a plan for the design and construction of a system that will automatically detect a conduit or 
penstock failure and immediately shut off flow in the conduit or penstock at the headworks in the 
event of such a failure.  The plan, at a minimum, shall include: (1) design drawings; (2) a schedule for 
installation and testing of the system prior to operation of the project; (3) a schedule for annual testing 
of the system for the life of the project; and (4) a description of contingency measures to manually 
close off the conduit or penstock when the system is not operational.  The Commission reserves the 
right to require changes to the plan.  Project construction shall not begin until the Applicant is notified 
by the FERC that the plan is approved.  Upon FERC approval, the Applicant shall implement the plan, 
including any changes required by FERC. 

G-10 

 

At least 180 days before the start of any land-disturbing or land-clearing activities, the Applicant shall 
file with FERC, for approval, a plan for clearing the reservoir area.  The plan, at a minimum, shall 
include: (1) topographic maps identifying the location and acreage of lands to be cleared; (2) 
descriptions of the vegetation to be cleared; (3) descriptions of any resource management goals 
related to fish and wildlife enhancement through vegetative clearing or retention; (4) descriptions of 
the disposal methodologies and disposal location of unused timber, brush and refuse, and maps 
identifying the location of disposal sites; and (5) an implementation schedule.  The Applicant shall 
prepare the plan after consultation with appropriate agencies.  The Applicant shall include with the 
plan documentation of consultation, copies of comments and recommendations on the completed 
plan after it has been prepared and provided to the agencies, and specific descriptions of how the 
agencies’ comments are accommodated by the plan.  The Applicant shall allow a minimum of 30 days 
for the agencies to comment and to make recommendations before filing the plan with FERC.  If the 
Applicant does not adopt a recommendation, the filing shall include the Applicant’s reasons, based on 
project-specific information.  The FERC reserves the right to require changes to the plan.  No land-
disturbing or land-clearing activities shall begin until the Applicant is notified by FERC that the plan is 
approved.  Upon FERC approval, the Applicant shall implement the plan, including any changes 
required by FERC. 
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Measure Description 

G-11 

 

At least 180 days before the start of any land-disturbing or land-clearing activities at the project, the 
Applicant shall file with the FERC, for approval, a plan to revegetate disturbed areas with plant species 
beneficial to wildlife.  The plan shall describe the location of the areas to be revegetated and, at a 
minimum, shall include: (1) a description of the plant species used and planting densities; (2) 
fertilization and irrigation requirements; (3) a monitoring program to evaluate the effectiveness of the 
planting; (4) provisions for the filing of monitoring reports with the Commission; (5) a description of 
procedures to be followed if monitoring reveals that the revegetation is not successful; and (6) an 
implementation schedule that provides for revegetation as soon as practicable after the beginning of 
land-clearing or land-disturbing activities with the disturbed area.  The Applicant shall prepare the plan 
taking into account fully the erosion, dust, slopes, and sediment control plan prepared pursuant to this 
license, and after consultation with the appropriate agencies and with any Federal agency with 
managerial authority over any part of project lands.  The Applicant shall include with the plan 
documentation of consultation, copies of comments and recommendations on the completed plan 
after it has been prepared and provided to the agencies, and specific descriptions of how the agencies’ 
comments are accommodated by the plan.  The Applicant shall allow a minimum of 30 days for the 
agencies to comment and to make recommendations before filing the plan with the FERC.  If the 
Applicant does not adopt a recommendation, the filing shall include the Applicant’s reasons, based on 
project-specific information.  The FERC reserves the right to require changes to the plan.  No land-
disturbing activities shall begin until the Applicant is notified by the FERC that the plan is approved.  
Upon FERC approval, the Applicant shall implement the plan, including any changes required by the 
FERC. 

Source: The Nevada Hydro Company, Inc. 

 


