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4.8 Geology and Soils 
 
This section evaluates the potential impacts of the Moosa 100K Alternative on geology and soils.  
This evaluation includes an assessment of the direct, indirect, short-term, long-term, and 
cumulative effects of the Moosa 100K Alternative on geology, soils, and seismic hazards.  The 
evaluation is based on the information contained in the Engineering Summary Report (GEI, 
2007d).  
 
4.8.1 Affected Environment 
 
4.8.1.1 Environmental Setting 
 
The following discussion describes the existing geologic and soils conditions within the Moosa 
100K study area. The geologic and soils conditions would be similar for the Moosa 100K 
Alternative and the Proposed Action; therefore, only differences from the information presented 
in Section 3.8.1.1 (Geology and Soils for the Proposed Action) of this EIR/EIS are identified 
here.  
 
Topographic Setting 
 
Moosa Canyon is characterized by a steep-walled, rugged, V-shaped canyon.  Topography at the 
Moosa site varies approximately 500 feet, rising from an elevation of 900 feet AMSL at Moosa 
Creek to about 1,400 feet AMSL at the top of Moosa Canyon. 
 
Geologic Setting 
 
Three general geologic units composed of granitic bedrock units underlay the Moosa 100K study 
area (Figure 4.8-1): (1) San Marcos Gabbro, (2) Lake Wohlford Granodiorite, and (3) Woodson 
Mountain Granodiorite.  Most of the Moosa 100K Alternative footprint is underlain by San 
Marcos Gabbro; however, local areas of Woodson Mountain Granodiorite occur along the dam 
axis.  The contact between these two rock units is extremely complex and difficult to map, owing 
to its irregular nature and poor degree of exposure. 
 
Bedrock in the vicinity of the Moosa 100K Alternative footprint is overlain by surficial soil 
deposits of varying thickness, including alluvium and colluvium along Moosa Creek and 
colluvium and residual soils above bedrock on the valley slopes.  A minor shear zone in 
Woodson Mountain Granodiorite was identified in the lower left dam abutment area, but this 
shear zone does not appear to be a major tectonic structure (i.e., would not generate earth 
movement).  The shear zone could be a path for seepage through the abutment, or possibly the 
foundation, and additional grouting may be required in this area. 
 
Three possible landslides in bedrock and overlying colluvium and residual soils have been 
identified in Moosa Canyon downstream of the Moosa 100K Alternative footprint.  One of the 
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landslides, however, is immediately below the downstream toe of the dam embankment.  This 
slide is on the north side of Moosa Creek.  The slide forms a prominent horseshoe-shaped bend 
in Moosa Creek, and is evidently comprised of San Marcos Gabbro and overlying residual soils 
and colluvium. 
 
Moosa Dam 
 
Conventional excavation methods, including drill-and-blast methods in rock and open-cut 
excavations methods in soil, could be used as appropriate for preparation of the dam foundation.  
Excavated material from the foundation preparation would be used for dam construction, if 
suitable, and for construction of haul roads or other level work areas.  Excess material would be 
spread in the reservoir area. 
 
Moosa Pump Station 
 
This pump station would be constructed on granitic rock overlain by an unknown thickness of 
alluvium.  The predominant bedrock formation at the site would be San Marcos Gabbro with 
some intrusions of Woodson Mountain Granodiorite.  Depth of weathering is expected to vary, 
but could exceed 20 feet.  Groundwater at the site is estimated to be encountered at depths of less 
than 10 feet. 
 
VCMWD North Pump Station 
 
This pump station would be constructed on granitic rock overlain locally by a thin layer of 
alluvium. Depth to groundwater is not known; however, because this pump station would be 
located on a hillside, depth to groundwater is estimated to be greater than 10 to 20 feet. 
 
VCMWD South Pump Station 
 
This pump station would be constructed in a small drainage underlain by granitic rock, which is 
itself overlain by an unknown thickness of alluvium. Depth to groundwater is not known but 
could be shallow because of the location of the pump station in a small drainage. 
 
Tectonic Setting 
 
As discussed below, several small faults and/or shear zones have been identified at the Moosa 
100K Alternative site; however, none of these faults exhibit evidence of late Quaternary 
movement (GEI, 2007d).  Furthermore, no active or potentially active faults are known to exist at 
the Moosa site. 
 
Seismicity 
 
The nearest known active or potentially active fault to the Moosa 100K study area is the Elsinore 
Fault, located about 9 miles to the northwest.  The Elsinore Fault would govern the design of the 
Moosa facilities. The estimated maximum magnitude earthquake for the Elsinore Fault is 7.5.  
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An earthquake associated with the Elsinore Fault zone could result in a peak horizontal ground 
acceleration at the Moosa 100K Alternative site equal to about 0.42g. 
 
Outcrops of in-place, intact bedrock are sparse in the Moosa 100K study area, mostly because of 
dense vegetation and deep weathering of San Marcos Gabbro.  Joint orientation data are highly 
variable with dip directions in all quadrants at inclinations from 15 and 88 degrees (WCC, 1991; 
GEI, 2007d). 
 
In the vicinity of the Moosa 100K study area, San Marcos Gabbro exhibits a highly sheared 
structure; however, this sheared structure does not appear to be localized to any specific area.  
Shearing of the gabbro may be a product of intrusion by younger granodiorite and, therefore,  not 
related to a specific fault or other discrete tectonic feature.  A minor shear zone was identified in 
an outcrop of Woodson Mountain Granodiorite in the lower left abutment area of the Moosa 
100K study area.  Woodson Mountain Granodiorite is exposed on both sides of the shear zone 
and displacement appears to be minor.  The shear zone is located near the contact zone between 
San Marcos Gabbro and Woodson Mountain Granodiorite, and may be related to intrusion of the 
granodiorite into the gabbro.  No evidence was found that this shear zone is capable of fault 
rupture (GEI, 2007d). 
 
Geologic Hazards 
 
Introductory information for geologic hazards for the Moosa 100K Alternative would be the 
same as the Proposed Action.  Please refer to Section 3.8.1.1 (Geology and Soils for the 
Proposed Action) of this EIR/EIS for this background information, including ground acceleration 
(ground shaking), fault rupture, liquefaction, landslides, seiches, and reservoir-induced 
seismicity. 
 
Soils 
 
Table 4.8-1 summarizes the soil characteristics within the Moosa 100K study area based on 
survey and map data prepared by the NRCS in 1973.  Based on NRCS information, soils in the 
study area possess a low to high expansion potential, and a slight to severe potential for erosion.  
Depending on the types of clay minerals present, clay-rich soils are highly expansive.  These 
soils can swell with increase in moisture content and will shrink with decrease in water content.  
Soils with high shrink-swell potential can cause extensive damage to structures and 
improvements.  In contrast, sandy soils typically possess low expansivity but may possess severe 
erodability resulting from a lack of cohesive clay minerals.  Soils that contain appreciable 
amounts of both clay and sand may exhibit both moderate to high expansivity and moderate to 
severe erodability. 
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Table 4.8-1.  Soil Characteristics for the Moosa 100K Study Area 
 

Soil Association Expansion Potential Erosion Potential 

Cieneba-Fallbrook (sand/silt/clay mixtures) Low to Moderate Severe 
Fallbrook-Vista (sand/silt/clay mixtures) Low to Moderate Severe 
Diablo-Altamont (clays) High Slight to Moderate 
Rock Land (exposed bedrock) Low Severe 
Las Posas (sand/silt/clay mixtures) High Moderate to Severe 

Source: SCS, 1973 
 
 
4.8.1.2 Regulatory Setting 
 
Regulatory information for geology and soils that would apply to the Moosa 100K Alternative 
would be the same as the Proposed Action because the Moosa 100K Alternative and the 
Proposed Action are both in California and are both dam construction projects.  Please refer to 
Section 3.8.1.2 (Geology and Soils for the Proposed Action) of this EIR/EIS for this background 
information, including the Alquist-Priolo Earthquake Fault Zones Act of 1972 and the DSOD 
requirements.  
 
The Moosa 100K Alternative would include the construction of buildings for pump stations and 
installation of water pipelines.  Design and engineering standards for such facilities are identified 
in the Uniform Building Code (modified for California conditions) and American Water Works 
Association technical references.  Although the County Water Authority Act exempts the Water 
Authority from adherence to these codes, the design and construction of these facilities would 
conform to these standards in keeping with good engineering practice.  
 
4.8.2 Project Design Features 
 
General Conditions and Standard Specifications that will be included in the project construction 
documents to reduce geology/soils impacts associated with construction and operation of the 
Proposed Action are summarized in Section 1.9.4 (Introduction, Geology and Soils) of this 
EIR/EIS.  Refer to Section 3.8.2 (Geology and Soils for the Proposed Action) for a list of project 
design features that also apply to the Moosa 100K Alternative. 
 
4.8.3 Direct and Indirect Effects 
 
4.8.3.1 Thresholds of Significance 
 
Thresholds used to evaluate potential geology and soils impacts for the Moosa 100K Alternative 
would be the same as those used to evaluate impacts for the Proposed Action and the SV 
50K/Moosa 50K Alternative.  The thresholds are based on applicable criteria in the State CEQA 
Guidelines (CCR §§15000-15387), Appendix G; and the ESP EIR/EIS.  A significant geology 
and soils impact would occur if the Moosa 100K Alternative would: 
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1. Expose people, boats, or structures (e.g., dams, docks, waterfront and downstream 
facilities, etc.) to substantial adverse effects, including the risk of loss, injury, death or 
property damage, from: 

 
a. Rupture along a known earthquake fault, as delineated on the most recent Alquist-

Priolo Earthquake Fault Zoning Map issued by the State Geologist for the area, or 
based on other substantial evidence of a known fault, such as Division of Mines and 
Geology Special Publication 42; 

b. Strong seismic ground shaking;  

c. Seismic-related ground failure, including liquefaction; 

d. Landslides; 

e. Seismic-induced waves (seiches) in existing or proposed reservoirs; or 

f. Accelerated seismic activity along existing faults due to an increase in stress on the 
faults caused by the presence of a dam and/or reservoir. 

 
2. Result in substantial soil erosion or the loss of topsoil. 

3. Be located on a geologic unit or soil that is unstable, or that would become unstable as a 
result of the project, and potentially result in on- or off-site landslide, lateral spreading, 
subsidence, liquefaction or collapse. 

4. Be located on expansive soil, as defined in Table 18-1-B of the UBC (1994), creating 
substantial risks to life or property. 

 
4.8.3.2 Impact Analysis 
 
Methodology 
 
The methodology used to evaluate potential geology and soils impacts would be the same as 
used for the Proposed Action (see Section 3.8.3.2 [Geology and Soils for the Proposed Action] of 
this EIR/EIS). 
 
Analysis 
 
Threshold 1a: Expose people, boats, or structures (e.g., dams, docks, waterfront and 
downstream facilities, etc.) to substantial adverse effects, including the risk of loss, injury, 
death or property damage, from rupture along a known earthquake fault, as delineated on the 
most recent Alquist-Priolo Earthquake Fault Zoning Map issued by the State Geologist for the 
area, or based on other substantial evidence of a known fault, such as Division of Mines and 
Geology Special Publication 42 
 
Ground rupture generally occurs along active faults.  As discussed in Section 4.8.1.1 above, no 
active or potentially active faults underlay the Moosa 100K study area.  The sheared nature of 



Alternative 2:  Moosa 100,000 AF 
  Geology and Soils 

August 2007 Carryover Storage and San Vicente Dam Raise EIR/EIS Page 4.8-6 

the San Marcos Gabbro underlaying the Moosa 100K Alternative dam site does not appear to be 
localized or to be indicative of a potential for faulting.  The potential for ground rupture is 
therefore considered low.  
 
In addition, the Moosa 100K Alternative would implement the Planning and Coordination and 
Dam Design/Construction project design features (Section 3.8.2 [Geology and Soils for the 
Proposed Action] of this EIR/EIS), and any remedial measures recommended by further 
geotechnical investigations associated with final engineering and design. Therefore, impacts of 
the Moosa 100K Alternative from ground rupture would be less than significant. 
 
The Moosa 100K Alternative would not be subject to fault rupture because there are no active or 
potentially active faults that underlie the Moosa 100K Alternative footprint. In addition, the 
Moosa 100K Alternative would implement the Planning and Coordination and Dam Design/ 
Construction project design features (Section 3.8.2 [Geology and Soils for the Proposed Action] 
of this EIR/EIS), and any remedial measures recommended by further geotechnical 
investigations associated with final engineering and design in order to minimize potential 
exposure of people, boats, or structures to substantial adverse effects from ground rupture, 
including the risk of loss, injury, death or property damage.  Therefore, impacts of the Moosa 
100K Alternative would be less than significant. 
 
Threshold 1b: Expose people, boats, or structures (e.g., dams, docks, waterfront and 
downstream facilities, etc.) to substantial adverse effects, including the risk of loss, injury, 
death or property damage, from strong seismic ground shaking 
 
The Elsinore Fault Zone represents the greatest seismic ground shaking hazard for the Moosa 
100K Alternative.  A maximum credible earthquake on this fault zone could cause major damage 
to dams, pipelines, pump stations, interconnection facilities, infrastructure, and other components 
if they are not adequately designed to withstand ground shaking. 
 
The Moosa 100K Alternative would incorporate a number of measures to reduce potential effects 
from seismic ground shaking, including adherence to guidelines from the DSOD, current seismic 
design specifications of the Structural Engineering Association of California (SEAOC), and the 
recommendations of additional site-specific geotechnical investigations associated with final 
engineering and design.  In addition, the results and recommendations of the site-specific 
geotechnical evaluations for ground shaking would be incorporated into final construction 
specifications for the Moosa 100K Alternative.  Therefore, impacts would be less than 
significant. 
 
The Moosa 100K Alternative would implement DSOD approved seismic design criteria, the 
Planning and Coordination and Dam Design/Construction project design features (Section 3.8.2 
[Geology and Soils for the Proposed Action] of this EIR/EIS), and any remedial measures 
recommended by further geotechnical investigations associated with final engineering and 
design in order to minimize potential exposure of people, boats, or structures to substantial 
adverse effects from ground shaking, including the risk of loss, injury, death or property damage.  
Therefore, impacts of the Moosa 100K Alternative would be less than significant. 
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Threshold 1c: Expose people, boats, or structures (e.g., dams, docks, waterfront and 
downstream facilities, etc.) to substantial adverse effects, including the risk of loss, injury, 
death or property damage, from seismic-related ground failure, including liquefaction 
 
The potential for liquefaction at Moosa 100K Alternative can be specifically assessed only with 
site-specific geotechnical and groundwater data.  Thus, without typical groundwater elevations 
and subsurface soil profiles at each site, the liquefaction hazard potential can only be 
qualitatively assessed.  Detailed analysis of component sites displaying moderate to high 
liquefaction potential would be completed during preliminary and final design.  
 
Liquefaction potential for the Moosa 100K Alternative was judged to be low where groundwater 
was estimated to be deeper than 30 feet below the ground surface or where potentially liquefiable 
deposits (i.e., sandy/silty alluvium) of appreciable thickness (i.e., greater than 5 feet thick) were 
not considered to be present.  Liquefaction potential for the Moosa 100K Alternative was judged 
to be moderate where inadequate information prevented assigning a liquefaction potential 
designation of either low or high to a particular site. 
 
All loose overburden soils beneath the proposed dam footprint at the Moosa 100K Alternative 
site would be removed such that the entire dam rests on competent foundation materials.  This 
would eliminate liquefaction potential at the Moosa 100K Alternative dam location. 
 
For other Moosa 100K Alternative components where data are not sufficient to fully characterize 
liquefaction potential, site-specific geotechnical studies would be performed during final 
engineering and design to demonstrate there is no liquefaction hazard, or to mitigate the 
liquefaction hazard if it were found to exist.  The results and recommendations of the site-
specific geotechnical evaluations for liquefaction would be incorporated into final construction 
specifications for the Moosa 100K Alternative. Therefore, impacts of the Moosa 100K 
Alternative from liquefaction at the dam construction and other areas would be less than 
significant. 
 
The Moosa 100K Alternative would not be exposed to substantial liquefaction hazard.  The 
Moosa 100K Alternative would implement the Planning and Coordination and Dam 
Design/Construction project design features (Section 3.8.2 [Geology and Soils for the Proposed 
Action] of this EIR/EIS), and any remedial measures recommended by further geotechnical 
investigations associated with final engineering and design in order to minimize potential 
exposure of people, boats, or structures to substantial adverse effects from liquefaction, 
including the risk of loss, injury, death or property damage.  Therefore, impacts of the Moosa 
100K Alternative would be less than significant. 
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Threshold 1d: Expose people, boats, or structures (e.g., dams, docks, waterfront and 
downstream facilities, etc.) to substantial adverse effects, including the risk of loss, injury, 
death or property damage, from landslides 
 
Landslides mapped within the Moosa 100K study area are located downstream of the dam site 
and, therefore, are not expected to directly affect design, construction, or operation of the Moosa 
100K Alternative.  However, these landslides also occur along portions of the Moosa pipeline 
alignment corridor (GEI, 2007d).  Reactivation of these landslides could therefore result in 
damage to the alignment, including damage to a tunnel portal just downstream of the Moosa 
100K study area.  Moreover, localized slope instability in weak, weathered bedrock could occur 
along cut slopes constructed in conjunction with Moosa 100K Alternative. 
 
The Moosa 100K Alternative would implement the Planning and Coordination, Dam Design/ 
Construction project design features (Section 3.8.2 [Geology and Soils for the Proposed Action] 
of this EIR/EIS) to reduce potential effects from landslides, including adherence to guidelines 
from the DSOD and the recommendations of additional site-specific geotechnical investigations 
associated with final engineering and design.  The results and recommendations of the site-
specific geotechnical evaluations for landslides would be incorporated into final construction 
specifications for the Moosa 100K Alternative.  Therefore, impacts of the Moosa 100K 
Alternative from landslides would be less than significant. 
 
The Moosa 100K Alternative would not be exposed to substantial landslide hazard.  The Moosa 
100K Alternative would implement the Planning and Coordination and Dam Design/ 
Construction project design features (Section 3.8.2 [Geology and Soils for the Proposed Action] 
of this EIR/EIS), and any remedial measures recommended by further geotechnical 
investigations associated with final engineering and design in order to minimize potential 
exposure of people, boats, or structures to substantial adverse effects from landslides, including 
the risk of loss, injury, death or property damage.  Therefore, impacts of the Moosa 100K 
Alternative would be less than significant. 
 
Threshold 1e: Expose people, boats, or structures (e.g., dams, docks, waterfront and 
downstream facilities, etc.) to substantial adverse effects, including the risk of loss, injury, 
death or property damage, from seismic-induced waves (seiches) in existing or proposed 
reservoirs 
 
The principal environmental effects associated with seiches include the potential overtopping of 
the Moosa 100K Alternative dam and related damage to boats, docks, and waterfront structures 
at a new marina as a result of wave inundation. The geotechnical evaluation concluded that the 
potential for seiches to overtop the dam and damage marina facilities is considered low.  In 
addition, the Moosa 100K Alternative site is not known to be directly underlain by active or 
potentially active faults and is located at least nine miles from any major active or potentially 
active fault.  Due to the low potential for this hazard to occur, the impact of seiches would be 
less than significant. 
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The Moosa 100K Alternative would have a very low potential for seiches based on the 
geotechnical evaluation.  Therefore, impacts from seiches, including the risk of loss, injury, 
death or property damage, would be less than significant. 
 
Threshold 1f: Expose people, boats, or structures (e.g., dams, docks, waterfront and 
downstream facilities, etc.) to substantial adverse effects, including the risk of loss, injury, 
death or property damage, from:  accelerated seismic activity along existing faults due to an 
increase in stress on the faults caused by the presence of a dam and/or reservoir 
 
Reservoir-induced seismicity is a phenomenon related to reservoirs whose capacity is typically in 
excess of one million acre-feet, and with active normal faulting in the reservoir. Since these 
features do not exist with the Moosa 100K Alternative, the potential for reservoir-induced 
seismicity for the Moosa 100K Alternative was considered low in the geotechnical evaluation 
(GEI, 2007d). Specifically, the potential for reservoir-induced seismicity for the Moosa 100K 
Alternative is considered to be low for the following reasons: 
 

• The total storage capacity of the expanded reservoir would be 106,590 AF, much less 
than the one million acre-foot volume that would be needed to substantially contribute to 
the potential for reservoir-induced seismicity. 

• The reservoir basin consists of competent granitic bedrock, as opposed to sedimentary 
rock (see Section 4.8.1 above). 

• The reservoir basin is not underlain by active or potentially active faults (see Section 
4.8.1 above). 

• No reservoir-induced seismicity has been associated with any existing reservoir in San 
Diego County. 

 
Due to the low potential for this hazard to occur, impacts from reservoir-induced seismicity 
would be less than significant. 
 
The Moosa 100K Alternative would not be exposed to reservoir-induced seismicity hazard 
because conditions that could result in reservoir-induced seismicity do not exist for the Moosa 
100K Alternative, based on the geotechnical analysis (GEI, 2007d). Therefore, impacts from 
reservoir-induced seismicity, including the risk of loss, injury, death or property damage, would 
be less than significant. 
 
Threshold 2: Result in substantial soil erosion or the loss of topsoil 
 
As shown in Table 4.8-1, all of the soil associations within the Moosa 100K study area contain 
various mixtures of gravel, sand, silt, and clay.  These soils possess either a moderate to high 
expansion potential or a moderate to severe erosion potential as defined by UBC Standard No. 
18-2. The clayey portions of on-site soils are considered moderately expansive. 
 
The Moosa 100K Alternative would implement Planning and Coordination and Dam 
Design/Construction project design features (Section 3.8.2 [Geology and Soils for the Proposed 
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Action] of this EIR/EIS) to reduce potential effects from soil erosion, including adherence to 
guidelines from the DSOD and the recommendations of additional site-specific geotechnical 
investigations associated with final engineering and design.  The results and recommendations of 
the site-specific geotechnical evaluations for soil erosion would be incorporated into final 
construction specifications for the Moosa 100K Alternative. Therefore, impacts would be less 
than significant. 
 
The Moosa 100K Alternative would not result in substantial erosion or the loss of topsoil. The 
Moosa 100K Alternative would implement the Planning and Coordination and Dam Design/ 
Construction project design features (Section 3.8.2 [Geology and Soils for the Proposed Action] 
of this EIR/EIS), and any remedial measures recommended by further geotechnical 
investigations associated with final engineering and design in order to minimize soil erosion and 
loss of topsoil.  Therefore, impacts of the Moosa 100K Alternative would be less than significant. 
 
Threshold 3: Be located on a geologic unit or soil that is unstable, or that would become 
unstable as a result of the project, and potentially result in on- or off-site landslide, lateral 
spreading, subsidence, liquefaction or collapse 
 
Landslides and liquefaction impacts are discussed above. Soils in the Moosa 100K study area 
have the potential to be unstable because on-site soils possess either a moderate to high 
expansion potential or a moderate to severe erosion potential (see Table 4.8-1).  The Moosa 
100K Alternative would implement the Planning and Coordination and Dam Design/ 
Construction project design features (Section 3.8.2 [Geology and Soils for the Proposed Action] 
of this EIR/EIS) to reduce potential effects from unstable geologic units or soils, including the 
measures for Manufactured Slopes and Retaining Walls, Differential Settlement, Corrosive Soils, 
Liquefaction, Landslides, and Soil Erosion and Expansion project design features. The results 
and recommendations of the site-specific geotechnical evaluations for unstable geologic units or 
soils would also be incorporated into final construction specifications for the Moosa 100K 
Alternative.  Therefore, impacts would be less than significant. 
 
The Moosa 100K Alternative would not be located on a geologic unit or soil that is unstable, or 
that would become unstable as a result of the project, and potentially result in on- or off-site 
landslide, lateral spreading, subsidence, liquefaction or collapse.  The Moosa 100K Alternative 
would implement the Planning and Coordination and Dam Design/Construction project design 
features (Section 3.8.2 [Geology and Soils for the Proposed Action] of this EIR/EIS); and any 
remedial measures recommended by further geotechnical investigations associated with final 
engineering and design, in order to minimize impacts from unstable geologic units or soils.  
Therefore, impacts of the Moosa 100K Alternative would be less than significant. 
 
Threshold 4: Be located on expansive soil, as defined in Table 18-1-B of the UBC (1994), 
creating substantial risks to life or property 
 
As shown in Table 4.8-1, all of the soil associations within the Moosa 100K study area, except 
rock land (exposed bedrock), possess at least a moderate expansion potential as defined by UBC 
Standard No. 18-2. The clayey portions of on-site soils are considered moderately expansive.  
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The Moosa 100K Alternative would implement the Planning and Coordination and Dam 
Design/Construction project design features (Section 3.8.2 [Geology and Soils for the Proposed 
Action] of this EIR/EIS) to reduce potential effects from expansive soil, including the measures 
for Manufactured Slopes and Retaining Walls, Differential Settlement, Corrosive Soils, 
Liquefaction, Landslides, and Soil Erosion and Expansion project design features. The results 
and recommendations of the site-specific geotechnical evaluations for expansive soil would also 
be incorporated into final construction specifications for the Moosa 100K Alternative.  
Therefore, impacts would be less than significant.  
 
The Moosa 100K Alternative would not be located on expansive soil that could create substantial 
risks to life or property. The Moosa 100K Alternative would implement the Planning and 
Coordination and Dam Design/ Construction project design features (Section 3.8.2 [Geology 
and Soils for the Proposed Action] of this EIR/EIS), and any remedial measures recommended 
by further geotechnical investigations associated with final engineering and design in order to 
minimize impacts from soil expansion.  Therefore, impacts of the Moosa 100K Alternative would 
be less than significant. 
 
4.8.3.3 Mitigation Measures 
 
Impacts related to geology and soils would be less than significant.  Therefore, no mitigation 
measures are required. 
 
4.8.3.4 Residual Impacts after Mitigation 
 
No residual impacts would occur.  
 
4.8.4 Cumulative Effects 
 
4.8.4.1 Other CIP Projects 
 
As described in Section 4.2 (Cumulative Projects for the Moosa 100K Alternative) of this 
EIR/EIS, it was determined that Hubbard Hill Flow Regulatory Structure, North County 
Distribution Pipeline Flow Regulatory Structure, and Second Crossover Pipeline are the only 
CIP projects with the potential for cumulative impacts when combined with the Moosa 100K 
Alternative.  The PEIR for the Regional Water Facilities Master Plan concluded that the entire 
San Diego region is susceptible to impacts from seismic activity. Although seismic activity can 
cause damage to substandard construction, new project designs can significantly reduce potential 
damage. Earthquake-resistant designs employed on new structures minimize the impact to public 
safety from seismic events to a less-than-significant level.  The Moosa 100K Alternative and the 
cumulative projects listed above may be constructed through geologic formations susceptible to 
slope failure and soil compaction as well as at sites with potential shrink and swell soils, or that 
feature soils with high erosion potential.  Project-specific geotechnical investigations would be 
necessary as part of the design process to address these geologic issues and impacts and all CIP 
projects throughout the region would be required to utilize standard engineering practices and 
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meet design standards.  Therefore, cumulative geology and soils impacts due to the Moosa 100K 
Alternative, when combined with the geology and soils impacts associated with the CIP projects 
listed above, would be less than significant.  The above conclusions are incorporated into the 
cumulative analyses in Section 4.8.4.2 below. 
 
4.8.4.2 Other Planned Projects with CIP Projects 
 
This section evaluates the cumulative geology and soils impacts of the Moosa 100K Alternative 
when considered in conjunction with the other planned projects listed in Table 4.2-1 (Cumulative 
Projects) of this EIR/EIS, and incorporates the cumulative geology/seismicity and soils impacts 
associated with the CIP projects described in the above section.  The following cumulative 
geology and soils analysis addresses each of the four significance thresholds listed in Section 
4.8.3 above. 
 
Cumulative Threshold 1: Expose people, boats, or structures (e.g., dams, docks, waterfront 
and downstream facilities, etc.) to substantial adverse effects, including the risk of loss, injury, 
death or property damage, from (a) rupture along a known earthquake fault, as delineated on 
the most recent Alquist-Priolo Earthquake Fault Zoning Map issued by the State Geologist for 
the area, or based on other substantial evidence of a known fault, such as Division of Mines 
and Geology Special Publication 42; (b) strong seismic ground shaking; (c) seismic-related 
ground failure, including liquefaction; (d) landslides; (e) seismic-induced waves (seiches) in 
existing or proposed reservoirs; and (f) accelerated seismic activity along existing faults due to 
an increase in stress on the faults caused by the presence of a dam and/or reservoir 
 
The Moosa 100K Alternative would implement the Planning and Coordination and Dam Design/ 
Construction project design features (Section 3.8.2 [Geology and Soils for the Proposed Action] 
of this EIR/EIS), and any remedial measures recommended by further geotechnical 
investigations associated with final engineering and design in order to minimize potential 
exposure of people, boats, or structures to substantial adverse effects from ground rupture along 
a known earthquake fault, including the risk of loss, injury, death or property damage.  Other 
cumulative projects in the area primarily include several small and large subdivisions along with 
a few small commercial, institutional and industrial developments (see Table 4.2-1 [Cumulative 
Projects] of this EIR/EIS).  These projects either would not have a substantial affect on ground 
rupture or would be required to comply with mitigation measures or regulations intended to 
avoid or mitigate significant impacts related to geologic or soil resources.  Therefore, ground 
rupture impacts due to the Moosa 100K Alternative, when combined with the ground rupture 
impacts due to the other planned cumulative projects, would be less than significant. 
 
The Moosa 100K Alternative would implement the measures identified in Threshold 1b and the 
Planning and Coordination and Dam Design/Construction project design features (Section 3.8.2 
[Geology and Soils for this Proposed Action] of this EIR/EIS) to minimize potential exposure of 
people, boats, or structures to substantial adverse effects from strong seismic ground shaking, 
including the risk of loss, injury, death or property damage.  
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Other cumulative projects in the area as described above would not have a substantial affect on 
seismic ground shaking or would be required to comply with mitigation measures or regulations 
intended to avoid or mitigate significant impacts related to geologic or soil resources.  Therefore, 
ground shaking impacts due to the Moosa 100K Alternative, when combined with the ground 
shaking impacts due to the other planned cumulative projects, would not be cumulatively 
considerable.  Cumulative impacts would be less than significant. 
 
The Moosa 100K Alternative would implement the measures identified in Threshold 1c, and the 
Planning and Coordination, Dam Design/Construction, and Liquefaction project design features 
(Section 3.8.2 [Geology and Soils for this Proposed Action] of this EIR/EIS) to minimize 
potential exposure of people, boats, or structures to substantial adverse effects from liquefaction, 
including the risk of loss, injury, death or property damage.  Other cumulative projects in the 
area as described above would not have a substantial affect on liquefaction or would be required 
to comply with mitigation measures or regulations intended to avoid or mitigate significant 
impacts related to geologic or soil resources.  Therefore, liquefaction impacts due to the Moosa 
100K Alternative, when combined with the liquefaction impacts due to the other planned 
cumulative projects, would not be cumulatively considerable.  Cumulative impacts would be less 
than significant. 
 
The Moosa 100K Alternative would implement the measures identified in Threshold 1d, and the 
Planning and Coordination, Dam Design/Construction, and Landslides project design features 
(Section 3.8.2 [Geology and Soils for this Proposed Action] of this EIR/EIS) to minimize 
potential exposure of people, boats, or structures to substantial adverse effects from landslides, 
including the risk of loss, injury, death, or property damage.  Other cumulative projects in the 
area as described above are not likely to cause landslides or would be required to comply with 
mitigation measures or regulations intended to avoid or mitigate significant impacts related to 
geologic or soil resources.  Therefore, landslide impacts due to the Moosa 100K Alternative, 
when combined with the landslide impacts due to the other planned cumulative projects, would 
not be cumulatively considerable.  Cumulative impacts would be less than significant. 
 
The Moosa 100K Alternative and the other planned cumulative projects described above would 
have a low potential for seiches.  Therefore, geological impacts due to seiches in the Moosa 
100K study area, when combined with the geological impacts due to seiches in other planned 
cumulative project areas, would not be cumulatively considerable, and cumulative impacts 
would be less than significant. 
 
The Moosa 100K Alternative would have a low potential for conditions resulting in reservoir-
induced seismicity.  In addition, other cumulative projects in the area do not consist of 
construction of a dam or reservoir.  Therefore, accelerated seismic activity impacts due to the 
Moosa 100K Alternative as a result of the presence of a dam or reservoir would not be 
cumulatively considerable, and the cumulative impact would be less than significant. 
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Cumulative Threshold 2: Result in substantial soil erosion or the loss of topsoil 
 
The Moosa 100K Alternative would implement the measures described in Threshold 2 above and 
the Runoff and Erosion, Manufactured Slopes and Retaining Walls, and Soil Erosion and 
Expansion project design features (Section 3.8.2 [Geology and Soils for this Proposed Action] of 
this EIR/EIS) to minimize soil erosion and loss of topsoil.  Other cumulative projects in the area, 
described above, either would not impact geologic or soil resources or would be required to 
comply with mitigation measures or regulations intended to avoid or mitigate significant impacts 
related to geologic or soil resources.  Therefore, soil erosion and loss of topsoil due to the Moosa 
100K Alternative, when combined with soil erosion and loss of topsoil due to the other planned 
cumulative projects, would not be cumulatively considerable.  Cumulative impacts would be less 
than significant. 
 
Cumulative Threshold 3: Be located on a geologic unit or soil that is unstable, or that would 
become unstable as a result of the project, and potentially result in on- or off-site landslide, 
lateral spreading, subsidence, liquefaction or collapse 
 
The Moosa 100K Alternative would implement the measures described in Threshold 3, and the 
Manufactured Slopes and Retaining Walls, Differential Settlement, Corrosive Soils, 
Liquefaction, Landslides, and Soil Erosion and Expansion project design features (Section 3.8.2 
[Geology and Soils for this Proposed Action] of this EIR/EIS) to minimize impacts from 
unstable geologic units or soils.  Other cumulative projects in the area, described above, either 
would not be located on a geologic unit or soil that is unstable or would be required to comply 
with mitigation measures or regulations intended to avoid or mitigate significant impacts related 
to geologic or soil resources.  Therefore, geologic or soils impacts due to the location of the 
Moosa 100K Alternative, when combined with the geologic or soils impacts due to the location 
of other planned cumulative projects, would not be cumulatively considerable.  Cumulative 
impacts would be less than significant. 
 
Cumulative Threshold 4: Be located on expansive soil, as defined in Table 18-1-B of the UBC 
(1994), creating substantial risks to life or property 
 
The Moosa 100K Alternative would implement the measures described in Threshold 4 above, 
and the Manufactured Slopes and Retaining Walls, Differential Settlement, and Soil Erosion and 
Expansion project design features (Section 3.8.2 [Geology and Soils for this Proposed Action] of 
this EIR/EIS) to minimize impacts from soil expansion.  Other cumulative projects in the area, 
described above, either would not be located on expansive soil or would be required to comply 
with mitigation measures or regulations intended to avoid or mitigate significant impacts related 
to geologic or soil resources.  Therefore, geologic or soils impacts due to the location of the 
Moosa 100K Alternative, when combined with the geologic or soils impacts due to the location 
of other planned cumulative projects, would not be cumulatively considerable.  Cumulative 
impacts would be less than significant. 
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The Moosa 100K Alternative would not be subject to any geologic or soils conditions or hazards 
that could not be mitigated through implementation of DSOD requirements, Planning and 
Coordination and Dam Design/Construction project design features, and General Conditions 
and Standard Specifications, which would minimize potential exposure of people, boats, or 
structures to substantial adverse effects from ground shaking, ground rupture, ground failure or 
liquefaction, and landslides, including the risk of loss, injury, death or property damage.  The 
Moosa 100K Alternative would have a low potential for seiches and for conditions resulting in 
reservoir-induced seismicity.  The Moosa 100K Alternative would implement measures to 
minimize substantial soil erosion or the loss of topsoil.  The Moosa 100K Alternative would also 
implement measures to minimize impacts from unstable geologic units or soils and impacts from 
soil expansion.  The Moosa 100K Alternative and other cumulative projects would implement 
measures to minimize impacts related to or from geologic and soil resources.  Therefore, 
cumulative geology and soils impacts due to the Moosa 100K Alternative, when combined with 
geology and soils impacts due to the CIP projects above and other planned cumulative projects 
listed in Table 4.2-1 of this EIR/EIS, would be less than significant.  
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REGIONAL GEOLOGY MAP FOR THE MOOSA 100K ALTERNATIVE FIGURE 4.8-1

Not to Scale
SOURCE: GEI Consultants, Inc., 2007d, California Division of Mines and Geology, 1994
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