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Figure A-1. Geology map. 
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Figure A-2. Slope %. 
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Figure A-3. Fire return interval compared to historic natural conditions. 
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Figure A-4. Past wildfire perimeters. 
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Figure A-5. Reclassified Calveg Wildlife Habitat Relationships dataset. 
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Figure A-6. Maps of areas that were reclassified from Calveg or other datasets through field validation and aerial photo interpretation. 
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Figure A-7. Original Calveg California Wildlife Habitat Relationships. 
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Figure A-8. Land use types. 
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Figure A-9. Hydrology. 



Newhall Pass Wildlife Connectivity Design Project  Feasibility Report 

 
May 2024   Stillwater Sciences 

A-10 

 

Figure A-10. MULC land cover at meter resolution. 
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Figure A-11. Wildlife vehicular collisions. 
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Figure A-12. Sunset climate zones. 



Newhall Pass Wildlife Connectivity Design Project  Feasibility Report 

 
May 2024   Stillwater Sciences 

A-13 

 
Figure A-13. Location of probable climate refugia. See 4.3: Permanence Criterion 3 for detailed methodology of determining climate refuge value.
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Figure A-14. Elevation 
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Focal Species 
The term “focal species” refers to a large group of plant and animal taxa that we used to inform 
crossing location decisions. Our focal species list was based on several factors, including 
species’ mobility, detectability, conservation status, and likelihood of using (or benefiting) from 
the crossing. This list includes (but isn’t restricted to) large mammals; for example, large 
mammals would almost certainly benefit most from both constructed and passive wildlife 
corridors, since their movements are frequently hindered by factors that corridors are 
designed to overcome, such as larger roads and highways, fences, and other built features. 
However, our list also includes species that might utilize habitats associated with the crossing 
habitat itself (such as a bridge, or riparian corridor).  
 
Some of our focal species are umbrella species, such as brush rabbit (Sylvilagus bachmanii). 
Owing to their preference for tall, dense stands of native chaparral, the distribution of brush 
rabbit coincides with that of many chaparral-obligate wildlife species, such as Wrentit, western 
whiptail, and others. Midsized wildlife focal species include species like brush rabbit. Unlike 
the ubiquitous desert cottontail (Sylvilagus audubonii), the brush rabbit rarely emerges from 
dense, native chaparral, and is largely absent from urban areas in the region (as readily evident 
in iNaturalist photo uploads). Though a dominant vegetation type in southern California, 
chaparral supports a very high diversity of endemic and still-poorly-known wildlife taxa (with 
new insects still being described, for example). Brush rabbits seem to be absent from smaller 
fragments of habitat, confined to rugged slopes at the periphery of the Los Angeles Basin. For 
example, while brush rabbits are still relatively common in the less-developed western Santa 
Monica Mountains, they have been extirpated from Griffith Park (Cooper and Mathewson 
2009). They are likely fairly common in the Ceanothus and chamise-dominated evergreen 
chaparral of the study area, and based on their behavior, would be very unlikely to cross even 
a secondary road such as Sierra Highway or The Old Road (much less a freeway). With careful 
planning and plant selection, it seems likely that brush rabbit (and many other chaparral-
obligate species) could use a built crossing at Newhall Pass. 
 
We have not selected many birds as focal species, unless they are terrestrial, or tend to 
frequent dense vegetation (and would be unlikely to cross a freeway). For example, Greater 
Roadrunner (Geococcyx californianus) travels on the ground, favors native vegetation, and 
rarely flies. We also included California Thrasher (Toxostoma redivivum) as a focal species, 
because while roadrunners favor sparse vegetation and abundant bare ground patches, 
thrashers tend to prefer the densest chaparral vegetation in an area. Thus, a crossing 
connecting patches of dense chaparral might be more favorable to a thrasher than a 
roadrunner. 
 
We also included as focal species that that we see as indirectly benefitting from a wildlife 
crossing at Newhall Pass, in that they won’t walk across a bridge or crawl through a culvert. 
These may include a plant that benefits from the seed dispersal function of a bird or mammal, 
or even an un-blocked waterway to convey its seeds (such as a bigcone Douglas-fir cone that is 
carried downstream by rainwater). We generally selected those species with special status or 
high conservation interest, those occurring and the edge of their range, and for other factors. 
While we did not model these, they informed some of our inferences and decisions 
throughout the process (see Appendix for complete list). 
 
While our focal species list consists mainly of wildlife, we recognize that plant conservation is 
also a priority in this area, which represents a convergence of several distinct ecotopes. 
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Indeed, several species of plants reach their local elevational and/or physiological limit at 
Newhall Pass, occurring here at an exceptionally low elevation (e.g., bigcone spruce 
Pseodotsuga menziesii and canyon live oak Quercus chrysolepis), particularly far inland (valley 
oak Quercus lobata and southern California black walnut Juglans californica), or coastward 
(rubber rabbitbrush Ericameria nauseosus). Regionally important stands of evergreen 
woodland (including coast live oak woodland, and riparian oak woodland) are found at the 
Pass, as are locally rare species of conservation interest such as bush lupines (e.g., Lupinus cf. 
paynei, “Lupinus pasadenensis”). Rare plants, and native vegetation overall, would benefit from 
increased exchange of pollinators across the pass. 
 
We recognize that the conservation of plants is necessarily tied to the conservation of wildlife, 
and vice versa. For example, the western gray squirrel has been shown to be essential for the 
maintenance of functional coast live oak woodland in the regional, feeding on and dispersing 
terrestrial fungi found in oak leaf litter, maintaining healthy soil conditions of oak groves 
(Harvey 1988). Therefore, the restriction of the squirrel’s movement—from a barrier such as a 
freeway, for example—could rob a stand of oaks of their fungi, leading to stand decline. Thus, 
the re-establishment of connections between patches of oak woodland could counteract this 
disruption and help ensure the continued survival of oak woodland on either side of the Pass. 
In this way, oak-associated plant species may indirectly, rather than directly, benefit from a 
crossing, but could still be considered focal species due to these relationships. 
 
Likewise, while fish would seem like unlikely candidates for focal species associated with a 
wildlife crossing, Newhall Pass includes the headwaters of the Santa Clara River, one of the 
major watersheds of southern California, and the largest still-un-dammed (mainstem) river in 
the region. The canyons draining north from the Pass flow into Newhall Creek and the South 
Fork Santa Clara River, including East and Rice canyons. While a section of the South Fork 
Santa Clara River has been concrete lined as it runs through tract homes before reaching the 
mainstem, this condition could be reversed in the future. Thus, highly mobile native fishes such 
as arroyo chub (Gila orcutti), and perhaps even unarmored threespine stickleback 
(Gasterosteus aculeatus williamsonii) and southern steelhead (Onchorhynchus mykiss), were 
considered as being focal species due to potential habitat present in creeks in the Pass, 
especially during periods of consecutive wet years.  
 
We incorporated known natural history parameters of selected focal species into our 
modelling effort and did not incorporate all focal species for modeling species movement 
through the Pass. Rather, we focused on ones that we had the most information for, and which 
represented the needs of multiple other species (i.e., a small number of umbrella species were 
used for modeling, while the focal species list was much larger). For example, gray fox 
(Urocyon cinereoargenteus) is fairly wide-ranging, but it is so difficult to detect (rarely 
photographed, largely nocturnal), and comparatively little is known about its local ecology 
(compared with mountain lion). Similarly, largely extirpated species like southern California 
black-tailed jackrabbit (Lepus californicus bennettii) would be ideal to reintroduce to the local 
ecosystem, but we tried to focus our modeling on species likely to benefit at present or in the 
near future. Other examples of such species considered but rejected as species to include in 
models include American badger (Taxidea taxus), owing it its rarity and presumed low density 
(though one was captured on a wildlife camera at Los Piñetos Canyon), Mountain Quail 
(rare/few records near the pass), western side-blotched lizard and western whiptail (essentially 
“covered” by coast horned lizard, which was used), and California sister (Adelpha californica; 
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good indicator of oak woodland, but hard to envision it using or particularly benefitting from a 
bridge/underpass).  
 
The following sections discuss habitat parameters for key focal species and a table of 
additional parameters and species follows.  
 
Mountain Lion  
Mountain lion is found throughout the vicinity of the study area and is a quintessential habitat 
generalist. While difficult for the layperson to detect, we have included it as an indicator 
species because it is relatively detectable using game cameras, and because of its enormous 
cultural importance in the region. It tends to co-occur with mule deer, so including both deer 
and lions as a single “focal unit” may be an intuitive approach to corridor design. While both 
are wide-ranging, and both have been shown to utilize freeway overcrossings and 
underpasses, mountain lions have been shown to be susceptible to genetic bottleneck effects 
due to road barriers (e.g., within the Santa Monica Mountains). Isolated Mountain lion gene 
pools can result in male dominance, and a lack of genetic diversity can lead to the extinction of 
local populations (Riley et al. 2021). Just one successful individual migration event can help 
maintain genetic diversity, demonstrating the importance of connectivity, even within low-
density populations (Riley et al. 2021). And, as lions continue to be killed on roadways 
throughout the state, they are an ideal focal species for a highway crossing.  
 
Movement Ecology 
In Southern California, Mountain lions significantly prefer chaparral and coastal sage scrub but 
can occupy upland (typically oak woodland) habitat and riparian woodland (Riley et al. 2021, 
Benson et al. 2016). Adult female Mountain lions are known to inhabit higher elevations but 
other age/sex groups generally remain at lower elevations (Riley et al. 2021). Sub-adult 
Mountain lions are most likely to utilize steep slopes while adults avoid them (Riley et al. 2021). 
They all avoid developed areas, grasslands, and altered open areas (Riley et al. 2021). In a 
2020 study (Dunford 2020), Mountain lion did not directly climb up steep slopes.  
 
Lions chose shallower traversal angles (mean inclining path angle 7.3 ± 0.1o, median = 5.5o). 
Mountain lion also avoided slopes with steep declines (mean declining path angle – 8.3 ± 0.1o, 
median = − 6.3o). A climbing mountain lion’s maximum path angle was 34.3o and a 
descending Mountain lion’s minimum was− 37.0o (Dunford 2020). Generally, larger patches of 
habitat are believed to be more favored by lions than small fragments in terms of duration of 
occupancy; however, small fragments in the landscape may be extremely important in 
facilitating their movement through challenging environments and terrain.  
 
Seasonally, males in West Texas were documented moving at faster speeds than females. Both 
sexes moved at higher speeds during the hot-dry season and the monsoon season than in the 
cold-dry season (Karelus et al. 2021). Otherwise, the West Texas lions exhibited no seasonal 
effects for any other movement metric or home range size (Karelus et al. 2021). In Utah, 
subadult Mountain lions tended to leave their natal ranges during winter/spring and females 
dispersed less than 120km (Stoner et al. 2010).  
 
Adult male Mountain lions average 372 km² home ranges while females average 134 km² 
(Riley et al. 2021). The known minimum home range of a Mountain Lion was 26 km², utilized by 
P22 (Riley 2014). The maximum documented dispersal distance of a male Mountain lion was 
1,067 km and 1,341km by a female (Thompson et al. 2010, Stoner et al. 2007). Mean dispersal 
distances vary study to study. The mean dispersal distance for males in Beier’s study was 63 
km, shorter than a previously recorded average of 83 km (Beier et al. 1995, Anderson et al. 



Newhall Pass Wildlife Connectivity Design Project Feasibility Report 

 
May 2024 B-4 Stillwater Sciences 

1992). Thompson’s study of 14 sub adult males and 10 subadult females yielded an average of 
274.7 km for the males and 48.0 km for the females (Thompson et al. 2010). Stoner cited other 
studies that recorded dispersal distances ranging from 14 km to 366 km (Stoner et al. 2010). In 
Newby’s thesis, the mean Euclidean dispersal distance was similar for males (62 km) and 
females (67.4 km), but in terms of home ranges females dispersed further than males (Newby 
2011). Stoner data suggests that female Mountain lions are capable of dispersing cumulative 
distances equal to or exceeding those of most males leading to greater outcrossing or sex 
linked traits and providing critical components for recolonization of vacant habitat (Stoner et al 
2010). 
 
Stoner found that dispersal routes may be predicated more on habitat orientation and 
connectivity than on an inherent drive to move in a certain direction away from the natal range 
(Stoner et al. 2010). In North American Mountain lion populations, dispersing Mountain lions 
typically leave their natal areas when they are 10-33 months old and before they are sexually 
mature (Sweanor et al. 2000, Anderson et al. 1992, Logan et al 1996). According to Sweanor, 
consistent with most polygynous mammals, males disperse more often and consistently farther 
than females (Sweanor et al. 2000, Hemker et al. 1984). Females Mountain lions often exhibit 
philopatry (Sweanor et al. 2000). Along with competition from conspecifics, dispersal 
movements can be shaped by competition from other members of their ecological guild 
(Newby 2011). Hunting habitat helped dictate dispersal habitat use (Newby 2011). 
Connectivity assessments regularly consider resident habitat to be a surrogate for disperser 
habitat, and Newby’s findings suggest that this may be reasonable, at least for Mountain lion 
(Newby 2011). Lions have been known to establish temporary home ranges during dispersal 
and these areas may be selected to meet security and foraging needs supplied by suitable 
hunting habitat (Newby 2011, Beier 1995, Sweanor et al. 2000).  
 
As habitat generalists, Mountain lions can survive in diverse biomes, however, they require 
three essential resources: adequate stalking and security cover, a prey base that includes large 
ungulates, and landscapes relatively free from anthropogenic disturbance (Newby 2011, Beier 
2010, Seidensticker 1977). Dispersing Mountain lions use shrublands and avoid landscape 
elements such as grasslands or landscaped areas that lack adequate cover (Riley et al. 2021). A 
study tracking Mountain lion F31 found that its dispersal locations were almost entirely 
restricted to mid-elevation mountainous terrain that was previously identified as suitable Mule 
Deer and Mountain lion habitat (Cougar Discussion Group 1999, Stoner et al. 2010). Newby’s 
modeling found that dispersing Mountain lion locations were positively associated with forest, 
shrub cover, and steep slopes but negativity correlated with high edge density, ruggedness, 
elevation, distance to edge, and distance to water (Newby 2011).  
 
Mountain lions typically avoid areas with artificial lighting and more than one dwelling per 16 
ha (Beier et al. 1995). Lions found dense areas with more than 20 dwellings per ha impassible 
(Beier et al. 1995). City lights are especially detrimental to Mountain lions around a road 
undercrossing or near open habitats (Beier et al. 1995). While some native woody vegetation is 
essential to provide cover for Mountain lions, dense woody vegetation can impede their travel 
(Beier et al. 1995). Newby’s thesis concluded that even the lowest levels of development such 
as recreational open spaces, urban interface hiking trails, golf courses, and ski runs were 
avoided by dispersing Mountain lions (Newby 2011).  
 
Dispersing Mountain lions were found regularly crossing under highway bridges built to 
accommodate watercourses (Beier et al. 1995). They use corridors that are located along 
natural travel routes and have ample woodland cover (Beier et al. 1995). All travel in corridors 
and habitat peninsulas occurred at night (Beier et al. 1995). A Mountain lion cannot use a 
corridor unless its normal travel pattern causes it to encounter the corridor entrance (Beier et 
al. 1995). At high-speed road crossings, dispersing Mountain lions can utilize underpasses 
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integrated with roadside fencing (Beier et al. 1995). Beier recommends that a corridor 
designed for Mountain lion use be greater than 100 m wide if the distance spanned is less than 
800 m and 400 m wide for distances of 1-7 km (Beier et al. 1995). Newby states that the 
presence of high-quality habitat may not be sufficient for connectivity, especially if mortality is 
high, however, the identification and conservation of good dispersal habitat will be important 
to the management of spatially structured populations; especially when the number of 
individuals dispersing annually is small and variable (Newby 2011). 
 
Climate Change 
While little-studied, mountain lions would seem to be little-affected by projected climate 
change, at least directly, since they are able to tolerate areas much drier and hotter than 
Newhall Pass. However, the loss/reduction of mule deer and other favored prey as a result of 
climate change (i.e., loss of grass/spring forb cover, loss of shade, etc.) could have cascading 
effects for lions. In this scenario, the mesic, north-facing slopes in the Newhall Pass area would 
seem to be ideal refugia for lion (and deer) populations in the area, perhaps even seeing 
higher use by individuals that once ranged more widely at lower (and hotter) elevations. 
 
The minimum width of an overcrossing that can be used by a Mountain Lion should be 40 to 
50m and its recommended to be 50-70m (Clevinger et al. 2011). The minimum width of an 
underpass is 7m and the minimum height is 4m (Clevinger et al. 2011). It is recommended 
however that the width exceeds 10m and the height exceeds 4m (Clevinger et al. 2011). While 
culverts are not Mountain Lions’ preferred crossing mechanism, they have been used (Jensen 
et al 2018). A corridor explicitly designed for a Mountain Lion should exceed 100m in width if 
the distance spanned is less than 800m (Beier et al. 1995). If the distance spanned is 1 to 7 km, 
the corridor should exceed 400m in width (Beier et al. 1995).  
 
Western Gray Squirrel 
Habitat for western gray squirrels usually includes at least five acres of intact oak-dominated 
woodland (Barnum 1975). Pines (Pinus spp.) are a frequent co-dominant, including planted 
pines (e.g., on Point Dume, Malibu, and in Griffith Park, Los Angeles Co.). Open understory 
with abundant leaf litter also appears to be an important feature of occupied gray squirrel 
habitat, presumably because it supports the fungus the species feeds on and helps disperse 
(Harvey 1988). Patch size may vary by population, and the type of habitat present, but it 
appears to have been extirpated in the entire “Hollywood Hills” between Sepulveda Pass and 
Cahuenga Pass (Cooper and Muchlinski 2015), suggesting that the open space of Franklin 
Canyon is not large enough to support the species, while Griffith Park, with c. 4,000 acres, is. If 
we assume that the species is present in the “Y” (between I-5 and Hwy. 14; DSC field notes), 
and that currently, few animals are moving in or out of this area, then it may be persisting in 
this habitat patch of approximately 2,500 acres (950 hectares) within the study area. 
 
The role of edge effects on western gray squirrels are little-studied. It persists at the urban 
edge in many communities in the Los Angeles area (e.g., Monrovia foothills), but presumably 
only where access to very large habitat patches is available (e.g., the San Gabriel Mountains). 
Where hemmed-in by urbanization (e.g., Griffith Park, Verdugo Mountains), they are rarely 
encountered at the urban edge of habitats, and is largely restricted to undeveloped oak 
woodland habitat (DSC, pers. Obs.). Interactions with the invasive fox squirrel may play a role 
in this, but research has not shown these two species to be particularly antagonistic toward 
one another (Ortiz 2022). Rather, fox squirrels will move into areas where gray squirrels are 
absent (or present), and proliferate, but do not appear to be directly driving them away. 
Therefore, the primary local conservation priority should be maintaining healthy populations 
(and oak woodlands), and enabling animals to move from one subpopulation to another. 
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Western gray squirrels are largely sedentary within their territories, but there appears to be a 
pattern of fairly long-distance (several hundred meters) dispersal by young animals. Research 
from Washington state indicates that adult females maintain territories of 46.2 acres (18.7 
hectares), and casual observation from southern California suggests this to be the case here as 
well (Haegen et al. 2005). Because local populations appear to be susceptible to local 
extirpations (e.g., in the Whittier Hills and Hollywood Hills), it is assumed that barriers such as 
freeways must play a role in blocking immigration to “rescue” isolated populations before they 
wink out. The fact that a population has persisted west of Sepulveda Pass/405 Fwy., for 
example, and not east, suggests that they do not frequently utilize roadways over or under 
freeways (and are rarely seen on “city streets” in the Santa Monica Mountains region, preferring 
to travel within natural vegetation, such as along canyon bottoms). 
 
Climate change – increasingly hotter and drier conditions – is expected to have a negative 
effect on the western gray squirrel, in increasing oak die-off, fire frequency, fire extent, and 
other factors that would reduce habitat quality and potentially result in direct mortality of 
individual squirrels. As with many woodland species in the study area, areas of dense, 
(relatively) mesic woodland are likely acting as refugia for this species, and particularly in the 
vicinity of the upper pass (e.g., vic. Weldon Ave. bridge), are split by freeways and large roads. 
However, the discovery of a road-killed individual along Beverly Glen Dr. In an isolated portion 
of the Santa Monica Mountains with no known population (Longcore 2019) suggests some use 
of freeway overcrossings/bridges. Wildlife cameras deployed in Fern Dell in Griffith Park 
revealed usage of fairly small culverts/tunnels by at least one western gray squirrel (Cooper 
2014), which suggests that this species would respond to increased opportunities to disperse 
via these features.  
  
Based on our findings, Western Gray Squirrels would fall under Clevenger’s guild of small 
mammals and is recommended to use a wildlife overcrossing with minimum dimensions of 
130-165ft and recommended dimensions of 165-230ft. For small to medium-sized mammal 
underpasses, it is recommended to have a width, height, and diameter of 1-4ft. For culverts, 
the minimum dimensions are 1.5ft wide with a clearance of >3ft with a recommended width of 
>3ft and clearance >4ft (Clevenger et al. 2011). 
 
Black Bear 
Throughout California, Black bears inhabit montane hardwood, chaparral, and mixed conifer 
forests (Brown et al. 2009). They are largely absent in urban areas, except at the periphery of 
open space (foothills/mountains). The only California habitats that Black bears do not occupy 
are the highly agricultural central valley and the Mojave Desert (Brown et al. 2009). The 
average home range for Black bear has been calculated at 119 km² for males and 49 km² for 
females (Brown et al. 2009), indicating how much undeveloped/open land they need 
throughout the year. 
 
Black bears are most active during crepuscular periods, moderately active during the day, and 
least active at night , consistent with other studies where bears were not greatly influenced by 
human activities (Lewis et al. 2011), but movement rates by bears have been were greatest 
during morning and evening, moderate at midday during diurnal time periods, and lowest at 
night (Lewis et al. 2011). However, this may depend on a population’s habituation largely 
because this population in question was not habituated to human food resources (Lewis et al. 
2011). 
 
In one study tracking six individual bears, they only used city areas during summer (Lyons 
2005). Another study cited in this paper found that black bears may occurred more frequently 
in low elevations during spring and summer, moving upslope and continued climbing in 
elevation during fall and winter (Lyons 2005). In spring and early summer, adult males moved 
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significantly more during the crepuscular time period than they did during late summer and 
fall (Lewis et al. 2011). Greater movement of males in spring and early summer is likely related 
to strategies to maximize their fitness (Lewis et al. 2011).These  Higher rates during spring and 
early summer movements could be related to mate seeking or because of the presence of 
berries on fruiting shrubs during late summer and fall in the areas studied (Lewis et al. 2011); 
however, in our area, black bears would probably show different seasonal movement patterns. 
 
Black bear dispersal is a three- stage process that includes emigration, movement, and 
immigration (Costello 2010). Their maximum emigration distances away from natal ranges was 
shown to be 62 km (Costello 2010). Widely- roaming males (with unknown natal ranges (also 
known as “floating bears”) had a maximum dispersal range of was 68 km (Costello 2010). 
Rogers (1987) reported very few dispersing females, with a maximum distance of 11 km, 
suggesting that males would be more likely use wildlife corridors than females, in an effort to 
complete their longer dispersal movements (a pattern observed with mountain lions in the 
Santa Monica Mountains) (Rogers 1987). In the same study, Rogers found that every male 
dispersed, and the farthest distance was 219 km (Rogers 1987). The mean emigration 
distances from natal ranges peaked at 40 km (Costello 2010), while that of “floating bears”’ 
mean was 46 km (Costello 2010). Dispersal barriers include extensive agricultural zones, 
lowlands like those in the Central Valley, as well as agriculture developments and urban 
environments (Brown et al. 2009). As alluded to by (in Rogers)’ study, males are dispersers, 
while females typically remain in natal habitat (Brown et al. 2009). 
 
In an Idaho study, forested areas without associated human development were the preferred 
habitat conditions for highway crossings by Black Bears (Lewis et al. 2011). Thus, corridor 
design that utilizes the least-(human)-impacted, darkest, quietest, and most secluded portions 
of the study area would likely see highest use by black bear. By contrast, crossings where 
freeway noise and light is highest might be avoided by this species. Given the vast distances 
black bears disperse, the habitat of the crossing itself would seem to be relatively unimportant, 
as long as habitat is visible on the opposite side of the crossing. Black bears readily move 
along fire roads and trails, so these should be considered when comparing crossing locations, 
and sites not ruled out because of the presence of these features. 
 
While climate change would seem to be a factor in influencing black bear distribution, the 
species occurs along a very wide climatic gradient (including areas with much hotter summers, 
and drier winters, than Newhall Pass). Increases in rainfall would likely have little impact on the 
species, due to its broad ecological tolerance. However, bears are vulnerable to wildfire, being 
unable to burrow underground or outrun vegetation fires. For this reason, it is possible that 
years of increased fire frequency has left relatively large areas of the study area – including the 
southern flank, along the San Fernando Valley, unsuitable for high use by the species. Thus, 
these areas may be considered potential dispersal routes for bears, if not areas of year-round 
occupancy. 
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Additional notes on species 
 
Focal Species Likely to Indirectly Benefit (from improved/conserved habitat; generally 
sensitive/high-interest species, but unlikely to directly use a crossing) 
 
Wide-ranging 
Southern Californica rufous-crowned sparrow (endemic, but favored by frequent fire)  
Brush rabbit 
American kestrel (localized nester) 
California thrasher/Wrentit (similar needs) 
Costa’s hummingbird (being out-competed by urban-adapted spp.) 
Nesting raptors (sensitive to disturbance/encroachment) 
Migratory songbirds 
Shoulderband snails (Helminthoglypta spp.) (note: won’t show up in iNat; locations obscured) 
 
Occurring near lower or upper elevational limit 
Hairy woodpecker (lower) 
Bigcone Douglas-fir (lower) 
Canyon live oak (lower) 
Black cottonwood (lower) 
Mountain phacelia (lower) 
Valley oak (upper) 
Southern California black walnut (upper) 
Purple sage (upper) 
 
East/West limits – “biogeographical quirks” 
Variable checkerspot (west of pass) 
California ringlet (west of pass) 
California tortoiseshell (east of pass) 
Payne’s bush lupine (west of pass) 
Pasadena lupine” (east of pass) 
Valley oak (north of pass) 
San Gabriel oak (Quercus durata var. gabrielensis (east of pass) 
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Table B-1. Focal species design parameters. 
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Connectivity Modeling Methods and Results 
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Connectivity Modeling Methods 
Connectivity modeling uses spatially explicit landscape data to predict how wildlife might move 
across the landscape, creating a data layer of landscape conductance akin to the movement of 
energy on a circuit board through a series of resistors (McRae et al. 2016). This approach allows us 
to predict functional connectivity for a species based on the habitat and dispersal needs of each 
species. In addition, it provides a way to test how various configurations of wildlife bridges and 
corridor remediation would contribute to overall connectivity. Omniscape (Landau et al. 2021) is 
one method that is commonly used for quantifying functional landscape connectivity. This method 
uses a moving window approach to calculate conductance across an entire landscape. Each pixel in 
the landscape is visited as the center of a moving window, and at each pixel connectivity is 
calculated to all other pixels within a set radius. All resulting individual connectivity calculations are 
merged into a landscape wide connectivity map of the landscape showing cumulative current flow 
across the landscape. 
  
For each focal species we first identified source habitat and barriers or resistance to dispersal based 
on an extensive literature review. These variables included urban development/land use, slope, 
aspect, elevation, habitat classification, freeways and other major roads, existing underpasses and 
overcrossings, culverts and channels, light pollution, and noise pollution. We compiled a set of 
geographic datasets that cover our study area and had data relevant to our variables (Table C-1).  
 

Table C-1. Geographic datasets used in analysis. 

Dataset Name Year  

EPA MULC (Meter-scale Urban Land 
Cover) 

2016 High resolution land cover classifications 

USDA Calveg  2002-03 Coarse scale California Wildlife Habitat 
Relationship (CWHR) classifications of 
vegetation cover 

LARIAC LIDAR DEM 2016 High resolution LA County wide aerial 
elevation data 

OpenStreetMap (OSM) 2023 Bridges, roads, buildings, land use 
areas, culverts, channels, tunnels 

VIIRS Light Pollution 2023 Remotely sensed light pollution 

BTS National Transportation Noise Map 2018 Modeled highway and rail noise 
pollution 

 
 
For all raster data we used a resolution of 10 meters because this was the finest resolution for which 
we had high quality data while still being computationally feasible. For all landscape data, we set an 
extent to twice the area of our focal area to include as a buffer because connectivity models are 
prone to edge effects (Anderson et al. 2012). The buffer was cropped from the final output prior to 
analyses to remove areas where edge effects would be present. 
 
We combined the categorical datasets (MULC, Calveg and OSM) into a single landcover raster 
dataset covering our study area. Calveg contains coarse scale polygons (2.5-acre minimum) that 
describe the dominant CWHR vegetation type present in each polygon such as Coastal Oak 
Woodland or Montane Chaparral but was last updated in 2003 in our study area. MULC does not 
include specific vegetation types or alliances but rather broad scale land cover classifications such 
as barren, grass, shrub, tree, impervious and water, but is a much higher resolution than Calveg at 
1-meter pixel resolution. We used aerial imagery, field surveys and fire history footprints to correct 
habitat types in our study area and then re-mapped the MULC land cover pixels into more specific 
CWHR categories using our corrected Calveg dataset (Table C-2). 
 

http://dx.doi.org/10.13140/RG.2.1.4158.6166
https://doi.org/10.21105/joss.02829
https://www.sciencebase.gov/catalog/item/5a5e83ade4b06e28e9be4b14
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Before combining with Calveg, we renamed some values in MULC. We renamed the Tree class to 
Mixed Trees – Chaparral as MULC does not accurately detect a difference between Trees, Chaparral 
and tall Shrubs. We also changed the name of Shrub to Mixed Shrub – Scrub. Barren – Soil was 
renamed to Grassland as most areas MULC called Barren turned out to be Invasive Annual 
Grassland based on our review. 
 

Table C-2. Calveg and MULC combination rules. 

Calveg Type MULC Type Resulting Type 
Coastal Oak Woodland 
Montane Hardwood 
Valley Foothill Riparian 
Desert Wash 
Sierran Mixed Conifer 
Valley Oak Woodland 
Evergreen Orchard 
Montane Hardwood-Conifer 
Montane Riparian 

Tree Calveg 

Chamise-Redshank Chaparral 
Mixed Chaparral 
Montane Chaparral 

Shrub or Tree Calveg 

Coastal Scrub 
Desert Scrub 
Sagebrush 

Shrub or Tree Calveg 

Barren Any Calveg 

Urban Tree Urban Tree 

Montane Riparian 
Valley Foothill Riparian 

Woody Wetland Calveg 

 
 
After combining MULC and Calveg, we add the physical infrastructure layers from OSM on top of the 
landscape. This gives us a single land cover raster that can be used to define both source habitat and 
resistance values for each focal species. 
 
We compiled a list of the relevant categorical variables found across our map layers that would be 
selected for use in habitat and resistance value calculation for each focal species (Table C-3). We 
then took each focal species and created a list of relative weights for source habitat and resistance. 
Weights for mountain lion are included as an example. Source weights of 1 mean the pixels in the 
study are treated as source habitat when creating source habitat raster maps, and a weight of 0 
means that pixel is not viable source habitat. Resistance weights are relative values where 1 is low 
resistance (increases current flow) and resistance increases as with the value. In this case our highest 
resistance landscape feature are freeways which we set at 500. Values are set according to our 
literature review. 
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Table C-3. Categorical variables used to define habitat and/or resistance values. 

Dataset Variable Mountain 
Lion Source 
Weights 

Mountain Lion 
Resistance 
Weights 

Calveg CWHR Coastal Oak Woodland 1 5 

Calveg CWHR Montane Hardwood 1 5 

Calveg CWHR Valley Foothill Riparian 1 1 

Calveg CWHR Desert Wash 1 1 

Calveg CWHR Sierran Mixed Conifer 1 5 

Calveg CWHR Valley Oak Woodland 1 5 

Calveg CWHR Evergreen Orchard 0 10 

Calveg CWHR Montane Hardwood-Conifer 1 5 

Calveg CWHR Montane Riparian 1 1 

Calveg CWHR Chamise-Redshank 
Chaparral 

1 1 

Calveg CWHR Coastal Scrub 1 1 

Calveg CWHR Desert Scrub 1 1 

Calveg CWHR Mixed Chaparral 1 1 

Calveg CWHR Montane Chaparral 1 1 

Calveg CWHR Sagebrush 1 1 

Google Satellite Underpass (Dirt) (hand-
traced) 

0 50 

Google Satellite Barren (hand-traced) 0 50 

MULC Unclassified 0 0 

MULC Open Water 0 0 

MULC Developed 0 100 

MULC Trees 1 5 

MULC Shrub 1 1 

MULC Grassland 0 50 

MULC Pasture 0 50 

MULC Woody Wetlands 1 1 

MULC Emergent Wetlands 1 1 

OSM Overcrossing 0 200 

OSM Underpass 0 200 

OSM Building 0 0 

OSM Road 0 100 

OSM Culvert 0 400 

OSM Landfill 0 50 

OSM Freeway 0 500 

OSM Pipeline 0 100 

 
 
We also used species-specific minimum habitat patch size parameters to filter out isolated patches 
of contiguous viable habitat that are below a threshold for use as source habitat (Table C-4).  
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Table C-4. Minimum patch sizes used to define source habitat. 

Species Minimum Patch Size (Meters) 
Mountain lion 1000 
California tree 
frog 

10 

 
 
We created a set of resistance raster maps to describe landscape permeability for each species 
based on the assigned weights. For each continuous variable we identified the maximum cost and 
predicted relationship between that variable and movement. We then transformed each variable 
using the ResistanceGA R Package (Peterman 2018) (Table C-5). 
 

Table C-5. Continuous variables used to define resistance values. 

Dataset Variable Mountain Lion 
Maximum Cost 

Mountain Lion 
Transformation 

LARIAC Slope 500 Inverse-Reverse 
Monomolecular 

VIIRS Light pollution 50 Inverse-Reverse 
Monomolecular 

BTS Highway noise 50 Inverse-Reverse 
Monomolecular 

 
 
Freeways were set at the highest relative resistance value of 500, or as nearly complete barriers to 
wildlife movement for all species except at existing under-or-overcrossings since wildlife are 
unlikely to cross I-5 or SR 14 successfully and our intention is to direct wildlife away from crossing at 
unsafe locations where wildlife-vehicle collisions could occur. 
  
Omniscape was run on the Occidental College computing cluster utilizing a high RAM node for 
increased speed. We used a block size of 17. The radius of the moving window used for each 
species was 200, except for montane which was set to 400. Our resistance rasters included 2 million 
pixels and each analysis took approximately 5-20 minutes to complete using 35 workers. 
 
Results 
Generalist Habitat – Under baseline conditions, connectivity for the generalist habitat was 
observed to be extensive throughout the Santa Susanas west of I-5, within the Gates King 
Open Space between the highways, and throughout the San Gabriels east of SR 14. Notably, 
connectivity was reduced in areas experiencing frequent fires along the freeways and along 
the southern facing slopes of both ranges, making southern routes for connectivity less 
desirable. All alternate crossing scenarios led to increased mean cumulative current relative to 
the baseline, although Weldon North had the largest increase. Along SR 14, Beale’s Cut North 
showed the greatest increase in connectivity. 
 
Montane Habitat – Baseline connectivity of montane habitat illustrates pathways along the 
highest elevations and north-facing slopes of the study area. To the West, pockets of montane 
habitat and bigcone Douglas-fir are visible from I-5 with current moving toward the 
intersection of I-5/SR 14 just north of the Sunshine Landfill. In between I-5 and SR 14 in the 
Gates King Open Space small patches of montane habitat are isolated by the freeways. To the 
east, connectivity of Montane habitat is sparser and flows primarily through Elsmere Canyon 
up to SR 14 ending near Beale’s Cut North proposed crossing location. Because connectivity of 

https://besjournals.onlinelibrary.wiley.com/doi/full/10.1111/2041-210X.12984
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montane habitat is greater in the Santa Susanas, Weldon North provides the largest increase in 
mean cumulative current for the alternate crossing scenarios. However, along SR 14, Beale’s 
Cut North, Beale’s Cut South, and Sierra Under/Over all provide equivalent increases in 
connectivity. 
 
Oak Woodland Habitat – Extensive oak woodland habitat in the Santa Susanas to the west of I-5 
and throughout the Gates King Open Space between I-5 and SR 14 resulted in strong 
connectivity throughout both of these regions with very sparse connectivity east of SR 14 in the 
San Gabriels. Due to proximity of oak woodlands near to and extending in both directions 
from Weldon North, this alternate crossing location showed the greatest increase in mean 
cumulative current. Across SR 14, Weldon North and Los Piñetos provided the largest 
increases in mean cumulative current relative to the other SR-14 alternate crossing locations. 
 
Shrub/Scrub Habitat – Baseline connectivity for scrub habitat emphasized the southern edges 
of the Santa Susanas and San Gabriels where increased fire frequency prevents taller 
vegetation from establishing, as well as Elsmere and Placerita Canyon along SR 14. As such, 
Beale’s Cut North, Los Piñetos, and Beale’s Cut South had the greatest connectivity under the 
alternate crossing location scenarios. However, while Beale’s Cut North and Los Piñetos both 
had similar levels of mean cumulative current, Beale’s Cut North showed the greatest increase 
relative to baseline conditions. Along I-5, both Old Road and Weldon North result in similar 
levels of mean cumulative current, likely due to the primary scrub habitat in this area being 
located further to the northwest than either of these crossing locations. 
 
Riparian Habitat – Connectivity in the baseline riparian model highlights both the unique 
intersection of watersheds and the barrier effects of the freeways on the main streams and 
arroyos throughout the study region. Channelization of streams along and culverts under the 
freeways maintain water flow but disrupt ecological connectivity. Notably, the South Fork of 
the Santa Clara River is bisected by I-5 and Old Road, limiting connectivity that extends 
through East and Rice Canyons. Bull Creek runs along and under the southern arm of I-5, 
bisected by both freeways in multiple locations. To the east, Placerita and Newhall Creek are 
disrupted by SR-14. Mean cumulative current was increased under all alternate crossing 
scenarios, with the Old Road crossing having the greatest increase. It is important to note 
however that the increases in connectivity observed are dependent upon the assumption that 
riparian connectivity is re-established at the alternate crossing locations, which due to design 
constraints may not be possible at all locations. Thus, priority should be given to locations 
where undercrossings are possible and would allow for improvements to riparian connectivity, 
such as at Old Road. 
 
Overall Results – When considering all habitats collectively, consensus in changes of 
connectivity helps identify crossing locations with potential to improve connectivity for multiple 
habitats and species. Increases in mean cumulative current were the greatest at Weldon North 
for Generalist, Montane, and Oak Woodland habitat. Along SR-14, Beale’s Cut North showed 
increases in mean cumulative current for multiple habitats, particularly Generalist and 
Shrub/Scrub, although Beale’s Cut South, Los Piñetos, and 14 Sierra all either lead to 
improvements in connectivity or have existing connectivity for some habitats. Riparian 
connectivity was the outlier, with Old Road providing the largest increase in mean cumulative 
current. 
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Figure C-1. Changes in Mean Cumulative Current under the baseline connectivity model and 
6 alternate crossing location scenarios for each of the 5 focal habitats. Mean 
cumulative current was calculated at the site of each crossing location. 
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Living With Wildlife 
The Crescent Valley Mobile Home Park, located between the proposed Old Road X and 
Weldon North project sites, is described on its website as “surrounded by ancestral oak trees 
and other wildlife.” When we contacted the park’s Home Owners Association to start a 
conversation with about the Project we learned that bears, mountain lions, coyotes, and deer 
are all seen in the development, and have even been captured on residents’ Ring cameras. 
While we know that mountain lions are seen in the Santa Susana and San Gabriel Mountains, 
we did not have sighting data of their presence inside the ‘Y’ (the zone of habitats between the 
!-5 and SR-14 north of their intersection) prior to this conversation. Residents here are 
providing information that informs the Project outcomes, and adds to data gathered in the 
area by National Park Service studies. 
 
On Saturday, January 13, 2024 the RCD’s Clark Stevens, Executive Officer and Architect; Dan 
Cooper, Deputy Officer and Principal Biologist; and Shelly Backlar, Project Manager, gathered 
at Crescent Valley’s clubhouse for the first of what we hope will be many conversations with 
residents. These are some of the stories we heard: 
 
“I have several cats and feed them outside my home. I keep watch while they are eating and 
bring any remaining food inside. One night I looked out to see a mountain lion fairly close 
looking in my direction and it frightened me.” 
 
“We had a bear who would frequently wander through the complex, occasionally opening and 
eating from dumpsters. The word got out about the ‘resident bear’ and many people began 
driving into the neighborhood hoping to see one.”  
 
“Every day I see coyotes walking through the community headed toward the creek (location). 
We see them in the morning and again at around 10:00 PM and have started calling the path 
they take ‘the coyote highway.’” 
 
“Several years ago, a young bear was hit near the Church of the Nazarene (location). At first 
people thought it was a reddish dog that had been hit, however it was a bear cub. (note: 
collision data places a bear closer to the development, at the Old Road as it crosses under I-5 
between East Canyon Park and the Crescent Valley entrance road” 
 
“We had a bear that would bang and push on our metal gate, until one day it broke and 
knocked the gate down, causing a lot of noise and commotion.” 
 
“We’ve seen deer grazing here, just outside of the clubhouse. One time a noise startled them, 
and they ran down the hill toward the creek.” 
 
While wanting to know more about how to safely navigate around large carnivores, residents 
were in general enthusiastic and excited about the Project, especially because of the benefit 
for the wildlife that live in the area and within their community. Making it easier for wildlife to 
travel from the surrounding area, around the community toward food, water, and shelter via 
new and better passage routes would also be safer for both residents and mammals. 
 
The community noted also that there is an encampment near the development, in the foothills, 
where those experiencing homelessness live. This was cited in reference not only to wildlife, 
but also a concern due to wildfire risk and frequency in the area and the ignition probability 
which comes with encampment. 
 
Following up on the “coyote highway” comment, we asked about the prospect of adding a new 
primary entrance to the community at the southeast corner of the property, to extend the 
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wildlife passage along the old road and N Fork Santa Clara River. The new bridge with better 
passage underneath would allow conversion of the existing bridge/culvert to a recreational trail 
and second means of emergency egress under the Old Road Viaduct and to the north at East 
Canyon Park. The residents reacted positively, both for the new recreational trail connection to 
East Canyon without requiring a road crossing, and because they have been evacuated on 
multiple occasions due to wildfire or significant rainfall. 
 
Email Comments: 
It's so good to see this concern for our wildlife, as I have seen many of them here, and hiked in 
the hills adjacent to the park. What a privilege it is for us to be living near them.  
  
I've hiked across that high ridge above, and at the back of the park from Calgrove Blvd. to above 
the center of the park. It definitely appears to have tracks of migrating wildlife. I have seen deer 
ascending to that ridge on other ridge crossings. The low slope directly behind my home used 
to have many creatures crossing it, but now folks have built fences and such, and I'm not sure 
how they navigate that. Our resident bear used to go that way as well.  
  
Meanwhile, I do believe that the drainage tunnel that runs under I5 (Gavin Cyn. Overcrossing) 
from East Canyon comes up into the creek that runs in front of the park. Our former manager 
also told us that our resident bear would come in through the creek that crosses from south of 
the park, and under the bridge entrance to our park. Perhaps from there, a proposed route east 
to the San Gabriels might be a possibility after crossing SR-14, or other. I am, however, not sure 
of how the current bridge work will affect that undercrossing from East Canyon. One drainage 
tunnel also came out in the Gateway Ranch Open Space that is accessed through the gate on 
the north end of our park. That is where some of us access it to hike. Hopefully, this will add 
some more possibilities for you. 
 

Figure E-1. Doorbell camera footage of a mountain lion in the "Y" zone between I-5 and SR-
14, provided by a Crescent Valley Mobile Home Park resident.
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SUBJECT: Geotechnical/Geologic Hazard Assessment for Wildlife Crossing Alternatives 

 Newhall Pass I-5 Wildlife Crossing Design Project 

 Santa Clarita, California 

 

INTRODUCTION 

The Newhall Pass Interstate 5 (I-5) Wildlife Crossing Design Project proposes to conduct 

feasibility studies to determine optimal location(s) for crossings and associated habitat 

enhancements within the Newhall Pass area that includes the I-5 and adjacent State Route 14 (SR-

14). The project is being conducted in a joint partnership between the Resource Conservation 

District of Santa Monica Mountains (RCD), Stillwater Sciences, Mark Thomas, Occidental 

College and the Fernandeño Tataviam Band of Mission Indians. EMI has conducted a 

geotechnical/geologic hazard assessment for selected wildlife crossing alternatives in order to help 

with the overall feasibility study and subsequent selection for advancement of design for the 

project.  

GEOTECHNICAL/GEOLOGIC HAZARD ASSESSMENT 

As part of the feasibility study, EMI was tasked with providing a geotechnical and geologic 

assessment for five major crossing alternatives to be carried forward for the project. These include: 

1. Old Road X (I-5 Underpass Viaduct) 

2. Weldon North (I-5 Overpass North of Weldon Bridge) 

3. Sierra Over Under (SR-14 Underpass & Overpass) 

4. Beale’s Cut North/South (SR-14 Overpass) 

5. Los Pinetos (Underpass Enhancements) 

Each site was assessed for geologic and geotechnical hazards and is discussed in the sections 

below. We reviewed available as-built reports and logs, regional geologic maps, state hazard 

reports and maps, and other local and private data and publications. Appendix A has figures that 

include a Geotechnical Data Map, Regional Geologic Map, Seismic Hazard Map and Landslide 

Map. 
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1. Old Road X (I-5 Underpass Viaduct) 

Earthquake Shaking. The proposed project site is located proximal to the Northridge blind thrust 

fault zone (~0.5 miles or less) and moderate to strong ground shaking should be anticipated in the 

event of a large earthquake along the Northridge blind thrust fault zone. The Northridge fault is 

anticipated to be capable of producing a M6.8 earthquake. The site is also located just 2 miles 

north of the Sierra Madre fault zone which is capable of producing moderate to severe ground 

shaking during an earthquake event. The Sierra Madre fault zone is anticipated to be capable of 

producing a M6.6 to 6.8 earthquake. Preliminary Peak Ground Acceleration (PGA) at this location 

is 0.86g. 

Other nearby faults:  

- San Gabriel Fault zone – A major fault zone located approximately 3.5 miles north of the 

project site. The San Gabriel fault is expected to be able to produce up to a M7.2 fault.  

- Simi-Santa Rosa fault zone- 5.5 miles southwest of the bridge site 

- Mission Hills fault zone – The Mission Hills fault is a smaller fault that is approximately 2.5 

miles south of the project site and it is capable of producing a M6.0 fault.  

- Oak Ridge – The Oak Ridge fault is the north western extension of the Sierra Madre fault. 

This fault is capable of producing a M7.4 earthquake.  

- Holser Alt 1 fault – This fault is a splay or extension of the San Gabreil fault and is capable 

of producing a magnitude 6.7 earthquake.  

- Verdugo-Eagle Rock – This fault is located approximately 8.0 miles south of the site and is 

capable of generating a M6.8 earthquake. 

Liquefaction. The proposed viaduct location traverses along an existing alluvial canyon where 

groundwater is higher than in the surrounding areas composed of bedrock. According to CGS, the 

project site is located within a zone of liquefaction potential. Data obtained from the surrounding 

area shows a good amount of variation in groundwater depths with groundwater depths at the site 

ranging from 10 to 30 feet below existing grade. Also, there is no historic high groundwater table 

provided by the CGS Seismic Hazard Report for the area. Available boring data from the Gavin 

Canyon UC (Widen) project show that soil conditions within the upper 30 feet consist of stiff to 

hard clayey soils and dense to very dense granular soils. As a result, the risk associated with 

liquefaction should be considered low. 

Landsliding/Slope Stability. The proposed bridge site has natural slopes on either side of the I-5 

freeway corridor at the site. These slopes are composed of sedimentary bedrock consisting of 

claystone and siltstone from the Pico formation. According to CGS (1998), the slope areas both 

north and south of the Old Road crossing at I-5 are located within zones of seismically induced 

landslide potential. Also, no known or mapped landslides are documented at the proposed viaduct 

alternative site (CGS, 1997). Regional geologic mapping in the area indicated a potential for 

adverse bedding along the southern slopes with favorable bedding along the northern slopes. 

Additionally, landslides have been documented along the I-5 corridor, particularly in relation to 

the Northridge earthquake. As a result, the risk of landsliding in the event of an earthquake at the 

proposed bridge site should be considered moderate to high. 
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Expansive Soils. Expansive soils swell or heave with increases in moisture content and shrink with 

decreases in moisture content. Montmorillonitic clays are most susceptible to expansion due to 

their layered crystalline structure. The bridge site area is made up of alluvium and sedimentary 

bedrock that both consist of fine-grained clays and claystone from the Pico Formation. Based on 

the available boring and laboratory testing, the soils are all generally low plasticity. Potential for 

expansive soils should be considered low to moderate, though expansive soils will need to be 

assessed as part of the additional site-specific sampling and testing of site soils during the field 

investigation. 

Subsidence/Settlement. Due to the proximity to the Northridge and Sierra Madre fault zones and 

the potential for shallow groundwater conditions and existing soil/rock conditions, the risk of 

seismically induced settlement should be considered low to moderate. It should also be noted that 

the depth to bedrock may vary significantly along the proposed viaduct structure, thus creating 

some potential for differential settlement conditions.   

Ground subsidence, the gradual settling or sinking of the ground surface with little or no horizontal 

movement. According to USGS, the site is not located within an area of known land subsidence. 

Additionally, the area is not known to have a site history of groundwater pumping, peat loss or oil 

extraction. The risk associated with land subsidence should be considered low.   

Fault Rupture. The site is located approximately 0.3 miles from the inferred buried trace of the 

Northridge blind thrust fault zone and just over 2 miles from the nearest mapped trace of the Sierra 

Madre fault zone. Due to the fact that the proposed bridge site is located outside the Alquist Priolo 

fault zone, the risk of fault rupture should be considered low. 

Corrosivity. Caltrans defines soils as corrosive when the sulfate concentration if greater than 1,500 

parts per million (ppm) and the chloride concentration is greater than 500 ppm, or the pH is less 

than 5.5. Based on recent data from the Gavin UC Bridge, soil conditions at the proposed 

alternative site should be considered corrosive due to high sulfate concentrations. The potential for 

corrosive soils should be considered high. 

Rippability. As mentioned previously, the proposed bridge is underlain by both alluvium and 

bedrock, according existing subsurface data. The rock generally consists of poorly indurated and 

highly weathered sedimentary units of claystone, siltstone and sandstone. Based on available rock 

testing data, the unconfined compressive strength of the rock is generally less than 700 psi. The 

risk associated with rippability should be considered low. 

Preliminary Foundation Recommendation. Since available boring data from the Gavin Canyon UC 

(Widen) project show that soil conditions within the upper 30 feet consist of stiff to hard clayey 

soils, deep foundations are recommended at this location.  



Geotechnical/Geologic Hazard Assessment for Wildlife Crossing Alternatives 
 Newhall Pass I-5 Wildlife Crossing Design Project 

 Page 4 

 

 

 

2. Weldon North (I-5 Overpass North of Weldon Bridge) 

Earthquake Shaking. The proposed project site is located between the Northridge blind thrust fault 

zone (~0.6 miles) and the Siera Madre fault zone (~0.8 miles). In the event of a large earthquake 

on either fault, moderate to strong ground shaking should be anticipated. The Northridge blind 

thrust fault zone is anticipated to be capable of producing a M6.8 earthquake, while the Sierra 

Madre fault zone is anticipated to be able to produce a M6.6 to M 6.8 earthquake. Preliminary 

PGA at this location is 0.88g. 

Other nearby faults:  

- San Gabriel Fault zone – A major fault zone located approximately 3.5 miles north of the 

project site. The San Gabriel fault is expected to be able to produce up to a M7.2 fault.  

- Simi-Santa Rosa fault zone – 6.1 miles southwest of the bridge site 

- Mission Hills fault zone – The Mission Hills fault is a smaller fault that is approximately 2.5 

miles south of the project site and it is capable of producing a M6.0 fault.  

- Oak Ridge – The Oak Ridge fault is the north western extension of the Sierra Madre fault. This 

fault is capable of producing a M7.4 earthquake.  

- Holser Alt 1 fault – This fault is a splay or extension of the San Gabriel fault and is capable of 

producing a magnitude 6.7 earthquake.  

- Verdugo-Eagle Rock – This fault is located approximately 8.0 miles south of the site and is 

capable of generating a M6.8 earthquake  

Fault Rupture. The proposed bridge site is located outside any Alquist Priolo fault zone with the 

nearest active fault being the Northridge blind thrust fault zone and the Sierra Madre fault zone. 

The risk associated with fault rupture should be considered low. 

Liquefaction. The proposed bridge location crosses an existing alluvial canyon where groundwater 

is higher than in the surrounding areas composed of bedrock. According to CGS (1998), the project 

site is not located within a zone of liquefaction potential. Data obtained from existing reports in 

the area do not show groundwater within the upper 50 feet and there is no historic high 

groundwater table provided by the CGS Seismic Hazard Report for the area. Available boring data 

from the Weldon Canyon Road OC project indicated very shallow bedrock conditions with very 

dense sands and gravels above the rock. The proposed bridge site is west of the Weldon Canyon 

Road site where deeper alluvial deposits should be anticipated. Given the lack of groundwater and 

competent nature of the existing alluvial soils, the risk associated with liquefaction should be 

considered low. 

Landsliding/Slope Stability. The proposed bridge site has natural slopes on either side of the I-5 

freeway corridor at the site. These slopes are composed of sedimentary bedrock consisting of 

claystone and siltstone from the Pico formation. According to CGS (1998), the slope areas both 

north and south of I-5 are located within zones of seismically induced landslide potential. An 

existing landslide is mapped along a slope area north of the bridge site based on the CGS (1997) 

landslide inventory. Regional geologic mapping in the area indicated a potential for adverse 

bedding along the southern slopes with favorable bedding along the northern slopes. Additionally, 

landslides have been documented along the I-5 corridor, particularly in relation to the Northridge 
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earthquake. As a result, the risk of landsliding in the event of an earthquake at the proposed bridge 

site should be considered moderate to high. 

Expansive Soils. Expansive soils swell or heave with increases in moisture content and shrink with 

decreases in moisture content. Montmorillonitic clays are most susceptible to expansion due to 

their layered crystalline structure. The anticipated subsurface conditions at the site includes 

granular alluvial soils and sandstone and conglomerate bedrock from the Pico formation. The 

potential for expansive soils should be considered low, though expansive soils will need to be 

assessed as part of the additional site-specific sampling and testing of site soils during the field 

investigation. 

Subsidence/Settlement. Due to the proximity to the Northridge and Sierra Madre fault zones and 

the potential for shallow groundwater conditions and anticipated soil/rock conditions, the risk of 

seismically induced settlement should be considered low to moderate. It should also be noted that 

the depth to bedrock may vary significantly with shallow rock at the abutments and more alluvium 

along the middle portion of the I-5 freeway, thus creating some potential for differential settlement 

conditions.   

Ground subsidence, the gradual settling or sinking of the ground surface with little or no horizontal 

movement. According to USGS, the site is not located within an area of known land subsidence. 

Additionally, the area is not known to have a site history of groundwater pumping, peat loss or oil 

extraction. The risk associated with land subsidence should be considered low.   

Fault Rupture. The site is located approximately 0.6 miles from the inferred buried trace of the 

Northridge blind thrust fault zone and just over 0.8 miles from the nearest mapped trace of the 

Sierra Madre fault zone. Due to the fact that the proposed bridge site is located outside the Alquist 

Priolo fault zone, the risk of fault rupture should be considered low. 

Corrosivity. Caltrans defines soils as corrosive when the sulfate concentration if greater than 1,500 

parts per million (ppm) and the chloride concentration is greater than 500 ppm, or the pH is less 

than 5.5. Data from the Weldon Canyon Road bridge east of the site area found the soils to be non-

corrosive. The risk associated with corrosive soils should be considered low to moderate, a site-

specific investigation will need to be done to verify whether the onsite soils are corrosive or not.   

Rippability. As mentioned previously, the proposed bridge is underlain by both alluvium and 

bedrock, according existing subsurface data. The rock generally consists of poorly indurated and 

highly weathered sedimentary units of claystone, siltstone and sandstone. Based on available rock 

testing data, the unconfined compressive strength of the rock is generally less than 200 psi. The 

risk associated with rippability should be considered low. 

Preliminary Foundation Recommendation. Since shallow bedrock is anticipated at the site, shallow 

foundation is feasible at this location. 
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3. Sierra Over Under (SR-14 Underpass & Overpass) 

Earthquake Shaking. The proposed Sierra Highway OC/UC alternative site is located proximal to 

the Northridge blind thrust fault zone (~0.5 miles or less), as well as the Sierra Madre fault zone 

(~0.5 miles or less).  Moderate to strong ground shaking should be anticipated in the event of a 

large earthquake along the both the Northridge blind thrust and Sierra Madre fault zones. The 

Northridge fault is anticipated to be capable of producing a M6.8 earthquake. The Sierra Madre 

fault is anticipated to be capable of producing a M6.6 to M6.8 earthquake. Preliminary PGA at this 

location is 0.89g. 

Other nearby faults:  

- San Gabriel Fault zone – A major fault zone located approximately 3.3 miles north of the 

project site. The San Gabriel fault is expected to be able to produce up to a M7.2 fault.  

- Simi-Santa Rosa fault zone – 7.3 miles southwest of the bridge site 

- Mission Hills fault zone – The Mission Hills fault is a smaller fault that is approximately 2.7 

miles south of the project site and it is capable of producing a M6.0 fault.  

- Oak Ridge – The Oak Ridge fault is the north western extension of the Sierra Madre fault. This 

fault is capable of producing a M7.4 earthquake.  

- Holser Alt 1 fault – This fault is a splay or extension of the San Gabriel fault and is capable of 

producing a magnitude 6.7 earthquake.  

- Verdugo-Eagle Rock – This fault is located approximately 8.0 miles south of the site and is 

capable of generating a M6.8 earthquake.  

Liquefaction. The proposed site is located along Sierra Highway which cuts across alluvial 

channels and slope cut ridges where groundwater is higher than in the surrounding areas composed 

of bedrock. Data obtained from the as-built reports prepared by Caltrans show groundwater at 

approximately 20 feet below the ground surface with existing shallow subsurface conditions 

consisting of medium dense to dense granular alluvial soils. According to CGS (1998), most of 

the site area along Sierra Highway is mapped within a liquefaction potential zone.  The available 

as-built data indicates liquefaction was expected within medium dense soils at the Sierra Highway 

Bridge along SR-14. As a result, the risk associated with liquefaction along the Sierra Highway 

alternative location area is considered moderate to high.  

Landsliding/Slope Stability. The proposed potential bridge sites have natural bedrock slopes on 

either side of Sierra Highway. These slopes are composed of sedimentary bedrock of either the 

Pico or Saugus Formations. Maps of the area show that the majority of the slopes surrounding the 

project site along Sierra Highway are steep and are subject to landsliding. According to CGS 

(1998), most of the slope areas along Sierra Highway are within areas of seismically induced 

landslide potential. Regional geologic mapping in the area shows adverse bedding in the 

northeastern slopes on site with favorable bedding on the southwest slopes at the site. Also no 

known or mapped landslides are documented at the proposed bridge alternative sites. Additionally, 

landslides have been documented along the I-5 corridor, particularly in relation to the Northridge 

earthquake. As a result, the risk of landsliding in the event of an earthquake at the proposed bridge 

site should be considered moderate to high. 
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Expansive Soils. Expansive soils swell or heave with increases in moisture content and shrink with 

decreases in moisture content. Montmorillonitic clays are most susceptible to expansion due to 

their layered crystalline structure. Based on available data, the anticipated subsurface conditions 

at the site consist of granular alluvial soils and sandstone, siltstone and claystone bedrock from the 

Pico and Saugus formations. The bedrock is mostly coarse-grained bedrock of the Pico or Saugus 

Formations, which is not expected to be very expansive. The alluvium onsite will be derived from 

the surrounding bedrock, and therefore is not likely to be expansive either. Previous work in the 

area showed the potential for expansive soils should be considered low. Expansive soils will need 

to be assessed as part of the additional site-specific sampling and testing of site soils during the 

field investigation. 

Subsidence/Settlement. Due to the proximity to the Northridge and Sierra Madre fault zones and 

the potential for shallow groundwater conditions and anticipated existing soil/rock conditions, the 

risk of seismically induced settlement should be considered moderate to high. It should also be 

noted that the depth to bedrock and existing soil conditions may vary significantly along the Sierra 

Highway creating for a potential for differential settlement conditions depending on where the 

exact location of the bridge crossing is located. 

Ground subsidence, the gradual settling or sinking of the ground surface with little or no horizontal 

movement. According to USGS, the site is not located within an area of known land subsidence. 

Additionally, the area is not known to have a site history of groundwater pumping, peat loss or oil 

extraction. The risk associated with land subsidence should be considered low.   

Fault Rupture. The site is located approximately 0.5 miles from the Northridge Blind Thrust and 

Sierra Madre fault zone. The proposed bridge site is located adjacent (approximately 0.25 miles 

west of) an Alquist Priolo fault zone. Depending on where the crossing location is located along 

Sierra Highway, the potential for fault rupture should be considered moderate to high as portions 

of Sierra Highway at the site align with the mapped active traces of the Sierra Madre fault zone 

just west of the site.  

Corrosivity. Caltrans defines soils as corrosive when the sulfate concentration if greater than 1,500 

parts per million (ppm) and the chloride concentration is greater than 500 ppm, or the pH is less 

than 5.5. Based on data from nearby as-built report for Sierra Highway UC, soil conditions at the 

proposed alternative site should be considered corrosive due to high sulfate concentrations. The 

potential for corrosive soils should be considered high. 

Rippability. As mentioned previously, the proposed bridge is underlain by both alluvium and 

sedimentary bedrock according to regional geologic maps. The rock generally consists of poorly 

indurated and highly weathered sedimentary units of claystone, siltstone and sandstone. Based on 

available information at the site, the risk associated with rippability should be considered low. 

Preliminary Foundation Recommendation. Since, liquefaction potential is considered moderate to 

high, deep foundations are recommended at this location. 
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4. Beale’s Cut North/South (SR-14 Overpass) 

Earthquake Shaking. The proposed Beale’s Cut South OC alternative site is located proximal to 

the Northridge blind thrust fault zone (~0.4 miles or less), as well as the Sierra Madre fault zone 

(~300 feet).  Moderate to strong ground shaking should be anticipated in the event of a large 

earthquake along the both the Northridge blind thrust and Sierra Madre fault zones. The Northridge 

fault is anticipated to be capable of producing a M6.8 earthquake. The Sierra Madre fault is 

anticipated to be capable of producing a M6.6 to M6.8 earthquake. Preliminary PGA at this 

location is 0.89g. 

Other nearby faults:  

- San Gabriel Fault zone – A major fault zone located approximately 3.5 miles north of the 

project site. The San Gabriel fault is expected to be able to produce up to a M7.2 fault.  

- Simi-Santa Rosa fault zone - 7.5 miles southwest of the bridge site 

- Mission Hills fault zone – The Mission Hills fault is a smaller fault that is approximately 2.5 

miles south of the project site and it is capable of producing a M6.0 fault.  

- Oak Ridge – The Oak Ridge fault is the north western extension of the Sierra Madre fault. This 

fault is capable of producing a M7.4 earthquake.  

- Holser Alt 1 fault – This fault is a splay or extension of the San Gabriel fault and is capable of 

producing a magnitude 6.7 earthquake.  

- Verdugo-Eagle Rock – This fault is located approximately 8.0 miles south of the site and is 

capable of generating a M6.8 earthquake  

Liquefaction. The proposed bridge is located along SR-14 which cuts through the low-lying 

foothills of the San Gabriel Mountains. The area is almost entirely underlain by sedimentary 

bedrock of the Towsley and Saugus formations. According to CGS (1998), the site is not mapped 

within a liquefaction potential zone. There is no existing geotechnical data at this site, but based 

on the available regional maps and data, the risk associated with liquefaction along the at this site 

should be considered low with the site mainly composed of local sedimentary rock.  

Landsliding/Slope Stability. The proposed bridge site has natural bedrock slopes on either side of 

SR-14. These slopes are composed of sedimentary bedrock of either the Towsley or Saugus 

formations. According to CGS (1998), most of the slope areas on either side of SR-14 at the bridge 

site are within areas of seismically induced landslide potential. Regional geologic mapping in the 

area shows adverse bedding along the eastern slopes with favorable bedding along the west slopes 

at the site. Also, no known or mapped landslides are documented at the proposed bridge alternative 

site (CGS, 1997). Additionally, landslides have been documented along the I-5 corridor, 

particularly in relation to the Northridge earthquake. As a result, the risk of landsliding in the event 

of an earthquake at the proposed bridge site should be considered moderate to high. 
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Expansive Soils. Expansive soils swell or heave with increases in moisture content and shrink with 

decreases in moisture content. Montmorillonitic clays are most susceptible to expansion due to 

their layered crystalline structure. The bridge site area is made up of sedimentary bedrock that both 

consists of sandstone and conglomerate with some interbedded siltstone/claystone. Potential for 

expansive soils should be considered low, though expansive soils will need to be assessed as part 

of the additional site-specific sampling and testing of site soils during the field investigation. 

Subsidence/Settlement. Since the bridge site is almost entirely on bedrock and the only soil at the 

site should be engineered fill associated with the SR-14 freeway. The risk associated with seismic 

settlement should be considered low.  

Ground subsidence, the gradual settling or sinking of the ground surface with little or no horizontal 

movement. According to USGS, the site is not located within an area of known land subsidence. 

Additionally, the area is not known to have a site history of groundwater pumping, peat loss or oil 

extraction. The risk associated with land subsidence should be considered low.   

Fault Rupture. The site is located approximately 300 feet southwest of a mapped active trace of 

the Sierra Madre fault zone, it is also 0.5 miles south of the inferred buried trace of the Northridge 

blind thrust fault zone. The proposed bridge site is located within an existing Alquist Priolo fault 

zone. Due to this fact the risk of fault rupture should be considered moderate to high. Proceeding 

with this alternative will require a fault investigation. 

Corrosivity. Caltrans defines soils as corrosive when the sulfate concentration if greater than 1,500 

parts per million (ppm) and the chloride concentration is greater than 500 ppm, or the pH is less 

than 5.5. Based on data from nearby as-built report for Sierra Highway UC which is located 

approximately 0.2 miles south of the undercrossing site, the potential for corrosive soils should be 

considered moderate to high. 

Rippability. As mentioned previously, the proposed bridge is underlain sandstone and 

conglomerate with interbeds of siltstone/claystone bedrock according to regional geologic maps. 

The rock is likely highly weathered due to localized folding and faulting. Only the conglomerate 

units may pose a risk for rippability. As a result, the risk associated with rippability should be 

considered moderate to low. 

Preliminary Foundation Recommendation. Since shallow bedrock is anticipated at the site, shallow 

foundation is feasible at this location.  
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5. Los Pinetos UC (Underpass Enhancements) 

Earthquake Shaking. The proposed project site is located proximal to the Northridge Blind Thrust 

fault zone (~0.25 miles or less) and moderate to strong ground shaking should be anticipated in 

the event of a large earthquake along the Northridge blind hrust fault zone. The Northridge fault 

is anticipated to be capable of producing a M6.8earthquake. The site is also located just 1.3 miles 

north of the Sierra Madre fault zone which is capable of producing moderate to severe ground 

shaking during an earthquake event. The Sierra Madre fault zone is anticipated to be capable of 

producing a M6.6 to 6.8 earthquake. Preliminary PGA at this location is 0.87g. 

Other nearby faults:  

- San Gabriel Fault zone – A major fault zone located approximately 3.5 miles north of the 

project site. The San Gabriel fault is expected to be able to produce up to a M7.2 fault.  

- Simi-Santa Rosa fault zone- 7.5 miles southwest of the bridge site 

- Mission Hills fault zone – The Mission Hills fault is a smaller fault that is approximately 2.5 

miles south of the project site and it is capable of producing a M6.0 fault.  

- Oak Ridge – The Oak Ridge fault is the north western extension of the Sierra Madre fault. This 

fault is capable of producing a M7.4 earthquake.  

- Holser Alt 1 fault – This fault is a splay or extension of the San Gabriel fault and is capable of 

producing a magnitude 6.7 earthquake.  

- Verdugo-Eagle Rock – This fault is located approximately 8.0 miles south of the site and is 

capable of generating a M6.8 earthquake  

Liquefaction. The proposed undercrossing site is located in an alluvial channel where groundwater 

is likely higher than in the surrounding areas composed of bedrock. According to CGS (1998), 

portions of the site are mapped within a liquefaction potential zone. As-built data indicates 

approximately 30 feet of granular alluvial soils overlying sandstone and conglomerate sedimentary 

bedrock from the Saugus formation. The risk of liquefaction at the site should be considered 

moderate to low. 

Landsliding/Slope Stability. The proposed bridge site has a few natural slopes on the edges of the 

site. These slopes are composed of sedimentary bedrock of the Saugus Formation. The slope on 

the eastern edge of the site appears to be an engineered cut slope. Regional geologic mapping in 

the area shows slightly adverse bedding conditions along the south side of the undercrossing with 

favorable bedding conditions along the north side of the undercrossing. According to CGS (1998), 

portions of the crossing site are within areas of seismically induced landslide potential. 

Additionally, landslides have been documented along the I-5 corridor, particularly in relation to 

the Northridge earthquake. The risk of landsliding in the event of an earthquake at the proposed 

site should be considered low to moderate. 
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Expansive Soils. Expansive soils swell or heave with increases in moisture content and shrink with 

decreases in moisture content. Montmorillonitic clays are most susceptible to expansion due to 

their layered crystalline structure. The project area is made up of alluvium and bedrock. The 

bedrock is mostly coarse-grained bedrock of the Saugus Formation, which is not expected to be 

very expansive. The alluvium onsite will be derived from the surrounding bedrock, which is mostly 

Saugus formation, and therefore is not likely to be expansive. The potential for expansive soils 

should be considered low. Expansive soils will need to be assessed as part of the additional site-

specific sampling and testing of site soils during the field investigation. 

Subsidence/Settlement. Based on available information, the alluvial soils at the site are considered 

to be dense granular soils. Due to the proximity to the Northridge and Sierra Madre fault zones 

and the potential for shallow groundwater conditions and anticipated existing soil/rock conditions, 

the risk of seismically induced settlement should be considered low. It should also be noted that 

the depth to bedrock and existing soil conditions may vary at the undercrossing site creating for a 

potential for differential settlement conditions.  

Ground subsidence, the gradual settling or sinking of the ground surface with little or no horizontal 

movement. According to USGS, the site is not located within an area of known land subsidence. 

Additionally, the area is not known to have a site history of groundwater pumping, peat loss or oil 

extraction. The risk associated with land subsidence should be considered low.   

Fault Rupture. The site is located approximately 0.25 miles from the Northridge blind thrust fault 

zone and 1.3 miles from the nearest mapped trace of the Sierra Madre fault zone. Due to the fact 

that the proposed bridge site is located outside the Alquist Priolo fault zone, the risk of fault rupture 

should be considered low. 

Corrosivity: Caltrans defines soils as corrosive when the sulfate concentration if greater than 1,500 

parts per million (ppm) and the chloride concentration is greater than 500 ppm, or the pH is less 

than 5.5. No data is available for corrosivity, additional testing will be needed to determine site 

specific corrosivity conditions.   

Rippability. As mentioned previously, the proposed bridge is underlain sandstone and 

conglomerate bedrock according to regional geologic maps. The rock is likely highly weathered 

due to localized folding and faulting. Only the conglomerate units may pose a risk for rippability. 

As a result, the risk associated with rippability should be considered moderate to low. 

Preliminary Wall Type. Ground Anchor Wall is feasible at the site if existing underpass will need 

to be widened. 
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