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Abstract

A strong winter storm moved across slopes above Montecito recently burned by the December 2017-January 2018 Thomas Fire,
producing disastrous debris flows and flash flooding that killed 23 people, injured many others, and damaged or destroyed
residential buildings and community infrastructure. Prior to the event, the National Weather Service issued a flash flood watch,
forecasting periods of intense precipitation that had the potential to produce debris flows below recently burned slopes. The
Geotechnical Extreme Event Reconnaissance (GEER) Association formed a team to document some of the effects of the Montecito
disaster within San Ysidro creek and on bridges along State Route 192, which included geologists, engineers, and a graduate student
with a background in public health. The Santa Ynez Mountains are comprised of steeply dipping Tertiary sedimentary rocks that
include thick-bedded durable sandstone, with interbeds of shale, claystone, and silty sandstone, which weather to bouldery and
cobbly clayey and silty sand sediments. The drainage basins have large upper subbasins separated from the coastal plain where
Montecito is located by narrow steep-sided canyons. Alluvial fan deposits on the coastal plain contain boulders of local historic
debris flow deposits. The debris flows overwhelmed debris-catch basins at the mouths of canyons and the shallow channels where
homes and community infrastructure had been built. The debris flows damaged or destroyed the bridges observed for this study.
Stream channels were blocked by accumulated boulder and woody debris in a number of locations during the debris flow event,
which diverted flows away from the channels and onto adjacent land with residential and commercial developments. Above-grade
stream crossings of some utility pipelines, including water supply, were on the upstream sides of the larger bridges, in part because
of difficult and expensive excavation into bouldery alluvial-fan deposits. The flows also ruptured a natural gas pipeline and the
leaking gas ignited, causing fire damage during the flood event. Damage in Montecito occurred to property adjacent to the five
major stream channels, but life in all parts of the community, and to the region, was severely disrupted, highlighting the need for
consideration of potential impacts from rare and extreme geologic processes in land-use decisions and infrastructure design.
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1. Introduction

The Thomas Fire burned approximately 113,000 hectares between December 4, 2017 and January 20, 2018, making
it, at the time, the largest fire in California’s history (InciWeb, 2018). Los Padres National Forest mobilized a Burn
Area Emergency Response (BAER) team within the first week of the fire to assess soil burn severity and subsequently
partnered with the California Watershed Emergency Response Team (WERT; covers land outside the national forest)
to develop debris flow and flooding hazard maps to be issued to counties and other agencies (USDA-Forest Service,
2018 and WERT, 2018).

* Corresponding author e-mail address: jeff-keaton@woodplc.com
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A storm system moving east during the evening of January 8, 2018 and early morning hours of January 9, 2018
produced short periods of rainfall intensities on the order of 7.6-15.2 centimeters per hour over the freshly burned
slopes, triggering debris flows in several drainages that resulted in 23 fatalities and widespread destruction to homes,
businesses, and infrastructure in Montecito, California. Boulders exceeding six meters in diameter and woody debris
including mature trees were transported by the debris flows.

Montecito is an unincorporated community in Santa Barbara County located between the Pacific Ocean to the south
and the Santa Ynez Mountains to the north, a distance of approximately 3.2 kilometers. This narrow strip of land on
which the community is built is itself an accumulation of debris flow deposits and other alluvial and colluvial sediments
derived from the mountains to the north (Dibblee and Ehrenspeck, 1986). US Highway 101 runs parallel to the
coastline in an approximately east-west direction, and State Route (SR) 192 runs east-west about 2.4 kilometers inland
(north) (Fig. 1). At the time of the debris flows, a mandatory evacuation order had been issued for areas of Montecito
north of SR 192, and a voluntary evacuation order had been issued for the remainder of Montecito south of SR 192.
These evacuation orders extended west towards Santa Barbara and east to the City of Carpinteria. The evacuation
orders were issued because the forecasted rainfall intensities of 12.7 to 38.1 mm/h exceeded the predicted debris flow
triggering threshold of 28 mm/h (1.1 in./h) (USDA-Forest Service, 2018).

Significant and destructive debris flows occurred in the Montecito Creek, San Ysidro Creek, Buena Vista Creek,
and Romero Creek drainages (Fig. 1). Additional debris flows and flooding occurred to the east, affecting the
Carpinteria; however, damage was minimal compared to Montecito. In response to the event, GEER initiated a formal
response effort including field reconnaissance and interpretation of remote sensing data. The primary reconnaissance
effort consisted of two days of field observations on January 29-30, 2018 by a six-person team that focused primarily
on the San Ysidro Creek drainage. This was preceded by observations of damaged bridges on SR 192 on January 18,
2018 by B. Turner and by additional geologic observations in the affected drainages by P. Alessio. In addition to field
observations, team members collected burn intensity data on the Thomas Fire and precipitation data from the January
8-9, 2018 storm, and analyzed remote sensing data to assess burn extent and sediment erosion and accumulation.
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Fig. 1. Location map of Montecito area drainages impacted by debris flows on January 9, 2018, shown on hillshade with extent of debris flows,
as mapped by CalFire, outlined in blue (left). Hillshade image with Thomas Fire perimeter and San Ysidro Creek drainage basin (right).

2. Background

GEER is comprised of volunteer members of the engineering, engineering geology, and earth science community
and includes members from both the public and private sectors. Based on recommendations from the GEER Steering
Committee, a GEER Team will respond to geotechnical extreme events to conduct reconnaissance and document
observations. The ultimate purpose for a GEER team is to prepare a report documenting their observations, which can
be used by others to advance research and improve engineering practice (http://www.geerassociation.org/about-geer).
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3. Montecito GEER Team

The Montecito GEER team was comprised of a combination of geologists, engineers, and graduate students. The
Montecito team featured two co-leaders: Dr. Jeff Keaton of Wood was a member of the GEER steering committee and
organized the team and investigated the rain fall intensity associated with the storms that lead to the debris flows. The
second co-lead was Dr. Ben Turner of Dan Brown and Associates, PC., who lead the field reconnaissance team and
the drafting of the reconnaissance report. The remainder of the team was composed of Paul Alessio, Ph.D. candidate
in earth science at U.C. Santa Barbara, Richard Ortiz, CEG, Senior Engineering Geologist at Lettis Consultants
International, Inc, John Duffy, Engineering Geologist at Yeh and Associates, Inc., Grace Parker and Taylor Watts,
graduate students at U.C. Los Angeles, Danielle Smilovsky, Remote Sensing Scientist at Wood, and Dr. Joseph
Gartner, geologist at BCG Engineers. The field team was composed of a subset of the Montecito GEER team and
included Dr. Turner (GEER Team co-lead), Mr. Alessio, Mr. Ortiz, Mr. Duffy, Ms. Parker and Ms. Watts.

4. Observations

Twenty days after the Montecito debris flows, the Montecito GEER team mobilized and made observations over
the course of two days of reconnaissance on January 29-30, 2018. The observations made by the team were focused
on the impacts the debris flows had on existing infrastructure, such as debris-catch basin, roads, and bridges. At the
time of the GEER reconnaissance, recovery and rebuilding activities were already underway, including the removal
of much of the debris from the entire length of the San Ysidro creek channels and debris-catch basins. Observations
by the GEER team were limited to the San Ysidro Creek drainage and condition of bridges along SR 192.

4.1. Debris-Catch Basins

Large amounts of sediment, woody debris, and large boulders were observed within and upstream of the debris-
catch basin located at the base of the range front approximately 360 meters upstream of E. Mountain Drive (Fig. 2).
Heavy equipment had removed the majority of boulders and sediment from the basin at the time of observation, but
material was still present and stockpiled along the margins of the basin (Fig. 3a and 3b). The culvert for the basin was
reinforced concrete pipe and was damaged and undermined on the downstream end of the culvert (Fig. 4a and 4b).
This basin became filled with debris and spilled over the top and along the margins of San Ysidro Creek during the
debris-flow event (Fig. 2).

Fig. 2. Google Earth images of the San Ysidro debris-catch basin at the mouth of the range front approximately 360 meters upstream of East
Mountain Drive. Image date April 14, 2017 (left); January 12, 2018 (right). © Google Earth (both images).

4.2. Roads and Bridges

Impacts to roadway infrastructure due to direct inundation of debris were significant, and resulting highway closures
affected the entire southern California region for weeks. Road closures were primarily due to debris deposits on the
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roadway surface that made passage impossible; closures due to damage to roadway surfaces and structures such as
bridges constituted a significantly smaller portion of the impact. US Highway 101, the main north-south thorough fare
along the Pacific Coast, was closed for 13 days (January 9-21, 2018.) while; approximately 76,000 cubic meters of
material up to 3.6 meters thick was removed by Caltrans crews working 24/7 (Ferreira and Holden, 2018). At the time
of the GEER reconnaissance, many primary and secondary roads in the impacted areas had been cleared of enough
debris to allow access into individual properties and across major stream crossings at safe locations (Fig. 5).
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Fig. 3. (a) View downstream showing remaining sediment, boulders, and woody debris within San Ysidro creek debris basin during clean out
operations. (b) Cross stream view of debris basin outlet and stock pile of boulders removed from San Ysidro creek debris basis during clean out
operations.

Fig. 4. (a) Upstream view of San Ysidro creek debris-catch basin culvert, showing damage sustained during the January 9, 2018 debris flow
event. (b) Detail view of damage to culvert.

Dr. B. Turner performed a reconnaissance-level inspection of the State Route (SR) 192 bridges through Montecito
on January 18, 2018. He traversed SR 192 from west to east and observed bridges at Montecito Creek, San Ysidro
Creek, and Romero Creek. Each of these bridges are single-span, simply supported concrete girder structures with
rectangular channel openings on the order of 4.5 to 7.5 meters wide and 3 to 4.5 meters tall (Fig. 6). The Romero
Creek Bridge is an exception; the channel opening is arch shaped. It is not clear if the Romero Creek Bridge structure
is a true arch or is actually a simply-supported span with an architectural arch finish for aesthetic purposes (Fig. 7).
Anecdotal reports from Caltrans employees indicate these bridges were constructed in the first half of 20" century.

Initial inspection of the bridges following the event revealed that the upstream openings of the bridges were clogged
with woody debris, typically up to the deck level. It is notable that each of these bridges was likely the first significant
channel constriction encountered by the respective debris flows and a significant amount of woody debris had
accumulated on the leading edge as the debris flow travelled through the burned source area towards SR 192. Sediment
deposits consisting of a primarily sand-sized soil matrix with cobbles and boulders up to approximately 4.5 meters in
diameter then accumulated upstream, on top of, and laterally relative to this woody debris jam.
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Fig. 5. View north of E. Valley Lane, approximately 150 meters south of State Route 192, showing the condition of cleared secondary roads at
the time of the GEER reconnaissance.

Fig. 6. Montecito Creek Bridge at SR 192, January 18, 2018. Note lack of scour behind/below abutment wingwalls. Significant amounts of debris
had been removed from the channel at the time of this photo.

o

Fig. 7. Looking downstream at Romero Creek Bridge, SR 192. Photo January 18, 2018.

While guardrail on the upstream and downstream edges of the bridge decks were completely destroyed, the overall
level of damage to the bridges along SR 192 was remarkably low in light of the degree of damage to surrounding
residential structures. The most significant damage occurred to the girders on the upstream edges of the bridges and
consisted of cracked/spalled concrete, exposed steel reinforcement and residual flexural deformation (Fig. 8). Scour
behind the upstream abutment wingwalls was notably absent which may also have been due to the woody debris jam
acting as a buffer against sediment and flood water with otherwise significant scour potential.

The East Mountain Road bridge crossing San Ysidro Creek was completely destroyed during the event (Fig. 9),
although the circumstances of the destruction are uncertain because an explosion occurred when a natural gas pipeline
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that also crossed the creek at the bridge location exploded. It is unclear whether or not this explosion occurred during
or after the debris flow, and therefore uncertain whether the bridge succumbed to loads imposed by the debris flow,
forces of the explosion, or a combination thereof.

Fig. 8. Damaged girder and utilities, upstream side of Montecito Creek bridge at SR 192. Note exposed girder reinforcement consists of
embedded steel beam section and continuously twisted steel bar; steel beam sections exhibit residual curvature.

Fig. 9. Abutments of former East Mountain Road bridge at San Ysidro Creek, January 30, 2018. Burned vegetation due to fire associated with gas
line explosion.

4.3. Stream Channels

Prior to the debris flow event, San Ysidro creek was heavily vegetated (Fig. 2) and confined within relatively narrow
and entrenched channel, with suburban development along the margins of the channel from the canyon mouth to the
Pacific Ocean (Fig. 1). The action of the debris flow removed the majority of the existing vegetation and scoured the
channels an unknown amount (Fig. 10a and 10b). A significant amount of accumulated debris had been removed from
the San Ysidro Creek channel along its entire length from canyon mouth to the ocean by the time the GEER Montecito
team was able to gain access and complete the reconnaissance. The majority of the remaining debris was still in-place
beyond the channel margins downstream of the locations where the flow became blocked or constricted, such as at
bridge crossings. The debris flow avulsed, overtopped the channel margins, and flowed into the surrounding
neighborhoods built upon floodplain surfaces, where the majority of catastrophic damage occurred (Fig. 11a and 11b).

4.4. Utility Infrastructure

The Montecito debris flows affected all major utilities services within the areas of impact. The water transmission
and distribution system for the Montecito Water District was significantly damaged during the debris flow event,

including multiple breaks of the Highline (Fig. 12) and Jameson Pipeline transmission mains and the destruction of
many fire hydrants.
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Fig. 10. (a) Looking upstream from SR 192 bridge at San Ysidro Creek, pre-event. Google Maps Street View image taken May 2016 (© Google).

(b) Post-event photo taken from same location as Fig. 10a on January 18, 2018. Note a significant amount of debris had already been removed
from stream channel.
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Fig. 11. (a). accumulated debris flow deposit and intact structure on East Valley Lane approximately 360 meters downstream of the point of
debris flow avulsion from San Ysidro Creek channel at SR 192 bridge and 277 meters due west of the San Ysidro Creek channel. Note prominent
mudline, this home was located along the western margin of the debris flow deposit. (b) accumulated debris flow deposit and partially destroyed
structure on East Valley Lane approximately 165 meters downstream of the point of debris flow avulsion from San Ysidro Creek channel at SR
192 bridge and 135 meters due west of San Ysidro Creek channel. This home was located within the direct flow path of the debris flow after the
flow overtopped the San Ysidro Creek channel.
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Fig. 12. Downstream view of temporary repair of the “Highline” water main by Montecito Water District. Sections of the previously buried water
main were exposed due to channel scour during the debris flow event within San Ysidro Creek.
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The primary impact to Southern California Edison infrastructure was the toppling of power poles within the
footprint of the debris flow, which lead to downed power lines and transformers throughout the impacted area. The
GEER Montecito team observed many field technicians from the Southern California Gas Company working to restore
service to the residential distribution network within the footprint of the debris flow. One large diameter gas
transmission line was observed cut and capped within an open excavation adjacent to East Mountain Road
approximately 50 meters west of San Ysidro creek and likely was an intact section of the gas pipeline that ruptured,
exploded, and destroyed the East Mountain Road bridge (Fig. 9).

5. Conclusions

e  The existing debris-catch basins were overwhelmed by the high volume of large woody debris and boulder-size
materials that were transported downstream by the Montecito debris flows.

e Bridges crossing creek channels acted as artificial choke points that clogged with debris and subsequently
blocked flow and lead to stream channel avulsion by the debris flow, which resulted in damage to structures
within the footprint of the debris flow.

e Primary and secondary roads experienced minor damage but acted as flow paths for the debris flow into
neighborhoods adjacent to stream channels downstream of avulsion points.

e Above ground and buried utilities were both damaged or destroyed by the debris flows. Utility lines that were
hung under bridges were consistently damaged or destroyed along the entire flow paths of the debris flow.
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