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Montecito Fire Protection District
595 San Ysidro Road
Santa Barbara, CA 93108

Attn: Chief Kevin Wallace

Subject: Geologic Hazards and Preliminary Geotechnical Evaluation
Proposed MFPD Station 3
East Valley Road (APN 155-070-008)
Montecito, California

Dear Chief Wallace:

INTRODUCTION

Pursuant to our proposal dated October 11, 2010, Campbell·Geo, Inc. is pleased to

present this geologic hazards and preliminary geotechnical evaluation of the proposed site of a

new MFPD station on a portion of the property located at 2500 East Valley Road, near Ortega

Ridge Road in Montecito, Santa Barbara County, California. Please see Plate 1 - Regional

Geology and Project Location Map.

The proposed development is depicted on the conceptual Site Layout (RRM Design

Group), dated August 10, 2010, that has been provided to us. We understand that proposed

development includes a fire station building, support building, and reserve apparatus carports,

along with associated landscape, driveway, and parking area, although no detailed development

plans were available for our review. We anticipate that construction will be at approximately

existing site grades and that the buildings will be relatively light, one- to two-story wood-frame

structures with Portland cement concrete parking and driveway areas.

Under definitions in the most current California Building Code (CBC, 2010), the project

is considered to be an essential services facility, with the same occupancy category as hospitals,

law enforcement facilities, airport control towers, etc. (CBC Table 1604A.5). Engineering

geologic reports are required by CBC Section 1803A.6. Specific hazards, including

seismic/fault-related hazards, are required to be evaluated. Our work was conducted in general
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conformance with state guidelines (CDMGI Note 42 and California Geologic Survey SP 117,

and Notes 48 and 49) and the 2010 California Building Code. A preliminary geotechnical

evaluation was also conducted to provide preliminary recommendations for foundation design

and site grading.

In accordance with the 1972 State of California Alquist-Priolo Act, "no structure for

human occupancy ... shall be permitted to be placed across the trace of an active fault"

(California Code of Regulations). The site was identified to be potentially affected by an

inferred branch of the Arroyo Parida Fault, mapped by the US Geological Survey on the most

recently released regional geologic map (Minor, et al., 2009).

Our work consisted of the tasks outlined in our proposal, which was authorized in

October, 2010.

Those tasks are summarized as follows:

• Review ofaerial photographs
• Review of digital elevation images (DEM)
• Review of relevant geologic data from previous work by this

office and others
• Exploratory boring program for collection ofgeotechnical

data, fault data, bulk soil samples, and undisturbed soil
samples

• Exploratory trenching
• Laboratory testing of soil samples
• Preparation ofa geologic map and cross-section
• Geologic hazard analysis of the building site
• Preparation ofa summary report, including preliminary

grading and foundation recommendations

PREVIOUS WORK

Regional investigations (the County's 1979 Seismic Safety Element), and regional

Geologic Maps (Dibblee, 1986 and Minor et al., 2009) were reviewed during the course of this

1 California Division of Mines and Geology, now known as the California Geologic Survey (CGS).
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evaluation. To further evaluate the location of inferred faults in the vicinity of the project, we

reviewed additional geologic maps (Upson, 1951; Gurrola, 2006; and Jennings, 2010).

SITE CONDITIONS

Existing Land UseNegetation

The site is located on what is currently a lemon grove. A few oak trees are located at

the western and southern boundaries of the proposed fire station site. The latitude/longitude of

the project site is 34.4369°N/119.5944°W, as measured from the US Geological Survey Map

Locator database.

Topography/Drmnage

The proposed building footprint is on flat to gently sloping ground. Based on the

County of Santa Barbara Flood Control Department topographic map (Sheet 19, July 1990), the

site elevation varies from approximately 330 feet to 305 feet above sea level. The surface grade

slopes to the southwest at approximately 7 percent. Runoff of surface water at the site is to the

south and west, by sheet flow to East Valley Road. A drainage ditch that is less than 5 feet

deep is located on the western boundary of the proposed site.

Groundwater

In the exploratory trenches excavated by Campbell·Geo in January and February 2011,

no groundwater was detected. In the borehole B-2, excavated in November 2010, groundwater

was noted at a depth of 53 feet, roughly equivalent to elevation 260 feet, based on the

topographic map elevation at B-2. Groundwater was either at a lower elevation or not found in

other borings.

Variations in groundwater elevations should be anticipated during years with high

rainfall and during/after storm events, but groundwater is not expected to affect the proposed

structure improvements adversely.
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INVESTIGATION

Analysis ofAerial Photographs

We analyzed stereo pair aerial photographs from flights by Pacific Western Aerial

Surveys (CPW-SBI-95/-96 from 1972/73 and PWSB 14-30/-52 from 2003). We also evaluated

a Digital Elevation Model (DEM) image of the area, prepared from elevation data2 enhanced

with varying artificial sun angles. The intent of our aerial photo and DEM evaluation was to

determine (to the extent possible) whether geomorphic features were visible on or near the

building site that were suggestive of faults or landslides.

The aerial photographs and DEM indicate the presence of offsite east-west and

southwest-trending geomorphic features associated with the Arroyo Parida and Fernald Point

Faults, respectively. The features are not distinct lineations and are not evident in the aerial

photographs or DEM on the proposed site. No other relevant geomorphic features were

interpreted to exist from our examination of the DEM images and the listed aerial photos. No

landslides at the project site are evident in the photos.

Subsurface Exploration

To gather samples for geotechnical analysis and to investigate the presence of a fault

related surface rupture hazard, a subsurface investigation was performed by Campbell Geo, Inc.

in November 2010 and JanuarylFebruary 2011 for the currently proposed project location. Six

exploratory soil borings were drilled utilizing hollow-stem auger and rotary wash drill rigs to

depths ranging from 20 to 370 feet. The boring logs are presented in Appendix A. We also

excavated two exploratory trenches. A total of over 380 linear feet of trench was excavated to a

depth of roughly 9 feet. The approximate location of the borings and Trenches 1 and 2 are

shown on Plate 2. The geologic cross-section (Plate 3) attached to this report has been prepared

using the plan and elevations provided on the county flood control topographic map. The

trench logs are presented on Plate 4. The trench locations have been surveyed and plotted on a

2 From the NOAA 200212003 Dataset.
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site map prepared by a surveyor (MNS Engineers) under contract with MFPD. A copy of

MNS's map is included in Appendix A of this report.

The purpose of the deep borings was to evaluate the presence of bedrock offsets

indicative of historic fault movement. The Arroyo Parida and Fernald Point Faults are

structures exhibiting bedrock that has been offset upward on the south and southeast of the

faults, respectively. Despite drilling as deep as 370 feet (approximately to elevation -75 feet

below sea level) into Quaternary-age deposits, no Tertiary-age bedrock was encountered.

Based on bedrock outcrops east of the site, the Tertiary-age Sespe formation is believed to

underlie the site below the Quaternary deposits. The Sespe is a distinctive, redlbrown siltstone,

sandstone, or conglomerate. Fault movements that are known to have occurred within the last

two million years (the Quaternary period) would be expected to be exhibited by vertical offsets

in the older rocks dating to the Tertiary period (i.e., the Sespe formation). Sespe formation

outcrops are found less than 500 feet southeast of the site on the upthrown (south side) of the

Arroyo ParidalFernald Point Faults. The absence of shallow bedrock found in any boring at the

proposed building site suggests that the fault structures are located offsite. Due to the lithologic

similarity between the Quaternary units (intermediate alluvium and the Casitas formation,

described below), any offsets in the contact between those two units were not apparent.

The purpose of the exploratory trenches was to evaluate geologic features indicative of

fault offsets, gouge, or shear zones. The trench features included cobbles and boulders

supported by a matrix of unconsolidated silty sand, sandy silt, and some clay collectively

identified as intermediate/older alluvium (Qia). That unit was found not to be well stratified

throughout the trench. The USGS (Minor et a!., 2009) interprets the Qia unit to have been

deposited in the Upper and Middle Pleistocene epoch, which means it is probably less than one

million years old. No offset in strata and no fracturing, gouging, or other features indicative of

recent near-surface fault rupture were found in the trenches. The exploratory trenches were

loosely backfilled (not compacted) with native material.

Water wells as deep as 600 feet exist to the southwest within 1,200 feet of the site

(Hoover, 1979). These wells are in Storage Unit 1 of the Montecito Groundwater Basin, and
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are interpreted to exist north of the previously mapped trace of the Arroyo Parida Fault.

Drilling for groundwater exploration further to the south and southwest encountered shallow

bedrock south or southeast of the mapped location of the Arroyo Parida and Fernald Point

Faults. Based on CampbeIl·Geo's communications with the US Geological Survey (Dr. Scott

Minor)3, the 2009 mapping of the concealed/queried faults in the project area is based on the

absence of evidence on the ground that the Fernald Point Fault continues to the northeast of its

intersection with the Arroyo Parida Fault. Dr. Minor concludes that the Fernald Point Fault

must either terminate at the Arroyo Parida Fault (with the latter continuing farther west along a

westerly strike, as shown on the 2009 map), or the Arroyo Parida must curve to the southwest

and become the Fernald Point Fault, as shown by other previous investigators (Hoover,

Dibblee, and Gurrola). Based on our site investigation, the Arroyo Parida Fault appears to

curve to the southwest.

Laboratory Testing

Laboratory testing was performed on representative bulk and relatively undisturbed

samples obtained from the borings. The following tests were performed:

• Maximum Dry Density/Optimum Moisture Content (ASTM:
D 1557)

• Moisture/Density Tests (ASTM: D2216)

• Direct Shear (ASTM: D3080)

• Consolidation (ASTM: D2433)

• Atterberg Limits (ASTM: D4318)

• Sieve Analysis (ASTM: D422)

• Corrosivity Testing (Cal. Tests 417, 422, and 643; EPA 9045C)

• R-Value (Cal. Test 307-F)

Results of the laboratory tests are included in Appendix B.

3 October, 2010.
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GEOLOGY

Regional Setting

The south coast of Santa Barbara County is located on the southern flank of the Santa

Ynez Mountains, which make up a portion of the Transverse Range Province of California.

The regional geologic structure consists of mostly south dipping sedimentary rocks uplifted

from the north by tectonic movement along several generally east to west trending fault and

fold structures, and by ongoing regional tectonic compression of the Santa Barbara Channel

area. The uplifted Tertiary and early Quaternary age rocks underlying the project area are

moderately deformed by folding and faulting. The MFPD project site is located on an alluvial

fan formed by the erosion and deposition ofdetritus from Romero Canyon and the south face of

the Santa Ynez Mountains, located approximately one-halfmile north of the site.

Tectonic activity is ongoing, as evidenced by earthquakes in the geologically recent past

(1812, 1925, 1941, and 1978) that resulted in moderate to severe damage in the Santa Barbara

area. A fault location map for the project site and vicinity prepared from a portion of the 2009

map by Minor et ale is presented as Plate 1.

Site Geology: Lithology

The geologic formations encountered in boreholes or exposed on the site are, from

oldest to youngest, the Casitas formation (Qca), older, intermediate alluvial or fanglomerate

deposits (Qia), and Artificial Fill (Qat), as shown on Plate 2 - Geologic Map, Plate 3 - Geologic

Cross-Section, and Plate 4 - Exploratory Trench Log.

Casitas Formation (Oca)

This moderately consolidated deposit of sand, clay, cobbles and boulders does not crop

out in the project area, but was encountered at a depth of roughly 100 feet in the two deep

borings. The Casitas is dated to the upper and middle Pleistocene epoch (Minor et al., 2009).
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Fanglomerate/Intermediate Alluvial Deposits (Oia)

Overlying the Casitas formation, unconsolidated sand, silt, gravel, cobble and boulder

deposits are identified as the fanglomerate or intermediate alluvium. This unit is lithologically

very similar to the underlying Casitas formation. Minor (2009) and Gurrola (2006) indicate an

upper Pleistocene age for the intermediate alluvium, which in the Montecito area is an alluvial

fan deposit exhibiting stream and debris flow deposits with materials transported from the south

face and canyons of the adjacent Santa Ynez mountain range.

Artificial fill (OaO

Recent artificial fill is also present at this site, found as thin deposits in utility trenches.

Additional fill areas may be present. Recommendations for artificial fill are included in the

Conclusions/Recommendations section of this report.

Site Geologic Structure

The Quaternary units are unconsolidated sedimentary materials that exhibit no bedding

planes in outcrops at the project site. The trench exposures exhibit some stratification. The

deep contact between the intermediate alluvium and underlying Casitas formation is probably

not flat, and more likely interstratification between the units is present given the similar

depositional environments. Please see the Geologic Cross-Section (Plate 3) presented in this

report.

POTENTIAL GEOLOGIC HAZARDS

Faults

A geologic fault is a fracture(s) in the crust of the earth along which rocks on one side

have moved relative to rocks on the other side. In an earthquake, rupture surfaces almost

always follow pre-existing faults or fault zones. Inactive geologic faults are structures with no

evidence of movement within the last 1.6 million years. Potentially active geologic faults are
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those that have exhibited movement during the last 1.6 million years. The State of California

(Alquist-Priolo Earthquake Fault Zoning Act, 1972) defines active faults as those where rupture

within the last 11,000 years (the Holocene epoch) can be demonstrated. The 1972 A-P Act

prohibits development over faults that are active and are "well-defined," i.e., that can be traced

at or just below ground surface.

In the immediate area currently proposed for development, no confirmed active faults

have been mapped by the State of California (Jennings, 2010) or other previous investigations

we have reviewed. Investigations that we have reviewed indicate nearby mapped active and

potentially active faults.

A summary of active faults within 50 miles of the site is presented on Table I attached

to this report. The summary has been derived from EQFAULT (Blake, 2005), using the Crouse

and McGuire attenuation factor and the fault parameter database used by the USGS and the

California Geological Survey (CGS) (Cao, et a/., 2003). (Other attenuation factors in

EQFAULT do not give true geometric distances to estimated fault plane surfaces.) The nearest

fault in the USGS/CGS database used for seismic motion analysis in this report is the Mission

Ridge/Arroyo Parida/More Ranch Fault (MRIAP Fault), which is less than 1 mile from the site,

based on the EQFAULT analysis. This fault is considered to be active by most geologists

(rupture within the last 11,000 years). The site is also located near the southwest trending

Fernald Point Fault that splays off the Arroyo Parida.

The nearest active fault mapped in accordance with Alquist-Priolo Earthquake Fault

Zoning Act is the Red Mountain Fault in the Pitas Point Quadrangle in Ventura County. The

Red Mountain Fault is a high angle (56°), north-dipping reverse fault. The fault surface

expression shown on the State of California Special Studies Zone Map (1991) is located more

than 10 miles east of the project site, but the map does not show the trace of the fault offshore

where the fault trends to the west towards the Santa Barbara area. Using the computer model

EQFAULT (Version 3.00, Blake 2005), and the Crouse and McGuire (1994) attenuation factor,

the closest subsurface portion of the Red Mountain Fault is estimated to be 4.2 miles (6.7

kilometers) from the project site. The fault length reported by the California Geological Survey
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(CGS, 2002) is 24 miles (39 kilometers). An earthquake magnitude of 7.0 (Mw) is possible on

the Red Mountain Fault, according to the CGS, and is considered to be the source of the

magnitude 5.9 earthquake in 1941 (Moore and Taber, 1979). The CGS reports the fault slip

rate to be approximately 2 mm/year. The third major local structure used for the seismic

analysis is the Santa Ynez Fault. It is located to the north, 3.7 miles (6.0 kilometers) from the

site, is capable of generating a magnitude 7.1 (Mw) earthquake, and has an estimated slip rate

as high as 2 mm/year (Cao, 2003, CGS, 2007, and USGS, 2008).

The Santa Ynez, the Red Mountain, and the MRIAP Faults have been used in our

deterministic seismic hazard analysis in the ConclusionslRecommendations section of this

report.

Other investigators (Namson and Davis, 1990) have stated the opinion that the region is

underlain by a large "blind thrust" fault and fold structure. Although this blind thrust fault does

not break the ground surface, it may have larger seismic shaking potential than the faults

considered to exist by the California Geologic Survey, according to studies by these

investigators.

Surface Rupture

To evaluate the potential for surface rupture from inferred or unmapped fault traces

through or near the proposed building footprint, we conducted our subsurface investigation to

identify lithologic units that indicated past rupture or offset, as described above. Known fault

and fold structures in this general area trend from the east to the west, as shown on Plate 1,

roughly perpendicular to the line of trenches. As shown on the trench log (Plate 4), no evidence

of near surface fault-related rupture was observed in the sedimentary unit (Qia) that is estimated

to be more than 11,000 years old.

Ground Shaking

Severe ground shaking during earthquakes is a hazard endemic to most of California.

Several earthquakes of Richter magnitude 6 (or larger) have been recorded in the area in recent
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historic times. Earthquakes that produced strong, significant ground shaking affecting this site

in recent history include the earthquake of 1812, the 1857 Fort Tejon earthquake, the "Santa

Barbara Earthquake" of 1925, the 1927 Point Arguello earthquake, the 1941 earthquake, and

the magnitude 5.1 event in 1978,4 which is also referred to as the "Santa Barbara Earthquake"

(Miller and Felzeghy, 1978). Many historic Santa Barbara earthquakes have been due to known

or suspected rupture ofoffshore faults.

Based on the updated historical USGS earthquake catalog used in EQSEARCH (Blake,

2005), the highest ground motion at the project site in the last 209 years was 0.275g. That

estimated historical seismic effect was from the earthquake in 1941, which was an event

believed to have occurred offshore of Carpinteria and is roughly estimated to have been an Mw

5.9 earthquake.

The largest historical earthquake magnitude listed on the database for a 100 kilometer

search radius was the M 7.9 event in 1857, known as the Fort Tejon Earthquake, from a rupture

of the San Andreas Fault, on a section that extended from present-day Monterey County to San

Bernardino County.

An estimation of future seismic shaking at the site has been developed for this project

using the USGS Ground Motion Parameter Calculator (v.5.0.9a), the National Seismic Hazards

Mapping Project 2002 Interactive Deaggregation Model, and the EZFRISK Seismic Hazard

Analysis model. The results are presented below and in the Conclusions section of this report.

Erosion

No areas ofactive erosion were noted during our site mapping and exploration work.

Slope Stability

The project site is relatively flat and is not subject to surficial or gross instability. The

USGS (Bezore and Wills, 1999) has identified this area to have a "low landslide potential." No

4 Miller and Felzeghy report an average earthquake magnitude of5.8 for this event, based on local seismograph
data.
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other geologic investigations we reviewed (listed under Previous Work, above) indicated a

landslide at or near the project site.

Seiches, Volcanism, Tsunamis

None of these geologic hazards affect the site.

Flooding

The Flood Insurance Rate Map (FIRM) published by the Federal Emergency

Management Administration shows the site to be in "zone x," with less than a 0.2% annual

chance of flooding (map number 06083C1411F, effective September 30, 2005 and posted on

the FEMA website, February, 2010). The project civil engineer should evaluate the overall site

flooding hazard and necessary mitigation.

Radon Gas

Radon is an odorless and colorless radioactive gas produced by the natural decay of

minerals found in many types of earth materials. Potentially unhealthful concentrations of

radon gas are found at some locations on the south coast, due to the mineralogy of some

specific geologic unit(s), especially the Rincon formation.

The Rincon formation is not exposed at or near ground surface at this site. The

California State Geological Survey's Radon Zone Map for Santa Barbara County (CDMG,

1995) indicates a low potential for excessive in-door radon levels in the general vicinity of the

project site. No onsite measurements of radon have been made by this office.

Liquefaction

Liquefaction is a phenomenon in which earthquake induced cyclic stresses generate

excess pore water pressure in cohesionless soils, causing a temporary loss of shear strength.

The primary factors that influence liquefaction potential are as follows:

a. in-place soil density
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b. duration of sustained pressure (cyclic stresses)

c. depth to groundwater

d. soil type/gradation

The potential for liquefaction at the site is considered low due to the absence of shallow

groundwater and dense nature of the sandy soils.

Settlement

Based on our consolidation test and settlement analysis based on standard penetration

tests (modified Meyerhof method), we anticipate total settlement of ~-inch and differential

settlement of Y4-inch due to building loads.

Expansive Soils

Based on the results of our laboratory testing and observed soil texture, the near surface

soils possess a low expansion potential. The foundation recommendations in the foundations

and slabs section ofthis report will mitigate this potential geologic hazard.

Seismic Motion Analysis

Site Classification

In accordance with 2010 California Building Code (CBC) Section 1613 A.5.2, and the

underlying geologic conditions. Site Class D is considered appropriate for the proposed

building site.

Mapped Spectral Acceleration Parameters

The Maximum Considered Earthquake (MCE) Ground Motion is defined by ASCE as

the most severe earthquake effects considered by ASCE Standard 7-05. The MCE spectral

response acceleration parameters for the 0.2 second (Ss) and one second (S.) periods are

determined in accordance with ASCE 7-05 and with CBC Figures 1613A.5.3 and 1613A.5.4,

respectively. With the site latitude/longitude of 34.4369°N/119.5944°W, bedrock acceleration
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values (not corrected for soil conditions) were obtained for Ss and for S., using the Ground

Motion Parameter Calculator (Version 5.1.0) available from the USGS National Seismic

Hazard Mapping program. Inputs for the ASCE 7-05 Standard were used. A print-out of the

ground motion calculator output for this site is attached to this report (Appendix B).

For this site: Ss = 2.420g and SI = 0.913g.

Site Coefficients/Spectral Response Acceleration Parameters

In accordance with CBC Sections 1613A.5.3 and 1613A.5.4, the maximum considered

earthquake spectral response for the 0.2 second (or "short") period (SMS) and for the 1.0-second

period (SMI) are determined from Ss and SI (mapped spectral acceleration parameters) and from

the site coefficients Fa (Table 1613A.5.3(l» and Fv (Table 1613A.5.3(2», determined for Site

Class D, as follows:

SMS = Fa Ss and SMI = FvSI

For this site: SMS = 1.0 (2.420) = 2.420g and SMI = 1.5 (0.913) = 1.369g

Site specific spectral acceleration response parameters have been determined separately,

as discussed below.

General Design Spectral Acceleration Parameters

The general design spectral acceleration parameters for the short and 1.O-second periods

(Sos and SOl) determined from the data presented above, in accordance with CBC Section

1613A.5.4, are as follows:

Sos = 2/3 SMS and

Sos = 1.613g

Site specific spectral acceleration design parameters have been determined separately, as

discussed below.

CAM P BEL L· G E 0. INC.



ChiefKevin Wallace, MFPD
Geologic HazardslPreliminary Geotechnical Evaluation ofProposed MFPD Station 3
2500 East Valley Road, Montecito
March 7, 2011
Page 15

Project Seismic Design Category

In accordance with CBC Section 1613A.5.6, since the mapped spectral response

acceleration parameter at the 1.0-second period (SI = 0.913g) is more than 0.75g, and since the

proposed structures would appear to fall within criteria for Occupancy Category IV per CBC

Table 1604A.5, the project is assigned to Seismic Design Category F. The occupancy category

should be confirmed by the project design professional.

Deaggregated Seismic Source Parameters

Using the US Geological Survey's 2008 Interactive Deaggregation Model for the site,

the Modal Magnitude (Mw) and Modal Distance (R) were derived. A probabilistic return period

of 2,475 years (equivalent to a 2% chance of exceedance in 50 years) was used for the 0.2

second Site Acceleration (SA) period and the 1.0 second SA period. The results, attached in

Appendix B, are summarized as follows:

SA period of0.2 second: Mw = 7.2 and R = 7.8 km

SA period of 1.0 second: Mw = 7.2 and R = 7.5 km

Site Specific Ground Motion Analysis

As required by CBC Section 1615A.l.2B, the project requires a site specific ground

motion analysis, since the project is assigned to Seismic Design Category F. As outlined in the

ASCE Standard 7-05, Section 21.2, the maximum considered earthquake (MCE) has been

evaluated by both probabilistic and deterministic methods.

Probabilistic Method

Using the EZ-FRISK program (version 7.51 of a model developed by Risk

Engineering, Inc.), the US Geological Survey fault database (USGS, 2008), a basement

depth of 0.15 km, and four Next Generation Attenuation (NGA) models described in the

deterministic method below, the earthquake with a 2% chance of occurrence in 50 years
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(return period of 2,475 years) is expected to produce a maximum rotated component of

ground motion value of 2.854g, which is at a period of 0.4 seconds. A plot of the PSHA

response spectra is presented in Appendix B and on Plate 5.

Deterministic Method

The deterministic evaluation performed with EZ-FRISK has evaluated all fault

sources of the 2008 USGS database within 200 Ian of the site. Three nearby faults have

been identified as the seismic sources capable of generating the highest ground motion

at the site: the Mission Ridge!Arroyo ParidaIMore Ranch, the Red Mountain, and the

Santa Ynez Faults. Based on a review of potential ground motion also performed with

EQFAULT and the Boore, et al. (1997), attenuation model, these appear to be the

appropriate faults for the evaluation. The EQFAULT data is summarized on Table I.

Although the Pitas Point-North Channel Slope Fault surface trace is located

offshore, the fault plane dips to the north, toward the project site. Some investigators

believe that the Mission Ridge!Arroyo ParidaIMore Ranch (MRIAP) Fault system is a

subordinate structure to the Pitas Point-North Channel Slope Fault (Laforge and

Anderson, 2001). The Pitas Point-North Channel Slope Fault also represents a potential

source for a damaging earthquake in the south coast area of Santa Barbara. That

conclusion is supported by the analysis from EQFAULT and the EZ-FRISK Model.

A spectral acceleration plot of the Mission Ridge!Arroyo ParidaIMore Ranch,

Red Mountain, and Santa Ynez Faults has been generated by EZ-FRISK using an input

for depth to basement rock (0.15 Ian) and four next generation attenuation (NGA)

models (Campbell and Bozorgnia, 2008; Boore and Atkinson, 2008; Chiou and Youngs,

2008; Abrahamson and Silva, 2008). These attenuation models are recognized and

considered appropriate for the crustal tectonics of Southern California. The largest

amplitudes of ground motions considering all sources calculated using the weighted

mean of the attenuation equations, including a near-source directivity parameter, have

been used to create the deterministic plot of the maximum rotated component of ground
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motion versus period at the 84th percentile, in accordance with CBC Section 1803A.6.2.

That deterministic plot generated by EZ-FRISK is presented in Appendix B.

The plot shows the largest spectral response acceleration is 2.546g, which is at

the 0.5 second response period. In accordance with ASCE 7-05 Section 21.2.2, a plot of

the 84th percentile accelerations versus period has been compared to the plot of

probabilistic accelerations versus period and the deterministic lower limit is shown on

Plate 5.

In accordance with ASCE 7-05 Section 21.2.3, the lesser ofthe spectral response

accelerations, as determined by Sections 21.2.1 and 21.2.2 (probabilistic and

deterministic) has been reduced by 2/3, and is shown as the line plotted on Plate 5.

The acceleration values at the 0.2 second (Sos) and 1.0 second (SOl) periods for

the final design acceleration values have also been evaluated in accordance with ASCE

7-05 Section 21.4. For the 0.2 second period, the Site Specific Design Response

Acceleration is less than 90% of the peak spectral acceleration for periods greater than

0.2 seconds, so 90% of the 0.5-second period (1.697g) equal to 1.528g shall be taken as

the site specific spectral acceleration at 0.2 seconds. For the I.O-second period, the Site

Specific Design Response Acceleration is less than two times the Site Specific Design

Response Acceleration at the 2.0-second period. Therefore, the site Specific Design

Response Acceleration at 2.0 seconds (0.812g) multiplied by two shall be taken as the

site specific spectral acceleration at the I.O-second period. Those values shall not be

taken less than 80% of the Design Spectral Acceleration, as determined by ASCE 7-05

Section 11.4.4. Therefore, the final design acceleration values for this project are as

follows:

Sos = 1.528g and SOl = 1.624g
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The Site Specific MCE response spectra is determined by multiplying Sos and

SOl by 1.5, and those values shall not be taken less than 80% of the MCE response

accelerations (SMS and SMl), as determined by ASCE 7-05 Section 11.4.3. As shown on

Plate 6, the final site specific MCE acceleration values for this project are as follows:

SMS = 2.291g and SMI = 2.436g

CONCLUSIONS AND RECOMMENDATIONS

General

The development of the proposed fire station site is feasible from a geologic and

geotechnical standpoint, based on the data collected during our 2010 and 2011 evaluation.

Known fault and fold structures in this general area of the south coast trend from the northwest

to the southeast, as shown on Plate 1. Onsite faults presenting a ground surface rupture hazard

have not been found to exist at the proposed footprint or in an area that extends 30 feet to the

south and 90 feet to the north, as shown on Plate 2. The mapped locations of the Fernald Point

and Arroyo Parida Faults are more than 50 feet horizontally from the project site, based on

regional geologic work conducted by Dibblee (1986), Hoover (1979), and Gurrola (2006). The

2009 USGS map shows queried (or uncertain) fault locations through or near the site.

State of California regulations and policies (CCR Title 14 and State Mining and

Geology Board policy) state that "the area within 50 feet of such active faults shall be presumed

to be underlain by active branches of that fault unless proven otherwise." Due to the proximity

of the site boundary and East Valley Road, it was not possible to drill or trench more than 30

feet south of the proposed building footprint. The local building official may allow the

footprint locations as currently proposed or the footprint of the southernmost building can be

shifted 20 feet north. The extended distance of the area investigated to the north should allow

all structures to be shifted north, ifdesired.
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The absence of a near surface rupture hazard does not prove the absence of a deeper

fault structure, which could, like any of several south coast faults, present a ground shaking

hazard. Please see details in the following Ground Motion section of this report.

Radon Gas Control

The USEPA's county by county nationwide map of radon risk assigned the highest of

three risk levels to Santa Barbara County as a whole. Radon gas concentrations have not been

measured onsite. However, based on the State of California's 1995 map and given the absence

of near surface exposures of the typical radon host rock, the Rincon shale, there is probably not

a high radon hazard at the project site.

In general, our conclusion is that it is less costly to design and construct building

features for passive or active control of soil gas than to evaluate the site for the presence of

radon, given the sometimes complex ways that bedrock, soil and building factors can interact.

Many standard modem construction methods (gravel, visqueen below slabs, caulking and

sealing) provide a significant level of protection against radon intrusion into indoor air

breathing spaces. Therefore, if feasible, control of radon gas to reduce indoor air accumulations

should be addressed through structure design. It is not technically complicated and can be

accomplished by adequate ventilation of sub-slab areas or crawl spaces and sealing other

structure features overlying or in contact with the ground surface.

The designer should refer to one or more of the several USEPA guidance documents on

this subject. These are geared toward homeowner, architect, and contractor use and are

available at the following web site: http://www.epa.gov/radon/pubs/index.html.

The 1994 EPA publication, "Radon Prevention in the Design and Construction of

Schools and Other Large Buildings" would probably be one of the documents of interest.

Ground Motion
The proposed building should be designed and constructed to resist the effects of

seismic ground motions as provided in Chapter 16A and 18A, Division IV of the 2010
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California Building Code applicable to the building use and importance and the American

Society of Civil Engineers (ASCE) Standard 7-05.

A summary of specific recommended CBC criteria is as follows:

References

Parameter Notation Value 2010 CBC ASCE 7-10

Occupancy Category -- IV Table 1604.5 Table I-I

Soil Profile/Site Class --- D Tables 1613A.5.2 and -5.5 Table 20.3- I

Seismic Design Category - F 1613A.5.6 11.6.1.1

Mapped MCE/Short Period
Ss 2.420g Fig 1613.5(1) Fig 22-1

Spectral Response

Mapped MCE/l second
SI 0.913g Fig 1613.5(2) Fig 22-2

Period Special Response

Site Coefficient Fa 1.0 Table 1613A.5.3(1) Table 11.4-1

Site Coefficient Fy 1.5 Table 1613A.5.3(2) Table I 1.4-2

Adjusted MCE/Short
SMS 2.420g FaxSs 1613A.5.3 11.4.3

Period Spectral Response

Adjusted MCEII second
SMI 1.369g FyxS) 1613A.5.3 11.4.3

Period Spectral Response

Design MCE/Short
Sos I.613g 2/3xSMS 1613A.5.4 11.4.4

Period Spectral Response

Design MCEIl second
SOl 0.913g 2/3xSMI 1613A.5.4 11.4.4

Period Spectral Response

Site Specific MCE/Short SMS 2.291g 1615A and 1803A.6.2 21.4
Period Spectral Response

Site Specific MCEII Second SM) 2.436g 1615A and 1803A.6.2 21.4
Period Spectral Response

Final Design MCE/Short Sos 1.528g 1615A and 1803A.6.2 21.4
Period Spectral Response

Final Design MCEII Second SOl 1.624g 1615A and 1803A.6.2 21.4
Period Spectral Response
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Site Grading

Prior to grading, the site should be cleared of any existing debris and vegetation.

Materials generated during clearing should be properly disposed of at an approved location off

site. Any underground structures, septic systems, or tanks should be removed in accordance

with local regulations. Holes resulting from the removal of buried obstructions, which extend

below recommended removal depths, should be replaced with compacted fill. Material in

Trenches 1 and 2, located as shown on Plate 2 and on the surveyor's exhibit in the appendix,

should be located by the surveyor, then removed to the total trench depth and re-compacted in

the areas proposed for development. The trench depth (approximately 9 feet) is shown on Plate

4. Rock removal by screening will likely be necessary.

In areas where improvements are planned at or near existing site grades, the near surface

soils disturbed by removal of the lemon trees and any existing fill should be removed down to

undisturbed, medium dense to dense fanglomerate/intermediate alluvial deposits and replaced

as compacted fill in order to achieve design grades. Removal depths on the order of 3 feet are

anticipated and root and rock removal by hand picking or screening will likely be necessary.

The removals should extend to a distance beyond the improvements equal to the depth of

removal where possible. Final removal depths should be determined in the field during grading

by the geotechnical consultant.

Fill should be moisture-conditioned to near optimum moisture content and compacted

by mechanical means in uniform horizontal lifts of 6 to 8 inches in thickness. All fill should be

compacted to a minimum relative compaction of 90% based upon ASTM: D1557. The on-site

materials are suitable for use as compacted fill provided all vegetation, debris, and other

perishable or unsuitable materials are removed. Rock fragments over 6 inches in maximum

dimension should be excluded from the fill. Due to the abundance of cobbles and boulders in

onsite materials, screening to remove oversize rocks will be necessary to process material prior

to use as compacted fill. All grading and compaction should be observed and tested as

necessary by the geotechnical consultant.
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Foundations and Slabs

The foundation system should be designed by the Structural Engineer in accordance

with the SRI/CRSI Design of Slab-on-Ground Foundations. Design in accordance with the

SRI/CRSI Design of Slab-on-Ground Foundations should utilize an effective plasticity index of

20. The following recommendations are considered geotechnical minimums and may be

increased by structural requirements.

After removal and recompaction of the disturbed near surface soils and any existing fill,

the proposed buildings may be supported by conventional continuous/spread footings.

Conventional continuous/spread footings should extend at least 18 inches into approved

compacted fill or fanglomerate/intermediate alluvial deposit, should be at least 15 inches wide,

and may be designed for a dead plus live load bearing capacity of 2,000 pounds per square foot.

This value may be increased by one-third for wind and seismic forces. A lateral bearing value

of 250 pounds per square foot per foot of depth and a coefficient of friction of 0.35 may be

assumed. Continuous footings should be reinforced with at least four No.4 bars, two top and

two bottom. Foundations located adjacent to utility trenches should extend to below a 1:1 plane

projected upward from the bottom of the trench. Footings should be observed by the

geotechnical consultant prior to placement of reinforcement and concrete to ensure that the

appropriate bearing materials have been encountered. Total and differential settlement of the

structures due to foundation loads is considered to be less than ~- and ~- inch, respectively.

Slab-on-grade floors should have a minimum thickness of 5 inches and should be

reinforced with #4 bars spaced at 18 inches, center to center, in two directions, and supported

on chairs so that the reinforcement is at mid-height in the slab. Floor slabs should be underlain

by a 4-inch layer of clean sand with at least a 10-mil visqueen vapor barrier placed at mid

height in the sand. Prior to placing concrete, the slab subgrade soils should be thoroughly

moistened.

CAM P BEL L· G E 0, INC.



Chief Kevin Wallace, MFPD
Geologic Hazards/Preliminary Geotechnical Evaluation of Proposed MFPD Station 3
2500 East Valley Road, Montecito
March 7, 2011
Page 23

Retaining Walls

Retaining wall footings should be designed in accordance with the previous building

foundation recommendations. Retaining walls free to rotate (cantilever walls) should be

designed for an active pressure of 35 pounds per cubic foot (equivalent fluid pressure) for level

backfill, provided the backfill consists of on-site granular soils. Walls restrained from

movement at the top should be designed for an at-rest earth pressure of 60 pounds per cubic

foot (equivalent fluid pressure) for level granular backfill. Any additional surcharge pressures

behind the walls should be added to these values. Retaining walls should be provided with

adequate drainage to prevent buildup of hydrostatic pressure and should be adequately

waterproofed. The subdrain system behind retaining walls should consist of at least a 4-inch

diameter Schedule 40 (or equivalent) perforated (perforations "down") PVC pipe embedded in

at least 1 cubic foot of %-inch crushed rock per lineal foot ofpipe all wrapped in approved filter

fabric. Recommendations for wall waterproofing should be provided by the project architect

and/or structural engineer.

Temporary Slopes

Temporary slopes necessary to perform the remedial grading or to facilitate the

construction ofretaining walls should be inclined at a slope ratio no steeper than 1:1 (horizontal

to vertical). Field observations by the geotechnical consultant during grading of temporary

slopes is recommended and considered necessary to confirm anticipated conditions and provide

additional recommendations as warranted.

Portland Cement Concrete Pavement

Based on the results of our R-value test and an assumed traffic category of C, we

recommend a Portland cement concrete pavement section of 6.5 inches of portland cement

concrete over compacted fill.
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Prior to placement of portland cement concrete pavement, subgrade areas should be

scarified to a depth of 6 to 8 inches, moisture conditioned to near optimum moisture content,

and compacted to at least 95 percent relative compaction in accordance with ASTM: D 1557.

Contraction joints should be provided at 10-foot spacing (maximum). Joints should create

square panels were possible. For rectangular panels (where necessary), the long dimension

should be no more than 1.5 times the short dimension. Joint depth should be at least 0.25 times

the PCC pavement thickness. Construction joints should be thoroughly sealed to prevent the

infiltration of water into the underlying soils.

Load transfer devices consisting of smooth steel dowels are recommended across

construction joints. The dowells should be 7/8-inch in diameter, embedded 6 inches into the

concrete on both sides and spaced 12 inches on center.

Concrete Flatwork

Concrete flatwork should be at least 5 inches thick and reinforced with at least No.4

bars placed at 18 inches on center (two directions) and placed on chairs so that the

reinforcement is in the center of the slab. Slab subgrade should be thoroughly moistened prior

to placement of concrete. Contraction joints should be provided at 10-foot spacings

(maximum). Joints should create square panels where possible. For rectangular panels (where

necessary), the long dimension should be no more than 1.5 times the short dimension. Joint

depth should be at least 0.25 times the flatwork thickness. Construction joints should be

thoroughly sealed to prevent the infiltration of water into the underlying soils.

Retaining Wall and Trench Backfill

All retaining wall and utility trench backfill should be compacted to at least 90%

relative compaction (ASTM: DI557). Backfill should be tested and observed by the

Geotechnical Consultant. The locations of exploratory trenches excavated in 2011 were

surveyed by MNS Engineers. Those trenches should be re-surveyed and staked prior to

construction to allow compaction, as outlined above.
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Corrosivity

Representative samples of the on-site soils were submitted for sulfate, chloride,

resistivity, and pH testing. The results of the corrosivity tests are summarized in Appendix B.

The sulfate contents are consistent with a negligible sulfate exposure classification per Tables

4.2.1 and 4.3.1 of the American Concrete Institute Publication 318; consequently, no special

provisions for sulfate resistant concrete are considered necessary. We recommend a corrosion

engineer be contacted to review the remaining test results and provide appropriate

recommendations, ifnecessary.

Recommended Observation and Testing During Construction

The following tests and/or observations by the geotechnical consultant are

recommended:

• site grading

• footing excavations prior to placement of fonns and reinforcing steel

• geologic trench and utility trench backfill

• retaining wall backdrain and backfill placement

• portland cement concrete pavement subgrade

Surface Water Drainage

Drainage from the buildings, and parking and driveway areas should be collected and

directed to appropriate drainage devices. Drainage should not be placed in soil infiltration

systems or be allowed to flow freely over slopes.

Grading and Foundation Plan Review

Grading and foundation plans should be reviewed by the geotechnical consultant to

confinn confonnance with the recommendations presented herein and to provide additional

investigation or recommendations, as necessary.
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LIMITATIONS

The analyses, conclusions, and recommendations contained in this report are based on

site conditions as they existed at the time of our investigation and further assume the

excavations to be representative of the subsurface conditions throughout the site. The analyses,

conclusions, and recommendations are also based on preliminary site development plans. If

different subsurface conditions from those encountered during our exploration are observed or

appear to be present in future excavations or site work, the geotechnical consultant should be

promptly notified for review and reconsideration of recommendations.

Our investigation was performed using the degree of care and skill ordinarily exercised,

under similar circumstances, by reputable geologic/geotechnical engineers practicing in this or

similar localities. No other warranty, express or implied, is made as to the conclusions and

professional advice included in this report. This report has been prepared for the sole use of the

Montecito Fire Protection District.

This report should be submitted to the appropriate government regulatory agencies to

determine the need, ifany, for supplemental geologic studies.
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Ifyou have any questions concerning this report, please do not hesitate to contact us.

Sincerely,
Campbell·Geo, Inc.

SHC\rig
Clients\MFPD\Stn 3\Stn 3-Geo_RI.doc

Steven,H. Campbell
Professional Geologist

State of California, #5576
Certified Engineering Geolo~~

State' of California, #1729 '

Attachments: Table ()
Plates (6)
Appendices

cc: AMEC Earth and Environmental
Attn: Mr. Dan Gira, Program Manager

bcc: Hetherington Engineering
Attn: Mr. Mark Hetherington (electronic copy)
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TABLE I
SUMMARY OF REGIONAL FAULTS AS POTENTIAL SOURCES OF SEISMIC SHAKING

Montecito Fire Protection District, Proposed Station 3
2500 East Valley Road, Montecito, California

source: EQFAULT, ver. 3.0, 2005

February 2011

E rth akeEdM ·Etis mate Ulmum a lqu vent

Maximum Peak Site Est. Site Shaking

Approximate Distance(1) Earthquake Accelera- Intensity (modified

FAULT NAME mi (km) Mag. (M,,) tion (g)(2) Mercal6 Scale)(2)

Mission RidgelArroyo Parida (More Ranch) 0.2 (0.3) 7.2 0.832 XI
Santa Ynez (East) 3.7 (6.0) 7.1 0.560 X
Red Mountain 4.2 (6.7) 7.0 0.749 XI
Santa Ynez (West) 4.4 (7.1) 7.1 0.446 X
North Channel Slope 7.3 (11.7) 7.4 0.696 XI
Ventura - Pitas Point 9.0 (14.5) 6.9 0.377 IX
Oak Ridge Mid-Channel Structure 9.4 (15.2) 6.6 0.320 IX
Channel Island Thrust (Eastern) 14.7 (23.7) 7.5 0.374 IX
Oak Ridge (Blind Thrust Offshore) 18.6 (29.9) 7.1 0.213 VIII
Big Pine 19.1 (30.8) 6.9 0.153 VITI
Anacapa - Dume 23.3 (37.5) 7.5 0.249 IX
San Cayetano 24.8 (39.9) 7.0 0.161 VIII
Oak Ridge (onshore) 25.7 (41.4) 7.0 0.156 VIII
Los Alamos - West Baseline 30.0 (48.2) 6.9 0.132 VIn
Simi - Santa Rosa 30.0 (48.3) 7.0 0.144 VIII
Santa Cruz Island 30.6 (49.3) 7.0 0.137 VITI
Santa Rosa Island 33.6 (54.1) 7.1 0.134 VIII
Pleito Thrust 34.8 (56.0) 7.0 0.126 vm
San Andreas .. whole 35.6 (57.3) 8.0 0.170 VIII
Lion's Head 40.7 (65.5) 6.6 0.089 vn
San Gabriel 45.2 (72.7) 7.2 0.093 VII
Malibu Coast 45.7 (73.6) 6.7 0.087 VII
San Luis Range (S. margin) 46.4 (74.7) 7.2 0.110 VII
Garlock (West) 46.9 (75.5) 7.3 0.095 VII
Casmalia (Orcutt Frontal Fault) 51.6 (83.0) 6.5 0.070 VI
San Juan 53.4 (85.9) 7.1 0.077 VII

NOTES:
(1) With the Crouse and McGuire (1994) attenuation factor, EQFAULT estimates the closest perpendicular distance between the site and the fault plane based on the geometry of

the fault plane.
(2) Peak Site Acceleration and Site Intensity per EQFAULT with the Boore, et al. (1997) attenuation factor and Site Class D. VALVES NOT INTENDED FOR FINAL DESIGN
MFP~.3 Geo Tl.xIs CAM P BEL L G E 0, INC.
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