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Dear Mr. Zmay:

We are pleased to present the results of our engineeting geologic investigation relating to the
design and construction of the proposed 4-lot residential subdivision of your property
located at 1551 Crystal Springs Road in San Mateo County, California. The purpose of our
setvices was to evaluate the feasibility of the proposed residential development from both
engineeting geologic and geotechnical engineering perspectives.  This repott  also
summarizes the results of our field, laboratoty and engineeting work, and presents general
recommendations for suggested foundation types and grading for the proposed residential
subdivision.

While we believe that our opinions and conclusions ate reasonable, it should be clearly
understood that the geotechnical recommendations provided in this report ate based on
highly tentative plans and are for general planning purposes. Once the details of the
proposed construction have been developed, we should teview the design and confitm that
the recommendations included in this report are still appropriate. Please note that this could
result in modifications of our opinions and conclusions contained in this repott.

If you have any questions concerning our investigation, please call.

Very truly yours,
MURRAY ENGINEERS, INC.
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ENGINEERING GEOLOGIC &
GEOTECHNICAL INVESTIGATION
4-LOT RESIDENTIAL DEVELOPMENT
ZMAY PROPERTY
1551 CRYSTAL SPRINGS ROAD
SAN MATEO COUNTY, CALIFORNIA

INTRODUCTION

This repott presents the results of our engineering geologic and geotechnical investigation
relating to the design and construction of a four-lot subdivision of the property located at
1551 Crystal Springs Road in San Mateo County, Califotnia. The project location is
indicated on the Vicinity Map, Figure A-1. The purpose of our investigation was to evaluate
the engineering geologic and geotechnical conditions on the property in the area of the
proposed subdivision in order to evaluate the feasibility of the proposed subdivision, the
potential impacts of geologic hazards of future site development, and to provide general
geotechnical design criteria and tecommendations for the project.

Ptoject Description

The subject property is located on a steep west-facing hillside in a rural residential area of
San Mateo County. The propetty is bounded by Patrott Drive along the uphill (east) side
and Ctystal Springs Road and Polhemus Road along the downhill (west) side. The proposed
subdivision will split an existing apptoximately 60-acte lot into four approximately 2.5-acte
lots for single-family residences and a “remainder lot” to be designated as open space. The
proposed new tesidential building envelopes are to be located in the northeastern portion of
the propetty along Parrot Diive. ‘The details of the construction have not been formalized,
but we anticipate that the residential development will include one- or two-story tesidences
in the uphill portion: of the lots and may include full or partial basements. Driveway access
to the new residences will be provided off of Patrott Road. We understand that you are
considering shifting the building site on Lot 1 futther downslope from Parrott Drive and
providing access to the new improvements along a shared access road extending across Lot
2. Site improvements will likely include retaining walls to accominodate grade changes
around the new residences and along the potential driveway on Lots 1 and 2. The layout of
the proposed improvements is shown on the Partial Site Plan & Engineering Geologic Map,
Figure A-2,
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Zmay 4-Lot Residential Development Engineering Geologic & Geotechnical Investigation

SCOPE OF SERVICES

We petformed the following services in accordance with out initial agreement dated
November 7, 2013 (executed December 10, 2013):

& Reviewed published geologic maps and aerial photographs to evaluate the prevailing
geologic and seismic conditions on the site and in the site vicinity

% Reviewed prior geologic and geotechnical reports for the property by Site
Charactetistics, Inc., dated July 1983, William Cotton and Associates, dated April 20,
1984, and Bay Area Geotechnical Group, dated December 20, 2007

& Performed an engineering geologic reconnaissance and mapping on the proposed
lots and in the vicinity of the proposed improvements

& Explored the subsurface conditions by excavating, logging, and sampling six
exploratory borings in the vicinity of the planned improvements

& Petformed laboratory analyses and testing on selected soil samples for soil
classification and to evaluate engineering properties of the subsurface materials

& Performed engineering geologic and geotechnical analyses to evaluate the relative
stability of the proposed building sites and to develop general geotechnical
engineeting design criteria for the proposed improvements

% Prepared this report presenting a summary of our investigation and our conclusions
relating to the geologic hazards that could potentially impact the site and the
proposed improvements and the feasibility of the proposed improvements

GEOLOGIC & SEISMIC CONDITIONS

Geologic Overview

The property is located on a west-facing hillside in the foothills along the northeast side of
the Santa Cruz Mountains, a northwest-trending range within the California Coast Ranges
geomotphic province. The local topography is dominated by a seties of west-trending spur
tidges and intervening seasonal drainage swales. Crystal Sptings Road extends along the
westetn propetty boundaty at the base of the hillside and converges with Polhemus Road
neat the southetn corner of the property. San Mateo Creek and Polhemus Creek run parallel
to Ctystal Springs Road and Polhemus Road, respectively. Flevations actross the site range
from approximately 500 feet along Patrott Dtive in the eastern portion of the site down to
approximately 140 feet above mean sea level at the base of the hillside in the northwest
corner of the site (see Figure A-1).

According to the Geologic Map of the Montara Mountain and San Mateo 7-2” Quadrangles
(Pampeyan, 1994), the site is located in an atea undetlain by Cretaceous and Jurassic age
(approximately 65 to 200 million years old) sheared rock of the Franciscan Complex (fsr).
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Zmay 4-Lot Residential Development Engineering Geologic & Geotechnical Investigation

The sheared rock generally consists of soft, light- to dark-gray, sheated shale, siltstone, and
gieywacke sandstone containing various-size tecionic inclusions of Franciscan rock types.
According to the geologic map, the lowet pottion of the slope in the notthwest corner of the
property is blanketed by Quaternary slope wash, ravine fill and colluvium deposits (Qsz).
‘These deposits generally consist of unconsolidated to moderately consolidated sand, silt,
clay, and rock fragments accumulated by slow downslope movement of weathered rock
debris and soil. A copy of the relevant portion of the geologic map is presented on Figure
A-3, Vicinity Geologic Map.

According to the geologic map, the Geotechnical Hazatd Synthesis Map for San Mateo
County (Leighton and Assoctates, 1976), and the Preliminary Map of Landslide Deposits in
San Mateo County (Brabb & Pampeyan, 1972), three relatively large landslides are mapped in
the central portion of the property. According to the geologic map, the largest feature
measures approximately 900 feet in length and 600 feet in width. The upper margin of this
feature is located approximately 350 feet to the west (downhill) of Pattott Drive and extends
down to Crystal Springs Road, crossing the southwest cornet of Lot 4. The second mapped
landslide is approximately 700 feet long and 500 feet wide and is located immediately south
of the first landslide. In addition, smaller landslide features are mapped in the southern
portion of the lot and at the northeast corner just off the property. The televant portions of
these maps are included as Figure A-4, San Mateo County Landslide Map and Figure A-5,
San Mateo County Geotechnical Hazard Synthesis Map.

Faulting & Seismicity

Geologists and seismologists recognize the San Francisco Bay Area as one of the most active
seismic regions in the United States. There are three major faults that trend in a northwest
ditection through the Bay Area, which have generated about 12 earthquakes per centuty
large enough to cause significant structurzal damage. These earthquakes occur on faults that
are part of the San Andreas fault system, which extends for at least 700 miles along the
California Coast and includes the San Andreas, San Gregotio, Hayward, and Calaveras faults.
The San Andreas and San Gregorio faults are located approximately 1.1 and 8.3 miles
southwest of the site, respectively. The Haywatd and Calaveras faults are located
approximately 17 and 25 miles northeast of the site, respectively.

Seismologic and geologic experts convened by the U. 8. Geological Survey, California
Geological Survey, and the Southern Califotnia Farthquake Center conclude that there is a
63 percent probability for at least one "large" eatthquake of magnitude 6.7 ot larger in the
Bay Area before the year 2038. "The northern portion of the San Andreas fault is estimated
to have a 21 petcent probability of producing a magnitude 6.7 or larger earthquake by the
year 2038 (2007 WGCEP, 2008).
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AERIAL PHOTOGRAPH REVIEW

‘Three sets of historical aerial photographs taken between 1943 and 1974 were reviewed at
the U.S. Geologic Survey’s library in Menlo Patk to aid in evaluating the presence of
geomorphic features that may be suggestive of landsliding. The site is readily identifiable in
all of the photogtaphs, based on the topography and the location of Pattott Drive, Crystal
Springs Road, and Polhemus Road. Other than the development of the neighboring
residential properties, there is very little change in the vicinity of the property during the
period covered by the photographs. In the 1948 photogtaphs, the streets ate present but
thete is no other development in the vicinity of the propetty. By the time of the 1968
photographs, most of the homes along Parrott Drive are complete and the building pad on
the property immediately north of Lot 1 appears to be graded. In addition, it appears that
improvements were made to Parrott Diive and that additional fill was placed along the
downhill side of the roadway. The residences to the north of Lot 1 and south of Lot 4 ate
present by the time of the 1974 photographs.

In the 1943 photographs, two large landslides are present in the central pottion of the
property, similar to mapping by Pampeyan (see Figure A-3). The landslides are characterized
by broad arcuate topography extending from the downhill side of Parrott Drive down to
Crystal Springs Road. The northernmost feature crosses the southwest portion of Lot 4,
more than 150 feet southwest of the proposed residence (see Figure A-2). The ground
sutface within the limits of the landslides is generally hummocky with irregular medium to
dense vegetation. A small debris flow appears to be located within the limits of the northern
landslide. In addition, a debris flow is located uphill of the southern landslide and drops into
the upper portion of the landslide feature. The landslide masses ate confined by drainage
swales extending down the margins of the features to Crystal Springs Road. In addition, a
large debris flow-type landslide, also mapped by Pampeyan, is located in the southern
porttion of the propetty.

In the 1968 photographs, an access road is present on Lots 1 and 2. This road enters Lot 2
from Parrott Dtive, extends across the uphill portion of Lot 1 and to the graded pad on the
adjacent northern property. It appeats that sometime between 1968 and 1974, a small
landslide occurred along the downhill side of the access road along the boundary between
Lots 1 and 2. A headscarp is present along the uphill margin of this atcuate feature in the
1974 photographs. No evidence of landsliding was obsetved immediately east of this
feature, however, there is a tonal variation in the vegetation and the topography has a very
subdued arcuate shape, suggesting that this area may be prone to shallow sliding.

The drainage swale in the lower pottion of Lot 2 is densely vegetated. There is no
conclusive evidence in the photographs to suggest that debrtis flows have occutred along this

swale.
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A deep drainage ravine extends from the southeast to northwest corners of Lot 4. 'This
feature appears to be confined by a relatively resistant tidge to the south, and then by the
northern margin of the large landslide on the slope below Lot 4. This feature is ptesent in
the 1943 and 1968 photographs and by the time of the 1974 photographs a storm drain
culvert appears to have been constructed along the downhill side of Patrott Drive. The head
of the swale appears to be larger in the latest photographs, and is presumably related to
grading duting construction of the storm drain culvert. The drainage ravine is densely
vegetated and any evidence of landsliding or debtis flows is obscured.

PREVIOUS GEOLOGIC & GEOTECHNICAL INVESTIGATIONS

Site Charactetistics, Inc. (SCI) conducted a geotechnical investigation on the propetty, dated
July 1983, to address three proposed single family residences along Crystal Springs Road in
the northwest lower portion of the property. SCI petformed a site reconnaissance and
mapped a small active landslide below the graded access road on Lot 1 and a relatively small
active landslide above the storm drain culvert on Lot 4. In addition, they mapped several
shallow features on the slope below the proposed lots. As patt of the investigation, SCI
excavated and logged seven test pits in the area of the proposed improvements. In general,
the test pits exposed variable amounts of colluvium ranging from 1 to 12 feet in thickness
underlain by bedrock materials associated with the Franciscan Complex. SCI indicated that
there was no evidence of recent slope instability or soil creep in the proposed building site
areas, with the exception of Building Site 1, located at the base of the drainage swale along
the northern margin of the large mapped landslide. SCI recommended supporting the
residences on 12-inch diameter piers, extending at least 8 feet into competent materials. In
addition, SCI recommended constructing an earth flow deflection wall above Building Site 1.

Subsequently, William Cotton and Associates (WCA) petformed a supplemental geotechnical
analysis and presented the results in a teport dated April 20, 1984. As part of their
investigation, WCA performed a site reconnaissance and mapping, aerial photograph review,
and shallow and deep slope stability analyses, WCA observed several small earth slumps on
the property, including the active landslide on Lots 1 and 2, but indicated that there was no
evidence of debris flows on the property. WCA noted two areas on the proposed lots that
may be potentially susceptible to shallow translational sliding and debris flows, including the
head of the drainage ravine on Lot 4 and the eastern portion of Lot 3, and an area on Lots 1
and 2 extending from Parrott Drive to the drainage swale below and encompassing the
active landslide.

Based on a review of SCI’s subsurface exploration data, WCA concluded that the landslide
material is composed of a relatively large block, ot blocks, of intact bedrock materials and is
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Zmay 4-Lot Residential Development Engineering Geologic & Geotechnical Investigation

likely a rock slump that occurred several thousands of years ago. WCA performed a slope
stability analysis through the large mapped landslide and repotted a factor of safety of 2.5 for
static conditions and 1.1 for seismic conditions. WCA concluded that the proposed building
site is likely situated on top of an ancient landslide, but based on the slope stability analysis
the landslide deposit should remain stable. WCA recommended the construction of a
deflection wall at the northeast cotner of the proposed residence and improvement of the

drainage channel in that atea.

In 2007, Bay Area Geotechnical Group (BAGG) performed a geotechnical and engineering
geologic investigation for a proposed 20-lot residential subdivision of the subject propetty.
The results of the investigation were presented in a report dated December 20, 2007. As
patt of the investigation, BAGG excavated six relatively deep borings within the landslide
areas and fiine additional borings on the remaining portions of the property, and performed
laboratory testing on samples, including triaxial shear and direct shear testing. ‘Three of the
botings wete advanced on Lot 1, one of which is located within the limits of the presumably
active landslide, and two were located on the slope below Lots 2 and 4. The locations of
these borings are shown on Figure A-2 and the boting logs are included in this report as
Appendix D.

In general, BAGG’s botings encountered approximately 5 feet of colluvial soil underlain by
bedrock associated with the Franciscan Complex. Boting EB-1, located immediately above
the head scarp of the active landslide on Lot 1, encounteted approximately 4 feet of colluvial
soil consisting of sandy lean clay and clayey sand. Mélange bedrock was encounteted below
the colluvium and persisted to the bottom of the boting at a depth of 24 feet, where
effective drilling refusal was encountered. Boting FB-10, located downslope of EB-1 and
within the limits of the active landslide, encountered approximately 6.5 feet of sandy clay
colluvium underlain by mélange bedrock. Sandstone was encountered at a depth of 10 feet
and persisted to the bottom of the boring at a depth of 15.5 feet. Borings EB-2 and EB-3,
located below Lot 2 and in the western (downhill) portion of Lot 1, respectively,
encountered approximately 7 to 8 feet of sandy lean clay. In Boring EB-2 the clay is
undetlain by a 10-foot thick layer of clayey sand with fine gravel and in Boting EB-3 the lean
clay is undetlain by an approximately 4-foot thick layer of fat clay with gravel. Mélange was
encountered below the colluvium at a depth of 17.5 and 12 feet, respectively, and the
botings were terminated at depths of approximately 21.5 and 19 feet. Boring ERWB-2,
located downbhill from Lot 4, encountered approximately 5.5 feet of sandy lean clay underlain
by mélange that persisted to the bottom of the boring at a depth of 97.5 feet. The mélange
generally consisted of Franciscan shale and sandstone fragments in a clayey matrix.

BAGG petformed slope stability analyses and Newmark analyses through the two large
landslide areas in the central portion of the property. The stability analyses utilized Bishop’s
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simplified method to evaluate a circular failure surface. Strength values used in the analysis
were obtained by laboratory testing of samples from the exploratory borings. In general, the
softer materials wete chosen to petform shear strength testing due to the impracticality of
obtaining undisturbed samples of the harder bedrock material. BAGG indicated that
bedrock samples obtained across the site varied from minimal to up to 60 percent hard rock
in a clayey matrix and botings within the large landslide ateas encountered bedrock
consisting of 22 to 31 percent hard rock. BAGG assumed that a higher percentage of blocks
would add strength to the mattix since the failure surface would have to distort around the
blocks and increased the friction angle by up to 7%z degrees, based on the percentage of hard
rock, to mote realistically represent the strength of the bedrock. Without increasing the
friction of the matrix, the slope stability analysis yielded factors of safety against sliding in
excess of 1.68 under dry conditions and 1.01 under saturated conditions. In general, factors
of safety greater than 1.0 indicate a stable condition, while factors of safety less than 1.0
indicate an unstable condition. The critical failure surface extends up to 80 to 100 feet below
the hillside. BAGG concluded that it was unlikely that rain could saturate the slope to this
depth, but indicated that there is a potential for shallow soil slumps to occur. Based on their
Newmark analyses, BAGG concluded that the two mapped slide areas could move from 6 to
18 inches. Based on their assessment, BAGG concluded that there was a significant risk of
seismic slope instability within the two mapped slide areas; however, development of the
temaining portions of the site whete there is no evidence of deep-seated slope movement is
feasible from a geotechnical engineeting standpoint.

Based on their investigation, BAGG recommended supporting the proposed tesidences on
dtilled piers at least 15 feet in depth and extend a minimum of 10 feet into firm native soils
and/or bedrock.

SITE EXPLORATION AND RECONNAISSANCE

Exploration Program

An initial site visit was performed by our principal geotechnical engineer on October 23,
2013. Subsequently, on December 17 and 20, 2013 our senior staff geologist visited the site
to petform a site reconnaissance and engineering geologic mapping. Qur subsurface field
investigation was performed on December 20 and 23, 2013 and included the excavation and
logping of six explotatory borings to depths ranging from 18 to 40 feet at the locations
shown on Figure A-2. Two borings were located above and within the active landslide on
Lot 1, and one boring was advanced on each of the four lots in the vicinity of the proposed
building sites. The boring locations were approximately determined by measuring distance
and beating from known points on the supplied site plan using a tape measure and compass,
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and should be considered accurate only to the degree implied by the mapping technique
used.

The borings wete advanced using a track-mounted CME-55 drill rig equipped with 6-inch
diameter continuous flight augers. Intermittent soil samples were collected with split-spoon
samplers that were driven with a 140-pound hammer repeatedly dropped from a height of 30
inches using a pneumatic hammer. The number of hammer blows required to drive the
samplets were recorded in 6-inch increments for the length of the 18-inch long sampler
barrels. ‘The associated blow count data, which is the sum of the second and third 6-inch
increment, is presented on the boring logs as sampling resistance in blows per foot. The
blow counts for the 3-inch and 2.5-inch samplers have been standardized to Standard
Penetration Test blow counts for sampler size; however, they have not been adjusted for
other factors, such as hammer efficiency. Logs of the borings are presented in Appendix B
as Figures B-1 through B-6. Also included in Appendix B are Figure B-7, Key to Boring
Logs; Figure B-8, Unified Soil Classification System; and Figure B-9, Key to Bedrock

Desctiptions.

Our staff geologist logged the borings in general accordance with the Unified Soil
Classification System and Key to Bedrock Desctiptions. ‘The boring logs show our
interpretation of the subsurface conditions at the location and on the date indicated and it is
not warranted that these conditions ate representative of the subsurface conditions at other
locations and times. In addition, the stratification lines shown on the logs represent
approximate boundaries between the soil materials; however, the transitions may be gradual.
Samples recovered from the borings were reviewed by our senior staff geologist and
principal geotechnical engineet,

Site Description

The irregular-shaped, approximately 60.3-acre property measures approximately 3,500 feet
wide along Crystal Springs Road and Polhemus Road, and up to 1,300 feet deep. The site is
bounded to the west by Crystal Springs Road and Polhemus Road, to the east by Patrott
Dtive, and developed and undeveloped residential properties on all other sides. The
property is situated on the western flank of a south- to southeast-trending ridgeline. San
Mateo Creek and Polhemus Creek tun along the base of the ridgeline and converge near the
southern cotnet of the property. The site topography is dominated by a series of westerly-
trending sput ridges and intervening drainage swales, The natural ground surface across the
property is generally steep with gradients varying from 2:1 to 3:1 (horizontal to vertical) and
moderately sloping across portions of the mapped slides with gradients ranging from
approximately 4:1 to 5:1. Locally steeper than 2:1 slopes are present, however. Maximum
vertical relief across the property is approximately 400 feet from the base of the hillside near
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the northwest corner of the property up to the uppet, eastesn propetty line (see Figures A-1
& A-2).

‘The proposed 2.5-acre lots are located in the northeast cotner of the propetty, along Parrott
Drive. Lot 1 is located on the southern flank of a west-ttending spur ridge. The ground
surface in the upper portion of the property slopes moderately toward the southwest with
gradients of approximately 3:1 to 4:1 and slopes steeply towatd the west in the downhill
portion of the property with gradients of approximately 2:1 to 3:1. A wedge of fill up to
approximately 25 feet tall is Jocated along the downhill side of Parrott Dtive and slopes
steeply with a gradient of approximately 2:1 (see Figure A-2 and Figute A-6, Geologic Cross-
Section A-A’). In addition, it appeats that a minor amount fill was placed along the northern
property boundary during grading for the adjacent propetty to the north.

An active landslide is located along the property boundaty between Lots 1 and 2. This
feature measures up to approximately 160 feet in width and 200 feet in length. An
approximately 4- to 5-foot tall headscarp exposing sandy silt is located along the uphifl
margin of the feature and the ground surface within the slide is vety hummocky and
saturated. 'The ground surface within the limits of the active landslide range from
approximately 4:1 across the uphill portion of the feature to approximately 2:1 across the
downbhill portion {(see Figure A-2 and Figure A-7, Geologic Cross-Section B-BY). Additional
discussion of the landsliding on the proposed lots is included in the Landsliding section
below. ‘The vegetation within the landslide generally consists of pompous gtass and poison
oak. The remaining portions of Lot 1 are vegetated with native grasses, shrubs, and some

scattered trees.

Lot 2 is situated actoss a subdued west-trending spur ridge and a drainage swale. The active
landslide discussed above is located within the drainage swale along the northern property
boundary. The ground surface across the ridgeline slopes steeply towatrd the west with
gradients of approximately 2.5:1 (see Figure A-2 and Figure A-8, Geologic Cross-Section C-
C"). A wedge of fill up to approximately 12 feet tall is located along the downhill side of
Parrott Drive and slopes steeply with a gradient of approximately 2:1. " An access road
extends from Parrott Drive at the southeast cotner of the property to the head of the
landslide near the northetn property boundary. It appears that a thin wedge of fill was
placed along the downhill side of the access road duting grading. In general, the ridgeline is
vegetated with tall grasses and scattered trees and 'shrubs. In addition, the head of a debris
flow is located in the drainage swale at the westernmost downslope end of the property (see
figure A-2). The drainage swale and adjacent slopes are densely vegetated with poison oak,
trees, and tall pompous grass.
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Lot 3 is located across the crest and southern flank of a west-trending spur ridge. The
ground surface across the ridgeline slopes steeply toward the west with gradients of
approximately 2:1 to 3:1. Along the southern flank, the ground surface is itregular and
suggestive of shallow soil creep with very steep slopes ranging from 1.5:1 to 2:1 (see Figure
A-2 and Figure A-9, Geologic Cross-Section I>-D'). A thin wedge of fill is located along the
downbhill side of Parrott Drive. In general, the ridgeline is vegetated with grasses, scattered
trees and shrubs. ‘The southern flank is densely vegetated with trees and associated
underbrush.

Lot 4 is situated across a drainage ravine confined between two west-trending spur ridges. A
storm drain culvert is located at the southeast corner of the property and the drainage ravine
extends to the northwest corner of the lot. The slopes around the culvert are very steep to
precipitous and the culvert is obscured by an abundant gtowth of poison oak. The drainage
ravine is approximately 5 to 8 feet deep and sandstone and sheared rock exposures were
observed along sections of the drainage ravine. The favine was dty at the time of our site
reconnaissance. The ridgeline to the south of the ravine appears to be relatively resistant to
erosion and is a prominent feature compared to the spur ridges on Lots 1 through 3. The
ground surface across the ridgeline slopes steeply to the west with gradients of
approximately 2:1 to 1.5:1 (see Figure A-2 and Figure A-10, Geologic Cross-Section E-E.
In the southwest corner of the property, the ridgeline is truncated by a large presurnably
ancient landslide. The ground sutface within the slide area is itregular and the slopes range
from 3:1 to 10:1. The slopes across the southern flank in the northeast portion of the
property slope steeply toward the drainage ravine with slopes ranging from 1.5:1 to 2:1. In
general, the topography along either side of the drainage ravine is suggestive of shallow
landsliding and/or debsis flows.

Landsliding

As discussed above, a large presumably ancient landslide appeats to extend from the
downhill side of Parrott Drive across the southwest cornet of Lot 4 and to Crystal Springs
Road. This feature is approximately 500 feet in width and 1,200 feet in length and, based on
our aerial photograph review, appears to have occutred priot to development of the area.
This feature crosses the southwest cornet of Lot 4; however, it is located on the opposite site
of a resistant ridgeline more than 150 feet downslope from the proposed building site.
Further discussion of the slope stability analysis performed by BAGG is included in the
Previous Geologic & Geotechnical Investigations section above.

As noted above, BAGG mapped an older landslide in the uppet pottion of Lot 1. One
exploratory boring, Boring B-4, was advanced in the centet of this feature and encountered
bedrock at a depth of 18 inches. Based on our review of aetrial photographs, our site
reconnaissance, and subsurface exploration, in our opinion there appeats to be no strong
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evidence to support the presence of this feature. We note that this feature was also not
identified by SCI or WCA.

An active relatively shallow landslide is [ocated along the propetty boundary between Lots 1
and 2. This feature was initially mapped by SCI in 1983. Based on our review of aerial
photographs and our site reconnaissance, it appeats that this feature is larger than initially
mapped by SCL. It appears that a 40-foot wide failure appears to have occurred along the
downhill side of the graded access road on Lot 2, widening the atea of the active landslide.
This active landslide was absent from the 1943 and 1968 aerial photographs, but appeared in
the latest photographs following construction of the graded access road. In out opinion,
grading associated with construction of this road is likely the main probable cause of the
landslide. Based on out subsurface exploration, it appeats that this active landslide is less
than 10 feet thick in depth.

A debris flow was initially mapped by SCI along the drainage swale below Lot 2; however,
this was refuted by WCA. This feature was subsequently mapped by BAGG, with the upper
limit extending approximately 60 feet onto Lot 2. Based on our site reconnaissance and
aetial photograph review, a significant amount of erosion has occurred at the head of this
feature; however, very dense vegetation obscures the topography. In our opinion, if this
feature were to move, it is located sufficiently away from the proposed building site that it
would have little to no impact on the proposed improvements.

For reference proposes, debris flows, in general, commonly involve upon satutation, the
rapid removal of relatively shallow thicknesses of granular soil over a firm contact such as
bedrock. The saturated soil is transported, in semi-liquid form, from the uppet tegions of
the debris flow causing a scar to form in this area, and the resulting debris deposited along a
telatively narrow band or “pathway” to a termination point below. Depending on many
factors including the size, steepness of slope, topography, soil type, etc., structures located
immediately below slopes potentially prone to debtis flow movement may be in an
immediate threat of both structural damage and/or life safety. Mitigation measures such as
debris fences, impact walls, or deflection walls are cotnmonly tecommended to reduce this
potential threat.

Shallow debris flows also appear to have occurred along the drainage ravine on Lot 4, as
evidenced by evacuated head scarps along the nosthern side of the channel. It appeats that
these features are related to very steep to precipitous slopes along either side of the ravine in
addition to heavy precipitation during past rainfall events. The deeply incised drainage
tavine suggests that a large volume of water flows through the culvert during the fainy
season. A relatively small active landslide was mapped above the culvert by CSL; however,
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while evidence of erosion was observed around the culvert, we did not obsetve any evidence

of an active landslide,

We note that due to the dense vegetation and steep slope conditions, only portions of the
site was accessed by our firm during our site reconnaissance and mapping phase. Thetefore,
there could be other shallow slope failures on the property that were not documented by ou
firm.,

Subsurface

In general, the exploratory botings encountered vatiable amounts of fill and colluvium
undetlain by sandstone and sheared rock from the surface to the full depth exploted of 40
feet. The boting locations are presented on Figure A-2, Partial Site Plan & Engineeting
Geologic Map and detailed logs of each boring are presented in Appendix B. A genetal
description of the subsurface conditions and the approximate location of each exploratory
boring are described hereunder.

Borings B-1 and B-2, located along the uphill side of the proposed building sites on Lot 3
and 4, respectively, encountered approximately 4 to 6.5 feet of stiff to hard sandy sile fill
undetlain by approximately 2.5 to 4.5 feet of colluvial soil consisting of very stiff to hard
sandy silt. Sandstone bedrock was encountered below the colluvium at a depth of 6.5 and 11
feet, respectively, and petsisted to a depth of 33 and 28.5 feet. The sandstone bedrock is
underlain by sheared rock that persisted to the bottom of the borings at a depth of 40 feet.

Boring B-3, located along the uphill side of the proposed building site on Lot 2, encountered
approximately 5 feet of colluvium consisting of stiff to very stiff sandy silt and silty clay.
Sandstone bedrock was encountered at a depth of 5 feet and persisted to the bottom of the
boring at a depth of 35 feet.

Boring B-4, located along the downhill side of the proposed building site on Lot 1,
encountered approximately 18 inches of colluvial soil consisting of stiff sandy silt underlain
by sandstone bedrock. 'The sandstone bedrock persisted to a depth of 30 feet and was, in
turn, underlain by sheared rock. The sheared rock persisted to the bottom of the boting at 2
depth of 38.6 feet.

Boring B-5, located immediately upslope of the active landslide on Lot 1, encountered
approximately 5 feet of very stiff sandy silt colluvium underlain by sandstone bedrock.
Sheared rock was encountered at a depth of 13.5 feet and persisted to the bottom of the
boring at a depth of 22.7 feet.
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Boring B-6, located within the limits of the zctive landslide on Lot 1, encountered
approximately 9.5 feet of active landslide deposits consisting of medium stiff to very sdff
sandy silt. Sheared rock was encountered below the landslide deposits and persisted to a
depth of 18.1 feet.

Laboratory Testing

Atterberg Limits testing was performed on two samples of the surficial soil from Boring B-3
at 2 depth of 1.5 to 3 feet and Boring B-6 at a depth of 3 to 4.5 feet to evaluate the
expansion potential of this material. The testing vielded a liquid limit of 41 and 29 percent,
respectively, and a plasticity index of 22 and 11 indicating that this matetial has a low to
moderate potential for expansion (see Figure C-1, Liquid & Plastic Limits Test Repott).

Groundwater

Groundwater was encountered in Borings B-4, B-5 and B-6 at the time of drilling at a depth
of approximately 28, 18 and 6.5 feet, respectively. Free groundwater was not encountered in
any of the other borings. We note that fluctuations in the level of groundwater can occur
due to variations in rainfall, temperature, landscaping, and other factors that may not have
been evident at the time our observations were made.

SLOPE STABILITY ANALYSIS

A seismic slope stability screening analysis was petformed in general accordance with the
guidelines outlined in the following publications:

& Special Publication 117A: Guidelines for Evaluvating and Mitigating Seismic Iazards
in California (California Geological Sutvey, 2008)

& Recommended Procedutes for Implementation of DMG Special Publication 117 -
Guidelines for Analyzing and Mitigating Landslide Hazards in California (Blake and
others, 2002)

‘The screening analysis included a pseudo-static analysis to evaluate the overall seismic deep-
seated stability of Lots 1 through 4 in the vicinity of the proposed building sites along Cross-
Sections A-A', C-C', D-D', and E-E' (see Figures A-6, A-8, A-9 and A-10) and of the active
landslide on Tots 1 and 2 along Cross Section B-B' (see Figure A-7). 'The analyses were
petformed using the computer program Slide 5.0, utilizing the Modified Bishop method to
search for the critical circular failure surface and calculate the factor of safety. The critical
failure surface is defined as the surface with the lowest calculated factor of safety. In general,
factors of safety greater than 1.0 indicate a stable condition, while factors of safety less than
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1.0 indicate an unstable condition. The pseudo-static analyses utilized a seismic coefficient
(k) of approximately 0.27, determined in general accordance with Special Publication 117A
for a threshold displacement of 15 centimeters using a peak ground acceleration of 0.57
obtained from the interactive U.S. Geological Survey Earthquake Hazards Program web site
(U.S. Geological Survey, 2008). As a state seismic hazard zones report is not available for
the San Mateo quadrangle, we utilized a magnitude of 7.9 taken from the Seismic Hazard
Zone Report for the adjacent Palo Alto Quadrangle (California Geological Survey, 2006).

Subsueface conditions were approximated based on local geologic maps, our site
reconnaissance, and subsurface data collected by our firm and by BAGG. Specifically, the
proposed lots are blanketed by colluvial soil underlain by Franciscan Complex bedrock.
Strength values used in the analysis were obtained from Table 2.1 of the Seismic Hazard
Zone Report for the Palo Alto Quadrangle in conjunction with laboratory testing on samples
from our subsurface borings and strength values reported by BAGG.

For the native soils and shallow, softer bedrock materials, BAGG estimated cohesion values
of 2,540 and 935 pounds per square foot (psf) and a phi value of 36 and 40 degrees. The
Seismic Hazard Zone Report indicates that strength values for Holocene aged deposits range
from 500 to 700 psf with a phi value of 21 to 26 degrees. Our analysis utilized much more
conservative values, including a phi value of 29 degrees and a cohesion value of 350 psf for
the surficial soils. We also utilized the same strength patameters for the active landslide
present on Lots 1 & 2 with the assumption that the upper portions of this feature will be
stabilized (see recommendations below). '

According to the referenced Seismic Hazard Zone Report, the Franciscan Complex bedrock
matetials have a cohesion value of 650 psf and a phi value of 29 degrees. Direct shear
testing on a sample of the bedrock obtained from Boring B-6 between the depths of 9 to
10.5 feet yielded a phi value of 15.6 degrees and a cohesion value of 700 psf (see Figure C-2,
Direct Shear Test Chart for Boring B-7 9-10.5 Feet BGS). In out opinion, the results of the
direct shear testing are likely low due to disturbance of the samples during drilling. Tn
addition, we note that strength testing by BAGG yielded much higher values which accounts
for increase in strength from having to shear or distott around hard bedtock blocks.
Thetefore, our analysis utilized 2 cohesion value of 850 and a phi value of 29 degtees to
more conservatively represent the strength of the bedtock. Based on our subsurface
exploration and because of the elevated topographic position of the site, it is our opinion
that the potential for high groundwatet at the site is low. Therefore, we did not include a
high groundwater level as part of the analysis.

The stability analyses yielded critical failure surfaces extending through the bedrock with a
calculated factor of safety ranging from 1.00 to 1.39. The results of the slope stability

MURRAY

ENGINEERS INC

Page 14




Zmay 4-Lot Residential Development Engingeting Geologic & Geotechnical Investigation

analyses are included as Figures A-11 through A-15. It should be noted that computer-aided
slope stability analyses are mathematical models of slopes and subsurface materials, and they
contain many assumptions. Slope stability analyses and the generated factors of safety
should only be used to indicate general slope stability trends. In general, factors of safety
below 1.00 indicate a potential failure. However, a slope with a factor of safety less than
1.00 will not necessatily fail but the probability of failure will be greatet than in a slope with 2
higher factor of safety. Conversely, a slope with a factor of safety greater than 1.00 may fail
but the probability of stability is higher than that in a slope with a lower factor of safety.

CONCLUSIONS & RECOMMENDATIONS

Based on the results of our investigation, it is out opinion that the proposed residential
subdivision is feasible from an engineering geologic and geotechnical petspective. In our
opinion, the primaty constraints to the project include the potential for shallow landsliding
and/or debris flows developing along the steeper portions of the property, consolidation,
creep, and/or shallow landsliding of the undocumented fill along the downhill side of
Parrott Drive, and the potential for strong to very strong ground shaking during a moderate
to large earthquake on the nearby San Andreas fault or one of the other neatby aciive faults.

In general, the proposed residences will be located in the uphill portion of the lots, adjacent
to Parrott Drive. We understand that the residence on Lot 1 may alternatively be shifted
downhill and accessed by a shared driveway extending from Lot 2. In our opinion, the
proposed building pads are feasible; however, due to the logistics of building a structure over
a storm drain culvert, we recommend that the tesidence building site on Lot 4 be shifted to
the north, away from the storm drain culvert.

Based on our investigation, the proposed improvement areas are blanketed by variable
amounts of fill and colluvium underlain by sandstone and sheared rock bedrock. In
particular, a substantial wedge of fill is located along the downhill side of Pattott Dtive. We
assume that this fill slope was not placed as a properly engineered fill with keyway, benches
and possibly subdrainage. Therefore, in our opinion, this matetial will be subject to future
consolidation, downhill creep, and possible shallow landsliding and should not be relied on
for support of the proposed improvements. In out opinion, the proposed residences and
associated retaining walls should be supported on drilled pier foundations extending through
the fill and colluvium and gaining support in the underlying bedrock.

We briefly reviewed the potential for geologic hazards to impact the site, considering the
geologic setting and our observations during our site reconnaissance. The tesults of our

review are presented below:
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& Landsliding — Based on out investigation, we did not observe any evidence of active
landsliding in the immediate area of the proposed residence on Lot 3. However, as
noted above, an active landslide is located along the boundary between Lots 1 and 2,
approximately 50 feet from the currenty proposed residence on Lot 1 and 10 feet
from the residence on Lot 2. This feature appears to be directly related to cuts and
fills associated with past grading of the access road. Based on our field
teconnaissance, this feature also appears to be relatively shallow and does not extend
up into the footptint of the building site. Given the location of this feature with
respect to the locations of the proposed structures, in our opinion, reactivation of
this feature could impact the proposed improvements. Thetefote, we recommend
mitigating this landslide as discussed in the recommendations section below.

In addition, a refatively shallow debtis flow is Jocated in the drainage swale at the
lower end of Lot 2. This feature is located more than 200 feet from the proposed
building site and appears to be confined to the drainage swale. In our opinion, if this
feature were to reactivate it would have little to no impact on the proposed
improvements.

The evacuated headscarp of a debris flow is located along the downhill side of the
proposed residence on Lot 4. "T'his featute appears to be the result of very steep
slopes in combination with granular soil type and heavy precipitation during past
rainfall events. In our opinion, it is likely that new debris flows and shallow earth
slumps will occur along the drainage ravine; however, given that the proposed
building site is located upslope of the drainage ravine, in our opinion, future
movement of these features should not have a direct impact on the proposed
improvements provided that they are design in accordance with the
recommendations of this report. As noted above, we also recommend shifting the
building site on Lot 4 to the north and away from the drainage culvert.

In our opinion, given the presence of similar shallow landslide features on the
propetty and steep slope conditions, future movement of these active

landslides/ debsis flows as well as generation of new shallow earth slumps and/or
debris flows is likely. In our opinion, future movement of these features should not
have a direct impact on the proposed improvements provided that they are designed
in accordance with the recommendations of this report.

Based on our investigation, the slopes on the proposed lots generally appear to be
underlain by resistant bedrock and it is our opinion that the potential for a deep-
seated landslide emanating from these slopes is low. As noted above, a mapped
presumably ancient landslide crosses the southwest corner of Lot 4. Based on the

Page 16




Zmay 4-Lot Residential Development Engincering Geologic & Geotechnical Investigation

slope stability analyses performed by BAGG, it appears that there is a potential risk
of seismic slope instability within the mapped slide afeas. However, BAGG
indicated that the bedrock strength is higher in areas of the property where there is
no evidence of deep-seated slope movement and concluded that development
outside of the mapped slide areas is feasible. In our opinion in the unlikely event this
landslide feature were to move during a large seismic event, given its proximity from
the proposed house site coupled with the reasoning (based on review of past
performance of large landslide complexes after large earthquake events such as what
occurred after the Loma Prieta Earthquake in the Santa Cruz Mountains) that the
feature would likely not fully mobilize but may shift downslope to some degree along
its boundaries, in our opinion such anticipated movement would not significantly
impact the global stability of the proposed house site on Lot 4.

We note that based on our investigation, it is our opinion that there is a moderate
risk for continued erosion and slight retrograde of the active landslide and debris
flows on the proposed lots. However, the potential for landsliding significantly
impacting the present locations of the proposed building sites is relatively low
provided the recommendations in this report ate carefully followed and incorporated
into the design of the structures. In addition, given the steep slopes across the
proposed building sites and the presence of relatively thick sutficial colluvial soil, the
occurtence of 2 new shallow landslide in this area cannot be excluded. A new,
relatively shallow landslide in the colluvium could be triggered by excessive
precipitation and/or strong ground shaking associated with an earthquake. In our
opinion, a landslide of this natute should not constitute a significant hazard to the
proposed improvements provided that they are designed and constructed in
accordance with the rccommendations presented in this repott. However, there is a
potential risk for debris flow activity that could impact property and structures in the
lower portions of the site. Hvaluation of this potential hazard was beyond the scope
of our investigation. However, as discussed in the previous consultants’ reports,
typical mitigation involves installation of debuis impact/deflection walls to impede
direct impact on structuzcs.

It should be noted that although out knowledge of the causes and mechanisms of
landslides has greatly increased in recent years, it is not yet possible to predict with
certainty exactly when and where all landslides will occur. At some time over the
span of thousands of years, most hillsides will experience landslide movement as
mountains are reduced to plains. Therefore, an unknown level of risk is always
present to structures Jocated in hilly terrain. Owners of property located in these
areas must be aware of and be willing to accept this risk.

MURRAY

ENGINEERS INC Page 17




Zmay 4-1.ot Residential Development Engineering Geologic & Geotechnical Investigation

& Fault Rupture — Based on our site reconnaissance and out review of published
geologic maps, it is our opinion that no active ot potentially active faults cross the
subject property. Thetefore, in out opinion, the potential for fault rupture to occur
at the site is very low.

& Ground Shzking — As noted in the Seismicity section above, moderate to latge
earthquakes are probable along several active faults in the greater Bay Atea.
Therefore, strong to viclent ground shaking should be expected in the area during
the design-life of the proposed improvements. In our opinion, the improvements
should be designed in accordance with the current earthquake sesistant standards,
including the 2013 CBC guidelines and design parameters presented in this repott. It
should be cleatly understood that these guidelines and parameters will not prevent
damage to structures; rather they are intended to prevent catastrophic collapse of

structures.

& Differential Compaction — During moderate and large earthquakes, soft ot loose,
natural or fill soils can become densified and settle, often unevenly across a site. In
out opinion that there is a moderate potential for differential compaction of the fill
material located in the upper portion of Lots 1 through 4. However, if the proposed
improvements are constructed in accotdance with the recommendations of this
report on foundations sufficiently embedded in competent materials below the fill, in
our opinion the potential for damage from differential compaction can be
significantly reduced.

PRELIMINARY GEOTECHNICAL RECOMMENDATIONS

The geotechnical recommendations provided below are based on highly tentative plans and
are for general planning purposes. Please note that our preliminaty opinions and
conclusions may change once the details of the proposed construction have been developed
and may require supplemental investigative wotk.

Due to the steep slopes and the presence of undocumented fill and colluvial soil, we
recommend that the proposed residences be supported on diilled piers extending adequately
into bedrock. If basements will be included in the design, the basement floors should be
designed as a structural slab supported on piers. The building contractor should take
appropriate precautions to shore the proposed basement excavations. The design and
construction of z2ny temporary shoring or dewatering is the responsibility of the building

contractor,
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It is anticipated that retaining walls will be utilized along the driveway and to accommodate
grade changes across the building sites. Retaining walls should be supported on drilled piets
embedded into bedrock. If desired, grouted tieback anchors may be utilized to help resist
active loads on the piers. Although plans ate highly tentative, we anticipate that a driveway
may be constructed along the uphill side of the active landslide on Lots 1 and 2. In addition,
the proposed building sites on Lots 1 and 2 are approximately 50 and 10 feet, respectively,
trom the landslide feature. To mitigate the potential for reactivation of the active landslide
on Lots 1 and 2 to impact the proposed improvements, we tecommend that a retaining wall
be constructed along the uphill margin of the slide feature. The retaining wall should be
installed prior to grading for the driveway and residence improvements to reduce the
potential for the grading to trigger a slope failure. As an alternative, the landslide mitigation
may include removing portions of the landslide debris and replacing it as a keyed and
benched engineered fill supported on the underlying bedrock in addition to constructing
retaining walls to stabilize the slope above. We note that the lower portion of the shallow
landslide will remain and therefore subject to continued slope movement. Such slope
movement will in our opinion not significantly impact the planned improvements (being
located uphill) provided the recommendations in this report are carefully followed.

Slabs-on-grade may be used for driveways, patios, walkways, and garage floors; howevert, it
should be anticipated that some degree of differential movement could occur between these
slabs and adjacent pier-supported structutes. To significantly minimize the movement
potential of concrete slabs, the more critical exteriot slabs can alternatively be constructed as
structural slabs supported on piers. Alternatively, to minimize repait costs associated with
heave and/or settlement cracking of exterior concrete slabs-on-grade, we suggest the use of
sand-set pavers, which can be constructed with a thinnet section of undetlayment and
relatively low costs associated with re-leveling of heave-telated movement. Detailed
recommendations are preseated in the following sections of this report.

2013 CBC EARTHQUAKE DESIGN PARAMETERS

Site-specific earthquake design parameters have been developed based on the procedutes
described in Chapter 16, Section 1613 of the 2013 California Building Code (California
Building Standards Commission, 2013). These procedures utilize State standardized spectral
acceleration values for maximum considered earthquake ground motion taking into account
historical seismicity, available paleoseismic data, and activity tates along known fault traces,
as well as site-specified soil and bedrock response characteristics. Contour maps of Class B
bedrock horizontal spectral acceleration values for the State of California are included as
figures in Chapter 16 of the 2013 CBC, reptesenting both short (0.2 seconds) and long (1.0
second) periods of spectral response and taking into account 5 petcent of ctitical damping.
The US. Geological Survey (2013) has prepared an online seismic design value application
tool, based on the 2010 ASCE with a July 2013 CBC errata, for public use, that allows for
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site-specific adjustments of these acceleration values for different subsurface conditions,
which are defined by site classes. Given fepresentative latitude of 37.539 and longitude of
-122.347 in accordance with guidelines presented in the 2013 CBC, the following seismic
design parameters will apply for this site:

& Site Class C — Soil Profile Name: Very Dense Soil and Soft Rock (Table 1613.5.2)
& Mapped Spectral Accelerations for 0.2 second Period: Ss= 2.166 (Site Class B)
& Mapped Spectral Accelerations for a 1-second Period: $1=1.216 (Site Class B)
& Design Spectral Accelerations for 0.2 second Period: Sps=1.444 (Site Class C)
&  Design Spectral Accelerations for a 1-second Petiod: Sp1=1.054 (Site Class C)
FOUNDATIONS
Drilled Piers

Given the anticipated steep slope conditions and presence of existing undocumented fill, we
recommend drilled piers for the residences be at least 16 inches in diameter, at least 20 feet
in depth from bottom of grade beam ot slab elevation, and should be embedded a minimum
of 12 feet into the bedrock. Piers for site retaining walls (those walls that ate not structurally
tied to any structures) should extend at least 8 feet into the bedrock ot to a depth equal to
the height of the tetaining wall plus the thickness of non-supportive soil in the upper portion
of the pier column. In addition, if piers are used for structural supported patio slabs, the
piers should extend at least 8 feet into bedrock o to a depth equal to the thickness of non-
supportive soil overlying the bedrock. Please note, that these ate recommended minimum
pier dimensions and that other structural criterion, such as the need to resist lateral creep
forces, may force the pier design depths to be greater. In general, drilled piers should be
spaced no closer than approximately three pier diametets, center-to-center.

Drilled piets should be designed to resist dead plus live loads using an allowable skin friction
value of 500 pounds per square foot for the depth of the pier in the bedrock with a one-
third increase allowed for transient loads, including wind and seismic forces. Any portion of
the piets in the fill, colluvium, or landslide deposits, and any point-beating resistance should
be neglected for support of vertical loads. For piers adjacent steep slopes, supportive
material (bedrock) should start a minimum horizontal distance of 10-feet from the daylight
of slope. The depth however, may be modified by out representative during consttuction,
especially if very dense bedrock areas are encountered.

"To resist lateral creep of near surface soils, we recommend that piers be designed to resist an
active soil pressure equal to an equivalent fluid weight of 85 pounds per cubic foot (pcf),
acting over 2-pier diameters in the downhill direction over the depth of the piers embedded
in the non-supportive soil. The depth of the active loads will vary slightly at individual pier
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