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1.0 INTRODUCTION�

1.1 GENERAL�

1.2 INFORMATION�PROVIDED�
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1.3 PROJECT�DESCRIPTION�
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1.4 BACKGROUND�
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1.5 PURPOSE�AND�SCOPE�OF�SERVICES�

 

 



Revised���Geotechnical�Design�&�Debris�Flow�Hazard�Risk�Assessment�Report� Page�3�
Veterans�Village�Housing�Project� June�24,�2022�

Pragmatic�Expertise™�

 

 

 

 

 

 

 

 

�



Revised���Geotechnical�Design�&�Debris�Flow�Hazard�Risk�Assessment�Report� Page�4�
Veterans�Village�Housing�Project� June�24,�2022�

Pragmatic�Expertise™�

2.0 SITE�CONDITIONS�AND�DESCRIPTION�

2.1 SITE�DESCRIPTION�

2.2 EXISTING�STRUCTURES�AND�FEATURES�
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3.0 GEOLOGIC�CONDITIONS�

3.1 GEOLOGIC�SETTING��

3.2 BEDROCK�GEOLOGY�

3.3 SEISMICITY�
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Table�3�1.�Distances�to�Selected�Major�Active�Fault�Surface�Traces�

3.4 GEOHAZARD�MAPPING�

3.4.1 Active�Faulting�and�Fault�Rupture�

Fault�Name�
Distance�and�Direction�from�Site�to�

Mapped�Surface�Fault�Traces�
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3.4.2 Landsliding�Hazards�

3.4.3 Debris�Flow�Hazards�
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3.4.4 Liquefaction�

3.5 REGIONAL�GROUNDWATER��
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4.0 FIELD�INVESTIGATIONS�

4.1 SITE�RECONNAISSANCE��

4.2 LIDAR�GEOMORPHIC�ANALYSIS�AND�GEOLOGIC�MAPPING�
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4.3 GEOTECHNICAL�BORINGS��

4.3.1 Scope�of�Explorations�
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4.3.2 Logging�and�Sampling�

� 
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4.3.3 Soil�and�Bedrock�Conditions�Encountered�



Revised���Geotechnical�Design�&�Debris�Flow�Hazard�Risk�Assessment�Report� Page�14�
Veterans�Village�Housing�Project� June�24,�2022�

Pragmatic�Expertise™�

4.3.4 Groundwater�Conditions�Encountered�
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4.4 DEBRIS�FLOW�STUDY�TEST�PIT��

4.4.1 Scope�of�Exploration�

4.4.2 Test�Pit�Findings�
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4.5 GEOTECHNICAL�LABORATORY�TESTING�
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6.0 GEOLOGIC�&�ENGINEERING�ANALYSES�

6.1 SLOPE�STABILITY�ANALYSIS�
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Table�6�1.�Factor�of�Safety�of�Slope�Stability�Analysis��

0.97�
0.68�



Revised���Geotechnical�Design�&�Debris�Flow�Hazard�Risk�Assessment�Report� Page�19�
Veterans�Village�Housing�Project� June�24,�2022�

Pragmatic�Expertise™�

6.2 DEBRIS�FLOW�HAZARD�RISK�ASSESSMENT�
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� 

� 
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6.2.1 Stream�Channel�Watershed�and�Geometry�

6.2.2 Geologic�Mapping�Observations�
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6.2.3 Potential�Debris�Flow�Volumes�
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6.2.4 Potential�Debris�Flow�Velocity�&�Impact�Pressure�

Velocity�Equation�Parameters:
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7.0 CONCLUSIONS�AND�DISCUSSION�

7.1 GENERAL�
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� 

� 

� 

� 

� 

7.2 DRILLABILITY�AND�EXCAVATABILITY�
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7.3 SEISMIC�CONSIDERATIONS�
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7.4 SETTLEMENT�

7.5 LANDSLIDING�
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7.6 DEBRIS�FLOWS�

7.7 CORROSION�

Table�7�1.�Corrosion�Testing�Results�

B�1�(6.5)� 3,906 12 4.8
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� 

� 
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8.0 RECOMMENDATIONS�

8.1 DESIGN�GROUNDWATER�

8.2 FOUNDATIONS�
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8.2.1 Concrete�Slabs�On�Grade�

Standard�Specification�of�Water�
Vapor�Retarders�Used�in�Contact�with�Soil�or�Granular�Fill�under�Concrete�Slabs
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8.2.2 Pier�and�Grade�Beam�Foundations�
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8.2.3 Seismic�Design�Parameters�

Table�7�1.�2019�CBC�Seismic�Design�Parameters�

Item� Design�Value�
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8.3 RETAINING�WALLS�

8.3.1 Lateral�Earth�Pressures�

� 60�pcf
assuming�a�2:1�slope�above�the�wall

� 45�pcf
assuming�level�backfill�behind�the�wall

� seismic�equivalent�fluid�pressure�of�22�pcf

� 

� 

� 

� 
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8.3.2 Retaining�Wall�Drainage�

8.3.3 Construction�Considerations�

8.4 DEBRIS�FLOW�IMPACT�WALL�
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8.5 CONCRETE�SLABS�ON�GRADE���EXTERIOR�
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8.6 SURFACE�AND�SUBSURFACE�DRAINAGE�

8.7 EARTHWORK�

8.7.1 Clearing�and�Stripping�

8.7.2 Excavations�
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8.7.3 Subgrade�Preparation�

8.7.4 Engineered�Fill�Placement�and�Compaction�
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8.7.5 Material�for�Engineered�Fill�

8.7.6 Utility�Trench�Excavation�and�Backfill�
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8.7.7 Considerations�for�Soil�Moisture�and�Seepage�Control�

8.7.8 Wet�Weather�Construction�
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8.8 TECHNICAL�REVIEW�AND�CONSTRUCTION�OBSERVATION�

�
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9.0 LIMITATIONS�
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Working Group on California Earthquake Probabilities (WGCEP), 2003, Earthquake Probabilities 

in the San Francisco Bay Region: 2002-2031:  U.S. Geological Survey Open File Report 

2003-214. 
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COUNTY OF SANTA CRUZ 
PLANNING DEPARTMENT 

701 OCEAN STREET, 4TH FLOOR, SANTA CRUZ, CA 95060 
(831) 454-2580   FAX: (831) 454-2131   TDD: (831) 454-2123 

 

 

 
 

 

 

March 16, 2022 

 

 

Shawn and Jason Moore 

660 Memory Lane 

Boulder Creek, CA 95006 

 

 

Subject: GEOLOGIC HAZARDS ASSESSMENT 

  APNs 078-273-15 & 078-272-06 

LOCATION: 8705 Highway 9 

        Boulder Creek, CA 

APPLICATION NUMBER: REV221050 

OWNERS: Vimal and Amita Patel 

 

Dear Applicants:                                                      

                                                                                                                                                                                                     

I performed a site reconnaissance of the parcels referenced above on 3/15/22 where construction of seven 

new residential units and remodelling of 11 existing residential units are proposed.  The project consists 

of conversion of an existing resort facility into affordable housing for veterans.  The property is currently 

occupied by a main house and garage and ten guest cabins.  All existing and proposed structures are on 

parcel 078-273-15.    
 

This letter briefly discusses my site observations, outlines permit conditions, and provides requirements 

for further technical investigations, if any.  The property location is shown on Figure 1, Topographic 

Index Map, attached. 

 

Completion of this geologic hazards assessment included a site reconnaissance, a review of published 

maps and other pertinent documents on file with the Planning Department, and an evaluation of remote 

sensing imagery.  The scope of this assessment is not intended to be as detailed as a full geologic or 

geotechnical report completed by a state registered geologic consultant.  

 

GEOLOGIC SETTING 

 

The subject properties occupy a gently to steeply sloping area on the southwest side of the San Lorenzo 

River valley about one-half mile south of the town of Ben Lomond (Figure 1).  The property extends a 

short distance up the steep northeast flank of Ben Lomond Mountain from the flood plain of the river.    

The two subject parcels together form an irregularly shaped plot of about 5.9 acres.    Slopes are relatively 

gentle on the eastern portion of the property that is proposed for new development, ranging from about 

6% to 12% gradient.  A small stream drainage flows easterly through the central portion of the subject 

properties (Figure 1).  Slope gradients along the flanks of this drainage reach gradients of 70% or more.   
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The geologic map of Santa Cruz County shows the parcel underlain by sedimentary rock consisting of 

fissile siliceous shale of the Monterey Formation (Tm, Figure 2).  Bedding (layering) in the shale unit is 

inclined generally eastward at dips of 15 to 30 degrees.  This unit can be susceptible to landsliding along 

bedding planes.   

 

SEISMIC SHAKING AND FAULTING 

 

This property is located in a seismically active region of northern California, as the October 17, 1989 

Magnitude 6.9 Loma Prieta earthquake amply demonstrated.  The subject parcels lie approximately 7 

miles southwest of the San Andreas fault zone, a very large, active strike-slip (horizontally moving) fault 

that extends for over 700 miles through California (Figure 3, Regional Seismicity Map).  The active 

Zayante fault is located about 2.5 miles to the northeast of the property.  Other active or potentially active 

faults in the area include the San Gregorio and Monterey Bay/Tularcitos faults to the southwest and the 

Sargent, Shannon, Calaveras, and Hayward faults to the northeast (Figure 3).                                                                          

                   

The earthquake history of the region around the subject property contains quite a few magnitude 4.0 or 

larger earthquakes have occurred during historical times (Figure 3).  The largest historical earthquakes to 

have affected the area are the 1906 San Francisco Earthquake, an estimated magnitude 7.9, and the 1989 

Loma Prieta earthquake, a magnitude 6.9.  Other historical earthquakes of significance in the area include 

two magnitude 6.1 earthquakes in the Monterey Bay in 1926, magnitude 6.5 and 6.3 earthquakes on the 

portion of the San Andreas fault in south Santa Cruz County in 1836 and 1890, respectively, and a 

magnitude 6.8 earthquake on the San Andreas fault to the north of Santa Cruz County in 1938.  

 

The subject property is not located in a State or County Fault Hazard Zone  (Figure 4, Fault Zone Map).  

The property lies immediately to the east of the Ben Lomond fault.  The Ben Lomond fault is not 

considered to be active and therefore no fault hazard zone has been designated along this fault.   

Fault movement during earthquakes can offset the ground surface, which will severely damage or destroy 

structures built directly over the fault rupture zone.  Projects sited in areas of active faulting must 

therefore be carefully evaluated for the potential for ground surface rupture.  No evidence for active 

faulting was observed on the subject parcels during our site evaluation and therefore the potential for 

ground surface rupture is considered to be negligible.   

 

Very strong ground shaking may occur on the parcel during the anticipated lifetime of the existing and 

proposed structures.  Therefore, care must be taken in securing these structures against the possibility of 

strong seismic shaking.  Intense ground shaking may be accompanied by shaking-related ground 

deformation that includes ridgetop shattering, liquefaction, lateral spreading, lurch cracking, ground 

subsidence, and seismically induced landsliding.  The liquefaction hazard map for Santa Cruz County 

shows the entire parcel located outside any areas considered to have a liquefaction potential.   Therefore, 

risks due to liquefaction and liquefaction related hazards of lurch cracking and lateral spreading are 

considered to be low on this parcel.  Landslide potential is discussed in the following section.   

 

LANDSLIDING 

 

A "Preliminary Map of Landslide Deposits in Santa Cruz County" was prepared in 1975 as part of the 

County's General Plan, a portion of which is depicted on Figure 5.  This interpretive map was prepared 

from aerial photographs and was designed only for "regional land use evaluations."  The map indicates 

areas where questionable, probable, or definite past instability is suspected.  While not a susceptibility 

map indicating potential site-specific stability problems, when utilized in conjunction with other 

published data and documents the map is a useful planning resource. 
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The entirety of the subject parcels are shown to be within the boundaries of a very large “probable” 

landslide on the Santa Cruz County Landslide Map (Figure 5).  For this evaluation, we reviewed lidar 

imagery and 1975 and 1989 aerial photos in order to assess the potential extent of landsliding on or near 

the property.  We also performed field observation of sloping portions of the parcel.  The size and shape 

of the landslide depicted on the County Landslide Map is not consistent with our observations.  In 

particular, there is no landsliding of the scale depicted on the County Landslide Map evident on the lidar 

imagery, which was not available at the time the County Landslide Map was constructed and which 

shows the ground surface morphology in much greater detail than the old aerial photographs.   

 

We did note some topography on the slope above the subject property that could be indicative of a large, 

very old, highly dissected landslide.  However, the lower portion of the slope steepens, clearly due to 

ancient downcutting by San Lorenzo River.  The toe of this slope is not displaced in a way that would 

indicate significant, geologically recent movement.  Consequently, the potential for large-scale 

landsliding to be hazard at this site is judged to be low.   

 

Smaller scale landsliding was noted on the steepest slopes bordering the stream drainage on the western 

portion of the properties.  These areas are located away from any proposed or existing development.  

However, there is a potential for small scale landsliding along the flanks of the stream drainage to 

produce debris flows that flow down the axis of the channel into development areas.  An alluvial fan has 

been formed where stream emerges from the narrow, steep-sided channel on the western part of the 

property.  This alluvial fan may, and likely does, include older debris flow deposits.  Structures sited on 

this fan could be at risk of debris flow impact.   

 

 GEOLOGIC HAZARDS 

 

Two potential geologic hazards are posed to the proposed development: strong seismic shaking due to an 

earthquake on one of the local active faults and debris flow impact on the portions of the property 

underlain by alluvial fan deposits.  These hazards are discussed below. 

 

The subject property is likely to be subjected to strong seismic shaking in the next 50 to 100 years.  In 

addition to the San Andreas fault, there are a number of active or potentially active faults in the region 

that could cause strong shaking at the study site.  Any “development”, as defined by Santa Cruz County 

Code of Regulations (SCCCR) 16.10.040 (19) associated with the project shall be designed to the most 

current seismic standards of the California Building Code.  In this case, the proposed new residential 

building will qualify as development.  The remodels of existing structures may or may not be considered 

development depending on the amount and type of remodeling done.   

 

The portions of the project located on the alluvial fan on the property are potentially at risk of debris flow 

impact.  This area includes, at a minimum, the four new modular housing units proposed for the area of 

the existing pool (per the 2/26/22 Site Plan by Sherwood Design Engineers), but may well include other 

portions of the site.   

 

CONCLUSIONS AND REPORT REQUIREMENTS 

 

Based on my site visit and review of pertinent maps and other documents, further geologic evaluation in 

the form of a focused geologic report is indicated for the proposed development on these parcels.  The 

focused geologic report shall provide an assessment of risks to the proposed development due to debris 

flow hazards and shall provide recommendations for mitigating any recognized risks.  The project will 
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also require a geotechnical report for design of the proposed new structures and for remodeling of existing 

structures if foundation modifications are proposed. 

 

Please note that the report requirements outlined above are based on a review of the conceptual plans by 

Sherwood Design Engineers (dated 2/26/22) that were provided to us.  It is possible that the detailed 

project plans submitted at the building permit stage may contain changes to the placement or design of 

structures that alter the report requirements. 

  

If you have any questions concerning these conditions, the hazards assessment, or geologic issues in 

general, please contact me at 454-3175. 

 

Sincerely, 

 

 

 

 

 

 

________________________  

Jeff Nolan   

County Geologist    

CEG #2247     

 

______3/18/22____________    

Date               

 

Enclosure(s): Figures 1-5 

 

Cc:  Jessica deGrassi 
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UNIFIED SOIL CLASSIFICATION SYSTEM
AND KEY TO BORING LOG

UNIFIED SOIL CLASSIFICATION SYSTEM (ASTM D-2487)

Field Identification
Group

Symbols Typical Names Laboratory Classification Criteria

Gravels

More than 50%
coarse fraction
retained on the

No. 4 sieve

Clean

Gravels

< 5% Fines

GW
Well-graded gravels, gravel-sand

mixtures, little or no fines
CU = D60 ÷ D10 � 4    and

CC = (D30)2 ÷ (D10 × D60) � 1 & � 3

GP
Poorly graded gravels, gravel-
sand mixtures, little or no fines

CU = D60 ÷ D10 < 4    and/or
CC = (D30)2 ÷ (D10 × D60) < 1 & > 3

Gravels

with

Fines

>12% Fines

GM
Silty gravels, poorly graded

gravel-sand-silt mixtures
Fines classify as

ML or MH If fines classify as
CL-ML, use dual
symbol GC/GMGC

Clayey gravels, poorly graded
gravel-sand-clay mixtures

Fines classify as
CL or CH

Sands

More than 50%
coarse fraction

passes the
No. 4 sieve

Clean

Sands

< 5% Fines

SW
Well-graded sands, gravelly

sands, little or no fines
CU = D60 ÷ D10 � 6    and

CC = (D30)2 ÷ (D10 × D60) � 1 & � 3

SP
Poorly graded sands, gravelly

sands, little or no fines
CU = D60 ÷ D10 < 6    and/or

CC = (D30)2 ÷ (D10 × D60) < 1 & > 3

Sands

with

Fines

>12% Fines

SM
Silty sands, poorly graded

sand-silt mixtures
Fines classify as

ML or MH If fines classify as
CL-ML, use dual
symbol SC/SMSC

Clayey sands, poorly graded
sand-clay mixtures

Fines classify as
CL or CH

Identification Procedures on Percentage Passing the No. 40 Sieve PLASTICITY CHART
For Classification of Fine-Grained Soils and

Fine-Grained Fraction of Coarse-Grained Soils
        Equation of "A"-Line:  PI = 4 @ LL = 4 to 25.5, then PI = 0.73 × (LL � 20)
        Equation of "U"-Line:  LL = 16 @ PI = 0 to 7, then PI = 0.9 × (LL � 8)

Silts & Clays

Liquid Limit less
than 50%

ML
Inorganic silts, very fine sands,

rock flour, silty or clayey fine
sands with slight plasticity

CL
Inorganic clays of low to med-
ium plasticity, gravelly, sandy,
and/or silty clays, lean clays

OL
Organic silts, organic silty

clays of low plasticity

Silts & Clays

Liquid Limit greater
than 50%

MH
Inorganic silts, micaceous or
diatomaceous fine sandy/-

silty soil, elastic silts

CH
Inorganic clays of high

plasticity, fat clays

OH
Organic clays of medium to

high plasticity

HIGHLY ORGANIC SOILS PT
Peat and other highly

organic soils

  KEY TO SAMPLER TYPES AND OTHER LOG SYMBOLS
CS California Standard Sampler Depth at which Groundwater was Encountered During Drilling
CM California Modified Sampler Depth at which Groundwater was Measured After Drilling
SPT Standard Penetration Test Sampler PP Pocket Penetrometer Test
SHL Shelby Tube Sampler PTV Pocket Torvane Test
BU Bulk Sample �#200 % of Material Passing the No. 200 Sieve Test (ASTM D-1140)
LL Liquid Limit of Sample (ASTM D-4318) PSA Particle-Size Analysis (ASTM D-422 & D-1140)
PI Plasticity Index of Sample (ASTM D-4318) C Consolidation Test (ASTM D-2435)
QU Unconfined Compression Test (ASTM D-2166) TXUU Unconsolidated Undrained Compression Test (ASTM D-2850)

  KEY TO SAMPLE INTERVALS  

Length of Sampler Interval with a CS Sampler Bulk Sample Recovered for Interval Shown (i.e., cuttings)

Length of Sampler Interval with a CM Sampler Length of Coring Run with Core Barrel Type Sampler

Length of Sampler Interval with a SPT Sampler No Sample Recovered for Interval Shown

Length of Sampler Interval with a SHL Sampler



Bedrock Characteristics Chart

           Rock Hardness Descriptions Rock Weathering Descriptions
   

V
er

y
   

H
ar

d

Cannot be scratched with knife or sharp pick. 

Breaking of hand specimen requires several hard

blows of geologist’s pick.

H
ar

d

Can be scratched with knife or pick only with

difficulty.  Hard blow of hammer required to detach

hand specimen.

M
od

er
at

el
y

   
 H

ar
d

Can be scratched with knife or pick.  Gouges or

grooves to 1/4-inch deep can be excavated by hard

blow of geologist’s pick.  Hand specimens can be

detached by moderate blow.

M
ed

iu
m

Can be grooved or gouged 1/16-inch deep by firm

pressure of knife or pick point. Can be excavated in

small chips to pieces about 1-inch maximum size by

hard blows of the point of a geologist’s pick.

So
ft

Can be gouged or grooved readily with knife or pick

point.  Can be excavated in chips to pieces several

inches in size by moderate blows of a pick point. 

Small tin pieces can be broken by finger pressure.

V
er

y 
So

ft Can be carved with knife. Can be excavated readily

with point of pick.  Pieces 1-inch or more in

thickness can be broken with finger pressure. Can be

scratched readily by fingernail.

Bedding Thickness & Joint/Fracture
Spacing Descriptions

Centimeters Inches Bedding Joints/Fractures

< 2 < ¾ Laminated Extremely Close

2-5 ¾-2 Very Thin Very Close

5-30 2-12 Thin Close

30-90 12-36 Medium Moderate

90-300 36-120 Thick Wide

> 300 > 120 Very Thick Very Wide

Fr
es

h

Rock fresh, crystals bright, few joints may show slight

staining.  Rock rings under hammer if crystalline.

   
 V

er
y 

   
Sl

ig
ht

Rock generally fresh, joints may show thin clay

coatings, crystals in broken face show bright.  Rock

rings under hammer if crystalline.

Sl
ig

ht

Rock generally fresh, joints stained, and discoloration

extends into rock up to 1 inch.  Joints may contain

clay.  In granitoid rocks some occasional feldspar

crystals are dulled and discolored.  Crystalline rocks

ring under hammer.

M
od

er
at

e Significant portions of rock show discoloration and

weathering effects. In granitoid rocks, most feldspars

are dull and discolored; some show clayey.  Rock has

dull sound under hammer and shows significant loss of

strength as compared with fresh rock.
   

M
od

er
at

el
y

   
   

Se
ve

re
All rock except quartz discolored or stained. In

granitoid rocks, all feldspars dull and discolored and

majority show kaolinization.  Rock shows severe loss

of strength and can be excavated with geologist’s pick.

Rock goes “clunk” when struck.

Se
ve

re

All rock except quartz discolored or stained.  Rock

“fabric” clear and evident, but reduced in strength to

strong soil.  In granitoid rocks, all feldspars kaolinized

to some extent.  Some fragments of strong rock usually

left.

  V
er

y
 S

ev
er

e

All rock except quartz discolored or stained. Rock

“fabric” discernible. But mass effectively reduced to

“soil” with only fragments of strong rock remaining.

C
om

pl
et

e Rock reduced to “soil.” Rock “fabric” not discernible

or discernible only in small scattered locations.  Quartz

may be present as dikes or stringers.

The above Bedrock Characteristics are based on the ASCE Manual No. 56, “Subsrface

Investigation For Design And Construction Of Foundations Of Buildings,” 1976.
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Cooper Testing Labs, Inc.
937 Commercial Street

Palo Alto, CA 94303

1 2 3 4
Moisture % 28.4
Dry Den,pcf 89.2
Void Ratio 0.890
Saturation % 86.1
Height in 5.01
Diameter in 2.40
Cell psi 6.0
Strain % 4.84
Deviator, ksf 6.752
Rate %/min 1.00
in/min 0.050
Job No.:
Client:
Project:
Boring: B-1
Sample: 1-4
Depth ft: 7

Sample #
1
2
3
4

Note: Strengths are picked at the peak deviator stress or 15% strain 
which ever occurs first per ASTM D2850.

Remarks:  

Sample Data

Visual Soil Description

Yellowish Brown Sandy CLAY 

471-377
Cal Engineering & Geology
220300
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Sample 1

Sample 2

Sample 3

Sample 4

Unconsolidated-Undrained Triaxial Test
ASTM D2850
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4/13/22, 4:14 PM Unified Hazard Tool

https://earthquake.usgs.gov/hazards/interactive/ 1/5

Uni�ed Hazard Tool

 Input

U.S. Geological Survey - Earthquake Hazards Program

Please do not use this tool to obtain ground motion parameter values for the design code

reference documents covered by the U.S. Seismic Design Maps web tools (e.g., the

International Building Code and the ASCE 7 or 41 Standard). The values returned by the two

applications are not identical.

Ple

Edition

Dynamic: Conterminous U.S. 2014 (u…

Latitude

Decimal degrees

37.081252

Longitude

Decimal degrees, negative values for western longitudes

-122.085067

Site Class

259 m/s (Site class D)

Spectral Period

Peak Ground Acceleration

Time Horizon

Return period in years

475
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 Hazard Curve

View Raw Data

Hazard Curves

Time Horizon 475 years

Peak Ground Acceleration

0.10 Second Spectral Acceleration

0.20 Second Spectral Acceleration

0.30 Second Spectral Acceleration

0.50 Second Spectral Acceleration

0.75 Second Spectral Acceleration

1.00 Second Spectral Acceleration

2.00 Second Spectral Acceleration

3.00 Second Spectral Acceleration

4.00 Second Spectral Acceleration

5.00 Second Spectral Acceleration
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Ground Motion (g)
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Spectral Period (s): PGA

Ground Motion (g): 0.5085

Component Curves for Peak Ground Acceleration

Time Horizon 2475 years

System

Grid

Slab

Interface

Fault
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 Deaggregation

Component

Total

ε = (-∞ .. -2.5)

ε = [-2.5 .. -2)

ε = [-2 .. -1.5)

ε = [-1.5 .. -1)

ε = [-1 .. -0.5)

ε = [-0.5 .. 0)

ε = [0 .. 0.5)

ε = [0.5 .. 1)

ε = [1 .. 1.5)

ε = [1.5 .. 2)

ε = [2 .. 2.5)

ε = [2.5 .. +∞)

5

45

85
Closest Distance, rRup (km)

125

165

205

245

9
8.5

8
7.5

Magnitu
de (M
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5
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Summary statistics for, Deaggregation: Total

Deaggregation targets

Return period: 475 yrs

Exceedance rate: 0.0021052632 yr⁻¹

PGA ground motion: 0.50845131 g

Recovered targets

Return period: 520.0006 yrs

Exceedance rate: 0.0019230747 yr⁻¹

Totals

Binned: 100 %

Residual: 0 %

Trace: 0.12 %

Mean (over all sources)

m: 7.17

r: 14.51 km

ε₀: 1.04 σ

Mode (largest m-r bin)

m: 7.09

r: 13.97 km

ε₀: 1.08 σ

Contribution: 12.48 %

Mode (largest m-r-ε₀ bin)

m: 7.52

r: 12.68 km

ε₀: 0.72 σ

Contribution: 8.92 %

Discretization

r: min = 0.0, max = 1000.0, Δ = 20.0 km

m: min = 4.4, max = 9.4, Δ = 0.2

ε: min = -3.0, max = 3.0, Δ = 0.5 σ

Epsilon keys

ε0: [-∞ .. -2.5)

ε1: [-2.5 .. -2.0)

ε2: [-2.0 .. -1.5)

ε3: [-1.5 .. -1.0)

ε4: [-1.0 .. -0.5)

ε5: [-0.5 .. 0.0)

ε6: [0.0 .. 0.5)

ε7: [0.5 .. 1.0)

ε8: [1.0 .. 1.5)

ε9: [1.5 .. 2.0)

ε10: [2.0 .. 2.5)

ε11: [2.5 .. +∞]
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Deaggregation Contributors

Source Set   Source Type r m ε0 lon lat az %

UC33brAvg_FM31 System 41.29

San Andreas (Santa Cruz Mts) [0] 12.51 7.70 0.70 121.993°W 37.169°N 39.64 22.68

San Gregorio (North) [19] 15.84 7.48 1.11 122.259°W 37.049°N 257.12 4.40

San Andreas (Santa Cruz Mts) [1] 13.72 7.07 1.07 121.943°W 37.134°N 64.93 2.45

San Andreas (Santa Cruz Mts) [2] 17.72 7.07 1.36 121.884°W 37.093°N 85.80 1.51

Butano [1] 11.03 7.49 0.77 122.012°W 37.161°N 36.27 1.25

UC33brAvg_FM32 System 41.16

San Andreas (Santa Cruz Mts) [0] 12.51 7.70 0.70 121.993°W 37.169°N 39.64 23.54

San Gregorio (North) [19] 15.84 7.50 1.10 122.259°W 37.049°N 257.12 4.27

San Andreas (Santa Cruz Mts) [1] 13.72 7.08 1.07 121.943°W 37.134°N 64.93 2.55

San Andreas (Santa Cruz Mts) [2] 17.72 7.09 1.35 121.884°W 37.093°N 85.80 1.55

Butano [1] 11.03 7.55 0.74 122.012°W 37.161°N 36.27 1.12

UC33brAvg_FM31 (opt) Grid 8.91

PointSourceFinite: -122.085, 37.104 5.75 5.59 0.82 122.085°W 37.104°N 0.00 1.23

PointSourceFinite: -122.085, 37.104 5.75 5.59 0.82 122.085°W 37.104°N 0.00 1.23

UC33brAvg_FM32 (opt) Grid 8.64

PointSourceFinite: -122.085, 37.104 5.62 5.65 0.78 122.085°W 37.104°N 0.00 1.64

PointSourceFinite: -122.085, 37.104 5.62 5.65 0.78 122.085°W 37.104°N 0.00 1.64
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30

where NRF is a factor that accounts for the nonlinear response of the materials above the slide 

plane; u is displacement; and 955 9D is the duration of strong shaking, a function of earthquake 

magnitude and distance.  

Blake and others (2002) have simplified the process of estimating eqf for ranges of magnitude 

and distance by preparing sets of curves for two displacement (u ) values, 5 cm and 15 cm. 

These curves are reproduced in Figure 1. 

 
Figure 1. Values of eqf as a Function of rMHA , Magnitude and Distance for Threshold 
Displacements of (a) 5 cm and (b) 15 cm (Modified from Blake and others, 2002). 

Keq=0.4*0.51=0.204
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Rating Polygons

0 - 5

5 - 15

15 - 45

45 - 60
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Not rated or not available

Soil Rating Lines
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15 - 45

45 - 60

60 - 100

Not rated or not available

Soil Rating Points
0 - 5
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15 - 45

45 - 60

60 - 100

Not rated or not available

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 
1:24,000.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause 
misunderstanding of the detail of mapping and accuracy of soil 
line placement. The maps do not show the small areas of 
contrasting soils that could have been shown at a more detailed 
scale.

Please rely on the bar scale on each map sheet for map 
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL: 
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator 
projection, which preserves direction and shape but distorts 
distance and area. A projection that preserves area, such as the 
Albers equal-area conic projection, should be used if more 
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as 
of the version date(s) listed below.

Soil Survey Area: Santa Cruz County, California
Survey Area Data: Version 15, Sep 9, 2021

Soil map units are labeled (as space allows) for map scales 
1:50,000 or larger.

Date(s) aerial images were photographed: Apr 13, 2020—Apr 
24, 2020

The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
imagery displayed on these maps. As a result, some minor 
shifting of map unit boundaries may be evident.
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Representative Slope

Map unit symbol Map unit name Rating (percent) Acres in AOI Percent of AOI

125 Danville loam, 2 to 9 
percent slopes

6.0 1.8 16.6%

143 Lompico-Felton 
complex, 30 to 50 
percent slopes, MLRA 
4B

40.0 2.8 25.6%

158 Nisene-Aptos complex, 
50 to 75 percent 
slopes

63.0 6.3 57.8%

Totals for Area of Interest 10.9 100.0%

Description

Slope gradient is the difference in elevation between two points, expressed as a 
percentage of the distance between those points.

The slope gradient is actually recorded as three separate values in the database. 
A low value and a high value indicate the range of this attribute for the soil 
component. A "representative" value indicates the expected value of this attribute 
for the component. For this soil property, only the representative value is used.

Rating Options

Units of Measure: percent

Aggregation Method: Dominant Component

Component Percent Cutoff: None Specified 

Tie-break Rule: Higher

Interpret Nulls as Zero: No

Representative Slope—Santa Cruz County, California

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

2/26/2022
Page 3 of 3
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