




















































Biotic Resources Group 
Biotic Assessments  Resource Management  Permitting 

 

2551 S. Rodeo Gulch Road #12  Soquel, California 95073  (831) 476-4803  brg@cruzio.com 

 

April 26, 2022 

 

Jerrod Nichols 

FUSE Architects + Builders 

411 Capitola Avenue 

Capitola CA 95010 

 

RE:  Addendum to Biotic Report and Conceptual Restoration Plan, 49 Shearwater Lane, 
Pajaro Dunes South (APN 052-29-108) 

 

Dear Jerrod, 

 

The Biotic Resources Group has prepared this addendum to the Biotic Report, (Biotic Resources 

Group, June 29, 2021) in response to comments from the County (email dated March 2, 2022, 

Matt Johnston). The addendum addresses the issue of proposed dune scrub restoration areas that 

could be shaded by decks and provides an updated conceptual dune scrub restoration plan.   

 

Shade Analysis  
FUSE Architects + Builders conducted a shade analysis of the proposed residence. The analysis, 

based on the approximate sun shadow at noon on the summer solstice, identified that 764.75 

square feet of potential proposed dune restoration area would be located in these shadows. This 

shade analysis is depicted on Figure A-1, attached. As per the County’s concerns that shaded 

areas would be unsuitable for dune scrub restoration, these shaded areas will be excluded from 

areas considered for dune restoration. However, any existing dune scrub vegetation that occurs in 

these shaded areas will be retained as is. 

 

As per the Site Plan, as depicted on Figure A-1, areas temporarily impacted by construction will 

be restored. This area encompasses 2,805 square feet. This is an update to the area identified for 

on-site restoration in the Biotic Report, dated June 29, 2001.  

 

To meet the County’s requirement for mitigation, 5,101 square feet of off-site dune restoration 

will occur. This is an update to the area identified for off-site restoration in the Biotic Report, 

dated June 29, 2001. This updated information is portrayed on Figure A-2.  

 

Updated Conceptual Dune Scrub Restoration  
Figure A-2 shows the updated conceptual dune restoration areas – on-site and off-site.  

 
All other mitigation measures presented in the Biotic Report, dated June 29, 2021 remain valid.  

 

Please call me if you have any questions on these findings. 

 

Sincerely, 

 

 
Kathleen Lyons 

Principal/Plant Ecologist 

 

Attachments: Figure A-1, Figure A-1.



 

49 Shearwater Lane, Pajaro Dunes 2 April 26, 2022 

Addendum to Biotic Report 

 
Figure A-1. Site Plan, with Shade Analysis and Areas of On-Site Dune Restoration

Areas Subject to Shade 
764.75 sq. ft. 

 On-Site Dune Scrub 
 Restoration Areas  
 (approx.) 2,805 sq. ft. 
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Figure A-2.  Conceptual Dune Scrub Restoration Areas 

 



 

49 Shearwater Lane Biotic Report Review 

County of Santa Cruz 

 

November 10, 2021 

Jerrod Nicholls  

FUSE Architects + Builders 

411 Capitola Avenue 

Capitola CA 95010 

 

Subject:  49 Shearwater Lane Biotic Report Review 

APN:  052-291-12 

Application #:  REV201090; 201238 

 

Attachment 1.  Biotic Report 

Attachment 2.  Proposed Site Plan Limits of Disturbance  

 

Dear Mr. Nicholls, 

The Planning Department received and reviewed a Biotic Report, dated June 29, 2021 prepared 

by Biotic Resources Group for APN 052-291-12 (Attachment 1).  The Biotic Report Review was 

required because of the potential for sensitive habitats and protected species in the disturbance 

area for this project where demolition and reconstruction of a single-family dwelling is proposed.  

The project is located at 49 Shearwater Lane in the Pajaro Dunes gated community. 

The proposed project involves replacement of the existing 2-story house with a new 2-story 

house, with attached single car garage.  The existing development footprint on the property is 

approximately 1842 square feet including the existing parking area, pathways, and house.  The 

development footprint of the proposed project is approximately 2610 square feet, overlapping the 

existing developed area.  The project would increase the permanent development footprint on the 

parcel by approximately 768 square feet.  Grading to accommodate the proposed development 

would temporarily impact approximately 2805 additional square feet around the new developed 

area during construction.  These calculations were provided by the project architect and are 

shown, along with the location of proposed development, on the Site Plan included as 

Attachment 2. 

Background 

In July of 2020, Environmental Planning Staff received and reviewed a Biotic Survey Results 

Memo (dated June 10, 2020) for the project prepared by Biotic Resources Group.  In September 

of 2020, the County issued a letter explaining that the memo did not provide adequate analysis to 

evaluate or compensate for the level of impact to sensitive habitat, and the project as designed 

did not demonstrate consistency with the County’s Sensitive Habitat Protection Ordinance 

(SCCC Section 16.32) because it did not meet the County’s requirements to avoid and minimize 

impacts to sensitive species and habitats.  The letter summarized the biotic constraints on the 

parcel and outlined actions necessary to move forward with Biotic Report Review. 
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In December of 2020, the Planning Department received and reviewed a Biotic Report (dated 

November 24, 2020) prepared by Biotic Resources Group for the project.  This Biotic Report 

confirmed the presence of sensitive habitat and protected plant species on the parcel but did not 

address the actions outlined in the County’s September 2020 letter.  No changes were made to 

the proposed project design, and no explanation was provided to demonstrate avoidance or 

minimization of impacts to sensitive species or habitats.  In January of 2021, the County issued a 

2nd letter stating that Biotic Approval could not be issued until the necessary actions outlined in 

the September 2020 letter are addressed. 

In September of 2021, the County received revised project plans and a revised biotic report dated 

June 29, 2021.  Revisions to the project design include a different configuration for the proposed 

house which reduces the project footprint and reduction in the size of the originally proposed 

development footprint as well as additional measures to avoid, minimize, and/or mitigate impacts 

to sensitive habitat and special status species. 

Baseline Environmental Conditions 

The Study Area covered in the Biotic Report includes the entire approximately 8,440 square foot 

parcel 052-291-12 located within the Coastal Zone.  The parcel is currently developed with one 

single family home, two walkways providing access to the front and rear of the parcel, and a 

paved parking area in the southern (front) portion of the property. 

The Biotic Report identifies two vegetation communities on the property: dune scrub and non-

native eucalyptus grove.  The majority of the coastal dune scrub on the property is dominated by 

non-native invasive plant species.  The north and northwest sides of the property support a dense 

mat comprised of invasive European dune grass (Ammophila arenaria), ice plant (Carpobrotus 

edulis), and ripgut brome (Bromus diandrus).  East of the existing residence, the parcel slopes 

downward.  The northeastern corner of the triangular shaped property is dominated by an 

overstory of very large eucalyptus trees growing on and at the bottom of the slope, with large 

branches overhanging in a westerly direction toward the house.  In the southern portion of the 

property, and along the east side of the existing residence at the top of the slope, iceplant is 

interspersed with a mosaic of native species including two special-status species: Federal 

Threatened Monterey spineflower (Chorizanthe pungens var. pungens) and Monterey paintbrush 

(Castilleja latifolia), a locally unique plant species.  Figure 2 of the Biotic Report shows the 

location of these communities and special-status species identified on the parcel. 

Analysis 

Coastal Dune Scrub, Dune Plant Habitat, Dunes, and habitat for special-status species are 

considered sensitive under Santa Cruz County’s Sensitive Habitat Protection ordinance (Chapter 

16.32).  The purpose of Chapter 16.32 is to minimize the disturbance of biotic communities 

which are rare or especially valuable because of their special nature or role in an ecosystem.  The 

project site is located on a coastal dune and the entire parcel is considered sensitive habitat. 

Biological Resources including special-status species and their habitats and other sensitive 

natural communities as identified by local policies, CDFW, or USFWS are also protected under 

the California Environmental Quality Act (CEQA).  Additionally, Coastal Dune Scrub, Dune 

Plant Habitat, and habitat for special-status species are offered special protections under the 

California Coastal Act as Environmentally Sensitive Habitat Areas (ESHA).  Santa Cruz County 

Code Section 13.20.130(B)(2) includes requirements for minimizing site disturbance associated 

with grading, earth moving, and removal of major vegetation in the Coastal Zone.   
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Several colonies of Monterey spineflower are present on the property: one along the rear 

walkway and one in the southeast portion of the parcel north of the asphalt parking area.  

Monterey paintbrush is also present along the rear walkway and in the southwest portion of the 

parcel within the project impact area.  The project site contains suitable habitat for two wildlife 

State Species of Special Concern: Northern California legless lizard (Anniella pulchra) and coast 

horned lizard (Phrynosoma blainvillii).  The eucalyptus grove in the northeastern corner of the 

property does not have the necessary habitat elements to provide adequate overwintering habitat 

for monarch butterflies.  Impacts to monarchs are not expected. 

The project site and adjacent areas provide potential nesting and foraging habitat for birds of 

prey and migratory birds.  Birds of prey and migratory birds are offered protection under the 

California Fish and Game Code, and the Federal Migratory Bird Treaty Act (MBTA).  Under the 

MBTA, it is “unlawful at any time, by any means or in any manner, to pursue, hunt, take, 

capture, kill, attempt to take, capture, or kill” a migratory bird unless and except as permitted by 

regulations. 

The proposed project will result in approximately 0.02 acre (768 square feet) of permanent 

impacts to coastal dune habitat by increasing the development footprint on the parcel through 

construction of the new residence.  Construction access and site grading would result in an 

additional 0.06 acre (2805 square feet) of temporary impacts.  Construction of the new garage 

and driveway would result in direct permanent impacts to the colony of Monterey paintbrush 

located in the southwest portion of the parcel. 

Conditions have been included below to compensate for temporary and permanent impacts to 

sensitive habitats and special-status species. 

Conclusion 

Coastal Dune habitat occurs throughout the property.  The anticipated impacts were minimized 

during project design by concentrating permanent development around the footprint of existing 

development, reducing the size of the originally proposed development footprint, and reducing 

the length of the driveway by utilizing the existing paved parking area.  The project will also 

restore a portion of the asphalt parking area east of the new driveway by removing the existing 

asphalt, re-contouring the sand to match surrounding area, and restoring with native plants. 

Construction of the new garage and driveway will result in direct impacts to a colony of 

Monterey paintbrush.  Avoidance of impacts to this population while maintaining the objective 

of the project is not possible given its location near the existing parking area and the other 

resource constraints on the parcel.  Conditions have been included below that require seed 

salvage and relocation of this population to a protected area on site and maintenance and 

monitoring to ensure relocation success. 

All suitable areas on the parcel, not permanently impacted by proposed development, must be 

restored to native dune habitat following a restoration plan prepared and implemented by a 

qualified restoration professional.  Additional off-site mitigation is also required to compensate 

for permanent impacts to Coastal Dune Habitat. 

Pursuant to SCCC 13.20, mature trees in the Coastal Zone should be retained when possible.  

The eucalyptus grove in the northeast corner of the parcel is considered less suitable for dune 

restoration than the off-site neighboring locations proposed for restoration in the conceptual 

restoration plan on Figure 11 of the Biotic Report.    
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Full restoration of the eucalyptus grove may not be feasible or preferable due to the size of the 

trees and the other ecological functions they provide.  While this area is technically “degraded” 

as dune habitat, these trees provide shade and other ecosystem functions that iceplant and 

European dune grass do not.  If suitable contiguous area cannot be identified on adjacent parcels, 

eucalyptus trees may be trimmed back to provide suitable areas for restoration.  If this is 

proposed, treatment of the branches over time should be included in the restoration plan and 

monitoring reports. 

There are sensitive habitat constraints on the project site associated with coastal dune scrub 

habitat, special-status species, and habitat for nesting birds that must be considered prior to and 

during project implementation.  Conditions have been included below to ensure that impacts to 

special-status species, their habitats, and other sensitive habitats will be less than significant, and 

should therefore be incorporated as mitigation measures pursuant the California Environmental 

Quality Act. 

The Conditions of Approval below shall be incorporated into all phases of development for this 

project and shall also apply to all future development activities engaged in on the property.  

If you have any questions regarding this letter, please feel free to contact me by email or 

telephone at Juliette.Robinson@santacruzcounty.us or 831-454-3156. 

 

        

 

Sincerely, 

 

 
 

Juliette Robinson 

Resource Planner IV, Biologist 

 

CC:      Matt Johnston, Environmental Coordinator 

 Leah MacCarter, Area Resource Planner 

 Shila Bagley, Project Planner 
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Conditions of Approval 

In order to conduct development activities on APN 052-291-12, the following conditions shall be 

adhered to.  These Conditions have been included to ensure that impacts to special-status species, their 

habitats, and other sensitive habitats will be less than significant.  The Conditions of Approval below 

shall be incorporated into all phases of development for this project (201238) and shall also apply to all 

future development activities proposed on the property. 

1. Prior to any site disturbance, a pre-construction meeting shall be conducted.  The purpose of 

the meeting will be to ensure that the conditions set forth in the proposed project description 

and Conditions of Approval are communicated to the various parties responsible for 

constructing the project.  The meeting shall involve all relevant parties including the project 

proponent, construction supervisor, Environmental Planning Staff, and the project biologist. 

2. A qualified biologist shall be on site to monitor initial ground disturbance and vegetation 

removal activities to recover any coast horned lizards or Northern California legless lizards 

that may be excavated/unearthed.  If the animals are in good health, they will be immediately 

relocated to a designated release site outside of the work area.  If they are injured, the 

animals will be released to a CDFW-approved rehabilitation specialist until they are in a 

condition to be released into the designated release site. 

3. If a special-status animal is identified at any time prior to or during construction, work shall 

cease immediately in the vicinity of the individual.  The animal shall either be allowed to 

move out of harm’s way on its own or a qualified biologist shall move the animal out of 

harm’s way to a safe relocation site. 

4. Every individual working on the Project must attend biological awareness training prior to 

working on the job site.  The training shall be delivered by a qualified biologist and shall 

include information regarding the location and identification of sensitive habitats and all 

special-status species with potential to occur in the project area, the importance of avoiding 

impacts to special-status species and sensitive habitats, and the steps necessary if any 

special-status species is encountered at any time. 

5. Prior to commencement of construction, the location and boundaries of existing Monterey 

spineflower and Monterey paintbrush on the property shall be re-confirmed by a qualified 

biologist.  Impacts to special-status plant species shall be avoided to the maximum extent 

possible.  High visibility construction fencing or flagging shall be installed, with the 

assistance of a qualified biologist, to indicate the limits of work and prevent inadvertent 

grading or other disturbance within the surrounding sensitive habitats including rare plant 

colonies to be retained.  Silt fencing shall also be installed around the protected plant 

colonies.  No work-related activity including equipment staging, vehicular access, and 

grading shall be allowed within sensitive habitat areas. 

6. One existing walkway in the front is proposed for removal as part of the project and the area 

beneath it shall be restored with native dune vegetation.  If the rear walkway near the 

existing populations of special-status plant colonies is proposed for removal, it shall be 

removed by hand and the area restored.  Care shall be taken to protect the special-status 

plants that occur there.  
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7. To compensate for impacts to Coastal Dune habitat, Monterey paintbrush, and habitat for 

special-status species, and to comply with the Santa Cruz County General Plan Policy 5.1.12, 

restoration of degraded sensitive habitat on site and off site is required.  All restoration 

activities shall follow the project-specific Mitigation Plan outlined below. 

8. All areas temporarily disturbed as a result of the project shall be re-vegetated with native 

dune plant species with the purpose of restoring the native plant structure and species 

composition of local Coastal Dune habitat. 

9. All suitable degraded habitat on the parcel, not temporarily or permanently impacted by 

proposed development, must be restored to native dune habitat, following the project-

specific Mitigation Plan outlined below. 

10. Permanent impacts to Coastal Dune habitat shall be compensated for by restoring degraded 

Coastal Dune habitat at a minimum 3:1 ratio (minimum 2,304 square feet) in suitable areas 

on site and at designated off-site restoration locations on nearby properties in the Pajaro 

Dunes.  Off-site mitigation areas should be contiguous with and/or as close as possible to the 

restoration areas occurring on the project site. 

11. A project-specific Mitigation Plan shall be prepared by a qualified biologist or restoration 

professional.  Restoration activities shall be focused on restoring the native plant structure 

and species composition of local Coastal Dune habitat.  The Mitigation Plan must include the 

following minimum elements:  

a. A map of all designated on-site and off-site restoration areas including: 

i. Identification of areas on site where temporary disturbance and re-establishment 

of native habitat shall occur. 

ii. Identification of additional on-site and off-site restoration areas intended to 

compensate for permanently impacted dune habitat at 3:1 ratio. 

iii. The location of any transplanted special-status plant species on site. 

iv. The location of existing special-status plant colonies on the property to be 

protected during and after construction and monitored for success. 

b. Written permission from the property owners where off-site restoration is proposed.  

Written permission shall include signed approval for the proposed restoration work on 

their property and the continued maintenance/monitoring as required by the conditions 

in this letter. 

c. Seed collection and transplantation strategies for the Monterey spineflower and 

Monterey paintbrush on site.  Seeds from Monterey spineflower and Monterey 

paintbrush should be collected from the colonies on this parcel during the appropriate 

season before construction and used in the on-site dune restoration. 

d. Plan for removal of non-native species and a management strategy to control re-

establishment of invasive non-native species. 

e. A planting plan with species, size, and locations of all restoration plantings.  These 

plantings shall occur at sizes and ratios determined by the restoration specialist to 

adequately restore native habitat while maximizing plant health and survivability of 

individual plants. 
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f. Information regarding the methods of irrigation for restoration plantings. 

g. The Restoration Plan shall include a 5-year Management Plan for maintenance and 

monitoring of restored areas, including a proposed mechanism for evaluating success.  

Annual reports outlining the progress and success of the restoration and monitoring 

shall be submitted to the County Environmental Coordinator by December 31 of each 

monitoring year.  

h. In addition to the required 5-year annual monitoring and reporting, a 10-year 

monitoring report shall be prepared and submitted to the County Environmental 

Coordinator outlining the continued implementation and results of annual Coastal Dune 

Scrub Management over the 10-year period. 

12. The Mitigation Plan shall be submitted to Environmental Planning staff for approval prior to 

implementation and shall be implemented prior to final building inspection. 

13. Any seed mix used for erosion control purposes on exposed soils shall be limited to seeds of 

native species common to the surrounding habitat and/or sterile seeds. 

14. Pursuant to SCCC Section 13.20.130(B)(2) removal of mature trees should be avoided if 

possible. 

A copy of this biotic approval, including all attachments, should be submitted with any future permit 

applications. 
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1. INTRODUCTION

1.1 Purpose

The purpose of this updated investigation is to provide preliminary geotechnical

design parameters and recommendations for the proposed improvements.

Conclusions and recommendations related to site grading, foundations, slabs-on-

grade and retaining structures are presented herein.

1.2 Proposed Development

a. Based on our conversations with you, it is our understanding that the current

project consists of the demolition of the existing residence and construction

of a new single family residence in approximately the same footprint.

b. Proposed construction consists of wood frame construction with raised wood

and slab-on-grade floors.  Exact wall, column, and foundation loads are

unavailable, but are expected to be typical of such construction.  

c. Final structural and foundation plans were unavailable at the time of this

report.  It is our understanding that the information obtained during our

investigation will be used in the development of a finalized plan set.

1.3 Scope of Services

The scope of services provided during the course of our investigation included:

a. Review of the referenced geotechnical, geologic, and seismological reports

and maps pertinent to the development of the site (available in our files).

b. Laboratory testing of soil samples considered representative of subsurface

conditions.

c. Geotechnical analyses of field and laboratory data.

d. Quantitative liquefaction analysis.

e. Preparation of a report (6 copies) presenting our findings, conclusions and

recommendations.

1.4 Authorization

This investigation, as outlined in our Proposal dated January 15, 2019, was

performed in accordance with your written authorization on January 26, 2019.
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2. FIELD EXPLORATION AND LABORATORY TESTING PROGRAM

Details of the previous field exploration and laboratory testing from our November 9, 2015

investigation are presented in Appendix A.  

3. SITE DESCRIPTION

3.1 Location

The subject project is located at 49 Shearwater Lane, in the Pajaro Dunes Community

of Watsonville, California.  The location is shown on the Location Map, Figure 1.

3.2 Surface Conditions

The subject site is located on the frontal dune adjacent to the beach. The site is gently

sloping and is currently developed with an existing single family residence, driveway

and associated improvements.

  

3.3 Subsurface Conditions

a. The results of our field exploration indicate that the subsurface soils present

on the site are relatively consistent.  

b. Groundwater was encountered during the course of our field exploration

at 19 feet below existing grade.

c. The soil stratum encountered throughout our borings consists of tan poorly

graded clean sand.  The sand was observed from the surface to the extent of

our boring at approximately 44.5 feet below existing grade. This material is

generally dry to saturated, loose to very dense, and non-plastic. 

d. Complete soil profiles are presented on the Logs of Exploratory Borings and

the boring locations are shown on the Boring Location Plan in Appendix A.

4. GEOTECHNICAL HAZARDS

4.1 General

a. Potential geotechnical hazards to man made structures include ground

shaking, surface rupture, landsliding, liquefaction, and differential

compaction. The potential for each of these to impact the site is discussed

below.



          REFERENCE: Barclay Mapworks, June 1999.
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b. Ground shaking caused by earthquakes is a complex phenomenon.  Structural

damage can result from the transmission of earthquake vibrations from the

ground into the structure.  The intensity of an earthquake at any given site

depends on many variables including, the proximity of the site to the

hypocenter, and the characteristics of the underlying soil and/or rock.  The

subject site is situated at the approximate latitude of 36�51' 25" and longitude

-121�48' 48".  The project location (latitude and longitude) were used in

conjunction with the Structural Engineers Association of California

(SEAOC) and California Office of Statewide Health Planning and

Development (OSHPD) website (Reference 11) to obtain the seismic design

parameters presented in Table 1.  All proposed structures at the subject site

shall be designed with the corresponding seismic design parameters in

accordance with the 2016 California Building Code (Reference 2).

Table 1

  2016 CBC Seismic Design Criteria

SEISMIC DESIGN CRITERIA

Site

Class

Seismic

Design

Category

Spectral Response Accelerations

Ss S1 SMs SM1 SDs SD1

D* D 1.500 0.600 1.500 0.900 1.000 0.600

*Because the Fundamental Period of the Building is expected to be less than 0.5s,

the Site Class has been assigned as D rather than F.

c. Surface rupture usually occurs along lines of previous faulting.  Based on our

review of the Faults and Their Potential Hazards in Santa Cruz County map

(Reference 8), no faults are shown to cross the property.  Therefore, the

potential for surface rupture should be considered low.

d. Landslides are generally mass movements of loose rock and soil, both dry and

water saturated, and usually gravity driven.  Based on our review of the

Preliminary Map of Landslide Deposits if Santa Cruz County (Reference 3),

no landslides are mapped on the subject parcel.   In addition, the subject site

slopes only gently, therefore, the potential for landsliding to occur across the

site a cause damage to structures should be considered low.

e. Liquefaction, lateral spreading, and differential compaction tend to occur in

loose, unconsolidated, noncohesive soils with shallow groundwater.  During

our field exploration relatively loose, non-cohesive soils below the

groundwater level were observed and a quantitative liquefaction analysis was

deemed necessary.  The results of our analysis are presented in Section 4.2

of this report, and the methodology and calculations are presented in

Appendix B.
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4.2 Liquefaction Analysis

4.2.1 General

a. The liquefaction analysis uses empirical predictions of earthquake-

induced liquefaction potential and is based on the published methods

used by Seed and others (Reference 10). 

b. The sand stratum encountered below the groundwater table was

generally characteristic of potentially liquefiable soil.  The soil is

composed of poorly graded sand.  The sand was observed from the

surface to approximately 44.5 feet below existing grade.

c. During the course of our field investigation, the groundwater table

was located at approximately 19 feet below existing grade in the area

of the proposed development.  Our quantitative liquefaction analysis

conservatively reflects the groundwater elevation at a depth of 14 feet

to account for a rise in groundwater during the wetter winter months

and corresponds to the adjacent FEMA AE Zone flood elevation.

4.2.2 Results

a. The results of our quantitative liquefaction analysis indicate that the

underlying sand situated below the groundwater level to a depth of

approximately 33 feet below existing grade is susceptible to

liquefaction during the design seismic event. 

b. We have calculated the resulting surface deformation due to

liquefaction during the design seismic event to be approximately 4

inches.  This settlement can occur beneath the entire structure, or

differentially, across the least dimension of the structure.  The

liquefaction calculations are presented in Appendix B.   

4.2.3 Discussion

a. It must be cautioned that liquefaction analysis is an inexact science

and the empirical predictions of earthquake-induced liquefaction

potential are based on a comparison of the subject site with areas that

have experienced liquefaction.  The soil configuration analyzed

contains many simplifying assumptions, not the least of which are

isotropy and homogeneity.  Soil stratums deemed “susceptible” to

liquefaction during the design seismic event will not necessarily

liquefy, but the probability will be greater than a stratum deemed “not

susceptible”.

b. Significant variations in the proposed grades may require that our

analysis and the recommendations herein be reviewed and if

necessary, amended.
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c. Further discussion of our liquefaction analysis, methodology, and

calculations are presented in Appendix B.

4.3 Primary Frontal Dune Analysis

4.3.1 General

The property is located in a FEMA VE Zone and is located on the Primary

Frontal Dune as defined by FEMA. To determine if the eroded dune profile

will affect the proposed structure, we have prepared an analysis of the

primary frontal dune for this parcel based on FEMA’s Guidance for Flood

Risk Analysis and Mapping - Coastal Erosion (Reference 7).

4.3.2 Procedure

a. A cross section was developed from the beach through the subject

property.  The cross section is shown on Figure 2, attached.

b. Based on our review of the previous Flood Insurance Study for Santa

Cruz County (Reference 6), the 100-year Stillwater level (SWEL) at

Sunset Beach (located just north of the project) is 7.8 Feet NAVD for

a 0.2 percent chance annual flood.  This SWEL includes astronomical

tides, storm surge and wave setup.

c. A projected sea level rise of 3.43 feet was added to the SWEL for a

total of 11.23 feet NAVD.

d. The 100 year Stillwater level (SWEL) of 11.23 Feet (NAVD 88) was

plotted on the cross section.  

e. To model the eroded profile in case of duneface retreat, a vertical line

was drawn from the surface of the frontal dune down until it

intersected the SWEL horizontal line. The vertical line was adjusted

until the calculated area of the sand dune reservoir exceeded 1,100

square feet (Coastal Construction Manual, Reference 5). The area of

the sand reservoir is shown hatched on the Cross Section, Figure 2.

The CAD software was used to calculate the area of the sand dune

reservoir (hatched section) of 1,114 square feet.

f. Once the area of 1,100 square foot sand reservoir was determined, a

1:1 (H:V) slope was projected up, landward, from the intersection of

the vertical line and the SWEL horizontal line until it intersected with

the top of the dune, as shown below in Figure 3.



BEACH




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Figure 3: Procedure Giving Eroded Profile in Case of Duneface      

    Retreat Sketch

g. To complete the eroded dune profile a 1:40 (H:V) slope was projected

seaward, from the intersection of the vertical line and the SWEL

horizontal line, as shown below in Figure 3. 

4.3.3 CONCLUSIONS

a. Based on our review of the Coastal Construction Manual (Reference

5), Section 3.6.8, the current FEMA procedures require that a dune

have a minimum frontal dune reservoir of 540 square feet.  However,

the Coastal Construction Manual recommends a frontal dune

reservoir of 1,100 square feet.  

b. The 1,100 square feet minimum reservoir was used to determine the

eroded dune profile based on FEMA’s Guidance for Flood Risk

Analysis and Mapping - Coastal Erosion (Reference 7). The limits of

the eroded dune profile the property line of 49 Shearwater is located

approximately 77 feet landward of the eroded dune profile. 

c. As the property line of A.P.N.: 052-291-12 is setback 77 feet from the

landward side of the eroded dune profile, erosion is not a design

consideration for the proposed building pad.
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5. CONCLUSIONS AND RECOMMENDATIONS

5.1 General

a. Based on the results of our investigation, it is our opinion that from the

geotechnical standpoint, the subject site will be suitable for the proposed

development provided the recommendations presented herein are

implemented during grading and construction.

b. Based on our quantitative liquefaction analysis, it is our opinion that the

subject site will be suitable for the support of the proposed single family

residence on a foundation system composed of a rigid mat or grade beam

waffle.  Recommendations for these foundation systems are provided in

Section 5.3.2.

c. Retaining walls which are structurally detached from the residence may be

founded on a conventional foundation system.  Recommendations for

conventional foundations are presented in Section 5.3.3.

d. Site preparation, consisting of over excavation and recompaction of the

native subgrade will only be required prior to placement of new slabs-on-

grade and pavements.  See Section 5.2.6 for Preparation of On-Site Soil

recommendations.

e. At the time we prepared this report, grading and foundation plans had not

been finalized.  We request an opportunity to review these plans during the

design stages to determine if supplemental recommendations will be

necessary.

f. The design recommendations of this report must be reviewed during the

grading phase when subsurface conditions in the excavations become

exposed.

g. Field observation and testing must be provided by a representative of Rock

Solid Engineering, Inc., to enable them to form an opinion regarding the

adequacy of the site preparation, and the extent to which the earthwork is

performed in accordance with the geotechnical conditions present, the

requirements of the regulating agencies, the project specifications and the

recommendations presented in this report. Any earthwork performed in

connection with the subject project without the full knowledge of, and not

under the direct observation of Rock Solid Engineering, Inc., the 

Geotechnical Consultant, will render the recommendations of this report

invalid.
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h. The Geotechnical Consultant should be notified at least five (5) working

days prior to any site clearing or other earthwork operations on the

subject project in order to observe the stripping and disposal of unsuitable

materials and to ensure coordination with the grading contractor. During this

period, a preconstruction conference should be held on the site to discuss

project specifications, observation/testing requirements and responsibilities,

and scheduling. This conference should include at least the Grading

Contractor, the Architect, and the Geotechnical Consultant.

5.2 Grading

5.2.1 General

All grading and earthwork should be performed in accordance with the

recommendations presented herein and the requirements of the regulating

agencies.

5.2.2 Site Clearing 

a. Prior to grading, the areas to be developed for structures, pavements

and other improvements, should be stripped of any vegetation and

cleared of any surface or subsurface obstructions, including any

existing foundations, utility lines, basements, septic tanks, pavements,

stockpiled fills, and miscellaneous debris.

b. All pipelines encountered during grading should be relocated as

necessary to be completely removed from construction areas or be

capped and plugged according to applicable code requirements.

c. Any wells encountered shall be capped in accordance with Santa

Cruz County Health Department requirements. The strength of the

cap shall be at least equal to the adjacent soil and shall not be located

within 5 feet of any structural element.

d. Surface vegetation and organically contaminated topsoil should be

removed from areas to be graded. The required depth of stripping will

vary with the time of year the work is done and must be observed by

the Geotechnical Consultant. It is generally anticipated that the

required depth of stripping will be 6 to 12 inches.

e. Holes resulting from the removal of buried obstructions that extend

below finished site grades should be backfilled with compacted

engineered fill.
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5.2.3 Excavating Conditions

a. We anticipate that excavation of the on-site soils may be

accomplished with standard earthmoving and trenching equipment.

b. Groundwater was encountered during the course of our field

exploration at 19 feet below grade. However, due to the water depth

below existing grade and the shallow grading depths anticipated, is

not expected to present a problem during construction.

c. The suburface soils are clean sands.  Caving of excavations and the

need for shoring should be anticipated.  Excavations should be

kept moist during to aid in reducing caving.

d. Any excavations adjacent to existing structures should be reviewed,

and recommendations obtained to prevent undermining or distress to

these structures.

5.2.4 Fill Material

a. The on-site soils may be used as compacted fill.

b. All soils, both on-site and imported, to be used as fill, should contain

less than 3% organics and be free of debris and cobbles over 6 inches

in maximum dimension.

c. Any imported soil to be used as engineered fill shall meet the

following requirements:

(i) free of organics, debris and other deleterious materials

(ii) be granular (sandy) in nature and have sufficient fines to

allow for excavation of the foundation trenches.

(iii) free of rock and cobbles in excess of 3 inches

(iv) have an expansion potential not greater than low (EI<20)

(v) have a soluble sulfate content less than 150 ppm

d. Imported fill material should be approved by the Geotechnical

Consultant prior to importing. The Geotechnical Consultant should

be notified not less than 5 working days in advance of placing any fill

or base course material proposed for import. Each proposed source of

import material should be sampled, tested and approved by the

Geotechnical Consultant prior to delivery of any soils imported for

use on the site. 
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5.2.5 Fill Placement and Compaction

a. Any fill or backfill required should be placed in accordance with the

recommendations presented below.

b. Material to be compacted or reworked should be moisture-

conditioned or dried to achieve near-optimum conditions, and

compacted to achieve the following minimum relative compaction:

(a) All fill and compacted building subgrade: 90% 

(b) Upper 6 inches of subgrade in pavement/drive areas: 95%

(c) Baserock and subbase: 95%.

c. The placement moisture content of imported material should be

evaluated prior to grading.

d. The relative compaction and required moisture content shall be based

on the maximum dry density and optimum moisture content obtained

in accordance with ASTM D-1557.

e. The in-place dry density and moisture content of the compacted fill

shall be tested in accordance with ASTM D-8167/D8167M-18 or

ASTM D-2922/ASTM D-3017.

f. The number and frequency of field tests required will be based on

applicable county standards and at the discretion of the Geotechnical

Consultant. As a minimum standard every 1 vertical foot of

engineered fill placed within a building pad area, and every 2 vertical

feet in all other areas shall be tested, unless specified otherwise by a

Rock Solid Engineering, Inc. representative. 

g. Fill should be compacted by mechanical means in uniform horizontal

loose lifts not exceeding 8 inches in thickness.

h. All fill should be placed and all grading performed in accordance

with applicable codes and the requirements of the regulating agency.

5.2.6 Preparation of On-Site Soils

a. Site preparation, consisting of over excavation and recompaction of

the native subgrade will only be required prior to placement of new

slabs-on-grade pavements. 

b. Recompaction of the native subgrade beneath shallow foundations

will not be required provided that the footings are embedded per

Section 5.3.
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c. The native subgrade beneath new slabs-on-grade should be

reworked to a depth sufficient to provide a zone of compacted fill

extending at least 8 inches below the bottom of the capillary break.

d. The native subgrade beneath new pavements should be reworked to

a depth sufficient to provide a zone of compacted fill extending at

least 8 inches below the bottom of aggregate base coarse. The zone

of compacted fill must extend a minimum of 2 feet laterally beyond

all pavements.

e. A representative of our firm shall observe the bottom of the

excavations once the required depth of overexcavation has been

achieved to verify suitability.  Prior to replacing the excavated soil,

the exposed surface should be scarified to a depth of 6 to 8 inches,

moisture conditioned, and compacted.

f. The depths of reworking required are subject to review by the

Geotechnical Consultant during grading when subsurface conditions

become exposed.

5.2.7 Groundwater Table

Groundwater was encountered during the course of our exploration at 19  feet

below the existing grade. The depth of the groundwater table is at least 5 feet

below the lowest depth of the foundation of the proposed construction,

therefore, it is not expected to interfere with the construction.

5.2.8 Expansive Soils

Our laboratory testing indicates that the near surface soil contains less than

10% fines passing the No. 200 sieve.  In accordance with Section 1803.5.3

of the 2016 C.B.C., the near surface soils shall be considered not expansive. 

5.2.9 Sulfate Content

The results of our laboratory testing indicate that the soluble sulfate content

of the on-site soils likely to come into contact with concrete is below the 150

ppm generally considered to constitute an adverse sulfate condition. Type II

cement is therefore considered adequate for use in concrete in contact with

the on-site soils.
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5.2.10 Surface Drainage

a. Pad drainage should be designed to collect and direct surface water

away from structures to approved drainage facilities. Where soil is

adjacent to foundations, a minimum gradient of 5 percent for a

distance of no less than 10 feet measured perpendicularly from the

wall face, should be maintained and drainage should be directed

toward approved swales or drainage facilities. If 10 horizontal feet

can not be satisfied due to lot lines or physical constraints, the

drainage shall be designed in accordance with the requirements of

Section 1804.4 of the 2016 California Building Code. 

b. Swales and impervious surfaces shall be sloped a minimum of 2

percent towards an approved drainage inlet or discharge point. 

c. All roof eaves should be guttered with the outlets from the

downspouts provided with adequate capacity to carry the storm water

away from the structure to reduce the possibility of soil saturation and

erosion. The connection should be to a splash blocks or solid pipes

that discharge at an approved location.

d. Drainage patterns approved at the time of construction should be

maintained throughout the life of the structures. The building and

surface drainage facilities must not be altered nor any grading, filling,

or excavation conducted in the area without prior review by the

Geotechnical Consultant.

e. Irrigation activities at the site should be controlled and reasonable.

Planter areas should not be sited adjacent to walls without

implementing approved measures to contain irrigation water and

prevent it from seeping into walls and under foundations and slabs-

on-grade.  Large trees should be planted a minimum distance of ½

their mature height away from the foundation.

 5.2.11 Utility Trenches

a. Bedding material may consist of sand with SE not less than 20 which

may then be jetted, unless local jurisdictional requirements govern.

b. Existing on-site soils may be utilized for trench backfill, provided

they are free of organic material and rocks over 6 inches in diameter.

c. If sand is used, a 3 foot concrete plug should be placed in each trench

where it passes under the exterior footings.
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d. Backfill of all exterior and interior trenches should be placed in thin

lifts and mechanically compacted to achieve a relative compaction of

not less than 95% in paved areas and 90% in other areas per ASTM

D-1557. Care should be taken not to damage utility lines.

e. Utility trenches that are parallel to the sides of a building should be

placed so that they do not extend below a line sloping down and away

at an inclination of 2:1 (H:V) from the bottom outside edge of all

footings.

f. Trenches should be capped with 1.5+ feet of impermeable material. 

Import material must be approved by the Geotechnical Consultant

prior to its use.  

g. Trenches must be shored as required by the local regulatory agency,

the State Of California Division of Industrial Safety Construction

Safety Orders, and Federal OSHA requirements.

5.3 Foundations

5.3.1 General

a. Based on our quantitative liquefaction analysis, it is our opinion that

the subject site will be suitable for the support of the proposed

residence on a foundation system composed of a rigid mat or

grade beam waffle.  Recommendations for this foundation type are

presented in Section 5.3.2.

b. Retaining walls which are structurally detached from the residence

may be founded on a conventional foundation system.

Recommendations for conventional  foundations are presented in

Section 5.3.3.

c. At the time we prepared this report, grading and foundation plans had

not been finalized.  We request an opportunity to review these plans

during the design stages to determine if supplemental

recommendations will be necessary.

5.3.2 Rigid Mat or Grade Beam Waffle Foundations

a. Based on our liquefaction analysis, we recommend this foundation

system be designed for 4 inches of differential settlement across

the least dimension of the structure, as well as a total loss of soil

support over an area with a 8 feet diameter occurring at any

point beneath the structure.
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b. Minimum embedment depth for the thickened edge sections of the

rigid mat or the perimeter grade beams of the waffle should be 18

inches below lowest exterior grade.

c. The uniform allowable bearing capacity shall not exceed 1,500 psf.

d. The modulus of subgrade reaction (ks) is 250 lbs/in3 for the native

sands below the rigid mat.

e. If a grade beam waffle foundation system is used, we recommend a

maximum span of 15 feet between grade beam connections.

f. The friction factor between rough concrete and the native, near-

surface sand is 0.40.

g. For rigid mat foundations, it is important that the subgrade soils be

thoroughly saturated for 24 to 48 hours prior to the time the concrete

is poured.  For near-surface soils with a low expansion potential,

the subgrade should be presoaked 4 percentage points above

optimum, or 120% of optimum, whichever is greater; to a depth

of 1.0 feet.

h. The rigid mat or grade beam waffle foundation system used on this

project may be combined with flexible utility connections in order

to prevent breakage should the foundation tilt as a result of

differential settlement. 

i. The rigid mat or grade beam waffle foundation system has the

advantage that should the design seismic event produce significant

soil deformation beneath the structure, the resulting tilting should

produce only moderate architectural damage.  The damage may be

repaired by pressure grouting or other leveling procedures.

5.3.3 Conventional Shallow Foundations (Structurally Detached Retaining Walls)

a. Footing widths should be based on the allowable bearing values.  The

minimum recommended depth of embedment is 12 inches for all

footings.  Should local building codes require deeper embedment of

the footings or wider footings the codes must apply.

b. Footing excavations must be checked by the Geotechnical Consultant

before steel is placed and concrete is poured to insure bedding into

proper material. Excavations should be thoroughly wetted down just

prior to pouring concrete.

c. The allowable bearing capacity shall not exceed 1,500 psf.
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d. The allowable bearing capacity values above may be increased by

one-third in the case of short duration loads, such as those induced by

wind or seismic forces.

e. In the event that footings are founded in structural fill consisting of

imported soil, the recommended allowable bearing capacity may need

to be re-evaluated.

5.4 Settlements

a. Total and differential settlements beneath foundation elements due to static

structural loading are expected to be within tolerable limits. Vertical

movements are not expected to exceed 1 inch. Differential movements are

expected to be within the normal range (½ inch) for the anticipated structural

loads. These preliminary estimates should be reviewed by the Geotechnical

Consultant when foundation plans for the proposed structures become

available.

b. Potential settlement due to liquefaction at the subject site during the design

seismic event is estimated to be approximately 4 inches.  This settlement can

occur beneath the entire structure, or differentially, across the least dimension

of the structure.  Details of our liquefaction analysis are presented in section

4.2 and Appendix B. 

5.5 Retaining Structures

5.5.1 General

a. Retaining walls which are structurally detached from the proposed

structure may be founded on conventional shallow foundations.

Recommendations for this foundation system are provided in section

5.3, Foundations.  Retaining walls integral with the structure should

be designed as part of the rigid foundation system.

b. A basement level is proposed for the new residence. The subsurface

soils are clean sands. We therefore anticipate the need for shoring

of the basement excavation.  Excavations over 5 feet in depth must

be either sloped, shored, or shielded to  meet current OSHA

standards. 
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5.5.2 Lateral Earth Pressures

a. The lateral earth pressures presented in Table 2 are recommended for

the design of retaining structures with a gravel backdrain and backfill

soils of expansivity not higher than Medium. Should the slope behind

the retaining walls be other than level or 3:1 horizontal to vertical,

supplemental design criteria will be provided for the active earth or

at-rest pressures for the particular slope angle. 

    Table 2

     Lateral Earth Pressures

Type Soil

Profile

Soil Pressure (psf/ft)

Unrestrained

Wall

Rigidly

Supported Wall

Active Pressure Level

3:1

35

45

-

-

At-Rest Pressure Level

3:1

-

-

57

87

Passive Pressure*
* Neglect upper 2'

Level

3:1

400

300

200

150

b. The friction factor between rough concrete and the native, near-

surface sand is 0.40.

c. Where both friction and the passive resistance are utilized for sliding

resistance, either of the values indicated should be reduced by one-

third.

d. Lateral load due to earthquakes may be calculated as 12xH2 acting at

0.6H above the base of the wall.

e. These are ultimate values, no factor of safety has been applied.

f. Although not anticipated, pressure due to any surcharge loads from

adjacent footings, traffic, etc., should be analyzed separately. 

Pressures due to these loading configurations can be supplied upon

receipt of the appropriate plans and loads.  
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5.5.3 Backfill

a. Backfill should be placed under engineering control.

b. It is recommended that granular, or relatively low expansivity,

backfill be utilized, for a width equal to approximately 1/3 x wall

height, and not less than 2 feet, subject to review during construction.

c. The granular backfill should be capped with at least 12 inches of

relatively impermeable material.

d. Backfill should be compacted to achieve a minimum 90 percent

relative compaction, the compaction standard being obtained in

accordance with ASTM D-1557.

e. Precautions should be taken to ensure that heavy compaction

equipment is not used immediately adjacent to walls, so as to prevent

undue pressures against, and movement of, the walls.

f. The use of water-stops/impermeable barriers and appropriate

waterproofing should be considered for any basement construction,

and for building walls which retain earth.

5.5.4 Backfill Drainage

a. Backdrains should consist of a minimum 4-inch diameter, perforated,

SDR 35 pipe or equivalent, embedded in permeable material meeting

the State of California Standard Specification Section 68-2.02F(3),

Class 2, or equivalent.  A layer of Mirafi 180N Filter Fabric, or

equivalent, shall be placed over the permeable material and the

remaining 12 inches shall be capped with compacted native soil.  The

pipe should be approximately  4 inches above the trench bottom with

a gradient of at least 1% being provided to the pipe and trench

bottom, discharging to an approved location.  See Figure 4 for

Retaining Wall Backdrain Configuration.

b. Perforations in backdrains are recommended as follows: 3/8-inch

diameter, in 2 rows at the ends of a 120 degree arc, at 3-inch centers

in each row, staggered between rows, placed downward.

c. Backdrains placed behind retaining walls should be approved by the

Geotechnical Consultant prior to the placement of backfill.
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d. An unobstructed outlet should be provided at the lower end of each

segment of backdrain.  The outlet should consist of an unperforated

pipe of the same diameter, connected to the perforated pipe and

extended to a protected outlet at a lower elevation on a continuous

gradient of at least 1%.

e. When terrace retaining walls are proposed, the upper retaining wall

should have a backdrain which extends below the elevation of the top

of the lower retaining wall backdrain. This will prevent spring effects

and seepage between the terraced walls.

5.6 Exterior Slabs-on-Grade

a. Exterior concrete slabs may be founded on compacted engineered fill per the

recommendations in Section 5.2.6.  The subgrade should be proof-rolled just

prior to construction to provide a firm, relatively unyielding surface,

especially if the surface has been loosened by the passage of construction

traffic.

b. It is important that the subgrade soils be thoroughly saturated for 24 to 48

hours prior to the time the concrete is poured.  For compacted engineered

fill with a low expansion potential, the subgrade should be presoaked 4

percentage points above optimum, or 120% of optimum, whichever is

greater; to a depth of 1.0 feet.

c. Slab thickness, reinforcement, and doweling should be determined by the

Project Structural Engineer, based on the design live and dead loads,

including vehicles.
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6. LIMITATIONS

a. Our investigation was performed in accordance with the usual and current standards

of the profession, as they relate to this and similar localities. No other warranty,

expressed or implied, is provided as to the conclusions and professional advice

presented in this report.

b. The samples taken and tested, and the observations made, are considered to be

representative of the site; however, soil and geologic conditions can vary

significantly between sample locations.

c. As in most projects, conditions revealed during construction excavation may be at

variance with preliminary findings.  If this occurs, the changed conditions must be

evaluated by the Project Geotechnical Consultant and the Geologist, and revised

recommendations be provided as required.

d. This report is issued with the understanding that it is the responsibility of the Owner,

or of his Representative, to ensure that the information and recommendations

contained herein are brought to the attention of the Architect and Engineer for the

project and incorporated into the plans, and that it is ensured that the Contractor and

Subcontractors implement such recommendations in the field.

e. This firm does not practice or consult in the field of safety engineering.  We do not

direct the Contractor's operations, and we are not responsible for other than our own

personnel on the site;  therefore, the safety of others is the responsibility of the

Contractor.  The Contractor should notify the Owner if he considers any of the

recommended actions presented herein to be unsafe.

f. The findings of this report are considered valid as of the present date.  However,

changes in the conditions of a site can occur with the passage of time, whether they

be due to natural events or to human activities on this or adjacent sites.  In addition,

changes in applicable or appropriate codes and standards may occur, whether they

result from legislation or the broadening of knowledge.

g. Accordingly, this report may become invalidated wholly or partially by changes

outside our control.  Therefore, this report is subject to review and revision as

changed conditions are identified.
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FIELD EXPLORATION PROCEDURES

A-1. Subsurface conditions were previously explored by drilling 2 borings to depths between 4.5

and 44.5 feet below existing grade.  Boring B1 was advanced with a truck mounted drill rig

equipped with 8 inch hollow stem augers.  Boring B2 was advanced with a hand auger

equipped with a 4 inch bit. The approximate locations of the borings are shown on the Boring

Location Plan, Figure A-1.  The Key to Logs, Figure A-2, gives definitions of the terms used

in the Logs of Exploratory Borings.  The Logs of Exploratory Borings are presented in

Figures A-3 and A-4.    

A-2. Drilling of the borings was observed by our Field Engineer who logged the soils and obtained

bulk and relatively undisturbed samples for classification and laboratory testing.  The soils

were classified, based on field observations and laboratory testing, in accordance with

Unified Soil Classification System. 

A-3. Relatively undisturbed soil samples were obtained by means of a drive sampler.  The hammer

weight and drop being 140 pounds and 30 inches, respectively for Boring B-1.  Due to

limited access, Boring B-2 was hand sampled with a hammer weight of 45 pounds. The

number of “Blows/Foot”required to drive samplers are indicated on the logs.

A-4. Exploratory borings were located in the field by measuring from know landmarks.  The

locations, as shown, are therefore within the accuracy of such a measurement.

A-5. Groundwater was encountered at a depth of 19 feet below existing grade during the course

of our field exploration.
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LABORATORY TESTING PROCEDURES

A-6. Classification

Soils were classified in accordance with the Unified Soil Classification System.  Moisture

content and in-situ density determinations were made from relatively undisturbed soil

samples.  The results are presented in the Logs of Exploratory Borings and in the Summary

of Laboratory Test Results, Figure A-5.

A-7. Direct Shear

Direct shear strength tests were performed on representative samples of the on-site soils in

accordance with laboratory test standard ASTM D 3080-98.  Samples were relatively

undisturbed, or remolded as specified.  To simulate possible adverse field conditions, the

samples were saturated prior to testing unless otherwise noted.  A saturating device was used

which permitted the samples to absorb moisture while preventing volume change.  The direct

shear test results are presented in Figure A-6. 

A-8. Consolidation

Consolidation tests were performed on representative, relatively undisturbed samples of the

underlying soils to determine compressibility characteristics.  The samples were saturated

during the tests to simulate possible adverse field conditions.  The test results are presented

in Figure A-7.

A-9 Amount of Materials in Soil Finer than the No. 200 Sieve 

Determination of the amount of materials in the soil finer than the No. 200 sieve analyses

were performed on samples considered representative of the on-site soils.  The laboratory test

was performed in accordance with ASTM: D 1140.  The test results are presented in Figure

A-5.

A-10. Soluble Sulfates

The soluble sulfate content was determined for samples considered representative of the on-

soils likely to come in contact with concrete in accordance with test method California 417. 

The test results are presented in Figure A-5.
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METHODOLOGY

B-1. Our quantitative liquefaction analysis was performed on the observed soil configuration

which is considered representative of the conditions at the subject site.

B-2. The analysis uses empirical predictions of earthquake-induced liquefaction potential and is

based on the published methods used by Seed and others (Reference 10).  This analysis is

based on a comparison of the in-situ cyclic stress ration (CSR) with the CSR from historical

data collected in areas which experienced liquefaction for a given magnitude earthquake and

soil configuration.

B-3. The design seismic event was assumed to occur along the San Andreas Fault with a

corresponding magnitude of M=7.9.  Our analysis was performed assuming a peak ground

acceleration (Pga) of 0.50g.  This Pga corresponds to ground motions which have a 10%

probability of being exceeded in 50 years.   

B-4. In-situ water content and density were determined for samples considered representative of

the potentially liquefiable soils encountered.  The results of our laboratory testing are

presented in Appendix A.

B-5. Material properties chosen for our analysis are conservatively based on laboratory test results

and our experience in the vicinity.

B-6. Our calculations of the analyzed soil configuration are presented in tabular form in 1 foot

increments below.
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Project No.:
Project:
Date:
Run By:

Boring Diameter (in.):
CE Value Based on Hammer Type:
Sampler Type:

Design Fault:
Design Magnitude:
Latitude:
Longitude:
Design Pga (g):
Average Shear Wave Velocity (fps):
Design Groundwater Depth (ft.)
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1 SM 98 98 60.8 0.22 NO N/A N/A N/A
2 SM 196 196 43.4 0.23 NO N/A N/A N/A
3 SM 294 294 35.8 0.24 NO N/A N/A N/A
4 SM 392 392 31.4 0.24 NO N/A N/A N/A
5 SM 490 490 27.6 0.25 NO N/A N/A N/A
6 SM 588 588 25.1 0.25 NO N/A N/A N/A
7 SM 686 686 23.1 0.26 NO N/A N/A N/A
8 SM 784 784 21.8 0.27 NO N/A N/A N/A
9 SM 882 882 20.9 0.27 NO N/A N/A N/A
10 SM 980 980 20.1 0.28 NO N/A N/A N/A
11 SM 1078 1078 19.6 0.28 NO N/A N/A N/A
12 SM 1176 1176 18.9 0.29 NO N/A N/A N/A
13 SM 1281 1281 14.6 0.29 NO N/A N/A N/A
14 SM 1386 1386 14.2 0.29 NO N/A N/A N/A
15 SM 1491 1429 14.2 0.30 YES 0.12 0.39 0.30

8.0
Drilling Information

W121.81333
0.50

Site Information
San Andreas

0.4
Non-Standard SPT w/Liners Removed

N36.85694

DO

1000

LIQUEFACTION ANALYSIS

Calculations

15043
49 Shearwater Lane, Pajaro Dunes
November 2, 2015

7.9

14.0
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16 SM 1596 1472 14.2 0.32 YES 0.12 0.38 0.60
17 SM 1702 1514 14.3 0.33 YES 0.12 0.37 0.90
18 SM 1807 1557 14.2 0.34 YES 0.12 0.36 1.20
19 SM 1912 1600 14.2 0.35 YES 0.12 0.35 1.50
20 SM 2017 1642 14.2 0.35 YES 0.12 0.34 1.80
21 SM 2122 1685 14.1 0.36 YES 0.12 0.33 2.10
22 SM 2227 1728 14.0 0.37 YES 0.12 0.32 2.40
23 SM 2332 1771 13.9 0.37 YES 0.12 0.32 2.73
24 SM 2458 1834 28.5 0.37 YES 0.37 0.98 2.82
25 SM 2584 1898 28.1 0.38 YES 0.36 0.94 2.91
26 SM 2710 1961 27.7 0.38 YES 0.35 0.92 3.00
27 SM 2836 2025 27.3 0.38 YES 0.34 0.89 3.09
28 SM 2962 2089 26.9 0.38 YES 0.33 0.85 3.21
29 SM 3088 2152 26.5 0.38 YES 0.32 0.83 3.33
30 SM 3214 2216 26.1 0.38 YES 0.31 0.80 3.45
31 SM 3340 2279 25.7 0.38 YES 0.30 0.77 3.57
32 SM 3466 2343 25.4 0.38 YES 0.29 0.76 3.69
33 SM 3592 2407 52.0 0.38 NO N/A N/A N/A
34 SM 3718 2470 51.4 0.38 NO N/A N/A N/A
35 SM 3844 2534 50.8 0.38 NO N/A N/A N/A
36 SM 3970 2597 50.3 0.38 NO N/A N/A N/A
37 SM 4096 2661 49.7 0.38 NO N/A N/A N/A
38 SM 4222 2725 49.2 0.39 NO N/A N/A N/A
39 SM 4348 2788 48.7 0.38 NO N/A N/A N/A
40 SM 4474 2852 48.1 0.38 NO N/A N/A N/A
41 SM 4600 2915 47.6 0.38 NO N/A N/A N/A
42 SM 4726 2979 47.1 0.39 NO N/A N/A N/A
43 SM 4852 3043 46.7 0.38 NO N/A N/A N/A
44 SM 4978 3106 46.3 0.38 NO N/A N/A N/A
45 SM 5104 3170 45.8 0.38 NO N/A N/A N/A
46 SM 5230 3233 45.4 0.38 NO N/A N/A N/A
47 SM 5356 3297 45.0 0.38 NO N/A N/A N/A
48 SM 5482 3361 44.6 0.38 NO N/A N/A N/A
49 SM 5608 3424 44.2 0.38 NO N/A N/A N/A
50 SM 5734 3488 43.8 0.38 NO N/A N/A N/A

Calculations (continued)
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Project No. 15043-B

June 18, 2020

Kevin and Ingrid Donahue

2153 Waverly Street

Palo Alto, California 94301

SUBJECT: UPDATE TO GEOTECHNICAL INVESTIGATION

Proposed Single Family Residence

49 Shearwater Lane, Watsonville, California 

APN: 052-291-12

REFERENCES: See Attached

Dear Mr. and Mrs. Donahue:

Per the request of your Project Manager, Jerrod Nichols of Fuse Architects and Builders, and in

response to the County of Santa Cruz (Reference 4), we are providing this update to the Geotechnical

Investigation report prepared by our firm in April 2019 (Reference 5).

As the California Building Code has been updated (effective January 1, 2020), we have made

revisions to the following portions of the report to conform to the 2019 California Building Code:

• Geotechnical Hazards (Section 4)

• Liquefaction Analysis (Section 4.2)

• Surface Drainage (Section 5.2.11)

• Lateral Earth Pressures (Section 5.5.2)

• Slabs-on-Grade (Section 5.6) 

In addition, we have addressed the county comments to update the liquefaction analysis to comply

with ASCE 7-16 and provide the total seismically induced design settlements for saturated and

unsaturated sands. 

The following updated sections are numbered in accordance with the original soils report.  The

remaining portions of the report generally continue to apply.

4. GEOTECHNICAL HAZARDS

The following seismic design criteria has been updated in accordance with the 2019

California Building Code (CBC).
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The subject site is situated at the approximate latitude of 36�51' 25" and longitude

-121�48' 48". The project location (latitude and longitude) were used in conjunction

with the American Society of Civil Engineers website (Reference 1) to obtain the

seismic design parameters presented in Table 1. All proposed structures at the

subject site shall be designed with the corresponding seismic design parameters in

accordance with the 2019 California Building Code (Reference 3).

Table 1:  2019 CBC Seismic Design Criteria

Site

Class

Seismic

Design

Category

Spectral Response Accelerations

SS S1
FA FV SMS SM1 SDS SD1

C* D 1.831 0.674 1.2 1.4 2.197 0.944 1.465 0.629

*Because the Fundamental Period of the Building is expected to be less than 0.5s, the Site

Class has been assigned as C rather than F in accordance with ASCE 7-16 Section 20.3.

4.2 Liquefaction Analysis

We have updated our liquefaction analysis to reflect the changes in the California

Building Code and ASCE 7-16. We have edited our calculation to include an updated

peak ground acceleration (PGAM) of 0.903. Additionally, we revised the Hammer

Energy Transfer Ratio (ER). We have updated the Hammer Energy Transfer Ratio

(ER) because our original calculation conservatively used the actual reported ratio

(ER) as opposed to the standardized ratio (ER/60) as recommended in the

Recommended Procedures for Implementation of DMG Special Publication 117

Guidelines for Analyzing and Mitigating Liquefaction Hazards in California. 

 The results of our quantitative liquefaction analysis indicate that the underlying sand,

situated below the groundwater level to a depth of approximately 33 feet below

existing grade, remains susceptible to liquefaction during the design seismic event.

The methodology and calculations of our analysis are presented in Appendix A.

In addition to the settlement caused by liquefaction of the soils below the

groundwater table, the loose sand encountered above the groundwater table is prone

to volumetric compression (dry sand settlements) during a seismic event. Therefore

we have calculated the dry sand settlement for the site using the Tokimatsu and Seed

method (1987).

Our calculations indicate that there is no change to the resulting surface deformation

of the site due to liquefaction during the design seismic event. The calculated surface

deformation for both dry sand settlement and surface deformation caused by

liquefaction is calculated to be approximately 4 inches.  This settlement can occur

beneath the entire structure, or differentially, across the least dimension of the

structure. 
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Based on our review of ASCE 7-16 (Reference 1), the design threshold for vertical

displacement, as outlined in ASCE 7-16 (Section 12.13), is 0.10L, where L is a

defined length. Per the project manager, Jerrod Nichols of Fuse Architects and

Builders, the proposed structure will be 54 feet long and 46 feet 9 inches wide. The

maximum allowed vertical displacement, is calculated to be

0.010*46.75ft*(12in/1ft)=5.61 inches. Therefore, the vertical displacement calculated

in our liquefaction analysis remains under the design thresholds outlined in ASCE

7-16. 

5.2.11 Surface Drainage

a. Pad drainage should be designed to collect and direct surface water away

from structures to approved drainage facilities. Where soil is adjacent to

foundations, a minimum gradient of 5 percent for a distance of no less than

10 feet measured perpendicularly from the wall face, should be maintained

and drainage should be directed toward approved swales or drainage

facilities. If 10 horizontal feet can not be satisfied due to lot lines or physical

constraints, the drainage shall be designed in accordance with the

requirements of Section 1804.4 of the 2019 California Building Code. 

b. Swales and impervious surfaces shall be sloped a minimum of 2 percent

towards an approved drainage inlet or discharge point or as specified by the

Project Civil Engineer.

c. Where climatic conditions warrant, the slope of the ground away from the

building foundation shall be permitted to be reduced to not less than 2

percent. Due to the presence of sand with little to no fines, rapid infiltration

of surface runoff is anticipated. We consider the climatic conditions of the

site warrant this reduction.

d. All roof eaves should be guttered with downspouts provided. The

downspouts shall discharge to either splash blocks or solid pipe to carry the

storm water away from the structure to reduce the possibility of soil

saturation and erosion. It may be necessary to use swales or pipes to direct the

runoff to an appropriate drainage system or discharge location.

e. Drainage patterns approved at the time of construction should be maintained

throughout the life of the structures. The building and surface drainage

facilities must not be altered nor any grading, filling, or excavation conducted

in the area without prior review by the Geotechnical Consultant.

f. Irrigation activities at the site should be controlled and reasonable. Planter

areas should not be sited adjacent to walls without implementing approved

measures to contain irrigation water and prevent it from seeping into walls

and under foundations and slabs-on-grade. Large trees should be planted a

minimum distance of ½ their mature height away from the foundation.
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5.5.2 Lateral Earth Pressures

When required by the code, lateral load due to earthquakes may be calculated as 17H2

acting at 0.6H above the base of the wall.

5.6 Slabs-on-Grade

a. Concrete floor slabs may be founded on compacted engineered fill per the

recommendations in Section 5.2.6. The subgrade should be proof-rolled just

prior to construction to provide a firm, relatively unyielding surface,

especially if the surface has been loosened by the passage of construction

traffic.

b. It is important that the subgrade soils be thoroughly saturated for 24 to 48

hours prior to the time the concrete is poured. For compacted engineered

fill with a low expansion potential, the subgrade should be presoaked 4

percentage points above optimum to a depth of 1.0 feet.

c. The slab-on-grade section should incorporate a minimum 4 inch capillary

break consisting of 3/4 inch, clean, crushed rock, or approved equivalent.

Class II baserock is not recommended. Structural considerations may govern

the thickness of the capillary break. 

d. Where moisture sensitive floor coverings are anticipated or vapor

transmission may be a problem, a 15 mil waterproof membrane should be

placed between the floor slab and the capillary break in order to reduce

moisture condensation under the floor coverings. Refer to ACI 302.2R-06 for

additional criteria.

e. We have provided generalized recommendations associated with standard

construction practices for the reduction of moisture transmission through

concrete slab-on-grade floors. We are not moisture-proofing specialist. A

waterproofing or moisture proofing expert should be consulted for project

specific moisture protection recommendations

f. Slab thickness, reinforcement, and doweling should be determined by the

Project Structural Engineer, based on the design live and dead loads,

including vehicles.
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If you have any questions, or if we may be of further assistance, please do not hesitate to contact our

office.

Sincerely,

ROCK SOLID ENGINEERING, INC.

Signed: June 19, 2020

Dusty M. Osburn, P.E.

Senior Engineer

R.C.E. 85113

Attachmets: Appendix A Liquefaction Analysis

Distribution: (4) Addressee and via email

(1) Jerrod Nichols and via email
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LIQUEFACTION ANALYSIS

• Methodology Page A-1

• Calculations Pages A-2 and A-3
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METHODOLOGY

A-1. Our quantitative liquefaction analysis was performed on the observed soil configuration

which is considered representative of the conditions at the subject site.

A-2. The analysis uses empirical predictions of earthquake-induced liquefaction potential and is

based on the published methods used by Seed and others (Reference 10).  This analysis is

based on a comparison of the in-situ cyclic stress ration (CSR) with the CSR from historical

data collected in areas which experienced liquefaction for a given magnitude earthquake and

soil configuration.

A-3. The design seismic event was assumed to occur along the San Andreas Fault with a

corresponding magnitude of M=7.9.  Our analysis was performed assuming a peak ground

acceleration (Pga) of 0.903g.  This Pga corresponds to ground motions which have a 10%

probability of being exceeded in 50 years.   

A-4. In-situ water content and density were determined for samples considered representative of

the potentially liquefiable soils encountered.  The results of our laboratory testing are

presented in Appendix A.

A-5. Material properties chosen for our analysis are conservatively based on laboratory test results

and our experience in the vicinity.

A-6. Our calculations of the analyzed soil configuration are presented in tabular form in 1 foot

increments below.
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Project No.:
Project:
Date:
Run By:

Boring Diameter (in.):
CE Value Based on Hammer Type:
Sampler Type:

Design Fault:
Design Magnitude:
Latitude:
Longitude:
Design Pga (g):
Average Shear Wave Velocity (fps):
Design Groundwater Depth (ft.)
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1 SM 98 98 101.2 0.40 NO N/A N/A N/A
2 SM 196 196 72.1 0.41 NO N/A N/A N/A
3 SM 294 294 59.5 0.42 NO N/A N/A N/A
4 SM 392 392 52.2 0.44 NO N/A N/A N/A
5 SM 490 490 47.0 0.45 NO N/A N/A N/A
6 SM 588 588 43.5 0.46 NO N/A N/A N/A
7 SM 686 686 40.7 0.47 NO N/A N/A N/A
8 SM 784 784 38.7 0.48 NO N/A N/A N/A
9 SM 882 882 37.5 0.49 NO N/A N/A N/A
10 SM 980 980 36.3 0.50 NO N/A N/A N/A
11 SM 1078 1078 35.5 0.51 NO N/A N/A N/A
12 SM 1176 1176 34.4 0.52 NO N/A N/A N/A
13 SM 1281 1281 26.6 0.52 NO N/A N/A N/A
14 SM 1386 1386 25.9 0.53 NO N/A N/A N/A
15 SM 1491 1429 25.9 0.55 YES 0.30 0.55 0.18

Calculations

15043-B - Update to 2019 Buidling Code
49 Shearwater Lane, Pajaro Dunes
June 18, 2020

0.6
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N36.85694
W121.81333

0.90

Site Information
San Andreas

1000

LIQUEFACTION ANALYSIS
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16 SM 1596 1472 25.9 0.57 YES 0.30 0.53 0.36
17 SM 1702 1514 26.0 0.59 YES 0.30 0.51 0.54
18 SM 1807 1557 25.9 0.61 YES 0.30 0.50 0.75
19 SM 1912 1600 25.8 0.62 YES 0.30 0.48 0.96
20 SM 2017 1642 25.7 0.64 YES 0.30 0.47 1.17
21 SM 2122 1685 25.7 0.65 YES 0.30 0.46 1.38
22 SM 2227 1728 25.5 0.66 YES 0.29 0.44 1.59
23 SM 2332 1771 25.3 0.67 YES 0.29 0.43 1.80
24 SM 2458 1834 48.2 0.68 NO N/A N/A N/A
25 SM 2584 1898 47.7 0.68 NO N/A N/A N/A
26 SM 2710 1961 47.1 0.68 NO N/A N/A N/A
27 SM 2836 2025 46.6 0.68 NO N/A N/A N/A
28 SM 2962 2089 46.0 0.69 NO N/A N/A N/A
29 SM 3088 2152 45.5 0.69 NO N/A N/A N/A
30 SM 3214 2216 45.0 0.69 NO N/A N/A N/A
31 SM 3340 2279 44.4 0.69 NO N/A N/A N/A
32 SM 3466 2343 43.9 0.69 NO N/A N/A N/A
33 SM 3592 2407 86.6 0.69 NO N/A N/A N/A
34 SM 3718 2470 85.5 0.69 NO N/A N/A N/A
35 SM 3844 2534 84.6 0.69 NO N/A N/A N/A
36 SM 3970 2597 83.6 0.69 NO N/A N/A N/A
37 SM 4096 2661 82.7 0.69 NO N/A N/A N/A
38 SM 4222 2725 81.8 0.70 NO N/A N/A N/A
39 SM 4348 2788 80.9 0.69 NO N/A N/A N/A
40 SM 4474 2852 80.0 0.69 NO N/A N/A N/A
41 SM 4600 2915 79.2 0.69 NO N/A N/A N/A
42 SM 4726 2979 78.4 0.70 NO N/A N/A N/A
43 SM 4852 3043 77.7 0.69 NO N/A N/A N/A
44 SM 4978 3106 76.9 0.69 NO N/A N/A N/A
45 SM 5104 3170 76.2 0.69 NO N/A N/A N/A
46 SM 5230 3233 75.5 0.69 NO N/A N/A N/A
47 SM 5356 3297 74.8 0.69 NO N/A N/A N/A
48 SM 5482 3361 74.1 0.69 NO N/A N/A N/A
49 SM 5608 3424 73.5 0.69 NO N/A N/A N/A
50 SM 5734 3488 72.9 0.69 NO N/A N/A N/A

Calculations (continued)
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Kevin and Ingrid Donahue

2153 Waverly Street

Palo Alto, California 94301

SUBJECT: UPDATE TO GEOTECHNICAL INVESTIGATION

Proposed Single Family Residence

49 Shearwater Lane, Watsonville, California 

APN: 052-291-12

REFERENCES: See Attached

Dear Mr. and Mrs. Donahue:

Per the request of your Project Manager, Jerrod Nichols of Fuse Architects and Builders, and in

response to the County of Santa Cruz (Reference 4), we are providing this update to the Geotechnical

Investigation report prepared by our firm in April 2019 (Reference 5).

As the California Building Code has been updated (effective January 1, 2020), we have made

revisions to the following portions of the report to conform to the 2019 California Building Code:

• Geotechnical Hazards (Section 4)

• Liquefaction Analysis (Section 4.2)

• Surface Drainage (Section 5.2.11)

• Lateral Earth Pressures (Section 5.5.2)

• Slabs-on-Grade (Section 5.6) 

In addition, we have addressed the county comments to update the liquefaction analysis to comply

with ASCE 7-16 and provide the total seismically induced design settlements for saturated and

unsaturated sands. 

The following updated sections are numbered in accordance with the original soils report.  The

remaining portions of the report generally continue to apply.

4. GEOTECHNICAL HAZARDS

The following seismic design criteria has been updated in accordance with the 2019

California Building Code (CBC).
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The subject site is situated at the approximate latitude of 36�51' 25" and longitude

-121�48' 48". The project location (latitude and longitude) were used in conjunction

with the American Society of Civil Engineers website (Reference 1) to obtain the

seismic design parameters presented in Table 1. All proposed structures at the

subject site shall be designed with the corresponding seismic design parameters in

accordance with the 2019 California Building Code (Reference 3).

Table 1:  2019 CBC Seismic Design Criteria

Site

Class

Seismic

Design

Category

Spectral Response Accelerations

SS S1
FA FV SMS SM1 SDS SD1

C* D 1.831 0.674 1.2 1.4 2.197 0.944 1.465 0.629

*Because the Fundamental Period of the Building is expected to be less than 0.5s, the Site

Class has been assigned as C rather than F in accordance with ASCE 7-16 Section 20.3.

4.2 Liquefaction Analysis

We have updated our liquefaction analysis to reflect the changes in the California

Building Code and ASCE 7-16. We have edited our calculation to include an updated

peak ground acceleration (PGAM) of 0.903. Additionally, we revised the Hammer

Energy Transfer Ratio (ER). We have updated the Hammer Energy Transfer Ratio

(ER) because our original calculation conservatively used the actual reported ratio

(ER) as opposed to the standardized ratio (ER/60) as recommended in the

Recommended Procedures for Implementation of DMG Special Publication 117

Guidelines for Analyzing and Mitigating Liquefaction Hazards in California. 

 The results of our quantitative liquefaction analysis indicate that the underlying sand,

situated below the groundwater level to a depth of approximately 33 feet below

existing grade, remains susceptible to liquefaction during the design seismic event.

The methodology and calculations of our analysis are presented in Appendix A.

In addition to the settlement caused by liquefaction of the soils below the

groundwater table, the loose sand encountered above the groundwater table is prone

to volumetric compression (dry sand settlements) during a seismic event. Therefore

we have calculated the dry sand settlement for the site using the Tokimatsu and Seed

method (1987).

Our calculations indicate that there is no change to the resulting surface deformation

of the site due to liquefaction during the design seismic event. The calculated surface

deformation for both dry sand settlement and surface deformation caused by

liquefaction is calculated to be approximately 4 inches.  This settlement can occur

beneath the entire structure, or differentially, across the least dimension of the

structure. 
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Based on our review of ASCE 7-16 (Reference 1), the design threshold for vertical

displacement, as outlined in ASCE 7-16 (Section 12.13), is 0.10L, where L is a

defined length. Per the project manager, Jerrod Nichols of Fuse Architects and

Builders, the proposed structure will be 54 feet long and 46 feet 9 inches wide. The

maximum allowed vertical displacement, is calculated to be

0.010*46.75ft*(12in/1ft)=5.61 inches. Therefore, the vertical displacement calculated

in our liquefaction analysis remains under the design thresholds outlined in ASCE

7-16. 

5.2.11 Surface Drainage

a. Pad drainage should be designed to collect and direct surface water away

from structures to approved drainage facilities. Where soil is adjacent to

foundations, a minimum gradient of 5 percent for a distance of no less than

10 feet measured perpendicularly from the wall face, should be maintained

and drainage should be directed toward approved swales or drainage

facilities. If 10 horizontal feet can not be satisfied due to lot lines or physical

constraints, the drainage shall be designed in accordance with the

requirements of Section 1804.4 of the 2019 California Building Code. 

b. Swales and impervious surfaces shall be sloped a minimum of 2 percent

towards an approved drainage inlet or discharge point or as specified by the

Project Civil Engineer.

c. Where climatic conditions warrant, the slope of the ground away from the

building foundation shall be permitted to be reduced to not less than 2

percent. Due to the presence of sand with little to no fines, rapid infiltration

of surface runoff is anticipated. We consider the climatic conditions of the

site warrant this reduction.

d. All roof eaves should be guttered with downspouts provided. The

downspouts shall discharge to either splash blocks or solid pipe to carry the

storm water away from the structure to reduce the possibility of soil

saturation and erosion. It may be necessary to use swales or pipes to direct the

runoff to an appropriate drainage system or discharge location.

e. Drainage patterns approved at the time of construction should be maintained

throughout the life of the structures. The building and surface drainage

facilities must not be altered nor any grading, filling, or excavation conducted

in the area without prior review by the Geotechnical Consultant.

f. Irrigation activities at the site should be controlled and reasonable. Planter

areas should not be sited adjacent to walls without implementing approved

measures to contain irrigation water and prevent it from seeping into walls

and under foundations and slabs-on-grade. Large trees should be planted a

minimum distance of ½ their mature height away from the foundation.
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5.5.2 Lateral Earth Pressures

When required by the code, lateral load due to earthquakes may be calculated as 17H2

acting at 0.6H above the base of the wall.

5.6 Slabs-on-Grade

a. Concrete floor slabs may be founded on compacted engineered fill per the

recommendations in Section 5.2.6. The subgrade should be proof-rolled just

prior to construction to provide a firm, relatively unyielding surface,

especially if the surface has been loosened by the passage of construction

traffic.

b. It is important that the subgrade soils be thoroughly saturated for 24 to 48

hours prior to the time the concrete is poured. For compacted engineered

fill with a low expansion potential, the subgrade should be presoaked 4

percentage points above optimum to a depth of 1.0 feet.

c. The slab-on-grade section should incorporate a minimum 4 inch capillary

break consisting of 3/4 inch, clean, crushed rock, or approved equivalent.

Class II baserock is not recommended. Structural considerations may govern

the thickness of the capillary break. 

d. Where moisture sensitive floor coverings are anticipated or vapor

transmission may be a problem, a 15 mil waterproof membrane should be

placed between the floor slab and the capillary break in order to reduce

moisture condensation under the floor coverings. Refer to ACI 302.2R-06 for

additional criteria.

e. We have provided generalized recommendations associated with standard

construction practices for the reduction of moisture transmission through

concrete slab-on-grade floors. We are not moisture-proofing specialist. A

waterproofing or moisture proofing expert should be consulted for project

specific moisture protection recommendations

f. Slab thickness, reinforcement, and doweling should be determined by the

Project Structural Engineer, based on the design live and dead loads,

including vehicles.
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If you have any questions, or if we may be of further assistance, please do not hesitate to contact our

office.

Sincerely,

ROCK SOLID ENGINEERING, INC.

Signed: June 19, 2020

Dusty M. Osburn, P.E.

Senior Engineer

R.C.E. 85113

Attachmets: Appendix A Liquefaction Analysis

Distribution: (4) Addressee and via email

(1) Jerrod Nichols and via email
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LIQUEFACTION ANALYSIS

• Methodology Page A-1

• Calculations Pages A-2 and A-3



Geotechnical Investigation - Design Phase Project No. 15043-B

Proposed Single Family Residence April 10, 2019

49 Shearwater Lane, Watsonville, California Page A-1

METHODOLOGY

A-1. Our quantitative liquefaction analysis was performed on the observed soil configuration

which is considered representative of the conditions at the subject site.

A-2. The analysis uses empirical predictions of earthquake-induced liquefaction potential and is

based on the published methods used by Seed and others (Reference 10).  This analysis is

based on a comparison of the in-situ cyclic stress ration (CSR) with the CSR from historical

data collected in areas which experienced liquefaction for a given magnitude earthquake and

soil configuration.

A-3. The design seismic event was assumed to occur along the San Andreas Fault with a

corresponding magnitude of M=7.9.  Our analysis was performed assuming a peak ground

acceleration (Pga) of 0.903g.  This Pga corresponds to ground motions which have a 10%

probability of being exceeded in 50 years.   

A-4. In-situ water content and density were determined for samples considered representative of

the potentially liquefiable soils encountered.  The results of our laboratory testing are

presented in Appendix A.

A-5. Material properties chosen for our analysis are conservatively based on laboratory test results

and our experience in the vicinity.

A-6. Our calculations of the analyzed soil configuration are presented in tabular form in 1 foot

increments below.
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Project No.:
Project:
Date:
Run By:

Boring Diameter (in.):
CE Value Based on Hammer Type:
Sampler Type:

Design Fault:
Design Magnitude:
Latitude:
Longitude:
Design Pga (g):
Average Shear Wave Velocity (fps):
Design Groundwater Depth (ft.)
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1 SM 98 98 101.2 0.40 NO N/A N/A N/A
2 SM 196 196 72.1 0.41 NO N/A N/A N/A
3 SM 294 294 59.5 0.42 NO N/A N/A N/A
4 SM 392 392 52.2 0.44 NO N/A N/A N/A
5 SM 490 490 47.0 0.45 NO N/A N/A N/A
6 SM 588 588 43.5 0.46 NO N/A N/A N/A
7 SM 686 686 40.7 0.47 NO N/A N/A N/A
8 SM 784 784 38.7 0.48 NO N/A N/A N/A
9 SM 882 882 37.5 0.49 NO N/A N/A N/A
10 SM 980 980 36.3 0.50 NO N/A N/A N/A
11 SM 1078 1078 35.5 0.51 NO N/A N/A N/A
12 SM 1176 1176 34.4 0.52 NO N/A N/A N/A
13 SM 1281 1281 26.6 0.52 NO N/A N/A N/A
14 SM 1386 1386 25.9 0.53 NO N/A N/A N/A
15 SM 1491 1429 25.9 0.55 YES 0.30 0.55 0.18

Calculations

15043-B - Update to 2019 Buidling Code
49 Shearwater Lane, Pajaro Dunes
June 18, 2020

0.6

14.0

N36.85694
W121.81333

0.90

Site Information
San Andreas

1000

LIQUEFACTION ANALYSIS

Non-Standard SPT w/Liners Removed

7.9

8.0

DO

Drilling Information



Update to Geotechnical Investigation
Proposed Single Family Residence
49 Shearwater Lane, Watsonville, California

Project No. 15043-B
June 18, 2020

Page A-3

D
EP

TH
 (f

t.)

SO
IL

 T
Y

PE

TO
TA

L 
ST

R
ES

S 
(p

sf
)

EF
FE

C
TI

V
E 

ST
R

ES
S 

(p
sf

)

(N
1) 6

0C
S

C
SR

*

SU
SC

EP
TI

B
LE

C
SR

* 
N

EE
D

ED
 F

O
R

 
LI

Q
U

EF
A

C
TI

O
N

FA
C

TO
R

 O
F 

SA
FE

TY

C
U

M
U

LA
TI

V
E 

R
EC

O
N

SO
LI

D
A

TI
O

N
 (i

n.
)

16 SM 1596 1472 25.9 0.57 YES 0.30 0.53 0.36
17 SM 1702 1514 26.0 0.59 YES 0.30 0.51 0.54
18 SM 1807 1557 25.9 0.61 YES 0.30 0.50 0.75
19 SM 1912 1600 25.8 0.62 YES 0.30 0.48 0.96
20 SM 2017 1642 25.7 0.64 YES 0.30 0.47 1.17
21 SM 2122 1685 25.7 0.65 YES 0.30 0.46 1.38
22 SM 2227 1728 25.5 0.66 YES 0.29 0.44 1.59
23 SM 2332 1771 25.3 0.67 YES 0.29 0.43 1.80
24 SM 2458 1834 48.2 0.68 NO N/A N/A N/A
25 SM 2584 1898 47.7 0.68 NO N/A N/A N/A
26 SM 2710 1961 47.1 0.68 NO N/A N/A N/A
27 SM 2836 2025 46.6 0.68 NO N/A N/A N/A
28 SM 2962 2089 46.0 0.69 NO N/A N/A N/A
29 SM 3088 2152 45.5 0.69 NO N/A N/A N/A
30 SM 3214 2216 45.0 0.69 NO N/A N/A N/A
31 SM 3340 2279 44.4 0.69 NO N/A N/A N/A
32 SM 3466 2343 43.9 0.69 NO N/A N/A N/A
33 SM 3592 2407 86.6 0.69 NO N/A N/A N/A
34 SM 3718 2470 85.5 0.69 NO N/A N/A N/A
35 SM 3844 2534 84.6 0.69 NO N/A N/A N/A
36 SM 3970 2597 83.6 0.69 NO N/A N/A N/A
37 SM 4096 2661 82.7 0.69 NO N/A N/A N/A
38 SM 4222 2725 81.8 0.70 NO N/A N/A N/A
39 SM 4348 2788 80.9 0.69 NO N/A N/A N/A
40 SM 4474 2852 80.0 0.69 NO N/A N/A N/A
41 SM 4600 2915 79.2 0.69 NO N/A N/A N/A
42 SM 4726 2979 78.4 0.70 NO N/A N/A N/A
43 SM 4852 3043 77.7 0.69 NO N/A N/A N/A
44 SM 4978 3106 76.9 0.69 NO N/A N/A N/A
45 SM 5104 3170 76.2 0.69 NO N/A N/A N/A
46 SM 5230 3233 75.5 0.69 NO N/A N/A N/A
47 SM 5356 3297 74.8 0.69 NO N/A N/A N/A
48 SM 5482 3361 74.1 0.69 NO N/A N/A N/A
49 SM 5608 3424 73.5 0.69 NO N/A N/A N/A
50 SM 5734 3488 72.9 0.69 NO N/A N/A N/A

Calculations (continued)
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Project No. 15043-B
January 19, 2021

Kevin and Ingrid Donahue
2153 Waverley Street
Palo Alto, California 94301

SUBJECT: ADDENDUM TO GEOTECHNICAL INVESTIGATION
Proposed Single Family Residence  
49 Shearwater Lane, Watsonville, California
APN 052-291-12

REFERENCES: See Attached

Dear Mr. and Mrs. Donahue:

It is our understanding that you would like to consider the use of a foundation composed of deep
foundations in lieu of the mat slab foundation system that was recommended in the Geotechnical
Investigation (Reference 3).  The need for a deep foundation system is based on FEMA’s mapping
of the Pajaro Dunes development. Based on FEMA’s mapping the property is located in a FEMA
VE Zone and is located on the Primary Frontal Dune. FEMA is requiring the foundations for new
development or development that meets FEMA’s definition of substantial improvement in this area
to account for potential dune face removal. To determine the extent of the dune face removal at the
site, we have prepared a dune face removal profile for this parcel based on FEMA’s Guidance for
Flood Risk Analysis and Mapping - Coastal Erosion (Reference 2). The extent of the dune face
removal is modeled by projecting a 1:50 line through the dune, extending from the toe of the dune
through the backside of the dune. The eroded profile is shown on our cross section of the site in
Figure 1, attached. Based on the profile we have measured a maximum of 14 feet of dune face
removal at the site. 

In addition to the anticipated dune removal, the foundation design for the site must also account for
the potential for liquefaction to occur during a seismic event. Other considerations for construction
of the deep foundations include loose, caving sands, groundwater and environmental impact of the
foundation system on the site. 

In order to found the structure below the anticipated depth of dune removal and the zone of
liquefiable soils and also account for the construction constraints, we recommend that the proposed
new residence be founded on a foundation system composed of displacement piles or helical piles.
Helical pile installation consists of screwing the helical pile into the subsurface soils and usually
does not require excavating. Displacement pile construction consists of advancing augers which
displace the soils as they are advanced increasing the density of the surrounding soil and limiting the
spoils generated. Grout is pumped in the excavation as the auger is removed preventing caving of
the soils. Installation of these foundation systems do not require casing of foundation excavations
nor do they create a large amount of spoils to be off hauled. 

We are providing the design criteria for displacement and helical piles below. 





Addendum to Geotechnical Investigation Project No. 15043-B
Proposed Single Family Residence January 19, 2021
49 Shearwater Lane, Watsonville, California Page 2

1. Concrete Displacement Piles

a. It is our recommendation that the proposed concrete displacement piles have a
minimum embedment depth of 35 feet below lowest adjacent grade. This depth
is a depth sufficient penetrate the liquefiable soils and embed the pile into the dense
sand stratum underlying the site.

b. The minimum recommended shaft diameter is 18 inches.

c. The estimated allowable downward and pullout capacities for 18 inch and 24 inch
diameter, augured, cast-in-place, concrete piles are presented in Figures 2.1 and 2.2
for the proposed construction. These were computed assuming a minimum
embedment depth of 35 feet.  These capacities include a reduction based on the down
drag forces anticipated should liquefaction occur during a seismic event and neglect
soil in the upper 14 feet of the site. These capacities do not include the weight of the
shaft.

d. The recommended capacities apply to a single shaft, as this is the anticipated
configuration. If multiple piles are used, group efficiencies should be evaluated on
the basis of actual structural configurations in order to assess possible reductions in
capacity due to group influences.

e. The design of the piles shall assume a loss of soil support over 14 feet of the length
of the pile to account for potential dune erosion at the surface of the site.

f. Active pressures of 35 psf/ft, should be applied,  from the upper 24 inches of soil
against the shaft, acting on a plane which is 1½ times the shaft diameter may be
assumed for design purposes.

g. Passive pressures of 400 psf/ft, acting over a plane 1½ times the shaft diameter, may
be assumed for design purposes.  Neglect passive pressure in the upper 14 feet of
soil.

h. Piles should be spaced no closer than 2.5 diameters, center to center, with a minimum
3.0 diameters preferred.

i. The project is located near the Pacific Ocean. The possibility of salt water intrusion
is high. According to the American Concrete Institute (ACI) salt water is considered
exposure Class S1.  Concrete that will be in contact with soil should be designed in
accordance with the recommendations presented in the current ACI 318 Code. 

j. All shaft construction must be observed and approved by the Geotechnical
Consultant. Any piles constructed without the full knowledge and continuous
observation of Rock Solid Engineering, Inc. will render the recommendations of this
report invalid. 
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FIGURE
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k. The piles should contain steel reinforcement as determined by the Project Structural
Engineer in accordance with applicable CBC or ACI Standards.

2. Helical Screw Piles

a. We recommend that the proposed helical screw piles be embedded such that the
lowest helical plate has a minimum embedment of 35 feet below grade. Actual
depths may vary and will be determined in the field based on the available data and
monitoring of the installation torque.

b. The design of the helical screw piles shall assume a loss of soil support over 14 feet
of the length of the pile to account for potential dune erosion and/or loss of soil
strength during a seismic event. The loss of soil support may occur across any length
of the pile from the surface to 32 feet below lowest adjacent grade. 

c. The estimated allowable bearing/pullout capacities for 6 inch, 8 inch, 10 inch, 12
inch, and 14 inch diameter, helical plates are presented in Figure 3 for the proposed
structure. These values were computed assuming a minimum embedment depth of
35 feet. 

d. If multi-plate anchors are proposed, the total allowable bearing/pull-out capacity of
each anchor is calculated by summing the capacity of each helical plate on the
anchor.  These capacities do not include the weight of the shaft.

e. Lateral support may be mobilized by helical piles drilled at an incline.  The lateral
support piers shall also be embedded beyond the liquefiable layers and should be
located within the property lines.

f. The recommended allowable bearing/pullout capacities may be higher than the
design strength of the helical foundation piles or their intermediate shaft connections
depending on the product chosen. These factors may effect the design capacity of the
helical foundation piles and govern in the design. 

g. The monitoring of installation torque during installation is required.  Installation 
torque should not exceed the anchor rating.  Installation torque has been empirically
related to bearing/pull-out capacity.  The minimum bearing/pull-out capacity to
installation torque ratio generally recommended is between 9 and 10, subject to
verification in the field.

h. Installation tolerances should be within 2% with regards to plumbness and to within
2 inches in location.

i. In general, installation procedures should be verified per the manufacturer’s
specifications. 
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j. The project is located near the Pacific Ocean. The possibility of salt water intrusion
is high. Therefore, the helical foundation piers should be protected from
corrosion as specified by the manufacturer, taking into account the possibility of
salt water intrusion.

k. It is recommended that at least one helical screw pile be installed and tested
prior to full scale production in order to verify both design loads and
installation torque requirements.

l. All helical screw pile installation must be observed and approved by the
Geotechnical Consultant.  Any helical screw piles installed without the full
knowledge and continuous observation by a representative of  Rock Solid
Engineering, Inc. will render the recommendations of this report invalid.

The remaining portions of the Geotechnical Investigation report generally continue to apply.  If you
have any questions, or if we may be of further assistance, please do not hesitate to contact our office.

Sincerely,

ROCK SOLID ENGINEERING, INC.

Signed: February 17, 2021

Dusty M. Osburn, P.E.
Senior Engineer
R.C.E. 85113

Distribution: (1) Addressee and via email 
(3) Jerrod Nicholls, Fuse Architects, and via email
(1) Leonard Willis, Redwood Engineering, via email
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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 
 

 
 
15 December 2021 
             
Kevin and Ingrid Donahue <ingrid_donahue@hotmail.com>          
2153 Waverly Street 
Palo Alto, CA 94301 
 
Subject: Review of the Geotechnical Investigation-Design Phase for the Proposed Single-

Family Residence at 49 Shearwater Lane/APN 052-291-12 dated 10 April 2019; 
the Update to Geotechnical Investigation dated 18 June 2020; and the Addendum 
to Geotechnical Investigation dated 19 January 2021 by Rock Solid Engineering, 
Inc. – Project No. 15043-B 

 
Project Site: 49 Shearwater Lane 

APN 052-291-12 
    Application No. REV201083 
 
Dear Applicant: 
 
The Planning Department has accepted the project site geotechnical investigation reports.  The 
following items shall be required: 

 
1. All project design and construction shall comply with the recommendations of the subject 

reports;  
 
2. Final plans shall reference the subject geotechnical investigation reports by titles, author, 

and dates.  Final Plans should also include a statement that the project shall conform to 
the reports’ recommendations; and 
 

3. After plans are prepared that are acceptable to all reviewing agencies, please submit a 
completed Soils (Geotechnical) Engineer Plan Review Form to Environmental Planning. 
The Consultants Plan Review Form (Form PLG-300) is available on the Planning 
Department’s web page.  The author of the soils report shall sign and stamp the completed 
form.  Please note that the plan review form must reference the final plan set by last 
revision date. 

 
Electronic copies of all forms required to be completed by the Geotechnical Engineer may be 
found on our website: www.sccoplanning.com, under “Environmental”, “Geology & Soils”, and 
“Assistance & Forms”. 
 
After building permit issuance the soils engineer must remain involved with the project during 
construction.  Please review the Notice to Permits Holders (attached). 

http://www.sccoplanning.com/


REV201083 
APN 052-291-12 
15 December 2021 
Page 2 of 3 

 
 
Our acceptance of the report is limited to its technical content.  Other project issues such as 
zoning, fire safety, septic or sewer approval, etc. may require resolution by other agencies. 
 
Please note that this determination may be appealed within 14 calendar days of the date of 
service.  Additional information regarding the appeals process may be found online at: 
http://www.sccoplanning.com/html/devrev/plnappeal_bldg.htm 
 
If we can be of any further assistance, please contact the undersigned at: 
rick.parks@santacruzcounty.us 
 
Respectfully, 

 
Rick Parks, GE 2603 
Civil Engineer – Environmental Planning Section 
County of Santa Cruz Planning Department 
 
Cc: Environmental Planning Department, Attn: Leah MacCarter 
 Rock Solid Engineering, Inc. Attn: Dusty Osburn, PE 
 Jerrod Nichols <jerrod@fusearchitects.com>  
  
  
  
Attachments: Notice to Permit Holders 
 
  
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 

http://www.sccoplanning.com/html/devrev/plnappeal_bldg.htm
file:///C:/Users/PLN418/Documents/rick.parks@santacruzcounty.us
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NOTICE TO PERMIT HOLDERS WHEN A SOILS REPORT HAS BEEN PREPARED, 

REVIEWED AND ACCEPTED FOR THE PROJECT 
 
After issuance of the building permit, the County requires your soils engineer to be involved during 
construction.  Several letters or reports are required to be submitted to the County at various times 
during construction. They are as follows: 
 

1. When a project has engineered fills and / or grading, a letter from your soils engineer 
must be submitted to the Environmental Planning section of the Planning Department prior 
to foundations being excavated.  This letter must state that the grading has been 
completed in conformance with the recommendations of the soils report.  Compaction 
reports or a summary thereof must be submitted.   

 
2. Prior to placing concrete for foundations, a letter from the soils engineer must be 

submitted to the building inspector and to Environmental Planning stating that the soils 
engineer has observed the foundation excavation and that it meets the recommendations 
of the soils report. 

 
3. At the completion of construction, a Soils (Geotechnical) Engineer Final Inspection 

Form from your soils engineer is required to be submitted to Environmental Planning that 
includes copies of all observations and the tests the soils engineer has made during 
construction and is stamped and signed, certifying that the project was constructed in 
conformance with the recommendations of the soils report. 

 
If the Final Inspection Form identifies any portions of the project that were not observed by the 
soils engineer, you may be required to perform destructive testing in order for your permit to obtain 
a final inspection.  The soils engineer then must complete and initial an Exceptions Addendum 
Form that certifies that the features not observed will not pose a life safety risk to occupants. 
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