ENGINEERING COMMITTEE MEETING
Minutes
November 7, 2019

Covering Design, Construction, Capital Improvement,
Master Plan and other Engineering, Operational and
Planning Related Matters

NOTICE IS HEREBY GIVEN that the San Lorenzo Valley Water District has called a meeting of

the Engineering Committee to be held_Thursday, November 7, 2019 at 2:00 pm at 13057
Highway 9, Boulder Creek, CA.

AGENDA

1.

2.

Convene Meeting/Roll Call

Oral Communications

This portion of the agenda is reserved for Oral Communications by the public for items which

are not on the Agenda. Please understand that California law (The Brown Act) limits what the
Board can do regarding issues raised during Oral Communication. No action or discussion may
occur on issues oultside of those already listed on today’s agenda. Any person may address the
Committee at this time, on any subject that lies within the jurisdiction of this commitiee. Normally,
presentations must not exceed five (5) minutes in length, and individuals may only speak once
during Oral Communications. Any Director may request that the matter be placed on a future
agenda or staff may be directed to provide a brief response.

Old Business: None

Members of the public will be given the opportunity to address each scheduled item prior to
Committee action. The Chairperson of the Committee may establish a time limit for members of the
public to address the Committee on agendized items.

New Business:
Members of the public will be given the opportunity to address each scheduled item prior fo
Committee action. The Chairperson of the Committee may establish a time limit for members of
the public to address the Committee on agendized items.

A. LOMPICO TANKS PROJECT- CONSTRUCTION ENGINEERING SERVICES
REQUEST FOR PROPOSALS.
Discussion and possible action by the Committee regarding a RFP for
Construction Engineering Services on the Lompico Tanks Project.

B. LYON SLIDE PROJECT
Discussion and possible action by the Committee regarding the Lyon Slide
Project.

Adjournment

In compliance with the requirements of Title Il of the American Disabilities Act of 1990, the San
Lorenzo Valley Water District requires that any person in need of any type of special equipment,
assistance or accommodation(s) in order to communicate at the District's Public Meeling can
contact the District Office at (831) 338-2153 a minimum of 72 hours prior to the scheduled meeling.
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Agenda documents, including materials related to an item on this agenda submitted to the
Committee after distribution of the agenda packet, are available for public inspection and may be
reviewed at the office of the District Secretary, 13060 Highway 9, Boulder Creek, CA 95006
during normal business hours. Such documents may also be available on the District website at
www.slvwd.com subject to staff's ability to post the documents before the meeting.

Certification of Posting

| hereby certify that on October 31, 2019, | posted a copy of the foregoing agenda in the outside
display case at the District Office, 13060 Highway 9, Boulder Creek, California, said time being at

least 72 hours in advance of the meeting of the Engineering Committee of the San Lorenzo Valley
Water District in compliance with California Government Code Section 54956.

Executed at Boulder Creek, California, on October 31, 2019.

Holly B. Hossack, District Secretary
San Lorenzo Valley Water District
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MEMO

To: Engineering Committee

From: Engineering Manger

Subject: Discussion and possible action related to a RFP for
Construction Engineering Services for the Lompico Tanks
Project

Date: November 7, 2019

Background

Earlier this year, the District awarded the design contract for the Lompico Tanks
to Schaff & Wheeler Consulting Civil Engineers. The Project involves replacing
existing redwood tanks at the Madrone, Kaski and Lewis sites with six new steel
tanks. The construction documents, including the environmental documents, are
scheduled to be complete by early December. Staff plans to bid the project for
construction starting in January of 2020.

For large construction projects, Engineering staff recommend hiring an outside
engineering firm to provide daily construction management. Attached is a draft
RFP for engineering services during construction for the Committee’s review and
comment. Staff propose to circulate the RFP in early January at the same time
the Lompico Tanks are being bid. Staff will bring both the Lompico Tank bids and
the proposals for engineering services during construction to the Committee for
consideration prior to approval by the Board of Directors.

Recommendation:

That the Engineering Committee approve the draft RFP for engineering services
during construction for circulation.
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REQUEST FOR PROPOSAL
TO PROVIDE:
PROFESSIONAL CONSTRUCTION MANAGEMENT SERVICES
TO THE
SAN LORNZO VALLEY WATER DISTRICT
PROJECT TITLE:

Lompico Tanks Project

RESPONSE DUE BEFORE 3:00 P.M.

ON

DECEMBER ___, 2019

San Lorenzo Valley Water District
13060 Highway 9
Boulder Creek, CA 95006
(831) 338-2153



I.  INTRODUCTION

The San Lorenzo Valley Water District proposes to replace several redwood water storage tanks
in the Lompico Area of the District with modern steel water storage tanks. Existing tanks at the
Kaski, Madrone and Lewis sites will be affected. Improvements at the Kaski Tank site will
include two (2) 60,000-gallon steel tanks, improvements at the Madrone Tank site will include
two (2) 60,000-gallon steel tanks, and improvements at the Lewis Tank site will include two (2)
110,000-gallon steel tanks. The Lompico Tanks Project generally involves:

1. Installation of temporary tanks;

2. Demolition of old tanks, buildings and piping;

3. Site grading, the installation of storm drains and site electrical;

4. Installation of new steel tanks, mixers, etc.
Plans and specifications for the Project have been prepared by the engineering firm Schaaf &
Wheeler. These documents are available for review on the District web site. CEQA has been
completed for the project. An Initial Study - Mitigated Negative Declaration and a Mitigation
Monitoring and Reporting Program have been prepared and incorporated into the plans and
specifications. The estimated construction cost is and there are
working days in the construction contract. The District intends to award a single construction
management contract to a consultant firm qualified to do complete construction management
for this project.

Il. GENERAL INFORMATION

San Lorenzo Valley Water District is a water supplier established in 1941 and serves several
communities within the 136 square-mile San Lorenzo River watershed. The District owns,
operates, and maintains two permitted water systems. Each service area provides supplies from
separate water sources. The North/South Service Area includes the unincorporated
communities of Boulder Creek, Brookdale, Ben Lomond, Manana Woods, Scotts Valley and
Lompico. The Felton Service Area was acquired by the District from California American Water
in September 2008 and includes the town of Felton and adjacent unincorporated areas.

The District’s legal boundaries encompass approximately 62 square miles. Land uses include
timber, State and regional parks, water supply watersheds, rural residential, low-density urban
residential, commercial, quarries, agriculture, and other open space. Within these boundaries,
the District’s two service areas have a combined area of approximately 29 square miles, made
up of the North Service Area (26.7 square miles) and the Felton Service Area (2.2 square miles).

The District relies on both surface water and groundwater resources, including nine currently

active stream diversions, one groundwater spring, and eight active groundwater wells. These
sources are derived solely from rainfall within the San Lorenzo River watershed.
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The scale and complexity of SLVWD’s water distribution system reflect the San Lorenzo Valley’s
rugged topography, dispersed pattern of development, and widely distributed raw water
sources. The District’s three systems have limited above-ground storage capacity equal to a few
days’ average use and rely on groundwater for seasonal and year-to-year storage. The District
produces and treats water based on relatively immediate water demand.

Il PROJECT SCOPE OF SERVICES

The Consultant shall provide overall project management. The Consultant shall assume at least
one meeting each month with District management staff during the construction portion of the
project and additional meetings to review project status at key milestones. Meetings will be
held at the District’s main office.

The Consultant shall provide internal quality control and quality assurance procedures.

A. Construction Management Services

1. Issue necessary clarifications and interpretations of the contract documents as
appropriate to the orderly completion of contractor’s work. Such clarifications and
interpretations will be consistent with the intent of and reasonably inferable from
the contract documents.

2. Coordinate the submittal and shop drawing process by transmitting to the
appropriate design professional for compliance with construction documents.
Develop and maintainfiles of approved submittals and shop drawings.

3. Establish and hold weekly progress and coordination meetings with SLVWD and
the Contractor at the site during active on-site construction phase. Prepare the
agenda and summary notes for weekly meetings and review the Contractor's
schedule. Monitor Contractor's compliance with submitted schedule. Request
new schedules as they become outdated due to changes. Summarize project
progress and include the status of change orders, of contract days remaining,
work completed, adherence to schedule, and work in progress.

4. Visit the site each working day during the active on-site construction phase as
necessary to observe the work and document compliance with the plans and
specifications. Confirm that materials and installation methods used are those
specified in approved submittals or the contract documents. Photographically
document the progress of the work daily. Review traffic control. Prepare daily site
observation logs that document progress of work performed, labor and
equipment on site, and communications with the Contractor.

5. Review Contractor's progress payment requests and provide recommendations
regarding payment in accordance with the work complete and the contract
documents.
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6. Assist with Contractor coordination with the utility companies, PG&E, Comcast,
AT&T, Verizon, Sprint, etc.

7. If a change order request is presented by the Contractor, Consultant shall review the
request, communicate with SLVWD, the Contractor, and any involved
inspection/testing sub-consultants, and provide a recommendation to the District.
Consultant shall maintain current records and documentation for all change orders,
along with changes in contract days and contract dollar amount.

8. Review test reports and notify the District and the Contractor regarding reports
indicating non-conforming items. Coordinate with the Contractor and the special
testing and inspection sub-consultants, to resolve variations in the work from that
specified in the construction documents.

9. Prepare a final punch list of items not yet satisfactorily completed and visit the
project site to verify completion of those items.

10. Obtain letters of final acceptance from the associated design professionals
summarizing their observations and conformance with the project plans and
specifications.

11. Obtain record drawings from the associated design professionals based on
Contractor 's as-built drawings, site observation logs, and RFI logs for District
records.

12. Review construction for adherence with the project plans and specifications.

B. Construction Management - Subconsultants

1. Assemble, coordinate and manage a team of sub-consultants responsible for the
completion of specialized tasks including, but not limited to, the following:
a) Construction surveying,

b) Environmental compliance inspections and
documentation,

c) Geotechnical inspections, documentation and density
testing,

d) Tank coating, lining, bolting and/or welding
inspections,

e) Concrete, reinforcement and/or asphalt
testing/inspection,

f) Electrical/SCADA inspections,

g) Labor compliance monitoring,
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IV. PROPOSAL REQUIREMENTS

The Proposal shall not exceed 20, 8.5” x 11” single-sided pages excluding resumes, cover
letter, contractual scope of services, fee schedules, dividers, front and back covers. 11” x
17” pages are allowed and will count as two pages. The Proposal must use a font size of 11
or larger and be bound into a single document with the exception of the separately bound
fee table. The Responses to this RFP shall be in the following order and shall include:

1. Cover Letter (2 page maximum):

Include a dated cover letter indicating the firms understanding of and interest in the
project and summarizing the key components addressed within the Proposal. This
document shall be legally binding by a person authorized to represent the firm. Please
include name, address, telephone number, email and title for each of these persons.

2. Project Description and Approach (8 page maximum)

Explain the objective of the project, as you understand them, and how you propose
to accomplish the recognized goals.

Describe, in the important aspects of the approach that your firm will take for the
services and deliverables to be provided.

3. Identification of Prime Consultant (1 page maximum)

Vi.

Legal name and address of the company.
Legal form of company (partnership, corporation).

iii. If company is wholly owned subsidiary of a "parent company," identify the "parent

company."

Name, title, address and telephone number of person to contact concerning the
Response Submittal.

Project team and the discipline/job title of each team member.

Provide a general description of your firm’s background and project qualifications,
including years of business, any past bankruptcy filings, and identify any contract or
subcontract by the firm which has been terminated, in default, or had claims made
against it that resulted in litigation or arbitration in the last five years.

4. |dentification of Sub Consultants, if any (1 page per sub-consultant maximum)
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Legal name and address of the company.
Name, title, address and telephone number of prime contact.

iii. Number of staff and the discipline/job title of each.

Provide a general description of subcontractor’s background and project.
qualifications, including years of business, any past bankruptcy filings, and identify
any contract or subcontract by the firm which has been terminated, in default, or



had claims made against it that resulted in litigation or arbitration in the last five
years.

5. Project Organization and Experience of the Project Team (3 page maximum, not including

resumes}

i. Describe proposed project organization, including identification and responsibilities
of key personnel, including sub-consultants. Include only one-page resumes.

ii. Describe the experience of the Project Manager and the experience that the
proposed personnel have working on past projects as a team.

iii. Describe project management approach to the work effort, locations where work
will be done, responsibilities for coordination with the District, lines of
communication necessary to maintain design on schedule.

iv. Describe the firm’s capacity to perform the work within the time limitations,
considering the firm’s current and planned workload and the firm’s current and
planned work force.

v. Include a statement on what makes your firm uniquely qualified.

6. Experience and Past Performance, Including Cost and Schedule Control (4 page max /3

projects max)

i. Include a summary of the past experience and performance of the Engineer of Record
on similar projects. Include the following information:

Owner, contact name and phone number

Project size and description

Project budget and total dollar value of completed project

Budgeted project schedule and total time to completion

. Estimated construction costs and actual construction costs

ii. Describe the firm’s past experience and performance on similar projects. Include the
information listed above.

ok~ wnE

7. Exceptions to this RFP

The Consultant shall certify that it has fully read the RFP and if the Consultant does take
exception(s) to any portion of the RFP, the specific portion of the RFP to which exception is
taken shall be identified and explained.

8. Contractual Scope of Services

i.  The Consultant shall provide a detailed scope of services to be provided. This should be
responsive to the requested scope of services with additional detail as necessary.
ii.  Prepare a detailed schedule based on the allowable construction contract working days
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showing all facets of work that will meet the District’s objectives and goals in a timely
manner.

iii.  Both the Scope and Schedule are anticipated to become attachments to the Contract
between the Consultant and the District.

9. Insurance

i. Without limiting Contractor’s indemnification of District, and prior to commencing any
Services required under this Agreement, Consultant shall purchase and maintain in full
force and effect, at its sole cost and expense, the following insurance policies with at
least the indicated coverages, provisions and endorsements:

ii. Commercial General Liability Policy (bodily injury and property damage): Policy limits
are subject to review, but shall in no event be less than, the following:

1. $1,000,000 Each Occurrence
$1,000,000 General Aggregate
3. $1,000,000 Products/Completed Operations Aggregate

g

4. $1,000,000 Personal Injury

5. Workers’ Compensation Insurance Policy as required by statute and employer’s
liability with limits of at least one million dollars ($1,000,000) policy limit Bodily
Injury by disease, one million dollars ($1,000,000) each accident/Bodily Injury
and one million dollars ($1,000,000) each employee Bodily Injury by disease.

6. Comprehensive Business Automobile Liability Insurance Policy with policy limits
at minimum limit of not less than one million dollars ($1,000,000) each accident
using. Liability coverage shall apply to all owned, non-owned and hired autos.

7. Professional Liability or Errors and Omissions Insurance as appropriate shall be
written on a policy form coverage specifically designed to protect against acts,
errors or omissions of Consultant. Coverage shall be in an amount of not less
than one million dollars ($1,000,000) per claim/aggregate.

iii. Prior to commencement of any services under this Agreement, Consultant, shall, at its
sole cost and expense, purchase and maintain not less than the minimum insurance
coverage with endorsements and deductibles indicated in this Agreement.

iv. The Consultant and its subconsultants are required to name the State, its officers,
agents and employees as additional insured on their liability insurance for activities

undertaken pursuant to this Agreement.

v. Consultant shall file with District all certificates for required insurance policies for
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District’s approval as to adequacy of insurance protection. The District will require a
professional liability insurance verification for coverage of not less than $1,000,000.00.

10. Total Professional Fee and Fee Schedules

i. Proposed fee shall be organized with appropriate breakdown into subtasks.
ii. Proposed fee shall include the hourly rates of all staff (including subconsultants) that
will charge directly to the project for project duration.

V. CONSULTANT SELECTION

The District will review and evaluate each submittal to determine if it meets the requirements
for the service described herein. Failure to meet the requirements of this RFP will be cause for
eliminating the applicant from further consideration. Based on the District’s evaluation, the
firms that meet the requirements of this RFP will be ranked. The following weighted criteria
will be used to evaluate the Proposals provided in response to this request:

a. 30% Understanding and approach to the work to be done
b. 20% Experience of firm with similar types of work

c. 30% Experience of staff with similar kinds of work

d. 10% Overall clarity and presentation of Proposal

e. 10% Firm’s Local Experience

VI.  SELECTION PROCESS

It is anticipated that a contract/contracts will be awarded with the highest-ranking firm being
selected. However, the District reserves the right to consider other factors such as overall cost
and may award contracts to any qualified applicant, regardless of the assigned rank. The District
will enter into negotiations with the selected firm. If the District can’t negotiate an agreement
that is fair and reasonable in the District’s sole discretion, it reserves the right to select an
alternate firm. At this time, the District contemplates the use of a Time and Materials with a
Not-to-Exceed Total type contract for the services requested. Negotiations will cover: scope of
work, contract terms and conditions, office arrangements, attendance requirements and the
proposed fee schedule.

VII. SELECTION SCHEDULE

The District anticipates that the process for selection of firms and awarding of contracts will be
according to the following tentative schedule:
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Proposal Due Date December __, 2019
Presentations (TBD-If Necessary) December __, 2019
Board of Directors Approval January __, 2019

VIIl. SPECIAL CONDITIONS / ATTACHMENTS

The following documents are intended to provide additional background and are available on
the District website:

1. Lompico Tanks Project — Plans and Specifications
2. Environmental documents

IX. DISTRICT CONTACT

Questions regarding this RFP should be submitted to the District’s Engineer, Darren Langfield,
via email at dlangfield@slvwd.com by 5pm on December ___, 2019.

X. SUBMITTAL REQUIREMENTS

1. One (1) executed original marked “ORIGINAL” in red ink and three (3) copies of the
proposal shall be submitted. Emailed proposals will not be accepted. Submit one
electronic_copy of the proposal in PDF format (on CD, DVD or Thumb Drive). The
proposal shall be signed by an individual, partner, officer or officers authorized to
execute legal documents on behalf of the Firm.

2. Proposals must be received no later than 3:00 p.m. local time, on or before December
____,2019 at the office of:

San Lorenzo Valley Water District
13060 Highway 9
Boulder Creek, CA 95006

Attn: District Engineer (Construction Management — Lompico Tanks)

Failure to comply with the requirements of this RFP may result in disqualification.
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MEMO

To: Engineering Committee

From: Engineering Manger

Subject: Discussion and possible action related to the Lyon Slide
Project

Date: November 7, 2019

Background

The Lyon Slide occurred in January, 2017, and affects 160’ of the access road to
the Lyon Tank and the Lyon Treatment Plant as well as non-District properties
below the slide. The District applied for FEMA assistance and has commissioned
two studies with the soil engineering firm Haro Kasunich Assoc. (HKA) to
evaluate the slide and determine repair options. The repair options and costs
recently obtained from the second HKA report are summarized below:

1) Install three rows of secant piles across the face of the slide and remove
approximately five feet of the upper slide mass to reduce the weight of the
slide. The secant pile range from 40 -55 feet deep. The estimated cost of
this option is $15 million.

2) Install two rows of secant piles across the face of the slide; install an eight-
foot diameter 250-foot-long culvert in Hessey Creek; remove approximately
five feet of the upper slide mass to reduce the weight of the slide; place
and compact excavated spoil over pipe. The estimated cost of this option is
$12 million.

Due to the large cost of repairs, staff thought it wise to consult with the
Engineering Committee about the nest step in the process.

Timing

Upon receipt of the second study, staff applied for a one-year extension of time
from FEMA. FEMA recently granted the time extension.
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GEOTECHNICAL INVESTIGATION
FOR
LYON TANK ACCESS ROAD LANDSLIDE REPAIR
365 Madrone Drive
Boulder Creek, California

Prepared For
SAN LORENZO VALLEY WATER DISTRICT
Boulder Creek, California

Prepared By
HARO, KASUNICH AND ASSOCIATES, INC.
Geotechnical & Coastal Engineers
Project No. SC4090.1
August 2018
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Project No. SC4090.1
6 August 2018

SAN LORENZO VALLEY WATER DISTRICT
13060 Highway 9
Boulder Creek, California 95006

Attention: Mr. Rick Rogers
Subject: Geotechnical Investigation

Reference: Lyon Tank Access Road Landslide Repair
365 Madrone Drive
Boulder Creek, California

Dear Mr. Rogers:

In accordance with the request of the San Lorenzo Valley Water District (SLVWD),
Haro, Kasunich and Associates, Inc. (HKA) have performed a Geotechnical
Investigation for the repair of the access road that services the Lyon Tank in Boulder
Creek, California.

The accompanying report presents our conclusions and recommendations, as well as
the results of the geotechnical investigation on which they are based. A broad soil
mass disconnected from the hillside during the winter rain season of 2016/2017 and
mobilized downslope leaving a large head scarp that undermined a portion of the
access road including Madrone Road. The access road that services the subject water
tank crosses over the soil mass in several locations. Portions of the road mobilized
along with the soil mass in some locations and in other locations the road was
completely buried.

The San Lorenzo Valley Water District (SLVWD) has requested that HKA develop an
understanding of the unstable broad soil mass and present geotechnical
recommendations for stabilization and reconstruction of the damaged portions of the
access road. To better understand the geologic and geotechnical parameters of the
project site, HKA completed a field exploration program that included, site
reconnaissance, 16 test borings drilled to depths of 7.0 and 51.5 feet below the ground
surface (bgs), and laboratory testing for mechanical properties of soil samples
collected from within the test borings. The study area was topographically mapped
several times by Professional Land Surveyor Paul Jensen. The soil mass continued
to mobilize between surveys with most recent map dated February 2018.

Geologic sections were developed using the topographical map along with data

collected during the field exploration. A worst case slope stability model of the hillside
was created in cross section view by assigning mechanical properties (strength,
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density, moisture) to the soils layers in the geologic section. The slope stability
analysis was completed with the aid of the computer software program SLOPE/W by
GEOSLOPE. A double check of the inputs for the model was completed by back
calculating the landslide that already occurred under wet winter conditions without the
influence of seismic shaking.

The preliminary results of the analysis were presented to the representatives of the
SLVWD. In brief a broad soil mass has disconnected from the hillside from the head
scarp down to Hessey Creek. The disconnected soil mass is unstable under wet winter
conditions without seismic shaking and will continue to reactivate overtime and creep
downslope. Although the entire disconnected soil mass could be stabilized, it would
be more practical to stabilize just the soil mass starting from the outboard side of
Madrone Road upslope to the head scarp.

HKA recommends unloading the soil mass by removing the upper 5 (+/-) feet of sall
starting just below Madrone Road up to the head scarp. The soil mass from Madrone
Road up to the head scarp should be stabilized using two rows of buried secant piles.
The lower row of secant piles would be constructed along the outboard side of
Madrone Road and is estimated to be 200 feet long by as much as 55 feet deep. The
upper row of secant piles is recommended to be constructed on the hillside
approximately half way up to the head scarp from Madrone Road. The upper row is
estimated to be 150 feet long by as much as 40 feet deep. To rebuild and secure the
severely damaged portion of the upper access road where the soil mass dislodged
from the head scarp an engineered fill slope is recommended to be constructed from
the upper row of secant piles up to the inboard side of the damaged upper road.

HKA re-iterates that the disconnected soil mass downslope from Madrone Road is
unstable and the recommended rows of secant piles presented in this report will not
stabilize this portion of the hillside. Furthermore, any surcharge placed upon the soil
mass downslope from Madrone Road may exacerbate instability. If SLVWD would like
to eliminate re-activation of the disconnected soil mass below Madrone Road please
communicate this objective with HKA. We anticipate a temporary road will need to be
constructed to install the upper row of secant piles on the hillside. Additional working
meetings with structural and civil designers, specialty contractors, and SLVWD are
anticipated, in order to develop viable working drawings.

If you have any questions concerning the data or conclusions presented in this report,
please call our office.
Respectfully Submitted,

HARO, KASUNICH AND ASSOCIATES, INC.

Kourosh Younesi Moses Cuprill
Senior Engineer C.E. 78904
KY/MC/sr

Copies: 4 to Addressee

1 pdf to Rick Rogers_rrogers@slvwd.com
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GEOTECHNICAL INVESTIGATION

1. Introduction
This report presents the findings, conclusions and recommendations of our
Geotechnical Investigation for the Lyon Tank Access Road Landslide Repair
Project. The Tank site is located at the end of Madrone Drive in Boulder Creek,
California (see Site Vicinity Map, Figure 1 in Appendix A). A broad soil mass
disconnected from the hillside and mobilized downslope. We will refer to the
disconnected soil mass as the “landslide” from here forward. The slow moving
landslide, which initially activated in the winter of 2017, has resulted in significant
damage to the only access road to the SLVWD Lyon Water Tank and Water
Treatment Facility. The water tank is the main water supply for residents within the
San Lorenzo Valley Water district. The landslide is located between the upper most
road that provides access to the base of the Lyon Tank which we will refer to as
the “upper road” (that traverses the head scarp) and Hessey Creek, located about
200 feet downslope and to the east. A 160 foot long portion of Madrone Road
which we will refer to as the “lower road” crosses the active landslide deposit and
has been damaged. This report presents the results of our field investigations,
laboratory testing, static and seismic slope stability analysis, and development of
geotechnical design criteria and recommendations for stabilization of a select but

imperative portion of the landslide.

Survey Maps with cross sections of the landslide area were prepared by Paul

Jensen, and provided for our use. The landslide maps, with cross sections, are
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dated February 2017, June 2017, October 2017, and February 2018. The landslide
area was surveyed four times to assist in evaluating the movement of the active
landslide and to define potential toe of slip surfaces. The locations of exploratory
borings indicated on the maps were surveyed by Mr. Jensen. The ground surface
elevations at each boring location on the landslide deposit vary depending on the

map date due to the ongoing movement of the landslide.

The Lyon Tank lower road crosses the landslide site immediately before a hairpin
turn up to the tank. Just beyond the hairpin turn, the road forks. The lower fork of
the road or the “upper road” leading to the tank has been damaged and is unusable
due to landsliding. Before the hairpin, a 160 foot length of the lower road has been
damaged by landsliding and temporarily repaired. The initial movement of the
landslide was first observed by Haro Kasunich and Associates, Inc. (HKA) on 13
February 2017 during an on-site meeting with SLVWD Operations Management
staff. We were informed ground and asphalt cracks were first observed in January
2017 after heavy rainfall at the site. At the time of our 13 February visit, the west
lateral edge of the landslide and access road had dropped 2” to 4” and a 2’ to 3’
wide asphalt patch had been placed and compacted from the north to south side
of the road to bridge the damaged area. The patch covered over a zone of 1” to 2”
wide cracks in the asphalt. Soil cracks with a few inches of vertical displacement

extended up the slope toward the upper access road.
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A 15 inch diameter culvert on the surface of the slope below the access road on
the west side of the slide was observed to be discharging water and angular gravel.
The gravel was part of a gravel blanket drain installed during grading for
construction of the access road to the Water Treatment Plant. The landslide
movement dislodged and broke the pipe, allowing the gravel to flow into the culvert

and then to be discharged out the end of the culvert.

In addition to the access road landslide, surficial sliding on the upper slope
between the Lyon Tank and Water Treatment Plant was first observed by HKA on
13 February 2017. The slumps occurred about mid slope in several areas. On 15
February, the portion of the upper slope where slump slides occurred was covered
with plastic sheeting and sandbags tied by rope to anchor the plastic and divert

incident rainfall from the slope to the asphalt road below.

The access road landslide continued to move after heavy rainfall and by 22
February the east side of the upper access road down dropped several inches and
numerous 1" to 2" wide cracks along a 50 foot long portion of the road had
developed as the slide moved downslope. By Sunday 26 February, the landslide
moved significantly and a 70' long portion of the road collapsed at the top of the
landslide. The landslide left a 1' to 5' high head scarp at the inboard side of the
lower of the upper roads. The west end of the access road dropped about 4 feet
and subsurface water was emanating from the landslide scarp at the access road.

Buckling of the pavement was observed on the downslope portion of the access
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road crossing the landslide. In early March, the entire landslide surface from the
access road to the slide head scarp and side scarps was covered with plastic
sheeting and rope tied sandbags to prevent incident rainfall from infiltrating into the

covered part of the landslide deposit.

Several large trees on the landslide deposit were observed to be leaning
significantly and posed a danger to the field investigation. The district hired a tree
service to remove the worst of the leaning trees, which were removed in March
and/or April 2017. On the west side of the access road, which had dropped about
6 feet, the district built a temporary gravel fill slope to provide vehicle access to the
Water Treatment Plant and Lyon Tank for workers who perform daily maintenance
and monitoring duties required to continue supplying potable water to District

customers.

The movement of the landslide continued until early May 2017 when our initial
borings were drilled. The plastic sheeting had been removed prior to our drilling
and the landslide was re-surveyed in May. At that time the west side and the upper
portion of the landslide had dropped from 6' to 8' and a bulge had developed on
the slope between the creek and the access road. The west side of the section of
the access road crossing the landslide had dropped 6' to 7'. The east side of the
access road on the landslide had buckled due to uplift pressure from the slide and
the curb drain inlet on the inboard side of the road was damaged by the landslide.

The east side of the slide is buttressed by a previous road repair in 1986 which
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replaced a failed wood crib wall. The repair consisted of removal of soil on the
slope and in the stream channel, installation of a large culvert in the stream, and

placement and compaction of rock and soil backfill on the slope and road.

After our initial borings, a path was cleared on the slope below the access road to
provide access for a drill rig to advance an additional 4 borings on the landslide
deposit below the access road and 1 boring on the landslide deposit above the
access road. Adjacent to Boring B-10 on the slope between the access road and
Hessey Creek, a constant flow of water seeping from the toe of a steep slope was

observed.

A fourth survey of the site in October 2017 indicates the upper landslide headscarp
had increased to 6' to 10" high and the landslide had moved up to 4 feet horizontally
toward the creek since the first survey (which had been done after significant

movement had already occurred).

New longitudinal cracks in the upper road to the Water Treatment Plant were
reported by the district in late October 2017. The cracks on the upper Water
Treatment Plant parking area were generally 1/32" to 1/16" wide. One asphalt
crack was 1/2" wide. We returned to the site and drilled 4 supplemental borings in
the Water Treatment Plant parking area to assess the subsurface conditions

underlying the parking area and the slope descending to the Lyon Tank.
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Based on geological review of published regional geologic maps of the area, we
found a fault zone traverses through the project area. The historical presence of
the fault zone in the area likely sheared and weakened the earth materials during
geologic time and likely also disrupted groundwater flow. The landslide slip surface
has extraordinarily weak earth materials along it with very low residual strengths;
in part because of historical shearing during previous instability including the 2017
re-activation. The above factors complicate landslide repair because of difficulty
in maintaining safety during any mass excavation of the landslide materials. The
landslide mass is expected to continue to be unstable and may expand should

nothing be done to mitigate the existing condition.

HKA performed field explorations (test borings); 1) to profile the subsurface earth
materials; 2) obtain samples; and 3) perform a laboratory testing program. On
September 15", 2017, a memorandum was prepared by HKA including discussion
about slope improvement feasibilities. In this report, we present results of the
geotechnical analysis which is limited to the 2017 landslide. The proposed
mitigation solution is to install two rows of secant piles, one along the outboard
side of the lower road and another on the hillside midway upslope to the upper
road. The two rows of piles should be advanced into bedrock a minimum of 15
feet. A temporary road will need to be graded to install the upper row of secant
piles. The upper road is recommended to be re-contructed by grading an
engineered fill slope with a slope gradient of 2H:1V with its toe at the upper row of

secant piles and crest along the outboard board side of the upper road. To re-
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construct the travel way of the upper road, the fill slope would continue at 2%-5%

from its crest to the inboard cut slope along the upper road.

2. Purpose and Scope

Our scope of services included review of existing geotechnical and geologic
information related to the site, drilling and sampling in sixteen (16) exploratory
borings, laboratory testing, and engineering analysis. The key focus was
evaluation of the unstable landslide mass using the projected failure mode
geometry; and evaluation of a practical method to improve the slope. The purpose
of these services is to provide information and geotechnical recommendations

relative to:

e Subsurface soil conditions;

e Groundwater conditions;

e Seismic considerations;

¢ Relative stability of landslide deposits and in-situ earth materials within the
slip-out area (under static loading conditions);

e Earthwork recommendations.

3. Field Exploration and Laboratory Testing

3.1. Field Exploration

The field investigation has been completed at site by drilling 16 boreholes over a

period of approximately 6.5 months. Twelve boreholes were drilled at the 2017
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landslide between the Lyon Tank and the existing creek at the base of the slope.
Boreholes 13 to 16 were drilled at the top of the slope south of the Lyon tank. B-1
to B-12 were drilled within the landslide area. The specifics of the drilled boreholes

are presented in Table 1.

Table 1
Drilled Boreholes Specification
BH No. BH Drilling Date BH Approximate BH | Approximate BH
Depth (ft) | Top Elevation (ft) | Bottom Elevation
(ft)
B-1 May 4, 2017 51.5 819.0 767.5
B-2 May 4, 2017 31.5 819.5 788.0
B-3 May 23, 2017 36.5 815.5 779.0
B-4 May 23, 2017 46.5 822.5 776.0
B-5 May 24, 2017 41.5 847.5 806.0
B-6 May 24, 2017 33.0 851.5 818.5
B-7 May 24, 2017 30.0 810.8 780.8
B-8 July 24, 2017 46.5 797.9 751.4
B-9 July 24, 2017 41.5 792.5 751.0
B-10 July 25, 2017 35.0 778.3 743.3
B-11 July 25, 2017 35.0 779.7 744.7
B-12 July 25, 2017 32.5 838.3 805.8
B-13 | November 22, 2017 32.5 888.5 856.0
B-14 October 22, 2017 7.0 888.5 881.5
B-15 | November 22, 2017 31.5 888.0 856.5
B-16 | November 22, 2017 21.5 888.5 867.0

Representative soil samples were obtained from the exploratory borings at
selected depths, or at major strata changes. These samples were recovered using
a 3.0 inch O.D. Modified California Sampler (L), or by a 2.0 inch O.D. Standard
Terzaghi Sampler (T). The SPT blow counts with large sampler (NL) should be
reduced by a specific reduction factor to convert to Standard SPT blow counts

(NS). The correlation between these two values are presented below:
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Ng =N [(WH)/(623N-0.762m)] [(50.8%-34.9%)/(D,*-D;%)] ,
(Equation 1)

The penetration blow counts noted on the boring logs were obtained by driving a
sampler into the soil with a 140-pound hammer dropping through a 30-inch fall.
The sampler was driven up to 18 inches into the soil and the number of blows
counted for each 6-inch penetration interval. The numbers indicated on the logs
are the total number of blows that were recorded for the second and third 6-inch
intervals, or the number of blows that were required to drive the penetration depth

shown; when high resistance was encountered.

Given the hammer weight and the hammer drop height used for both samplers are
the same, the difference of blow counts is because of outer and inner dimensions.
For the Modified California Sampler with 3 inch (76.1mm) O.D. and 2.4 inch
(61mm) I.D. the reduction factor of 0.65 will be used in our project to convert NL to
Ns. In Figures 48 & 49, Appendix A, variation of field SPT blows versus depth in
different boreholes are shown. In these graphs, the large sampler blow counts (NL)

were converted to standard SPT blow counts (NS).

The soils encountered in the borings were continuously logged in the field and
visually described in accordance with the Unified Soil Classification System (ASTM
D2488). The Logs of Test Borings are included in Appendix A of this report. The
logs depict subsurface conditions at the approximate locations shown on the

Boring Site Plans; subsurface conditions at other locations may differ from those
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encountered at the explored locations. Stratification lines shown on the logs
represent the approximate boundaries between soil types; actual transitions may

be gradual.

3.2. Laboratory Testing

The laboratory investigation was directed toward a quantitative and qualitative
evaluation of the physical and mechanical properties of the subsurface materials

at the project site.

Selected samples retrieved from the exploratory borings were returned to the
laboratory for examination and testing to evaluate their physical characteristics and
engineering properties. Below is a description of the series of tests performed in
our laboratory on selected samples retrieved from the field investigation. These
tests were performed in accordance with the standards of the American Society
for Testing and Materials (ASTM) and contemporary geotechnical engineering
practices. Samples were tested to measure moisture content and unit weight,
plasticity, grain size distribution, and shear strength. The results of the laboratory
tests are presented in Appendix A and as appropriate adjacent to the

corresponding sample designations on the boring logs.
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Table 2

List of Laboratory Tests

TEST Standard Code
Atterberg Limits ASTM-D 4318
Grain size ASTM-D 421

, D422

Specific Gravity ASTM-D 857
Water Content ASTM-D 226
Classification ASTM-D 2488
Direct Shear ASTM-D 3080

4. Site Characterization

4.1. Soil Layers Description

Based on site visits and observation of retrieved samples during drilling operations,
the subsurface soils consist of loose to medium dense, moist to wet, brown to grey
Silty SAND overlaid on the weathered bedrock. The bedrock consists of very
dense light brown weathered Sandstone with orange stains. In boreholes B-1 to
B-12, bedrock was encountered at different depths with a minimum at 27 ft within
B-7 and at a maximum of 46 ft in B-4. This variation is likely a result of tectonic
pressures that has changed the bedrock elevation, differential weathering, and the

possibility of modification by landslide mass movement.

On portions of the existing slope, man-made grading (cut and fill) has changed the
soil thicknesses. In some boreholes, the soils encountered suggest Silty Sand was
historically used as fill during historical grading operations that created the old

reservoir at the site and/or during grading for the Lyon Tank that was constructed
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to replace the reservoir about 25 years ago. According to SPT blow counts, this
loose to medium dense fill material is suspected to have been placed as

uncompacted fill.

Based on our observations, some of the undocumented fill material is comprised
of the native soils from the site making it difficult to distinguish between the two.
Some boreholes were not located within the 2017 landslide area, including
boreholes B-5 to B-7. The soil layers in B-1 to B-4 and B-8 to B-12 are within the
landslide. The landslide mass found in these boreholes varied in thickness. The

maximum 2017 landslide mass thickness observed in B-1 was 38 ft ().

Based on the retrieved soil samples, there are areas where native soils exist above
the bedrock that did not move as part of the 2017 landslide mass. These soils lie
between the landslide mass and the bedrock. In Table 3, the Soil Layer Conditions
after the 2017 Landslide are presented. We note, boreholes B-13 to B-16 were
drilled outside of the landslide area. Therefore, the soil layer condition for these
four boreholes are not described in Table 3. The landslide and native soil layers
observed during drilling of the different boreholes is also presented graphically as
a 3D landslide surface within the hillside. This is shown (named as Case 1) in

figures 55 & 56 in Appendix B of this report.
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Table 3
Soil Layers Condition After 2017 Landslide Event

Soil Layers Encountered In The Boreholes After 2017 Landslide

BH BH top 2017 Thlckness of‘ Bedrock Water Water
. . undisturbed native Bedrock . Surface Surface
BH NO. | depth | elevation Landslide . . elevation .
soil below landslide | depth (ft) depth Elevation
(ft) (ft) mass (ft)
e layer to bedrock (ft) (ft) (ft)
B-1 51.5 819.0 38 7 45 774 - -
B-2 315 819.5 22 8 30 789.5 - -
B-3 36.5 815.5 25 6 31 784.5 5 810.5
B-4 46.5 822.5 30 16 46 776.5 4 818.5
B-5 41.5 847.5 0 45 45 802.5 15 832.5
B-6 33.0 851.5 0 32 32 819.5 - -
B-7 30.0 810.8 0 27 27 783.8 - -
B-8 46.5 797.9 32 6 38 759.9 12 785.9
B-9 41.5 792.5 20 19 39 753.5 4 788.5
B-10 35.0 778.3 24 14 38 740.3 6 772.3
B-11 35.0 779.7 19 15 34 745.7 25 754.7
B-12 325 838.3 30 1 31 807.3 - -

4.2. Groundwater
At the time of drilling, water was encountered in some boreholes at different
depths. The significant difference of water level indicates that the observed water
is perched water and mainly results from rainwater infiltrating at the site and at
neighboring highlands and mountain slopes that then flows through permeable
soils that overly the bedrock. The 2017 landslide event caused some parts of
surficial soils to become scrambled and fractured, thus a change in permeability of
these soil layers resulted. The wetness of the recovered interface soil samples at
the slip plane contact zone indicate much higher moisture content percentage
there than in the underlying weather bedrock, as a result of groundwater following

the slip surface fractures. Figures 50 to 53 in Appendix A, show variation of soll
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saturation degree and void ratio versus depth in the different boreholes. These
values were calculated using laboratory soil samples measuring dry density and

moisture content.

Groundwater conditions vary with environmental variations and seasonal
conditions such as frequency and magnitude of rainfall patterns. Seasonal
groundwater fluctuations should be taken into account in design and construction.
We recommend the contractor alert the engineers of actual groundwater levels, if
encountered during construction, to determine groundwater impact on the
construction procedures and on design. Inflow of groundwater during excavation
could lead to significant construction problems and unsafe working conditions for
personnel. If not properly controlled, groundwater inflow could also contribute to

backslope failure of temporary excavations resulting in great bodily injury or death.

4.3. Soil Properties

Topographical map of the site was provided by Paul Jensen four times in February,
June and October 2017, and in February 2018 to document continuing movement

of the landslide mass.

The cross section locations as shown in Appendix C, were developed by HKA
using the topographic map prepared by Paul Jensen. These cross sections were
used as the basis for our stability analysis. The most critical cross section with

deepest landslide plane was selected to carry out the slope stability evaluation.
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We utilized the exploratory borings from our field investigation to develop a
subsurface profile model. Four (4) different soil types were developed in these

analyses.

The soil boundaries indicated on the cross sections are based on; 1) the engineer’s
observations and soil evaluations in the field; 2) the results of field Standard
Penetration Tests (SPT) conducted during soil sampling; and 3) the engineer’s
laboratory test results. The soil boundary lines were projected between and
beyond the location of the test borings in both directions, presuming a straight line;
based on experience and engineering judgement in the site vicinity. The model is
simplified and based on extrapolation of information obtained during field and
laboratory testing. Changes in the soil stratum are likely more gradual than

indicated in our models.

Strength parameters for the different soil types were determined using standard
penetration test (SPT) results, laboratory direct shear results, and engineering
judgment. The 2017 landslide was modeled using soil and bedrock parameters
determined by laboratory and field test results in the way the landslide occurred
and then the physical parameter accuracy was calibrated. In Table 3, in-situ
landslide silty sandy layer (Soil 1), in-situ native silty sandy layer (Soil 2), and bed
rock (Soil 3). The current condition of the impacted hillside was modeled using Soil
1 to Soil 3. For the improved slope condition, for those parts that were filled by

compacted in-situ soil, Compact Fill (Soil 4) was introduced and used in the model.
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Table 4
Soil Strengths Used For Slope Stability Analysis

Soil Type . Friction : .
(Description, #, Model Co(hessf;on Angle Unlt(VXfe)lght
Color) b (deg) P
In-situ landslide silty sandy
layer 300 22 85
# Soil 1(Yellow)
In-situ native silty sandy layer
# Soil 2 (Light Green) 400 28 110
Bed Rock #3 (Orange) 3,000 40 125
Redensified silty sandy fill
layer # Soil 4 (Light Blue) 1,500 37 115

5. Geotechnical Related Seismicity

The improvements should be designed in conformance with the most current
California Building Code (2016 CBC). For seismic design, the soil properties at
the site are classified as Site Class “D” based on definitions presented in Section
1613.3.2 in the 2016 CBC that refers to Chapter 20 of ASCE 7. The longitude and
latitude were determined using a satellite image generated by Google Earth. These
coordinates were taken from the approximate middle of the area of the proposed

improvements:

Longitude = -121.665, Latitude = 37.127
The coordinates listed above were used as inputs in the Java Ground Motion
Parameter Calculator created by the USGS to determine the ground motion

associated with the maximum considered earthquake (MCE) SM and the reduced
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ground motion for design SD. The results are as follows:

Site Class D

SMs= 1.500 g
SMi= 0.902 g
SDs= 1.000 g
SDi= 0.601g

A maximum considered earthquake geometric mean (MCEg) peak ground
acceleration (PGA) was estimated using the Figure 22-7 of the ASCE Standard 7-
10. The mapped PGA was 0.527 g and the site coefficient Fpca for Site Class D is
1.0. The MCEg peak ground acceleration adjusted for Site Class effects is PGAwm

= Fpea* PGA

| PGAw= 1.0 * 0.527g = 0.527 g

6. Quantitative Slope Stability Analysis

Stability analysis was performed on a cross section cut through the project site.
The selected cross section location was selected by HKA’s Project Geologist. The
slope stability analysis was performed to quantify the instability associated with the
occurrence of the 2017 landslide using the 2017 slope geometry; and also to
analyze the potential for failure of the proposed improved slope under static winter

conditions and seismic loading conditions.
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6.1. General Methodology

Slope failures or landslides can cause problems including encroachment, property
damage, personal injury, or even death. Failures of slopes occur when stress
acting on the soil mass is greater than its internal strength (shear strength). A
slope is considered stable when the strength of its soil mass is greater than the
stress field acting within it. Some common variables influencing stress are gravity
(steeper slopes), hydrostatic pressure (perched groundwater), soil surcharge
pressures (overburden), concentrated surcharge at up slope (buildings, vehicles

on the road and etc...) and seismic surcharge (earthquake shaking).

Various methods of analyzing stability of slopes yield a factor of safety. A factor
of safety (FS) is determined by dividing the resisting forces within the slope soils
(earth materials) by the driving forces within the slope (stress field). A FS greater
than or equal to 1.0 is considered to be in equilibrium. A FS less than 1.0 is a
potentially un-stable slope condition. HKA considers the potential for instability of
a slope or hillside to be low with a FS against sliding greater than or equal to 1.10
under seismic loading conditions and 1.50 under static loading conditions. Some
governing agencies including Santa Cruz County Environmental Planning and the
Mining Safety and Health Administration (MSHA) require slopes to have a FS

equal to or greater than 1.20 to be considered seismically stable.
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6.2. Quantitative Analysis with GEO-SLOPE 2018

The analysis was completed with the aid of GEO-SLOPE computer software
version 9.0.3.15488. A model for the section was defined with the input parameters
consisting of slope geometry, soil properties, loading conditions, and pore water
pressure ratio. Each model was evaluated under static and seismic loading. Mohr-
Coulomb material model was used to define the soil properties. The analysis

calculates the factor of safety against sliding for the failure surface(s).

Trial failure surfaces for the analyses consisted of circular (general) and wedge
type failures. Morgenstern-Price analysis method is used to determine normal and
resistive forces in each slice. The forces in each slice are then summed up for
total force acting on the mass. In circular (general) failure mode stability
assessment, the computer program assumes many failure surfaces using initiation
and termination points on the ground surface selected by the user. These chosen
points represent the toe and scarp of each potential landslide in relation to the
assumed failure surfaces. The critical trial failure surface from the pseudo static
analysis condition was selected as the projected failure surface in the development

of design parameters.

6.3. Seismic Coefficient

The ground motion parameter used in pseudo static analysis is referred to as the
seismic coefficient “kn”. The selection of a seismic coefficient has relied heavily on

engineering judgment and professional publications. The 2016 California Building
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Code (CBC) provides site class definitions for seismic design of structures. Based
on these definitions, a review of the site soil properties presented on our soil boring
logs, the site is classified Site Class D, in accordance with ASCE 7 (with March
2013 errata). The current version of the California Building Code contains
reference to maps of peak ground acceleration (PGA) based on site latitude and
longitude. For this project the mapped PGA is 0.527g. The PGA is multiplied by a

factor related to the seismicity of the site to obtain the seismic coefficient.

Two empirical charts developed by Blake and others are currently available for
estimating the seismicity factor in Figure 1 and Figure 2 of Chapter 5 Analysis of
Earthquake-Induced Landslide Hazards in CGS Special Publication 117
Guidelines For Analyzing and Mitigating Seismic Hazards in California 2008. Each
chart represents a minimum allowable displacement of the embankment or slope.
Figure 1 is a minimum allowable displacement of 2 inches and Figure 2 is a
minimum allowable displacement of 6 inches. In general, the more displacement
the slope can tolerate, the lower the seismicity factor or percentage of PGA can be
calculated. A simple way to think of it is if a maximum of 0 inches of displacement
is tolerable then kn =100% of PGA would be calculated. If the slope can tolerate a
maximum of 6 inches of movement then kn would be much closer to 50% of PGA.
If the kn value used results in a factor of safety less than 1.2 for seismic loading

conditions and 1.5 for static, a Newmark analysis should be completed.
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For this analysis, a maximum displacement of 2 inches within the failure mass was
presumed to be tolerable. This presumption is typical for stability analysis involving
structures or permanent improvements. The seismicity factor was estimated to be

54.0% of PGA or kn =0.54 * 0.527g = 0.285g.

6.4. Geometric Assumptions

Six (6) geometric sections (A3, B3, C3, D3, E3 & F3) were prepared by HKA’s
Geologist using the topographic map and ground surface profiles prepared by the
Surveyor. For our analysis, the failure surface was focused along the worst case
cross section (C3) which has the deepest impacted layers in 2017 landslide event.
Four (4) soil types are presented in our model. At the ground surface of the slope
either in-situ land slide silty sandy layer or in-situ compacted silty sand fill (for
improved slope condition) exist. Beneath the landslide layer, the native soil
consists of silty sand. Below the native soil, very dense bedrock is encountered. A
phreatic water surface was observed in some boreholes at different depths; and in
some boreholes, no water surface was encountered. The landslide happened after
an above average rainy season, and landslide movement resulted in ground
fractures that act as groundwater conduits. Therefore, the top soil has the potential
to become partially saturated. In order to consider the effect of rainfall in creating
pore water pressure, an “Ru” coefficient is considered for the in-situ landslide
material and in-situ compacted fill. Ru simply models the pore pressure as a
fraction of the vertical earth pressure for each slice. Each soil can have a different

Ru value. In our project model, the Ru for the top soil (either in-situ compact fill or
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in-situ

6.5.

land slide sand) was designated as 0.4.

Slope Stability Models for Studied Site

The project slope has been modeled in four (4) conditions and each model has

been evaluated in both static and seismic conditions. The models are introduced

as follows:

a.
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2017 Landslide event re-creation; Based on engineer’'s judgment of the
landslide geometry.

Current condition of the existing slope after landslide;

Improved slope installing two rows of secant piles, one along the outboard
side of the lower road and another on the hillside mid-way to the upper road.
The model also considers removal of 5 (+/-) feet from the surface of the
landslide from the upper road to just downslope from the lower road. After
the soil is removed and off hauled, an additional 5 (+/-) feet below this is
also removed and redensified as engineered fill. An engineered fill slope
with a gradient of 2H:1V is constructed with its toe starting at the upper row
of secant piles and crest along outboard side (shoulder) of the upper road.
The engineered fill extends below the upper road restoring access.

The landslide mass below the lower row of secant pile with and without a
surcharge load. The surcharge is the soil removed from the landslide

between the upper and lower roads.



The slope stability safety factor for the above models in both static and seismic
conditions are shown in Appendix C graphically and tabulated in this section of the

report..

a. 2017 Landslide Event Recreation
Distinguishing the landslide mass layer from native soil is one of the most important
goals of the project investigation. In some areas the landslide mass and native soil
layers are the same but some native soil was below where the 2017 landslide slide
plane formed. If desired, further exploration involving large diameter exploratory
borings would be required to absolutely define the landslide mass thickness
throughout the landslide area. In order to approximate the thickness of the
landslide mass and native soil thicknesses, and also the depth to bedrock in each
borehole, laboratory and field test results have been considered. Borehole logs
and the soil samples retrieved from drilling were observed as well. Then a model
of 2017 slope was estimated. In order to select the soil parameters most
accurately, the soil parameters have been adjusted in a way that the 2017
landslide mass thickness depicted in the model matches the 2017 landslide layer
thickness that was defined by HKA. The achieved (adjusted) soil layers’

parameters were used in the other models.

b. Current Condition Slope Stability Evaluation

In order to determine the future stability of the existing slope which contains the

existing active landslide layers, the current condition of the slope has been
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modeled using the cross section C3 provided by Project Surveyor. Stability safety
factors under static and seismic conditions have been evaluated. One of the most
important results of current condition slope modeling is to evaluate the behavior of
the native soil overlaid on the bedrock and to understand if the native soil will
participate in future landsliding under design conditions and if the answer is yes,

then how deep will be the future slope failure plane be?

Figures 63 & 64 in Appendix C show the safety factor of the current condition slope
stability. The result shows that in a probable predicted future earthquake event,
the existing slope can not be stable and will likely fail. The existing landslide mass
will continue to be unstable under static condition as well. Under a seismic
condition, all of the soil layers above the bedrock will likely be involved in the slope
failure. In order to highlight the present failure condition, shading contours have
been provided. As discussed previously, the slope is considered relatively stable
if the safety factor under a seismic condition is more than 1.1. As can be seen in
Figure 64 in Appendix C, the dark blue shading contours show a safety factor equal
to or greater than 1.1 and the border of the light and dark blue zones shows the
depth of future probable landslide planes and the thickness of the resulting
probable future landslide mass. This border mostly touches the bedrock which
indicates the predicted potential future landslide includes the native soil layers
below the 2017 landslide mass and thus are susceptible to future landsliding.
Therefore, slope stabilization should be considered at least as deep as the top

surface of the bedrock.
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Discussion about Slope Stability Improvement Options

Several alternative methods to improve the existing slope were assessed. As
discussed earlier, in a future probable earthquake event, deep landsliding is
expected. The in situ native soil layers above the bedrock will become part of the
landslide. The bedrock was encountered in B-1 and B-2 at 45 feet and 30 feet
respectively. Because the depth of the probable landslide is significant, some of
the alternative methods are likely not practical or make the stabilization very costly.
HKA previously submitted a memorandum letter on September 15™, 2017 that
discussed several slide repair options and their feasibilities from a geological and

construction perspective. These options are presented briefly as follow:

- Remove and Replace The Entire Slide Mass as Engineered Fill; This
method is not practicable because the existing saturated landslide mass
materials are not qualified in their in-situ condition for use as engineered fill;
and there is little to no room onsite for material conditioning (moisture
conditioning or drying back as needed) or hauling the removed the soil

offsite for storage and conditioning.

- Dewater Slide Mass and Stabilize Road; This is not considered feasible
because it is difficult to locate and isolate the source of subsurface water;
Moreover, the existing slope is not stable seismically even under dry soil

conditions.
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Tieback Soil Pin Pile Walls Below Both the Upper and Lower
Roadways; This option is likely to be very costly and difficult to construct.
Tiebacks will be very long in order to fully penetrate the landslide zone and
extend a sufficient length into the stable bedrock zone to provide
stabilization. Drilling long inclined tieback holes is difficult. They may need
casing to prevent the hole wall from collapsing where it is within the
landslide mass. Landslide soil layers can not provide arching stability and
will collapse between the pin piles. The wall would need to be installed very
deep and seated on the bedrock. Access roads to support drilling equipment

would need to be constructed.

Install culvert in stream and excavate upper slide mass; place and
compact excavated spoil over pipe; construct retaining wall to
stabilize upper roadway; This option is feasible and physically practical,
but may not be permitted by regulatory agencies if another option is deemed

less environmentally damaging.

The best solution for deep landslide stabilization may be a combination of
feasible methods such as improving the drainage system for the site,
excavating and removing the upslope area of the landslide mass soils then
placing the excavated soil at the lower parts of the slope over a new culvert
placed in the streambed, then recompacting that soil to achieve a

compacted fill that sufficiently buttresses the slope to make reconstructed
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segments of the upper and lower roads stable. This option is likely to also
require installation of vertical reinforcement such as piles into the slope. The
permit process for this option may prove be very difficult with many agencies

involved.

This option of repair must be modified as appropriate depending on the type
of vertical reinforcement and its installation location. The upper road is
located within the landslide scarp area. The slope crown should be
stabilized where there are critical structures above it that must be protected
from sliding. The large commercial water tank in its current location is
setback beyond the influence of the subject landslide. If the proposed fill
slope grading and flattening of the 2017 landslide scarp can provide a stable
service platform for the upper road, then it is not necessary to install vertical
reinforcement or tiebacks at the upper part of the slope. Construction of a
wall between the pin piles is not feasible because the wall would have to be
deep, at least reaching the bedrock. Also, it is impractical to remove the
existing landslide soil mass and install the wall. If the wall is a sheet pile wall
driven into the soil, specialty equipment must gain access to the work area

and thus roadbed improvement would need to be provided.

Improved slope; installing two rows of secant piles one along the
outboard side of the reconstructed lower road and the other on the

hillside mid-way to the upper road. Constructing engineered fill slope



from upper row of secant piles to inboard side of reconstructed upper

road restoring access and road shoulder.

If the goal is to stabilize the existing slope containing the landslide mass, two rows
of secant piles should be installed which extend to a depth with at least a minimum
15 feet embedment into the bedrock. The landslide soil hasn’t enough strength to
stand between pin piles or widely spaced piers based on principles of arching.
Therefore, zero spacing between piles is a requirement. Secant piles in this case
are vertical piling that are installed next to each other with no space between each
adjacent piles. The secant piles wall is constructed using a series of closely spaced
drilled shafts filled with reinforced concrete. The piles can also be driven. However,
driving the piles into very dense bedrock can be challenging or impractical. Also, if
cast-in-place piles are designed for the project, boreholes in the landslide mass
are expected to need casing to prevent their sidewall soils from collapsing into the

drilled borehole.

Based on the slope stability results, each secant pile should have minimum 20,000
pounds per foot lateral capacity. For preliminary design purposes it can be
assumed the resultant force acts at a location 2/3 the depth to the bedrock within
the overburden soil. For practical applications, the actual location of the resultant
should be determined by HKA at several sections along wall profile. In Figures 67
& 68 in Appendix C, slope stability safety factors under both static and seismic

conditions are presented. Based on the slope stability evaluation results, the safety
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factors for both static and seismic conditions are greater than the minimum
acceptable limits, which means the uphill side of the slope starting from the
outboard side of the lower road will be stabilized after installing two rows of secant
piles and constructing an engineered fill slope to support the upper road. However,
the proposed secant piles do not provide stability against sliding for soil on the
downslope side of the lower row of secant piles. It is assumed the soil down slope
from the secant piles (including the portion of the existing 2017 active landslide
mass located there) will continue to move or eventually mobilize into the creek at

some point in the future.

For the project slope stability analysis, the most critical cross section with deepest
landslide material has been considered which requires installation of long and
deep secant piles. The length of the piles will be reduced when moving toward the
flanks (sides) of the landslide mass. In order to get a better understanding, a 3D
view of the slope and potential landslide layers in the boreholes (case 2) are

presented in Figures 57 to 58 in Appendix B.

The top 5 (+/-) feet of soils from just upslope from the upper row of secant piles to
approximately 40 feet below the lower secant pile row is proposed for removal.
These soils should be temporarily stockpiled in an approved location by HKA for
re-use. An additional 5 (+/-) feet of soil below the removed soils will also be
removed (10 feet total) and redensified back into place. The stockpiled soils, if

dried back or moisture conditioned as needed, may be re-used as engineered fill
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during construction of the fill slope that will support the upper road. The remaining
soil left over should be off hauled or placed as engineered fill in a location on-site
approved by HKA. The material should not be placed on the landslide mass below

the lower row of secant piles as it can exacerbate instability of this soil mass.

By using this method two positive things with respect to landslide resistance are
accomplished. The first is the existing bulging landslide soil mass will be removed
from the upslope area effectively un-loading this portion of the hillside and reducing
the driving force acting on the landslide mass. The second is, if the removed
landslide mass can be dried back to near optimum moisture content it can be re-
used as engineered fill during construction of the fill slope that will restore the travel

way and shoulder of the upper road.

The graphical stability models presented in Figures 69 & 70 of Appendix C present
general failure surface below the engineered fill slope that will support the upper
road. The analysis of these models considers the stability of the fill slope without
the benefit of the influence from the upper row of secant piles. The general failure
surfaces were generated to slice through the landslide soils below the engineered
fill slope. Our calculated factors of safety against sliding under static wet winter
and seismic shaking conditions are above the minimum acceptable values for

modern geotechnical engineering practice.
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d. Stability of the landslide mass below the lower row of secant piles
after installation with and without a surcharge load.

The stability of the landslide mass below the lower road after the secant piles have
been installed was quantified with and without a surcharge load. The purpose of
these models was to demonstrate the negligible effect of the secant piles on the
stability of this portion of the landslide mass. The results of the analysis indicate
that this portion of the landslide mass is unstable in static and seismic conditions.
The factors of safety against sliding are less than 1.0 for both loading cases. When
the surcharge load of soil was placed upon this portion of the landslide it further
reduced the factors of safety against sliding. This indicates that placement of soil
upon the lower landslide mass may exacerbate instability or speed up movement
of the soil mass into the creek and is not recommended. This model was evaluated
to quantify the effects of placing soil removed from the upper portion of the
landslide onto to the lower portion of the landslide as a means of disposal. This is

presented graphically in Figures 71-74 in Appendix C of this report.

6.6. Slope Stability Conclusions

The slope stability assessment is for general (global type) slope failure and
consists of initiation and termination of trial failure surfaces on the top and toe of
slopes for recreation of landslide and evaluation of existing condition. The models
with slope improvements including secant piles and engineered fill were evaluated
with failure surfaces running top to toe as well as mid slope as selected by engineer

to evaluate benefit to stability of improvement. In both scenarios, the trial failure
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surface passes through the soil layers in the cross section model. The general
shear trial failure surface screens for potential instability below the in-situ landslide
and native soil layer. The in-situ landslide soil layers were also screened for trial

failure surfaces localized within the soil layer.

In table 5, slope stability analysis results for the four (4) aforementioned models

static and seismic conditions are shown.

In summary the large landslide soil mass can be stabilized from the lower row of
secant piles along the outboard side of the lower road up to the inboard side of the
re-constructed upper road. For stability discussion purposes we will refer to this as
the “upper landslide” and the portion downslope from the lower row of secant piles
the “lower landslide”. A second row or upper row of secant piles on the hillside mid-
way to the upper road is required to stabilize the upper landslide soil mass
described in this conclusion. Factors of safety against sliding are greater than what

is considered stable using modern geotechnical engineering standards.

Although the secant piles will restore stability of the upper landslide it will not
restore access across the upper road. An engineered fill slope is modeled to
support and restore the upper road. The fill slope is modeled to have a 2H:1:V
slope gradient with its toe at the upper row of secant piles and crest at the shoulder

of the upper road. The fill slope would extend to allow reconstruction of the upper
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road to allow vehicular traffic, and would terminate along the inboard cut slope of

the upper road.

HKA re-iterates that the stability models indicate that the presence of improvements
such as secant piles and engineered fill will stabilize the upper area of the landslide,
but will not stabilize the lower area of the landslide. The removed soil during grading
can be re-used as engineered fill in construction of the fill slope restoring the upper
road. Any excess soil should not be disposed of by placing it upon the lower landslide.
Doing so may exacerbate instability by increasing the rate of mobilization of the lower
slide into the creek below. If SLVWD would like to stabilize the lower landslide area
and dispose of soil in this location, additional rows of secant piles will need to be
constructed within the lower landslide along with retaining walls to buttress the fill
along the toe. The location and depth of these improvements should be carefully

evaluated by HKA.

We anticipate a temporary road will need to be constructed to install the upper row of
secant piles on the hillside. Additional working meetings with structural and civil
designers, specialty contractors, and SLVWD are anticipated to develop viable

working drawings.

6.7. Limitations of Analysis

It must be cautioned that slope stability analysis is an inexact science; and that the
mathematical models of the slopes and soils contain many simplifying

assumptions, not the least of which is homogeneity. Density, moisture content and
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shear strength may vary within a soil type. There may be localized areas of low
strength or perched ground water within a soil. Slope stability analyses and the
generated factors of safety should be used as indicating trend lines. A slope with
a safety factor less than one will not necessarily fail, but the probability of slope
movement will be greater than a slope with a higher safety factor. Conversely, a
slope with a safety factor greater than one may fail, but the probability of stability

is higher than a slope with a lower safety factor.

Table 5
Slope Stability Analysis Results
. Minimum Factor . .
Condition Load_njg of Safety Against Trial failure
Condition . Surface Shape
Sliding
2017 Landslide Event Static 0.92 Circular
2017 Landslide Event Seismic 0.45 Circular
Current Condition Static 0.96 Circular
Current Condition Seismic 0.48 Circular

Improved Slope by Installing Two Rows
of Secant Piles With Shallow Static 3.54 Circular

Redensification of Upper Landslide

Improved Slope by Installing Two Rows
of Secant Piles With Shallow Seismic 1.19 Circular

Redensification of Upper Landslide

Upper Road Slope Stability General
Failure Safety Factor after proposed

. Static 273 Circular
upslope grading and head scarp
flattening
Upper Road Slope Stability General
Failure Safety Factor after proposed Seismic 1.49 Circular

upslope grading and head scarp
flattening
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General Failure Safety Factor of
Landslide Mass Below Lower Secant Static 0.96 Circular
Row

General Failure Safety Factor of
Landslide Mass Below Lower Secant Seismic 0.54 Circular
Row

General Failure Safety Factor of
Landslide Mass Below Lower Secant Static 0.52 Circular

Row With Surcharge
General Failure Safety Factor of
Landslide Mass Below Lower Secant Seismic 0.91 Circular
Row With Surcharge

7.Building Codes and Site Class

Project design and construction should conform to the following current building
codes:

-2016 California Building Code (CBC); and

-2016 Green Building Standards Code (CAL Green)

In accordance with section 1613.3.2 of the 2016 CBC, the project site should be

assigned the Site Class D.

8. Recommendations for Design and Construction

The results of our investigation indicate that the different slope improvement /
stabilization options are feasible from a geotechnical standpoint. The criteria and
recommendations presented in this report are focused on the secant pile repair
schemes previously presented in the report and we recommend that those should

be followed during design and construction of the project.

52 of 308



Geotechnical considerations at the referenced site include improving the stability
of the upper and lower roads crossing the existing landslide, the potential for strong

seismic shaking, and providing adequate site drainage provisions.

Our slope stability analysis results have shown that the current condition of the
existing overburden soils overlying the bedrock (including both landslide mass and
native soil materials) have high instability potential when moistened or saturated
during heavy rainfall or during the occurrence of an earthquake. The instability is
possible under both static and seismic conditions. Our basis of design is reliant on
the potential slip planes derived from the slope stability analysis. The failure
planes were considered to toe out on the slope, based on our best estimate of the
soil/bedrock contact and also were controlled by the position of the creek as the
base of the slide. The geotechnical considerations for the failure condition are
related to the geometry of the slope and soil information determined from the test

borings, Figures 5 through 26 in Appendix A.

To mitigate the instability potential, it is recommended to unload the upper
landslide by removing the upper 5 (+/-) feet of soil. After removal of the soil an
additional 5 (+/-) feet of the upper landslide should be also removed, but this soil
re-densified back into place as engineer fill. The upper landslide should be
stabilized using two rows of buried secant piles. The lower row of secant piles
would be constructed along the outboard side of the lower road and is estimated

to be 200 feet long by as much as 55 feet deep. The upper row of secant piles is
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recommended to be constructed on the hillside mid-way to the upper road. The
upper row is estimated to be 150 feet long by as much as 40 feet deep. The piles

should be advanced a minimum 15 feet deep into the bedrock.

To rebuild and secure the severely damaged portion of the access road where the
landslide mass dislodged from the head scarp, an engineered fill slope is
recommended to be constructed from the upper row of secant piles up to the

inboard side of the upper road.

Due to disturbance of the soil during the 2017 landslide event, the existing
landslide soil layers have residual strength which are significantly less than the
strength of the native soil. Therefore, it is expected that the landslide soils cannot
provide arching. So, there should be no room between two adjacent consecutive
piles along the respective wall alignments. Based on the slope stability results, the
safety factor for the slope stability both in static and seismic conditions are greater
than the minimum acceptable limit. The stability model indicates that if two rows of
secant piles are inserted into the model, the unsupported part of the slope located
downslope from the piles is considered unstable. In reality, and in the long term,
that part of the unsupported slope and landslide mass will likely continue to slide
toward the creek at the northern end of the property. Disposal of soil or any other
surcharge load placed onto the lower landslide mass will exacerbate instability and

is not recommended.

54 of 308



In the aforementioned slope improvement method, we recommend excavating the
surficial soils on the slope in the upslope area of the landslide mass. Some portions
of the excavated soil will need to be moisture conditioned or dried back as needed,
replaced and recompacted at the initial location to remove the existing bulge in the
landslide mass that exists below the landslide headscarp (formed during the 2017
landslide event) to make a uniform firm surface and to provide a flatter slope. The
rest of the excavated soil may be re-used in construction of the engineered fill
slope that will restore the travel way and shoulder of the upper road. Excess soil
not used as described above may be placed as engineered fill in other locations
on the property approved by HKA. The excess soil should not be disposed of upon

the lower landslide mass.

An advanced widespread drainage system should be considered for the project
site to collect the runoff water from the hillside. A proper site drainage system is
important for the long term performance of the site. As indicated elsewhere in this
report, perched water was observed in some of the drilled boreholes. Though
groundwater levels could not be studied for this site, the reported observations
indicate groundwater collects within the in-situ soil, thus, the proposed slope
improvement should include subdrains as part of the site’s planned remediation.
To minimize the impact of subsurface seepage on the improved slope, subdrains

are recommended.
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HKA would like to have working meetings with client’s representative and project
designers when the slope improving option enters a conceptual design phase to
discuss more about the limitations of our model. The variable depth of the landslide
from its deepest point along the center to the flanks where it pinches out to nothing
should be carefully considered. The varying depth of the slide will have great affect
on the location and magnitude of the resultant force. HKA should work with the
civil and structural designers to develop additional models in select locations to
optimize a value engineering type of solution. To accomplish this additional testing
may be needed such as down hole borings and or geo-physical survey to fine tune
the 3-D model of the landslide soil mass. Soil pile interaction using a finite method

can also aid in value engineering design.

The following recommendations should be used as guidelines for preparing project

plans and specifications:

Site Grading (Fill/Cut Slopes)

1. The HKA should be notified at least four (4) working days prior to any site

clearing or grading operation so that the work in the field can be coordinated
with the Grading Contractor and arrangements for testing and observation
services can be made. The recommendations of this report are based on
the assumption that the HKA will perform the required testing and

observation services during grading and construction. It is the client’s
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responsibility to make the necessary arrangements for these required

services.

Where referenced in this report, Percent Relative Compaction and Optimum
Moisture Content shall be based on ASTM Test Designation D1557-latest

revision.

Areas to be graded should be cleared of obstructions including loose fill, or
other unsuitable material. Existing depressions or voids created during site

clearing should be backfilled with engineered fill.

Cleared areas should then be stripped of organic-laden topsoil. Stripping
depth should be from 2 to 4 inches. Actual depth of stripping should be
determined in the field by an HKA representative. Stripping should be

wasted off-site or stockpiled for use in landscaped areas if desired.

Areas to receive non-expansive engineered fill should be scarified 8 inches,
moisture conditioned to over optimum moisture content, and redensified to
90 percent of maximum density. Portions of the site may need to be
moisture conditioned or dried back as needed to achieve suitable moisture
content for compaction. These areas may then be brought to design grade

with engineered fill.



6.
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Engineered fill should be placed in thin lifts not exceeding 8 inches in loose
thickness; moisture conditioned, and compacted to at least 90 percent

relative compaction.

We understand grading at the site will consist of excavation of a portion of
landslide overburden soil to construct a flatter slope along the upper
landslide to allow for installation of the upper row of secant piles. A
temporary access road and working platform will also need to be constructed

to support heavy equipment that will be required to advance the secant piles.

The top 5 (+/-) feet of soils from just upslope from the upper row of secant
piles to approximately 40 feet below the lower secant pile row is proposed
for removal. These soils should be temporarily stockpiled in an approved
location by HKA for re-use. An additional 5 (+/-) feet of soil below the
removed soils will also be removed (10 feet total) and redensified back into
place. The stockpiled soils, if dried back or moisture conditioned as needed,
may be re-used as engineered fill during construction of the fill slope that will
support the upper road. The remaining soil left over should be off hauled or
placed as engineered fill in a location on-site approved by HKA. The material
should not be placed on the landslide mass below the lower row of secant

piles as it can exacerbate instability of this soil mass.



9.9 To rebuild and secure the travel way and shoulder of the upper access road
where the soil mass dislodged from the head scarp an engineered fill slope
with a gradient of 2H:1V is recommended to be constructed from the upper

row of secant piles up to the inboard side of the damaged upper road.

10. Areas to be graded should be cleared of all obstructions, including
foundations and structures if exist, old fill, trees not designated to remain
and other unsuitable material. Disturbed soil resulting from demolition and
clearing operations may be stockpiled for use as engineered fill, provided
the fill is clean of organic material, unacceptable colluvium deposits or other
unsuitable material. Existing depressions or voids created during site

clearing should be backfilled with engineered fill.

11. If project site grading is performed during or shortly after the rainy season,
the grading contractor may encounter compaction difficulty, such as pumping
or bringing free water to the surface. If compaction cannot be achieved after
adjusting the soil moisture content, it may be necessary to over-excavate the
subgrade soil and replace it with angular crushed rock to stabilize the
subgrade. We estimate that the depth of over-excavation would be

approximately 12 inches under these adverse conditions.

12.  Import soils if utilized as engineered fill at the project site should:

1) Be free of wood, organic debris and other deleterious materials;
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2) Not contain rocks or clods greater than 5 inches in any dimension;

3) Not contain more than 25 percent of fines passing the #200 sieve;

4) Have a Sand Equivalent greater than 18;

5) Have a Plasticity Index less than 18;

6) Have an R-Value of not less than 30; and

7) Contractor should submit to HKA samples of import material or utility
trench backfill for compliance testing a minimum of 4 days before it

is delivered.

13. We estimate shrinkage factors of 15 to 25 percent for the on-site materials

when used in engineered fills.

14. Cutand fill slopes should be protected from erosion by preventing runoff from
spilling over graded slopes. Generally, Lined V-ditch and/or curtain drain at
the top of the hillside and curtain drain at the secant piles wall may be
considered for long-term drainage control. A proper drainage system should

be designed for the entire site to collect and control the run off waters.

15. After the earthwork operations have been completed and HKA has finished

observation of the work, no further earthwork operations shall be performed

except with the approval of and under the observation of HKA.
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16. Permanent graded slopes should be constructed no steeper than 2.H:1V
(horizontal to vertical). Graded slopes are expected to require erosion control

and periodic maintenance for surface sloughing.

17. Fill slopes should be constructed with keyways and benches sloped in the
inboard direction a minimum 5 percent. The keyways should be a minimum
8 feet wide and placed over bridging material comprised of 12 inches of
gabion over geogrid equivalent to Mirifi 600X of better. The keyway and
benches should be constructed with drains to alleviate hydrostatic pressure.
The geotechnical engineer should approve the type of drainage system and

location for discharge.

Secant Pile Walls

18 Secant pile walls are formed by constructing intersecting reinforced concrete
piles. Secant pile walls are formed by keeping spacing of piles less than one
diameter. Secant pile walls are used to build cut off walls for the control of

ground water inflow and to minimize movement in weak and wet soils.

19. Secant walls are constructed in the form of hard/soft (or firm) or hard/hard

walls on adjacent piles. If the distance between the hard and soft piles are

equal to piles diameter, the wall is called tangent pile wall.
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20. The secant piles are reinforced with either steel rebar or with steel beams and
are constructed by either drilling under mud or augering or driving. In this wall
system, there are two types of piles. Primary piles are installed first. These

piles are mainly responsible for waterproofing and filling the voids.

21. Inthe Hard/Firm (or soft) wall system, the primary piles have no reinforcement
and consists of flexible concrete that can be cut while the secondary piles are
installed. The secondary piles which should have reinforcement will be
installed between the primary piles once the latter gain sufficient strength.
Where short term water retention is required, this system offers the most cost-
effective and rapid solution. The wall consists of interlocking bored or driven
piles. Primary piles are constructed first using a ‘soft’ cement-bentonite mix
or ‘firm’ concrete. Secondary piles, formed in structural reinforced concrete,
are then installed between the primary piles. The primary piles in Hard/Firm
(or Soft) wall system should be drilled to minimum bed rock depth and the
pile base will be sited on the bedrock. Therefore, all the lateral capacity of the
wall will be provided by the secondary piles and therefore, the secondary piles
design in hard/firm (or soft) wall system differs from the hard/hard wall system

design.

22. Hard/hard wall construction is very similar to a hard/firm wall but in this case

the primary piles are constructed in higher strength concrete and may be

reinforced. Heavy duty rotary piling rigs, using tools fitted with specially
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23.

24.

25.

26.

designed cutting heads, are necessary to cut the secondary piles. The end
product provides a fully concreted face and can be an effective alternative to

diaphragm wall construction.

Pile overlap is typically in the order of 3 inches. In a tangent pile wall, there is

no pile overlap as the piles are constructed flush to each other.

Verticality tolerances may be hard to achieve for deep piles. Special care

should be taken to assure the pile installation is vertical.

Special construction method might be required to make sure that total

waterproofing is provided.

A monitoring and maintenance program is an integral component of the
design of secant pile wall. To maintain the integrity of the wall system, it is
necessary to conduct regular inspections of the slope and the secant pile. We
recommend secant pile wall be inspected after long duration winter storms,
severe seismic shaking, and at least once every 2 years by a licensed
engineer or an engineering geologist to monitor the status of the wall system

and recommend maintenance when needed.

Drilled piles for the secant Pile Wall

27.

If cast-in-place piles are considered for secant pile wall system, the project

63 of 308



site secant piles should be excavated prior to placement of the reinforcement
cage. All pile excavations should be observed by the soils engineer prior to
placement of steel and concrete. Pile diameter is to be determined by the
project structural engineer. Pile drilling sequence and method of pile drilling
is to be determined by the project contractor. Casing of the pier shaft within

the loose sandy soils may be required.

28. Secant piles at the project site should be embedded a minimum of 15 feet

into the competent bedrock.

29. The landslide layers over the native soil are considered residual strength
disturbed soil. The behavior of this layer is not uniform at different locations
and depths of the slope. Therefore, it is prudent to neglect the top of the
secant piles for calculating passive resistance. This length is decreased as
they reach the flanks (sides) of the slope which contain shallower landslide
deposits. At present, the only reliable information of landslide thicknesses is
the existing geotechnical boreholes. Therefore, complementary investigation
to determine the exact thickness of the landslide layer at the different
locations of the slope should be performed or conservative landslide depth

should be assumed for designing.

30. The secant piles are installed next to each other without any room for soil to

provide arching. Therefore, if applicable for pile designing, arching capability

64 of 308



factor and safety factor should be considered equal to 1.0.

31. At 15 feet below bedrock, an allowable vertical bearing and tension capacity
pile of 15 ksf and 6 ksf respectively plus a one third increase for short duration
loading may be used for design of the drilled piers. It must be noted that side
friction for soil layers overlaid the bedrock has been disregarded due to

existing residual soil.

32. Total and differential settlement for the secant piles penetrating the looser
landslide and native soil deposits to be embedded within the bedrock, are

anticipated to be less than 1 inch and 0.5 inch respectively.

33. Prior to placing reinforcing steel and concrete, all pile excavations should be
thoroughly cleaned. The foundation excavations must be observed by HKA

prior to placing reinforcing steel and concrete.

34. The Contractors are responsible for following CAL-OSHA regulations, local
codes and ordinances and any requirements outlined on any project plan

sheets to maintain a safe working environment at the project site.

Active and Passive Pressures

35. The active pressures, as an equivalent fluid pressure, for both undrained and

drained conditions under static and seismic conditions are presented in Table 6.
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Table 6

Recommended active pressures

Recommended Active Pressure EFW Landslide Soil Native Soil Bed Rock
(pcf)
Undrained / Static condition 75 79 76
Undrained / Seismic condition 77 83 82
Drained / Static condition 42 39 28
Drained / Seismic condition 48 47 40

36. The passive pressure available in the soils below the bottom of the excavation

may are presented as an equivalent fluid pressure:

Table 7
Recommended passive pressures
Recommended Passive Pressure EFW Landslide Sail Native Soil Bed Rock
(pcf)

Undrained / Static condition 120 200 350
Undrained / Seismic condition 100 175 300
Drained / Static condition 190 310 550
Drained / Seismic condition 125 250 480

37. Aforementioned drained condition earth pressure values are assumed when
walls are fully drained to prevent hydrostatic pressure behind the walls.
Drainage materials behind the wall should consist of Class 1, Type A
permeable material complying with Section 68 of Caltrans Standard

Specifications, latest edition.

Driven Piles

38. Vertical alignment of the piles should be preserved during driving. However, an

inclination of 2 to 3 inches from vertical can be accepted as the tolerance for such

piles.
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39.

40.

41.

42.
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In a group of piles, the middle piles should be driven first and then working
towards the perimeter piles. This is to prevent displacement of the already
driven piles due to the lateral movement of the soil. In the granular soil if the
piles are driven at spacing of less than three times the diameter of the

adjacent pile, due to densification of the soil, penetration would be difficult.

When excessive resistance to the driving is mobilized, the operation can be
stopped. If the pile is penetrated less than the calculated depth, the operation
can be halted for one week in order to dissipate the excess pore pressure
generated in the soil. The driving should be resumed after this period.
However, if still the required penetration is not achieved, a pile load test is

proposed to check the capacity of the driven pile.

If pile heave is observed, level readings referenced to a fixed datum shall be
taken by the Engineer on all piles immediately after installation and
periodically thereafter as adjacent piles are driven to determine the pile

heave range.

If during the driving process for adjacent piles, piles shall be re-driven:
* For end bearing piles, if the heave is more than 0.5 inch.

* For shaft friction piles, if the heave is more than 1.5 inch.



Surface & Subsurface Drainage

43.  The surface drainage from within the slipout area needs to be collected and
directed to catch basins, existing creek or to outside of the site. Most
importantly surface drainage should not be allowed to runoff or spill over the
edge of the fill. The collected runoff should be piped down past the secant
piles wall and downslope as well. Subsurface drains should be installed at
the contact of recompacted topsoil on the slope. The number of drains and
spacing should be determined by the project Civil Engineer. The drains
should collect subsurface drainage within the improved area and convey

drainage to an adequate discharge point downslope of the improvements.

44. Surface drainage should include provisions for positive gradients so that
surface runoff is not permitted to pond adjacent to pavements nor spill over
the slope. Surface drainage should be directed away from the graded

slope.

45. The migration of water or spread of extensive root systems below
excavations, embankments, foundations, slabs, or pavements may cause
undesirable differential movements and subsequent damage to these struc-

tures. Landscaping should be planned accordingly.

Monitoring

46. A survey-monitoring program should be implemented to monitor slope
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displacements during construction. In addition, improvements should also be
surveyed and photographs and/or video taken to document baseline
conditions. The deflection at the top of the secant piles should be surveyed
periodically. If the piles head deflect significantly or if distress or settlement is
noted adjacent to the top of the piles, an evaluation should be performed and

corrective measures taken.

Plan Review, Construction Observation, and Testing

47. Haro, Kasunich and Associates should be provided an opportunity to review
project plans, prior to construction, to evaluate if our recommendations have
been properly interpreted and implemented in the design. Having done so,

we can prepare the county-required geotechnical plan review letter.

48. If we do not review the plans and provide observation services during the

earthwork phase of the project, we assume no responsibility for

misinterpretation of our recommendations.
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LIMITATIONS AND UNIFORMITY OF CONDITIONS

1. The recommendations of this report are based upon the assumption that the
soil conditions do not deviate from those disclosed in the borings. If any
variations or undesirable conditions are encountered during construction, or
if the proposed construction will differ from that planned at the time, our firm

should be notified so that supplemental recommendations can be given.

2.  This report is issued with the understanding that it is the responsibility of the
owner, or his representative, to ensure that the information and
recommendations contained herein are called to the attention of the
Architects and Engineers for the project and incorporated into the plans, and
that the necessary steps are taken to ensure that the Contractors and
Subcontractors carry out such recommendations in the field. The
conclusions and recommendations contained herein are professional
opinions derived in accordance with current standards of professional

practice. No other warranty express or implied is made.

3. Thefindings of this report are valid as of the present date. However, changes
in the conditions of a property can occur with the passage of time, whether
they be due to natural processes or to the works of man, on this or adjacent
properties. In addition, changes in applicable or appropriate standards occur
whether they result from legislation or the broadening of knowledge.
Accordingly, the findings of this report may be invalidated, wholly or partially,
by changes outside our control. Therefore, this report should not be relied
upon after a period of three years without being reviewed by a geotechnical

engineer.
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6 August 2018

APPENDIX A

Site Vicinity Map (Figure 1)

Geological Site Map (Figure 2)

Boring Site Plan (Figure 3)

Key to Logs (Figure 4)

Logs of Test Borings (Fiqures 5 — 26)

Particle Size Distribution Test Results (Figures 27 — 35)

Plasticity Index (Fiqures 36 - 39)

Direct Shear Results (Figures 40 - 47 )

Variation of SPT Blows, Saturation Degree and Void Ratio Versus Depth (Figures

48 — 53)
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Lyon Tank Slide

DATE DRILLED May 4, 2017

BORING DIAMETER 6"

PROJECT NO. SC4090

BORING NO. B-1

: =6 g 5
£ 23 35 88 -T 8 ey
s& B S o5 4g 2. £% MISC
s 25 3 B 2= vE &G G2 AB
o go £ SOIL DESCRIPTION 8 2 ' 95 25 L
@ Fc > c8 28 35 27 e RESULTS
o N © (/2] :6 e nd-) o S
0 Fill
Brown and gray medium Silty SAND with Clay SM
binder, moist, medium dense
5 Fill, gray Granite SAND, moist, medium dense 26
1-1 (L) 105(12.7
13
1-2 (T)
Fill, gray Granitic Silty SAND, moist, medium
dense
10 14
1-3 (L) - i 104 (151
Fill, Gray Silty Granitic SAND, wet, loose with SM 6
plant roots 16.6
11
94 |22.6
15 Fill, Gray coarse SAND, wet, loose 4
Fill, Gray Granite SAND with roots and wood from 4
. 101 15.7
16-17.5" wet, loose
7
Fill, gray SAND, coarse from 14.5 to 16 and 17.5
20 to 19' .
Landslide, brown Clayey SAND, saturated, loose SC | 118 28.8
6
87 [26.6
25 Landslide, light brown Clayey SAND, moist, ve 5
| 19 yey » MOIst, very 26.3| (1-11) Grain Size
oose )
Analysis
% Gravel = 1.5
% Sand = 62.9
% Fines = 35.6
30 Landslide, light brown Clayey SAND with Gravels 9 1031235
(much less Clay than 1-11, very moist, loose )
35
HARO, KASUNICH AND ASSOCIATES, INC.
BY: dk FIGURE NO. 5
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Lyon Tank Slide

PROJECT NO. SC4090

DATE DRILLED May 4, 2017

BORING DIAMETER 6"

BORING NO. B-1

c [
. =0 - 2 )
o o8 02 o = ;
209 o o

: @83 28 £ 4f E. gi MISC.

8 B3 E SOIL DESCRIPTION €2 F5 .8 04 25 Ea

a $& & g(_t; on O QE‘ =2 RESULTS
39 ZZ  Light brown & yellow brown Clayey SAND with 8
s 1-13(T ;

' Gravels, very moist, loose
i Bottom Landslide (?)
40 Mottled orange brown CLAY, moist, very stiff CL 20
i 1-14(L 9 » MOISt, very 97 |28.8
I Harder drilling at 45'
i Light brown SANDSTOE with orange stains, BR
i moist, very dense
— 50 . . . )
1-15(T Light brown SANDSTONE with orange stains 50/3.5

N Boring terminated at 51.5 feet
— 55
— 60
. 70 =

HARO, KASUNICH AND ASSOCIATES, INC.

BY: dk FIGURE NO. 6
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LOGGED BY CG DATE DRILLED May 4, 2017 BORING DIAMETER 6" BORING NO. B-2
8
5 ey
% 45 MISC.
£ <E
B SOIL DESCRIPTION 18 n)
a a5 RESULTS
o
-0 =
Fill, mixed, Silty Clayey SAND with Gravels, moist, SC
loose
5 Fill, mixed light brown Clayey SAND with Gravels, 13
. 107 (13.0
moist, loose
6
Increase in moisture from 6 1/2' to 8' 16.3
Loose and saturated from 8'
Gray Clayey SAND with Gravels and roots, very SC
— 10 moist to wet, loose 2
92 |23.9
3
Brown Clayey SAND with Gravels, very moist, SC
loose
- 15 , .
Light brown Clayey SAND with Gravels, very 7
. 91 |129.6
moist to wet, loose
S
Light brown Silty SAND with Gravels, very moist SM 6
93 |32.7
to wet, loose
L 20 7
Sandy CLAY, mosit, stiff, light brown Silty Granite CL 6 83 |33.2
SAND, wet, soft to medium stiff ’
8
-10(T Native, light brown CLAY very moist, firm-stiff CL
(weathered bedrock?)
— 25
Light brown CLAY, very moist, very stiff 11
-t (weathered Bedrock?) iy iz
19
-12(T Light brown Silty SANDSTONE, mosit, medium SM
dense (weathered Bedrock)
Very light brown Silty SANDSTONE with orange BR
— 30 stains, moist, very dense 50/4"
-13(T 9.2
Boring terminated at 31.50 feet
— 35
HARO, KASUNICH AND ASSOCIATES, INC.
BY: dk FIGURE NO. 7
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LOGGED BY CG DATE DRILLED May 4, 2017 BORING DIAMETER 6" BORING NO. B-2A
c [
. - . [T]
£ 2o 32 B4 uB 2 g
: =53 s S, 45 &= 5P MISC.
& gz E SOIL DESCRIPTION o Eo .8 94 85 LAB
d 8§ & 58 =% G g‘ s RESULTS
=0 Fill
“ Fill, brown Silty Clayey SAND with Gravels, moist, SC
loose
=5 Fill, mixed light brown Clayey SAND with Gravels
= Increase in moisture from 6 1/2 to 8'
i 3
& 2A-1(L .
e Gray Clayey SAND, very moist, very loose SC 2
Boring terminated at 11 feet
— 15
— 20
— 25
— 30
|35 |
HARO, KASUNICH AND ASSOCIATES, INC.
BY: dk FIGURE NO. 8

79 of 308




Lyon Tank Slide
PROJECT NO. SC4090

DATE DRILLED May 23, 2017

S\S 0 0 'on Tank Slide.log te: 5/3 018

File: C:\S o \HKAL

Tec Software, USA www. ch.co

Supert.og

LOGGED BY CG
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BORING NO. B-3
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c S
. =0 - 2
£ Z2g 5% 88 -T 3 eg
£ 383 a8 &7 w5 2. 5% MISC.
£ Bf o7 2 5 QY B LAB
=3 E SOIL DESCRIPTION 8 2 ] 5
£T tn o = Q O
3 8 S & gg B0 Gé g‘ S RESULTS
0 2" AC 10" AB Orange Gravelly SAND 23.2
Fill, Gray & orange Clayey SAND with Gravel, SC
moist, medium dense
=
5 gD .
Water 5' at end of drilling v 19 116111.0
Fill, mixed orange brown Silty SAND with Clay & S )
Gravels, very moist, loose
10 T ) . .
34 (L -~ Water 10" first encountered’(Weathered Granite) sC 9 104117 1
-4 (L) -~ Fill, Orange brown Clayey SAND, very moist, wet :
with Gravel, very loose
15 Orange Gravelly SAND with Clay from 14'to 15’
Wet, loose from 15'- 17.5'
Orange Clayey SAND, reddish brown SC
decomposed wood from 19'-20'
20 Orange Clayey SAND, wet, loose SC
Orange & brown SAND with Gravels from 23' - 25' SM
- Orange & brown SAND and Gravelly SAND-Loose
7
92 |25.6
Brown Sandy CLAY (weathered Granite) moist, CL 7
firm-medium stiff
Orange brown Clayey SAND with seams of wet SC
30 Gravelly (weathered Granite) SAND
Very light brown SANDSTONE with orange stains BR
& striations, moist, very dense
50/4" o
(3-7) Grain Size
35 naysis
%Gravel = 0.4
% Sand =75.4
HARO, KASUNICH AND ASSOCIATES, INC. %Fine = 24.2
BY: dk FIGURE NO. 9
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LOGGED BY CG DATE DRILLED May 23, 2017 BORING DIAMETER 8" HS BORING NO. B-4
c [
. -_— . []
£ 2o o= 88 .8 2 gy
. 28 3 28 o7 GE 2. £% MISC.
£ 82 2 8E 2= S &6 &2 LAB
& guv E SOIL DESCRIPTION £9 3o 5% 4 8%
a s S a 58 oy c&, g‘ S RESULTS
SO 2" AC 6" AB orange Gravely SAND and gravy
i Clayey SAND
Orange Clayey SAND SC
i 5 Water at 4' @ end of drilling
B ll | AND 25
i 43 (L) Fill, gray & brown Clayey S 77 |13.8
E 19
i
e gWater first encountered 7
N O Gray Clayey SAND with Gravel and roots, water SC o el
= 16M at 10". wet. loose 2
=19 Gray Clayey SAND and medium to coarse SAND 10
l 47 (L) i 96 |15.1
with roots, wet
- 4-8 (T) Clean grey SAND from 16.5 - 19" saturated, loose SM 3 24.1
B (Alluvial deposits) 2
5 4-9 (T)
Native, gray Clayey SAND (weathered granite)
—20 ; wet. loose 3
1 4-10(L) 81 324
i 4-11(T
— 25 ; -
Gray & brown CLAY with thin seams of Gravel, CL 7
& 4-12(T . .
wet, medium stiff
Gray Silty & Clayey SAND, wet, loose
4" - 6" seams of orange coarse SAND & orange SC 14 22.0
medium SAND, wet, medium dense (Alluvial ’
deposits?)
— 35 — 2
HARO, KASUNICH AND ASSOCIATES, INC.
BY: dk FIGURE NO. 10
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LOGGED BY CG DATE DRILLED May 23, 2017 BORING DIAMETER 8" HS BORING NO. B-4
c [
- =0 - 2
£ 24 5% 84 w2 d ey
. 28 3 § &2 GE 2. 5% MISC.
S a2 £ BE @e <2 @G % LAB
a ET g SOIL DESCRIPTION =9 go :',‘é gd_ ‘50 SULTS
a 8% & 58 @s Of § = RESULT
— 35
4 14 TJ\@ Interbedded 4"-6" thick seams of orange Clay, sc [ 19 290
0l e 1 coarse SAND & medium Sand, wet, medium ’
i dense & very stiff (Alluvial deposits)
i g Saturated gray Clayey SAND spoils from auger
|40 S "
il Interbedded seams of medium to coarse light
i brown Sand, orange brown Clayey SAND, very
B moist to wet, medium dense to 45.5'
45 57
Orange decomposed Granite, mosit, very dense BR/SM 9.2 | (4-16) Grain Size
Boring terminated at 46.5 feet Analysis
% Gravel = 0.0
% Sand = 81.8
% Fines = 18.2
50
|==70 =
HARO, KASUNICH AND ASSOCIATES, INC.
BY: dk FIGURE NO. 11
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BORING DIAMETER 2" HS

BORING NO. B-5

aé MISC.
B SOIL DESCRIPTION LAB
2 RESULTS
T Fill, brown weathered Granite, moist, medium SC
ii dense
—5 mj" Native 7
Il 5-1 (L)) | H 10211.8
Il 5
1F Orange decomposed Granite, moist, loose SN
i L1 10
L it 99 |13.8| (5-3) Direct Shear
10 i 8 0=36
T Orange weathered Granite, moist, loose C =162 psf
i i Ms = 20.3
A il Increase in drilling resistance from 11' - 15' Atterberg Limits
L HE LL = 26.48%
. I:ﬁ Pl=4
L 15 3 —
Water at 15" after drilling 14
i Orange very weathered Granitic CLAY, moist, CL
I medium dense
=20 Water on Supply 10
i Orange, very weathered Granitc, moist, medium SC
7 dense
=25 Orange, less weathered Granite, moise, loose 19
| ge; ’ ' 107(17.2| (5-7)Direct Shear
. 19 0=>51
Orange weathered Granite, moist, medium dense C = 232 psf
ii Ms =19.7%
30 . .
Orange decomposed Granite, very moist, dense 42 04
[— 35 - ‘1
HARO, KASUNICH AND ASSOCIATES, INC.
BY: dk FIGURE NO. 12
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LOGGED BY CG DATE DRILLED May 24, 2017 BORING DIAMETER 2" HS BORING NO. B-5
- »g 45 MISC.
2 g3 SOIL DESCRIPTION L8 LAB
o 3 S 5 RESULTS
o
— 35 - =
Orange, brown decomposed Granite, medium 27
5 5-10(T
dense to dense
40 . .
Orange brown decomposed Granite, very moist, 39
= 5-11(T 14.2
dense
z Boring terminated at 41.50 feet
— 45
— 50
— 55
— 60
— 65
— 70 —

HARO, KASUNICH AND ASSOCIATES, INC.

BY: dk | FIGURE NO. 13
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LOGGED BY CG DATE DRILLED May 24, 2017 BORING DIAMETER 8" HS BORING NO. B-6
., O %-.5.. Sa % 2 ,
F 38 s °8 o7 GE 2. £% MISC.
2 B3 B SOIL DESCRIPTION gz 5= i3 of 25 LAB
a8 8 S 2 58 a2 s g‘ 2 RESULTS
0 Fill
Brown Silty SAND with Gravels, moist, medium SM
o nse 22
6-1(L) ] 10.7
13
6-2 (T)Nm Fill
=5 }:  Orange brown Silty SAND, Granite, medium 38
6-3(L) |kt  dense 118 10.3| (6-3) Direct Shear
19 0=47
64 (T) \[ C = 463 psf
Ms =15.1%
—10 - Fill 20
6-5 (T)\”H Orange brown decomposed Silty SAND, Granite, 99 [10.9
moist
N Fill
—15 11  Orange brown decomposed Granite, moist, 14
6-6 (T)\H]I] medium dense 14.1
— 20
Fill 1
6-7 (T)\” Orange brown decomposed Grante, moist, 14.0
.. medium dense
} u '~ Native (?)
. Gray weathered Granite, very moist, loose
—2 6-8 (T \m J Gray, very weathered decomposed Granite, very 7
8 (M) I:l? moist, loose y
6-9 (L) 89 26.8| (6-9) Direct Shear
o | 0=237
C =611 psf
— 30 N : :
6-10 (T l Orange, very weathered Granite, very moist, 4
4 loose g
641(T j b0 2 1/2
%:Z Light brown SANDSTONE (Lompico Sandstone)
with orange stains, mover, very dense
35— Boring terminated at 33.0 feet
HARO, KASUNICH AND ASSOCIATES, INC.
BY: dk ‘ FIGURE NO. 14
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LOGGED BY CG DATE DRILLED May 24, 2017 BORING DIAMETER 8" HS BORING NO. B-7
o
. - [V
: @5 MISC.
K= -
. SOIL DESCRIPTION .8 LAB
as RESULTS
=0 2"AC
Fill, Mixed orange brown, olive brown & gray SM
weathered Granite, moist, loose to medium dense
17
7-1 (L)
Olive brown weathered Granite, moist
Fill 26
7-2(L) . Mixed orange brown & gray weathered Granite 122 111.3
> . 12
=10 Lam\[i
@ " S Fill, Orange brown weathered Granite, very moist,
8- medium dense
% -
g -
& —15 . . .
- Fill, Orange brown weathered Granite, very moist, 12
o, . 12.7
; medium dense
z Easier drilling from 17" - 20
é’i —
.
s +—20 ] Fill SM 3
7-5 (T)\HEH Orange brown very weathered Granite, very
o moist, loose
g
F
§ — 25 B 12
7-6(L) " Filter Fabric 4.1
JI:}  Orange gravelly SAND, very moist, loose
Very hard drilling at 27" BR
7-7(L) Light brown SANDSTONE with orange stains, 50/2" 114|12.4
moist, very dense
Boring terminated at 30 feet
+—35 -
HARO, KASUNICH AND ASSOCIATES, INC.
BY: dk | FIGURENO. 15
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LOGGED BY DATE DRILLED BORING DIAMETER BORING NO. B-8
ko)
. @
s a5 MISC.
- SOIL DESCRIPTION 'S LAB
o 8{,‘-’, RESULTS
=0 Native
Yellow brown fine to medium SAND loose to SM 11
8-1(L) medium dense from 0-3 1/2' 18 3.3
12
52 \[f
5 MHH SAND seam at 4' (decomposed Granite
. ! Dark yellow brown Silty SAND with Clay, mica & 4
8-3(T) \} {4 . .
il occassional Gravels, moist loose
1. 4
8-4 (L)
Dark yellow
§—10 Brown & gray Silty SAND with mica & angular SM | 6
g 8-5 (L) gray Sffy SAT g 106 20.0 (8-5) Direct Shear
& ... __coarse SAND, very moist, loose (decomposed 0= 42
E = H 5 I" !Granite) / C — 358 f
o v Hole caved to 12' N ps
ey Ms =21.0%
S -
g 15 Brown with gray pockets Silty SAND with mica SM 8
o, 8-6 (L) gy e Sty (8-6) Direct Shear
© and small roots, very moist, very loose
3 0=40
°se
o
1.
G —20 9
Gray SANd with Silt & Gravels, very moist, loose
Gray Clayey SAND in Auger cuttings from 24-25' SC
Gray Clayey SAND with Gravels, very moist - wet, 13
loose
6
Gray Clayey medium to coarse SAND with
o occassional 1/2" to 1" diameter angular Gravels,
2~ Wwet, loose 1 sc | 17
B-10 (L) %7, Buried piece of decomposed wood at 30", grading
7%  more Clayey from 30’ - 35'
—35 — 3
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Lyon Tank Slide

PROJECT NO. SC4090

LOGGED BY DATE DRILLED BORING DIAMETER BORING NO. B-8
c 1 3
. =0 - - 3
€ =2g 3% 34 =23 ey
. 38 3 § &3 E 2. 5% MISC.

£ 32 2 e ve +2 &G §2

& fv E SOIL DESCRIPTION €2 35 48 Q4 8o e

a S8 & 58 @8 Ob g‘ = RESULTS
% 8-11(L Gray brown Sandy CLAY, wet, very soft sC 1 No recovery

Harder drilling at 38'
— 40 . ) "
8 12(T Light brown SANDSTONE with orange Gravels, BR |50/4
el moist, very dense
— 45 . . "
8-13(T \ Light brown SANDSTONE with orange Gravels, 50/2
7, moist, very dense
Boring terminated at 46.5 feet

— 50
— 55
— 60
— 65
70 —

HARO, KASUNICH AND ASSOCIATES, INC.

BY: dk FIGURE NO. 17
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Lyon Tank Slide
PROJECT NO. SC4090

LOGGED BY CG DATE DRILLED July 24, 2017 BORING DIAMETER 8" HS BORING NO. B-9
=6 o
; [o3-] @
& ng wE
< 8;3’ 25 MISC.
SOIL DESCRIPTION 4 13 LAB
3] &5 RESULTS
20
=0 Orange brown Silty medium to coarse SAND with SM
mica, moist, loose (decomposed granite) 15
9-1 (L) 2.9
6
9-2 (T)N -
9-3 (L Orange brown Silty SAND with Gravels & Mica, SM 1 15.0
) - © moist, loose (decomposed granite) '
. 5
9-4 (1) \[1f
{1~ Water at end of drillin
os M\l 2 X o
: Buried Decomposed Wood from 10'- 11.5 8
9-6 (L) Orange brown Clayey Silty SAND/Sandy CLAY SC
"1 with wood, mica and Gravels (weathered
f-£-1  decomposed granite)
| 2" soil & wood debris in sample 6
97 (T)XH:H Buried decomposed wood from 15' - 16.5' 41.6
9.8 (T \HH Orange and brown Clayey SAND weathered scC " 118
-8(T) ) Granite with Mica, wet, medium dense
— 25
9.9 (T Orange brown Sandy CLAY, wet, loose (very CL 6 26.4
-9 )\ weathered Granite shale) ’
Weathered Granite (intact) very moist, loose to
medium dense 22
- - 111 18.8
Harder drilling at 32"

HARO, KASUNICH AND ASSOCIATES, INC.

BY: dk ] FIGURE NO. 18
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PROJECT NO. SC4090

g te: 5/30, 018

nTan S

S\S

\S  og4

File:
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S

LOGGED BY CG DATE DRILLED July 24, 2017 BORING DIAMETER 8" HS BORING NO. B-9
c -
. =0 =, 2
# 2 2 8”3 8.8 @ ‘g o
Zg 8§ &7 g 2. L% MISC.

- a& 8 TE B <9 G &

& gz E SOIL DESCRIPTION 2 3o .8 24 8% LAB

a 88 & 58 o8 O g‘ Ss2 RESULTS
=3 ST Orange & black medium to coarse SAND medium SC . 40

-1 V to coarse with Silty CLAY less weahtered
i-:;~_decomposed Granite, very moist, dense A

- Brown Silty SAND SM

— .
1) D d ite, wet, d 58
0-12(T \“m ecomposed Granite, wet, very dense 15.4
Boring terminated at 41.5 feet

+— 45
— 50
— 55
— 60
— 65
—70 —

HARO, KASUNICH AND ASSOCIATES, INC.
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Lyon Tank Slide
PROJECT NO. SC4090

LOGGED BY CG DATE DRILLED July 25, 2017 BORING DIAMETER 8" HS BORING NO. B-10
c T
g 2o T B B2 e
2 < wg o= GE 2. £% MISC
£ 32 2 3= 2 <2 36 g2
& Ez E SOIL DESCRIPTION 2 3o .8 24 8% LAB
a 8§ & 58 @3 Op g’ S:2 RESULTS
0 Dark brown Clayey SAND with Gravel & roots, SC
very moist, loose 4
18.6
6
10-2(L .
5 Dark brown Clayey SAND with Gravels
e iWater at 1:30 pm
"~ Water and end of drilling 10:32 am
10 .
Orange Clayey Gravelly SAND, very moist, loose 17 104112.4
(decomposed granite) ’
15 .
Gray Gravelly SAND (decomposed grainte) wet, SC 16 146
medium dense ’
20 . 4
10-5(T , 19.6
Gray Clayey fine SAND with angular Gravels
(slide debris), loose to medium dense 11
25 .
Gray Clayey SAND with Gravels & wood fragment 16 21.6
(slide debris?) wet, medium dense :
30 . - .
10-8(T Orange decomposed Granite, very moist, medium 12
-8 dense, grading to dense decomposed Granite
from 30' - 35'
47
10-9(T Orange decomposed Granite with black specs, 18.1
35 Very mois, ense
HARO, KASUNICH AND ASSOCIATES, INC.
BY: dk FIGURE NO. 20

91 of 308



018

te:

nk Slide.log

S\S 0 OLyon

File: C:\Supe og L

o

Software, USA www.civil

Supe og Civil

LOGGED BY CG

Lyon Tank Slide

DATE DRILLED July 25, 2017

PROJECT NO. SC4090

BORING DIAMETER 8" HS

BORING NO. B-11

92 of 308

c -
o - . ()]
£ 2o ,}_’,‘E 58 % £ o
o © O «7 wg co 5 MISC.
£ 32 2 TE ep =2 85 f> LAB
s Efv E SOIL DESCRIPTION £2 35 48 Qg5 55
(=) ‘g © [77) 58 Eﬂ o£ g E°\° RESULTS
0
Light orange brown Silty SAND with large root, SM 26
11-1(L gIT’ orangs brown ST with arg 81 10.8| (11-1) Grain Size
moist, medium dense (slide material) )
Analysis
% Gravel = 5.2
% Sand = 67.0
5 4 % Fines = 27.8
11-2(T Dark brown Clayey medium to coarse SAND with SC
small and large roopts, moist - very moist, loose
14
11-3(L
Gray Silty medium to coarse SAND with large SM
10 wood fragment, medium dense
23
11-4(L 115 10.7| (11-4) Grain Size
Analysis
% Gravel = 13.5
Harder drilling (steady drilling) orange brown % Sand = 73.2
SAND with black fleck Decomposed Granite, very % Fines = 13.3
15 moist, dense 41
Gray medium to coarse SAND Decomposed
Granite, moist, medium dense to dense
Gray Sandy CLAY, very moist, stiff CL
20
12
11-6(T 26.1
% ¥Orange brown Sandy CLAY, very moist, firm (old CL 11
n-7(L slide material), medium stiff 104 203 811';% Direct Shear
C =367 psf
Ms =22.0%
30 Harder driling at 30 29
11-8(T . 19.0
Orange SAND with Silty and black flecks SM
(Decomposed Granite) very moist, medium
dense, bands of orange gray brown and gray
coarser Sand from 7'to 7 1/2' ?? 50/3"
11-9(T BR
35
HARO, KASUNICH AND ASSOCIATES, INC.
BY: dk FIGURE NO. 21
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©  Depth ft.

10

15

20

25

30

35

HARO, KASUNICH AND ASSOCIATES, INC.

Lyon Tank Slide

DATE DRILLED July 25, 2017

PROJECT NO. SC4090

BORING DIAMETER 8"H

BORING NO. B-12

moist, very dense

Boring terminated at 32.5 feet

. =5 g >
§ o _ ;53,"3 §3 "-Zg @ 9;’
25 3 = G. 95 5 23 MISC.
gg E SOIL DESCRIPTION £o 3% 3 f; a 25 LAB
85 @ gg a3 S5 § = RESULTS
Fill (Landslide Material)
Orange brown Silty SAND with Gravels, moist, SM 15 89 62
loose ’
Fill (Landslide Materials) SM
Orange brown Silty SAND with Gravels, moist,
very loose Sample deflecte by rock
atb'
Orange brown Silty SAND with Gravels, moist, SM 5
Iooseg ty 101 17.1| Refusal at 12-13' Gray
Granite Rock &
Gray brown Clayey SAND sC 50/5" Galvanized Wire
(Gabion Basket)
Fill
Dark orange brown Clayey SAND with mica 81
Orange Sandy CLAY, stiff CL 27
Orange very weathered Granite, very moist, loose 8 18.3
Orange Clay very weathered Granite, very moist, 7
ot gelsay very i 97 22.8| (12-8) Direct Shear
v 7 0=45
~ Orange Sandy CLAY (very weathered Granite) C =292 psf
Ms = 24.4%
Orange Sandy CLAY (very weathered Granite)
wet, soft 88
Orange less weathered Granite, wet, hard
Light brown SANDSTONE with orange bands, 50/6" 131

BY: dk
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PROJECT NO. SC4090

LOGGED BY CG DATE DRILLED November 22,2017 BORING DIAMETER 8" BORING NO. B-13
;S 22 sy Z2
&£ Z9o _ ] 2 “c ‘n 0¥
s 253 o8 £ 45§ 5% MISC.
& fv E SOIL DESCRIPTION - ';ri 25 LAB
a & @ 58 B2 0{ 5 = RESULTS
0 2"AC 5" AB
Fill
Orange brown Silty SAND, moist, loose, very
loose from 2' - &'
5 . 2
31 (L 108 13.0
Fill, gray Silty SAND with Clay/Clayey SAND & sSM/S 19
3-2(T ;
Gravels, moist, medum dense
10 44
) ) ) 116 15.6
Gray Silty SAND with Clay & Gravels, moist, SM
medium dense
15 . . . .
Gray Silty SAND with Clay, moist, medium dense SM 33 115 13.3
20
Native, gray Silty, Clayey SAND/Silty fine Sand SC 40 .
with Clay (weathered Granite) 125 1.2 ,(Djr?a-IS)siram Size
ysi
% Gravel = 2.6
Harder drilling @ 23 feet % Sand = 61.4
Gray granitic SAND, wet, very dense % Fines = 35.8
% 136 L * % 56/2"
o Water at 26" at end of drilling SC
Slow drilling from 25' to 27"
30 . .
Gray granitic SAND with angular Gravel, wet, 41 16.1
dense ’
Boring terminated at 32.5 feet
35
HARO, KASUNICH AND ASSOCIATES, INC.
BY: dk FIGURE NO. 23
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PROJECT NO. SC4090

LOGGED BY CG DATE DRILLED October 22, 2017 BORING DIAMETER 6" BORING NO. B-14
_ o %‘é ou .% = ;
£ S8 3 e &7 W5 L. 53 MISC.
2 Bo E SOIL DESCRIPTION ga 3% 2% 93 13 LAB
o 8§ & 58 @8 85 § = RESULTS
O G
1] Orange Silty SAND with Clay, moist, very loose SM | 10
AL fom2-512
by 2
14-2 (TN
il 2
L 5 14-3 (LT L 101 (14.8| (14-3) Atterberg Limits
' 74 Fil sc | 17 LL=22,7%
14-4 (T \:/} Gray brown Silty SAND with Clay & Gravel, moist, S Pl=7%
medium dense
Boring terminated at 7.0 feet
HARO, KASUNICH AND ASSOCIATES, INC.
BY: dk | FIGURE NO. 24
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PROJECT NO. SC4090

DATE DRILLED November 22, 2017 BORING DIAMETER 6"

BORING NO. B-15

c 1Y
. =0 . Q
£ 29 g'ﬁ §.g 0 = o
s o5 3 58 &5 45 L. §§ MISC.
& g3 E SOIL DESCRIPTION o Eo .8 94 8% LAB
a 35 @ 58 o2 0&, QE‘ 52 RESULTS
0 Fill
Orange brown Silty SAND with Clay & Gravels, SMIS | 15
moist, loose
5
45 .
5 Fill SP 12.9 (15-2) Grain Size
Light brown (white) SAND, moist, medium dense 29 Analysis
17.4 o Gravel = 3.3
Fill SM % Sand = 66.0
Mixed gray & orange Silty SAND with Clay & % Fines = 30.7
Gravels, moist
10 24
12.6
19 Fill 30 116
Mixed orange & gray brown Silty SAND, moist, ’
medium dense - dense sc
Native
Gray Silty Clayey SAND, moist, medium dense
20 26
14.4
25 . . . .
Gray Silty SAND with Clay, moist, medium dense SM 22 13.8
30 . .
Gray Silty SAND, moist, dense SM 48
Boring terminated at 31.5 feet
35
HARO, KASUNICH AND ASSOCIATES, INC.
BY: dk FIGURE NO. 25
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PROJECT NO. SC4090

LOGGED BY CG DATE DRILLED November 22,2017 BORING DIAMETER 6" BORING NO. B-16
c =
. - . [
£ 23 o 55 88 w23 ey
& fv E SOIL DESCRIPTION o Z5 .8 94 8% LAB
(=] 3 © n 58 E:“',) Og: g SX RESULTS
=0 Fill
i Mixed Silty SAND with G [, moist, SM | 28
I xed gray Sty with Bravel, mois 11413.0| (16-1) Grain Size
medium .
. 22 Analysis
L 13.2| 9 Gravel = 3.0
Fill(?) Orange gray Clayey SAND with Gravels, SC % Sand = 61.9
—5 moist, medium dense 41 % Fines = 35.1
L (16-3) Grain Size
B 27 Analysis
12.8| o, Gravel= 0.9
[ % Sand = 58.8
Mixed orange & gray Clayey SAND with Gravel, % Fines = 40.3
— 10 moist, medium dense 25
= 13.3| (16-4) Atterberg Limits
& LL =24.1%
i Pl=9%
— 15 , . . :
Mixed orange & gray Silty SAND, moist, medium 23 12.9
i dense ’
=20 24
B Gray Silty CLAY with Sand, moist, medium dense ML-CL (16-7) Atterberg Limits
Boring terminated at 21.5 feet Il =24.2%
PI
|35
HARO, KASUNICH AND ASSOCIATES, INC.
BY: dk FIGURE NO. 2%
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116 East Lake Avenue, Watsonville, California
(831) 722-4175 ~ Fax (831) 722-3202

HYDROMETER
U.S. STAND ARD SIEVE OPENING IN INCHES U.5. STAND ARD SIEVE NUMBER S HYDROMETER
112" 1" 3/14" 3/8" 4 8 16 30 50 100 200
100 T ¢ ] | | | I I 3
| Il | ~ . : | |
" 0 i | [T~ ! | i 10
| 1|l | | I I | |
% ! e ! ! ! ! "
I Il | | . I |
| Il | | I | | | }
T 70 ! 0 I ! ! ! 0 =
= I (. | | : I |
] | Il | | . | | 3
; 60 . . . . . | | . . 0 -
> B ! ! | | ! ! o
m | [ | | . | | o 9
= 50 1 1 1 1 ; I | 1 ; a
g I .l I I | | I I 4
- | Il | | . | | 1]
'8 w . . . . . | | . . E
= I [ [ [ . [
c . . . . . | | . E
S R ! ! : : \ ! ” 3
o ¥ I [l I I . I 3 e
o . . . . . | | . 0 o =
RN ! ! | | ! !
® IR ! ! i , ! ! ;D
| [ | | . | |
10 . . . - - | | . -
! m ! ! | | ! ! 100
| Il | | : | |
100 10 1 0.1 0.01 0.001
Grain Size in Millimeters
Gravel Content: 5.2% Sample Description: Brown Clayey SAND
Sand Content: 67.0% Group Symbol: SC
Fines Content 27.8%
Cumulative Sum 100.0%

D60 HKA Project No:  SC 4090.1 GRAIN SIZE ANALYSIS
D30 Sample No: 11-1-1
D10 Date: January 23, 2018

SLVWD LYON TANK

[Figure No.

Kasunich and Associates
tal and Geotechnical Engineers
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FIGURE NO. 27
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4/27/2018



HYDROMETER
U.S. STAND ARD SIEVE OPENING IN INCHES U.5. STAND ARD SIEVE NUMBER S HYDROMETER
112" 1" 3/14" 3/8" 4 8 16 30 50 100 200
100 Tt \ \ o 1 T ]
o L IR i
» o ! ! i i ! ! 0
N ! ! , : ! !
® A ! ! , , ! ! ?
| Il | | | | s
- 70 . E : | | : n 8
5 o ! ! | | \ ! ! g
] N ! ! , : ! ! 0 2
Z . I ! ! : : | ! o
@ BN ! ! , : \ i ! 0 8
- 50 [
$ B ! ! | | ! ! 8
[T I I I I I | | I I @ 03]
g B ! ! | | ! pl
g BRI \ ! v 3
g T ! ! | | N g
I [ [ | A 0=
2 ] i i ' ' i i
. . . . | | . 0
| [ | | | |
10 . . . - | | -
T ! ! | | ! ! 100
) RN ! ! . : ! !
100 10 1 0.1 0.01 0.001
Grain Size in Millimeters
Gravel Content: 0.4% Sample Description: Light Brown Silty SAND
Sand Content: 75.4% Group Symbol: SM
Fines Content 24.2%
Cumulative Sum 100.0%
D60 HKA Project No:  SC 4090.1 GRAIN SIZE ANALYSIS
D30 Sample No: 3-7
D10 Date: 1/25/17
SLVWD LYON TANK
116 East Lake Avenue, Watsonville, California
(831) 722-4175 ~ Fax (831) 722-3202 |
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FIGURE NO. 28
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HYDROMETER
U.S. STAND ARD SIEVE OPENING IN INCHES U.5. STAND ARD SIEVE NUMBER S HYDROMETER
11/2" 1" 314" 3/8" 4 8 16 30 50 100 200
" t—r t t : | ! ! )
o TN ]
» o ! ! i i ! ! 0
N ! ! i : ! !
® A ! ! i , ! ! ?
: v
. B l ! , N i ! o 3
< I I | | : I | o
] N ! ! i : ! ! 0 2
Z . I ! ! : : | ! o
@ BN ! ! i : i ! 0 8
g T | | : : \ | | @
c N - [ [ - - g
ir | Il | | : : \ | | CUN
s T T <
3 | Lol I I . - | I n 5
& 30 . . . . | | " . o
[ I L I [ . : I ©Q
o : Sk : | | \ - 0 &
RN ! ! | | LN
20 N
B ! ! | | ! K .
| [ | | : | |
10 T 1 T : | | 1 :
! F ' ! | | ! ! 100
) R ! ! i . ! !
100 10 1 0.1 0.01 0.001
Grain Size in Millimeters
Gravel Content: 0.0% Sample Description: Golden Brown Silty SAND
Sand Content: 81.8% Group Symbol: SM
Fines Content 18.2%
Cumulative Sum 100.0%
7 D60 HKA Project No:  SC 4090.1 GRAIN SIZE ANALYSIS
D30 Sample No: 4-16
D10 Date: 1/25/18
SLVWD LYON TANK
116 East Lake Avenue, Watsonville, California
(831) 722-4175 ~ Fax (831) 722-3202 [

Test Report Prepared By HKA LAB
Kasunich and Associates FIGURE NO. 29 4/27/2018
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116 East Lake Avenue, Watsonville, California
(831) 722-4175 ~ Fax (831) 722-3202

HYDROMETER
U.S. STAND ARD SIEVE OPENING IN INCHES U.5. STAND ARD SIEVE NUMBER S HYDROMETER
112" 1" 3/14" 3/8" 4 8 16 30 50 100 200
100 T ¢ ] | | | I I 3
| Il | ~ . : | |
" 0 i | [T~ ! | i 10
| 1|l | | I I | |
% ! e ! ! ! ! "
I Il | | . I |
| Il | | I | | | }
T 70 ! 0 I ! ! ! 0 =
= I (. | | : I |
] | Il | | . | | 3
; 60 . . . . . | | . . 0 -
> B ! ! | | ! ! o
m | [ | | . | | o 9
= 50 1 1 1 1 ; I | 1 ; a
g I .l I I | | I I 4
- | Il | | . | | 1]
'8 w . . . . . | | . . E
= I [ [ [ . [
c . . . . . | | . E
S R ! ! : : \ ! ” 3
o ¥ I [l I I . I 3 e
o . . . . . | | . 0 o =
RN ! ! | | ! !
® IR ! ! i , ! ! ;D
| [ | | . | |
10 . . . - - | | . -
! m ! ! | | ! ! 100
| Il | | : | |
100 10 1 0.1 0.01 0.001
Grain Size in Millimeters
Gravel Content: 5.2% Sample Description: Brown Clayey SAND
Sand Content: 67.0% Group Symbol: SC
Fines Content 27.8%
Cumulative Sum 100.0%

D60 HKA Project No:  SC 4090.1 GRAIN SIZE ANALYSIS
D30 Sample No: 11-1-1
D10 Date: January 23, 2018

SLVWD LYON TANK
|
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FIGURE NO. 30

Test Report Prepared By HKA LAB
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HYDROMETER
U.S. STAND ARD SIEVE OPENING IN INCHES U.5. STAND ARD SIEVE NUMBER S HYDROMETER
112" 1" 3/14" 3/8" 4 8 16 30 50 100 200
100 o N
SR e— ! , , ! ! )
NI Tl | | : ! !
% - | | i | | ! 10
o NG L
® A ! ! i , ! ! ?
! : v
2ol b NG R
‘° | Il | | : : | | 0 2
= w NG i o
@ BN l ! i \ i ! 0 8
= 50 . . 4
g I N R B AR RN T 8
i RN ! ! i 2l | ! 2 g
g rr ' ! i i ! ! =
g BRI N ] v 3
o | T T T : ~ | T Q
a . . : : =3
R i i ! ! \\l i 0=
& R . i : : ' i
. . . | | T.\\ . N0
. ™~
. N ! ! | : ! *_
! m ! ! | | ! ! 100
| Il | | : | |
100 10 1 0.1 0.01 0.001
Grain Size in Millimeters
Gravel Content: 13.5% Sample Description: Brown Silty Sand w/ Gravel
Sand Content: 73.2% Group Symbol: SM
Fines Content 13.2%
Cumulative Sum 100.0%
D60 HKA Project No:  SC 4090.1 GRAIN SIZE ANALYSIS
D30 Sample No: 11-4-2
D10 Date: 1/22/18
SLVWD LYON TANK
116 East Lake Avenue, Watsonville, California
(831) 722-4175 ~ Fax (831) 722-3202 |
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HYDROMETER
U.S. STAND ARD SIEVE OPENING IN INCHES U.5. STAND ARD SIEVE NUMBER S HYDROMETER
11/2" 1" 3/4" 3/8" 4 8 16 30 50 100 200
100 Tt T i | 1 T ]
RN ! IS | I !
920
I I I | AN : I | 10
I Il | | i i I |
80 I (] I I i : I I L
I Il | | . - I | )
- . . . . | | . 0 ]
£ I I I | : : I | 3
e i i i ! ! i i g
%’ o ! R , i | N [ -1
T 1 I T : T T o
> : Col . : | | : o)
m I Il | | . I | g D
= 50 . . . . . I | . . a
g I L I I i | I I 4
' P . ' . )
= I Il | | . | @
[T ” . N : | | \l\ . o)
z T I I i | SR ';
8 I ! ! i | : 1 "g
o ¥ I [l I I . I T e
o : S - | | : o =
| Il | | i | | |
2 I il T T i | I I -
I I | | . I |
10 . . . . | | .
T L T T i | T T 100
| Il | | : | |
100 10 1 0.1 0.01 0.001
Grain Size in Millimeters

Gravel Content:
Sand Content:
Fines Content
Cumulative Sum

2.8%
61.4%
35.8%
~ 100.0%

116 East Lake Avenue, Watsonville, California
(831) 722-4175 ~ Fax (831) 722-3202

Sample Description: Dark Grey Clayey Sand

Group Symbol: SC

D60 HKA Project No:  SC 4090.1 GRAIN SIZE ANALYSIS
D30 Sample No: 13-5-1
D10 Date: 1/24/18

SLVWD LYON TANK
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116 East Lake Avenue, Watsonville, California
(831) 722-4175 ~ Fax (831) 722-3202

HYDROMETER
U.S. STAND ARD SIEVE OPENING IN INCHES U.5. STAND ARD SIEVE NUMBER S HYDROMETER
11/2" 1" 314" 3/8" 4 8 16 30 50 100 200
100 *—¢ - -
Col T | J
" A ! ! N | ! 10
| Il | | : ’ | |
" A ! ! : : ! ! ”
| Il | | : | | py
T 70 ! 0 I ! l ! \ ! ! ]
< I I | | : I I o
S BER i i ! : i i g
2 « e i ° 3
om | Il | | : | | o 9
= 50 1 1 1 1 ; | | 1 ; a
) I 1 I I : I I 4
c . . . . . | | . . =
i Lo | | i i N | 0 o
= SR i i . | 1 i <
S | [l I I . | N 3
2 5 N - - I I - N 2.
[ I L I [ . I | ©Q
o . . . . . | | . . 0 =
| Il | | i | | |
20 ! ol ' ! ! !
I L I [ . I |
. . . . . | | . . 0
| [ | | : | |
10 T 1 T 1 : | | 1 :
! F ! ! | | ! ! 100
| Il | | : | |
100 10 0.1 0.01 0.001
Grain Size in Millimeters
Gravel Content: 3.3% Sample Description: Brown Clayey Sand
Sand Content: 66.0% Group Symbol: SC
Fines Content 30.7%
Cumulative Sum 100.0%

D60 HKA Project No: SC 4090.1 GRAIN SIZE ANALYSIS
D30 Sample No: 15-2
D10 Date: 1/24/18

SLVWD LYON TANK
|

Kasunich and Associates

tal and Geotechnical Engineers
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FIGURE NO. 33

Test Report Prepared By HKA LAB
4/27/2018



HYDROMETER
U.S. STAND ARD SIEVE OPENING IN INCHES U.5. STAND ARD SIEVE NUMBER S HYDROMETER
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Grain Size in Millimeters
Gravel Content: 3.0% Sample Description: Olive Brown Clayey Sand
Sand Content: 61.9% Group Symbol: SC
Fines Content 35.1%
Cumulative Sum 100.0%
D60 HKA Project No:  SC 4090.1 GRAIN SIZE ANALYSIS
D30 Sample No: 16-1-1
D10 Date: 1/22/18
SLVWD LYON TANK
116 East Lake Avenue, Watsonville, California
(831) 722-4175 ~ Fax (831) 722-3202 [
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tal and Geotechnical Engineers
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Test Report Prepared By HKA LAB
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HYDROMETER
U.S. STAND ARD SIEVE OPENING IN INCHES U.5. STAND ARD SIEVE NUMBER S HYDROMETER
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40.3%
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116 East Lake Avenue, Watsonville, California
(831) 722-4175 ~ Fax (831) 722-3202

Sample Description: Olive Brown Clayey Sand

Group Symbol: SC

D60 HKA Project No: SC 4090 GRAIN SIZE ANALYSIS
D30 Sample No: 16-3-1
D10 Date: 11/27/17 - 12/18/17

SLVWD LYON TANK

Kasunich and Associates
tal and Geotechnical Engineers

106 of 308

FIGURE NO. 35

Test Report Prepared By HKA LAB

4/27/2018



Liquid Limit: 26.5 HARO, KASUNICH & ASSOCIATES File No SC 4090.1
Plastic Limit: 22.7 Atterberg Limits Sample Ne 5-3-1
Plasticity Index: 3.8 7601 Lake Rd. Hollister Date: 1/25/2017
PI By: RC
4
P.l. SOIL TEST LIQUID LIMIT
PLASTIC LIMIT NUMBER OF BLOWS
Determination 1 2 3 4 35 28 23 17
Tare Ne 14 3 10 | [ 6e 4f Se 1c
Gross Wet WT. 13.57 15.32 16.70 12.24 10.42 13.53 11.49
GrossDry WT. 13.10 14.54 15.56 10.80 9.20 11.52 9.76
Tare WT. 11.07 11.19 11.02 4.20 4.16 4.17 4.20
NET DRY WT. 2.03 3.35 4.54 0.00 6.60 5.04 7.35 5.56
WT. OF Water 0.47 0.78 1.14 0.00 1.44 1.22 2.01 1.73
% Moisture 23.15 23.28 25.11] #DIV/0! 21.82 24.21 27.35 31.12
70
65 Sample # 5-3-1
60 Ht. of Sample bag
55 Tare 4
o 50 Gross Wet Wt 282.5
3 45 GrossDrywt]  261.8
'é 40 Tare Wt. 109.8
X 35 Net Dry Wt. 152.0
30 4 g Wt. Of Water 20.7
25 5*"~. g % Moisture 13.6%
20 TN Dry Density | #VALUE!
15
5 10 20 75 40 50 Gold and Light Brown
Number of Blows Elasticsilt
Group
20 . Symbol [SM
S 40 e o™~
E A S
Z 30 =
2 5 ,"/ o //
a. c§
Praanaao MH or OH
10 7
Z L < ML prOL
0 i
0 10 20 30 40 50 60 70 80 90 100
Liquit Limit
FIGURE NO. 36
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Liquid Limit: 22.7 HARO, KASUNICH & ASSOCIATES File No SC 4090.1
Plastic Limit: 15.8 Atterberg Limits Sample Ne 14-3-1
Plasticity Index: 7.0 7601 Lake Rd. Hollister Date: 1/25/2018
PI By: RC
7
P.l. SOIL TEST LIQUID LIMIT
PLASTIC LIMIT NUMBER OF BLOWS
Determination 1 2 3 4 34 28 23 16
Tare Ne 22 31 12 [ 1 3c Se 4e
Gross Wet WT. 14.91 13.62 15.87 12.05 14.41 11.10 11.12
GrossDry WT. 14.41 13.26 15.26 10.77 12.58 9.82 9.66
Tare WT. 11.20 11.00 10.97 4.21 4.16 4.16 4.19
NET DRY WT. 3.21 2.26 4.29 0.00 6.56 8.42 5.66 5.47
WT. OF Water 0.50 0.36 0.61 0.00 1.28 1.83 1.28 1.46
% Moisture 15.58 15.93 14.22| #DIV/0! 19.51 21.73 22.61 26.69
70
65 Sample # 14-3-1
60 Ht. of Sample 6.0
55 Tare 14
o 50 Gross Wet Wt 921.5
3 45 GrossDrywt]  816.6
'é 40 Tare Wt. 109.6
X 35 Net Dry Wt. 707.0
30 Wt. Of Water 104.9
25 < | % Moisture 14.8%
20 ?“~-m__ Dry Density 101.3
i Brown Silty Sand
5 10 20 25 40 50 with Clay
Number of Blows
Group
20 . Symbol
>0 A Y&/ /14
S 40 e o™~
E A S
Z 30 =
2 5 ,"/ o //
a. ca
Praanaao MH or OH
10 7
Z o * 7 MLorOL
0 i
0 10 20 30 40 50 60 70 80 90 100
Liquit Limit
FIGURE NO. 37
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Liquid Limit: 24.1 HARO, KASUNICH & ASSOCIATES File No SC 4090
Plastic Limit: 15.4 Atterberg Limits Sample Ne 16-4
Plasticity Index: 8.7 7601 Lake Rd. Hollister Date: 2/1/2018
PI By: RC
9
P.l. SOIL TEST LIQUID LIMIT
PLASTIC LIMIT NUMBER OF BLOWS
Determination 1 2 3 4 33 27 21 15
Tare Ne 26 31 22 | [ 4e 5b 3e 5g
Gross Wet WT. 14.92 16.02 17.48 14.24 12.21 16.41 16.15
GrossDry WT. 14.39 15.36 16.64 12.48 10.70 13.93 13.55
Tare WT. 11.00 10.98 11.19 4.19 4.18 4.28 4.17
NET DRY WT. 3.39 4.38 5.45 0.00 8.29 6.52 9.65 9.38
WT. OF Water 0.53 0.66 0.84 0.00 1.76 1.51 2.48 2.60
% Moisture 15.63 15.07 15.41] #DIV/0! 21.23 23.16 25.70 27.72
70
65 Sample #
60 Ht. of Sample bag
55 Tare 200
o 50 Gross Wet Wt 808.3
3 45 Gross Drywt]  725.9
'é 40 Tare Wt. 81.2
X 35 Net Dry Wt. 644.7
30 Wt. Of Water 82.4
25 T~ - % Moisture 12.8%
20 "'"~~.,0 Dry Density | #VALUE!
15 Description:
5 10 20 25 40 50 olive brown
Number of Blows SR U (R
Group
20 . Symbol [SC
>0 A Y&/ /14
S 40 e o™~
E A S
Z 30 =
2 5 ,"/ o //
a. c§
T oA MH or OH
10 B —
Z ConE — MLorOL
0 .
0 10 20 30 40 50 60 70 80 90 100
Liquit Limit
FIGURE NO. 38
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Liquid Limit: 24.2 HARO, KASUNICH & ASSOCIATES File No SC 4090
Plastic Limit: 19.4 Atterberg Limits Sample Ne 16-7
Plasticity Index: 4.8 7601 Lake Rd. Hollister Date: 2/1/2018
PI By: RC
5
P.l. SOIL TEST LIQUID LIMIT
PLASTIC LIMIT NUMBER OF BLOWS
Determination 1 2 3 4 33 27 22 15
Tare Ne 16 12 27 | [ 4e 5b 3e 5g
Gross Wet WT. 13.71| 14.87 15.49 14.24 12.21 16.41 16.15
GrossDry WT. 13.28| 14.22 14.78 12.48 10.70 13.93 13.55
Tare WT. 10.99] 10.96 11.09 4.19 4.18 4.28 4.17
NET DRY WT. 2.29 3.26 3.69 0.00 8.29 6.52 9.65 9.38
WT. OF Water 0.43 0.65 0.71 0.00 1.76 1.51 2.48 2.60
% Moisture 18.78] 19.94 19.24] #DIV/0! 21.23 23.16 25.70 27.72
70
65 Sample #
60 Ht. of Sample bag
55 Tare 11
o 50 Gross Wet Wt 367.6
3 45 GrossDrywe|  339.8
'é 40 Tare Wt. 110.4
X 35 Net Dry Wt. 229.4
30 Wt. Of Water 27.8
25 T gE % Moisture 12.1%
20 ‘F"~~.0 Dry Density | #VALUE!
15 Description:
5 10 20 25 40 50 Dark Grey
Number of Blows SEnayIEI ey
Group
20 . Symbol |CL-ML
>0 A Y&/ /14
S 40 e o™~
E A S
Z 30 =
2 5 ,"/ o //
a. C'ﬂ
T MH ¢r OH
10 7
Z i o~ MLorOL
0 .
0 10 20 30 40 50 60 70 80 90 100
Liquit Limit
FIGURE NO. 39
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Direct Shear

Project: SLVWD LYON TANK Date 1/5/2018
Date 1/5/2018 Tested By: RC
Description Gold/Light Brown D.G. w/ Clay
Equation of Trendline
Test Number 1 2 3 4 Intercept Slope
Normal Pressure (PSF) 530 1030 2030 4030 162.473 0.7282
Max Shear Stress 17.7 324 55.3 0 *Manually Enter from Trendline Equation
Shear Stress (PSF) 521.3 953.3 1627.2 - C (PSF) PHI
162 36
y = 0.7282x + 162.47
Saturated Direct Shear Results
4500.0
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[y
n
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o
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FIGURE NO. 40

Haro Kasunich and Associates
Geotechnical and Coastal Engineers
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Direct Shear

Project: SLVWD LYON TANK Date 1/5/2018
Sample # 5-7-1 Tested By: RC
Description Brown Silty Sand and D.G.
Equation of Trendline
Test Number 1 2 3 4 Intercept Slope
Normal Pressure (PSF) 530 1030 2030 4030 232.21 1.2355
Max Shear Stress 29.3 52.5 92.7 0 *Manually Enter from Trendline Equation
Shear Stress (PSF) 861.1 1543.7 27274 - C (PSF) PHI
232 51
y = 1.2355x + 232.21
Saturated Direct Shear Results
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g S
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FIGURE NO. 41

Haro Kasunich and Associates
Geotechnical and Coastal Engineers
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Direct Shear

Project: SLVWD LYON TANK Date 1/5/2018
Sample # 6-3-1 Tested By: RC
Description Brown Silty Sand and D.G.
Equation of Trendline
Test Number 1 2 3 4 Intercept Slope
Normal Pressure (PSF) 530 1030 2030 4030 462.9 1.0812
Max Shear Stress 32.7 57.4 89.1 0 *Manually Enter from Trendline Equation
Shear Stress (PSF) 961.9 1687.7 2620.8 - C (PSF) PHI
463 47

y = 1.0812x + 462.92

Saturated Direct Shear Results

4500.0

4000.0

3500.0

3000.0 /

2500.0
/

Shear Stress (PSF)

2000.0 //
1500.0 //

1000.0 S

500.0 /

0.0

0 500 1000 1500 2000 2500

Normal Pressure (PSF)

FIGURE NO. 42

Haro Kasunich and Associates
Geotechnical and Coastal Engineers
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Direct Shear

Project: SLVWD LYON TANK Date 1/5/2018
Sample # 6-9-1 Tested By:| RC/MM
Description Brown Sandy Clay
Equation of Trendline
Test Number 1 2 3 4 Intercept |Slope
Normal Pressure (PSF) 530 1030 2030 KQBO 610.61] 0.7424
Max Shear Stress 31.7 50.4 70.8
Shear Stress (PSF) 933.1 1481.8 | 2082.2 0 C (PSF) PHI
611 37
y = 0.7424x + 610.61
In-Situ Direct Shear Results
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Haro Kasunich and Associates
Geotechnical and Coastal Engineers
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Direct Shear

Project: SLVWD LYON TANK Date 1/5/2018
Sample # 1/5/2018 Tested By: RC
Description Mottled Brown Silty Sand

Equation of Trendline

Intercept Slope

358.47 0.915

*Manually Enter from Trendline Equation

C(PSF) |__PHI

358 42

y =0.915x + 358.47

2000 2500

Test Number 1 2 3 4
Normal Pressure (PSF) 530 1030 2030 4030
Max Shear Stress 34.2 36.0 78.1 0
Shear Stress (PSF) 1005.1 1058.4 2296.8 -
Saturated Direct Shear Results
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1000.0 /,/ L 4
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Haro Kasunich and Associates

FIGURE NO. 44

Geotechnical and Coastal Engineers
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Direct Shear

Project: SLVWD LYON TANK Date 12/15/2017
Sample # 8-6-2 Tested By:| RC/MM
Description Brown Clayey Sand
Equation of Trendline
Test Number 1 2 3 4 Intercept  |Slope
Normal Pressure (PSF) 530 1030 2030 4030 0] 0.8244
Max Shear Stress 18.5 25.8 47.8 117.8467
Shear Stress (PSF) 544.3 758.9 1405.4 | 3466.08 C (PSF) PHI
0 40
- . y = 0.8244x
In-Situ Direct Shear Results
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FIGURE NO. 45

Haro Kasunich and Associates
Geotechnical and Coastal Engineers
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Direct Shear

Project: SLVWD Lyon Tank AR Slide Date 1/5/2018
Sample # 11-7-2 Tested By: RC
Description Brown Silty Sand
Equation of Trendline
Test Number 1 2 3 4 Intercept Slope
Normal Pressure (PSF) 530 1030 2030 4030 366.72 0.6161
Max Shear Stress 27.8 27.8 57.1 0 *Manually Enter from Trendline Equation
Shear Stress (PSF) 816.5 816.5 1679.0 - C (PSF) PHI
367 32
y=0.6161x + 366.72
Saturated Direct Shear Results
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FIGURE NO. 46

Haro Kasunich and Associates
Geotechnical and Coastal Engineers
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Direct Shear

Project: SLVWD LYON TANK Date 1/5/2018
Sample # 12-8-2 Tested By: RC
Description Orangish brown clay w/ sand
Equation of Trendline
Test Number 1 2 3 4 Intercept Slope
Normal Pressure (PSF) 530 1030 2030 4030 292.41 1.0051
Max Shear Stress 28.1 451 79.3 0 *Manually Enter from Trendline Equation
Shear Stress (PSF) 825.1 1327.7 2332.8 - C (PSF) PHI
292 45
y = 1.0051x + 292.41
Saturated Direct Shear Results
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FIGURE NO. 47

Geotechnical and Coastal Engineers
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Variation of Standard SPT Blows vs Depth

Field Standard SPT Blows
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Variation of Standard SPT Blows vs Depth

Field Standard SPT Blows
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FIGURE NO. 49
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Variation of Saturation Degree vs Depth

Saturation degree (%)
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FIGURE NO. 50
121 of 308



10

15

20

25

Depth (ft)

30

35

40

45

50

122 of 308

Variation of Saturation Degree vs Depth

Saturation Degree (%)
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FIGURE NO. 51
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Variation of Void Ratio vs Depth

Void Ratio (e)
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Variation of Void Ratio vs Depth

Void Ratio (e)
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Project No. SC4090.1
6 August 2018

APPENDIX B

Lyon Tank Slide 3D Orthographical Model (Figures 54 — 58)
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B-9 B-11 key: | B-7  SOILBORING LOCATION
LANDSLIDE MATERIAL CASE 1
B'1 0 NATIVE SOIL
CASE 1 - ORTHOGRAPHIC VIEW
LYONS TANK SLIDE
SANTA CRUZ, CALIFORNIA
SAN LORENZO VALLEY WATER DISTRICT
SCALE: 1n = 20|
DRAWN BY: BRS
DATE: mAY 2018| HARO, KASUNICH & ASSOCIATES, INC.
NOTES: REVISED: GEOTECHNICAL AND COASTAL ENGINEERS
1. 3D SURFACE FROM PAUL JENSEN PROFESSIONAL LAND 116 E. LAKE AVENUE, WATSONVILLE, CA 95076
SURVEYOR, DATED 2-1-2018. JOB NO. SC4090.1 (831) 7224175
2. BOTTOM OF BORING INDICATES BEDROCK CONTACT.
FIGURE NO. 55

0 5 10

SCALE: 1"=20'
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kev: [B-1  SOILBORING LOCATION
LANDSLIDE MATERIAL CASE 1
NATIVE SOIL
CASE 1 - ORTHOGRAPHIC VIEW
LYONS TANK SLIDE
SANTA CRUZ, CALIFORNIA
SAN LORENZO VALLEY WATER DISTRICT
SCALE: 1n = 20|
DRAWN BY: BRS
DATE: mAY 2018| HARO, KASUNICH & ASSOCIATES, INC.
NOTES: REVISED: GEOTECHNICAL AND COASTAL ENGINEERS
1. 3D SURFACE FROM PAUL JENSEN PROFESSIONAL LAND 116 E. LAKE AVENUE, WATSONVILLE, CA 95076
SURVEYOR, DATED 2-1-2018. JOB NO. SC4090.1 (831) 7224175
2. BOTTOM OF BORING INDICATES BEDROCK CONTACT.
FIGURE NO. 56
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B-9 B-11 key: | B-7  SOILBORING LOCATION
LANDSLIDE MATERIAL CASE 2
B'1 0 NATIVE SOIL
CASE 2 - ORTHOGRAPHIC VIEW
LYONS TANK SLIDE
SANTA CRUZ, CALIFORNIA
SAN LORENZO VALLEY WATER DISTRICT
SCALE: 1n = 20|
DRAWN BY: BRS
DATE: mAY 2018| HARO, KASUNICH & ASSOCIATES, INC.
NOTES: REVISED: GEOTECHNICAL AND COASTAL ENGINEERS
1. 3D SURFACE FROM PAUL JENSEN PROFESSIONAL LAND 116 E. LAKE AVENUE, WATSONVILLE, CA 95076
SURVEYOR, DATED 2-1-2018. JOB NO. SC4090.1 (831) 7224175
2. BOTTOM OF BORING INDICATES BEDROCK CONTACT.
FIGURE NO. 57

0 5 10
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kev: [B-1  SOILBORING LOCATION
LANDSLIDE MATERIAL CASE 2
NATIVE SOIL
CASE 2 - ORTHOGRAPHIC VIEW
LYONS TANK SLIDE
SANTA CRUZ, CALIFORNIA
SAN LORENZO VALLEY WATER DISTRICT
SCALE: 1n = 20|
DRAWN BY: BRS
DATE: mAY 2018| HARO, KASUNICH & ASSOCIATES, INC.
NOTES: REVISED: GEOTECHNICAL AND COASTAL ENGINEERS
1. 3D SURFACE FROM PAUL JENSEN PROFESSIONAL LAND 116 E. LAKE AVENUE, WATSONVILLE, CA 95076
SURVEYOR, DATED 2-1-2018. JOB NO. SC4090.1 (831) 7224175
2. BOTTOM OF BORING INDICATES BEDROCK CONTACT.
FIGURE NO. 58
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APPENDIX C

Summary Results of Stability Analysis (Figures 59 — 71)
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Lyon Tank Slope Stability Safety Factor- Cross Section C3- 2017 Landslide Condition - Static
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Lyon Tank Slope Stability Safety Factor- Cross Section C3- 2017 Landslide Condition - Seismic
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Lyon Tank Slope Stability Safety Factor- Cross Section C3- Current Condition - Static
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Lyon Tank Slope Stability Safety Factor- Cross Section C3- Current Condition - Seismic
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Lyon Tank Slope Stability Safety Factor- Cross Section C3- Improved Ground - Static
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Lyon Tank Slope Stability Safety Factor- Cross Section C3- Improved Ground - Seismic
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Lyon Tank Slope Stability Safety Factor- Cross Section C3- Improved Upper Road- Static
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Lyon Tank Slope Stability Safety Factor- Cross Section C3- Improved Upper Road- Seismic
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Lyon Tank Slope Stability Safety Factor - Cross Section C3 - Down Slope Lower Secant Row - Seismic
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Lyon Tank Slope Stability Safety Factor - Cross Section C3 - Down Slope Lower Secant Row - Static
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Lyon Tank Slope Stability Safety Factor - Cross Section C3 - Down Slope Lower Secant Row-With Grading - Seismic
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Lyon Tank Slope Stability Safety Factor - Cross Section C3 - Down Slope Lower Secant Row- With Grading - Static
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Project No. SC4090.3
13 August 2019

SAN LORENZO VALLEY WATER DISTRICT
13060 Highway 9
Boulder Creek, California 95006

Attention: Mr. Rick Rogers
Subject: Geotechnical Investigation

Reference: Lyon Tank Access Road Landslide Repair
365 Madrone Drive
Boulder Creek, California

Dear Mr. Rogers:

In accordance with the request of the San Lorenzo Valley Water District (SLVWD),
Haro, Kasunich and Associates, Inc. (HKA) have performed a Geotechnical
Investigation for the repair of the access road that services the Lyon Tank in Boulder
Creek, California.

The accompanying report presents our conclusions and recommendations, as well as
the results of the geotechnical investigation on which they are based. A broad soil
mass disconnected from the hillside during the winter rain season of 2016/2017 and
mobilized downslope leaving a large head scarp that undermined a portion of the
access road including Madrone Road. The access road that services the subject water
tank crosses over the soil mass in several locations. Portions of the road mobilized
along with the soil mass in some locations and in other locations the road was
completely buried.

The San Lorenzo Valley Water District (SLVWD) has requested that HKA develop an
understanding of the unstable broad soil mass and present geotechnical
recommendations for stabilization and reconstruction of the damaged portions of the
access road. To better understand the geologic and geotechnical parameters of the
project site, HKA completed a field exploration program that included, site
reconnaissance, 16 test borings drilled to depths of 7.0 and 51.5 feet below the ground
surface (bgs), and laboratory testing for mechanical properties of soil samples
collected from within the test borings. The study area was topographically mapped
several times by Professional Land Surveyor Paul Jensen. The soil mass continued
to mobilize between surveys with most recent map dated February 2018.

Geologic sections were developed using the topographical map along with data
collected during the field exploration. A worst case slope stability model of the hillside
was created in cross section view by assigning mechanical properties (strength,
density, moisture) to the soil layers in the geologic section. The slope stability analysis
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was completed with the aid of the computer software program SLOPE/W by
GEOSLOPE. A double check of the inputs for the model was completed by back
calculating the landslide that already occurred under wet winter conditions without the
influence of seismic shaking.

The preliminary results of the analysis were presented to the representatives of the
SLVWD. In brief a broad soil mass has disconnected from the hillside from the head
scarp down to Hessey Creek. The disconnected soil mass is unstable under wet winter
conditions without seismic shaking and will continue to reactivate overtime and creep
downslope. The entire disconnected soil mass will be stabilized from the head scarp
down to Hessey Creek.

HKA recommends unloading the soil mass by removing the upper 5 (+/-) feet of sall
starting below Madrone Road up to the head scarp. The soil mass starting from
Hessey Creek up to the head scarp should be stabilized using three rows of buried
secant piles or two rows of buried secant walls with a culvert fill slope buttressing the
toe. The upper row of secant piles is recommended to be constructed on the hillside
approximately halfway up to the head scarp from Madrone Road. The upper row is
estimated to be 150 feet long by as much as 40 feet deep. The middle row of secant
piles would be constructed along the outboard side of Madrone Road and is estimated
to be 200 feet long by as much as 55 feet deep. The lower row of secant piles is
recommended to be constructed approximately 20 feet from Hessey Creek and along
portions of the existing dirt path. The lower secant row is estimated to be 225 feet long
and 50 feet deep. To rebuild and secure the severely damaged portion of the upper
access road where the soil mass dislodged from the head scarp, an engineered fill
slope is recommended to be constructed from the upper row of secant piles up to the
inboard side of the damaged upper road.

Alternatively to the lower row of secant piles, a culvert and fill slope can be constructed
to stabilize the base of the slide mass. The culvert will be approximately 8 feet in
diameter and 200 feet long. The culvert will control the flow of the Hessey Creek from
the upstream limits of the slide down to the existing culvert. The culvert should be
backfilled with onsite soils and an engineered fill slope constructed up to Madrone
Road.

HKA re-iterates that the disconnected soil mass downslope from Madrone Road is to
remain on site. We anticipate a temporary road will need to be constructed to install
the upper and lower row of secant piles on the hillside. Additional working meetings
with structural and civil designers, specialty contractors, and SLVWD are anticipated,
in order to develop viable working drawings.

157 of 308



If you have any questions concerning the data or conclusions presented in this report,
please call our office.
Respectfully Submitted,

HARO, KASUNICH AND ASSOCIATES, INC.

Ashton Buckner, E.I.T. Moses Cuprill
Staff Engineer C.E. 78904
AB/MC/rh

Copies: 4 to Addressee

1 pdf to Rick Rogers_rrogers@slvwd.com
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GEOTECHNICAL INVESTIGATION

1. Introduction

This report presents the findings, conclusions and recommendations of our
Geotechnical Investigation for the Lyon Tank Access Road Landslide Repair
Project. The Tank site is located at the end of Madrone Drive in Boulder Creek,
California (see Site Vicinity Map, Figure 1 in Appendix A). A broad soil mass
disconnected from the hillside and mobilized downslope. We will refer to the
disconnected soil mass as the “landslide” from here forward. The slow moving
landslide, which initially activated in the winter of 2017, has resulted in significant
damage to the only access road to the SLVWD Lyon Water Tank and Water
Treatment Facility. The water tank is the main water supply for residents within the
San Lorenzo Valley Water district. The landslide is located between the upper most
road that provides access to the base of the Lyon Tank which we will refer to as
the “upper road” (that traverses the head scarp) and Hessey Creek, located about
200 feet downslope and to the east. A 160 foot long portion of Madrone Road
which we will refer to as the “lower road” crosses the active landslide deposit and
has been damaged. This report presents the results of our field investigations,
laboratory testing, static and seismic slope stability analysis, and development of

geotechnical design criteria and recommendations for stabilization of the landslide.

Survey Maps with cross sections of the landslide area were prepared by Paul
Jensen, and provided for our use. The landslide maps, with cross sections, are

dated February 2017, June 2017, October 2017, and February 2018. The landslide
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area was surveyed four times to assist in evaluating the movement of the active
landslide and to define potential toe of slip surfaces. The locations of exploratory
borings indicated on the maps were surveyed by Mr. Jensen. The ground surface
elevations at each boring location on the landslide deposit vary depending on the

map date due to the ongoing movement of the landslide.

The Lyon Tank lower road crosses the landslide site immediately before a hairpin
turn up to the tank. Just beyond the hairpin turn, the road forks. The lower fork of
the road or the “upper road” leading to the tank has been damaged and is unusable
due to landsliding. Before the hairpin, a 160 foot length of the lower road has been
damaged by landsliding and temporarily repaired. The initial movement of the
landslide was first observed by Haro Kasunich and Associates, Inc. (HKA) on 13
February 2017 during an on-site meeting with SLVWD Operations Management
staff. We were informed ground and asphalt cracks were first observed in January
2017 after heavy rainfall at the site. At the time of our 13 February visit, the west
lateral edge of the landslide and access road had dropped 2” to 4” and a 2’ to 3’
wide asphalt patch had been placed and compacted from the north to south side
of the road to bridge the damaged area. The patch covered over a zone of 1” to 2”
wide cracks in the asphalt. Soil cracks with a few inches of vertical displacement

extended up the slope toward the upper access road.

A 15-inch diameter culvert on the surface of the slope below the access road on

the west side of the slide was observed to be discharging water and angular gravel.
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The gravel was part of a gravel blanket drain installed during grading for
construction of the access road to the Water Treatment Plant. The landslide
movement dislodged and broke the pipe, allowing the gravel to flow into the culvert

and then to be discharged out the end of the culvert.

In addition to the access road landslide, surficial sliding on the upper slope
between the Lyon Tank and Water Treatment Plant was first observed by HKA on
13 February 2017. The slumps occurred about mid slope in several areas. On 15
February, the portion of the upper slope where slump slides occurred was covered
with plastic sheeting and sandbags tied by rope to anchor the plastic and divert

incident rainfall from the slope to the asphalt road below.

The access road landslide continued to move after heavy rainfall and by 22
February the east side of the upper access road down dropped several inches and
numerous 1" to 2" wide cracks along a 50 foot long portion of the road had
developed as the slide moved downslope. By Sunday 26 February, the landslide
moved significantly and a 70' long portion of the road collapsed at the top of the
landslide. The landslide left a 1' to 5' high head scarp at the inboard side of the
lower of the upper roads. The west end of the access road dropped about 4 feet
and subsurface water was emanating from the landslide scarp at the access road.
Buckling of the pavement was observed on the downslope portion of the access
road crossing the landslide. In early March, the entire landslide surface from the

access road to the slide head scarp and side scarps was covered with plastic
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sheeting and rope tied sandbags to prevent incident rainfall from infiltrating into the

covered part of the landslide deposit.

Several large trees on the landslide deposit were observed to be leaning
significantly and posed a danger to the field investigation. The district hired a tree
service to remove the worst of the leaning trees, which were removed in March
and/or April 2017. On the west side of the access road, which had dropped about
6 feet, the district built a temporary gravel fill slope to provide vehicle access to the
Water Treatment Plant and Lyon Tank for workers who perform daily maintenance
and monitoring duties required to continue supplying potable water to District

customers.

The movement of the landslide continued until early May 2017 when our initial
borings were drilled. The plastic sheeting had been removed prior to our drilling
and the landslide was re-surveyed in May. At that time the west side and the upper
portion of the landslide had dropped from 6' to 8' and a bulge had developed on
the slope between the creek and the access road. The west side of the section of
the access road crossing the landslide had dropped 6' to 7'. The east side of the
access road on the landslide had buckled due to uplift pressure from the slide and
the curb drain inlet on the inboard side of the road was damaged by the landslide.
The east side of the slide is buttressed by a previous road repair in 1986 which

replaced a failed wood crib wall. The repair consisted of removal of soil on the

164 of 308



slope and in the stream channel, installation of a large culvert in the stream, and

placement and compaction of rock and soil backfill on the slope and road.

After our initial borings, a path was cleared on the slope below the access road to
provide access for a drill rig to advance an additional 4 borings on the landslide
deposit below the access road and 1 boring on the landslide deposit above the
access road. Adjacent to Boring B-10 on the slope between the access road and
Hessey Creek, a constant flow of water seeping from the toe of a steep slope was

observed.

A fourth survey of the site in October 2017 indicates the upper landslide headscarp
had increased to 6' to 10" high and the landslide had moved up to 4 feet horizontally
toward the creek since the first survey (which had been done after significant

movement had already occurred).

New longitudinal cracks in the upper road to the Water Treatment Plant were
reported by the district in late October 2017. The cracks on the upper Water
Treatment Plant parking area were generally 1/32" to 1/16" wide. One asphalt
crack was 1/2" wide. We returned to the site and drilled 4 supplemental borings in
the Water Treatment Plant parking area to assess the subsurface conditions

underlying the parking area and the slope descending to the Lyon Tank.
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Based on geological review of published regional geologic maps of the area, we
found a fault zone traverses through the project area. The historical presence of
the fault zone in the area likely sheared and weakened the earth materials during
geologic time and likely also disrupted groundwater flow. The landslide slip surface
has extraordinarily weak earth materials along it with very low residual strengths;
in part because of historical shearing during previous instability including the 2017
re-activation. The above factors complicate landslide repair because of difficulty
in maintaining safety during any mass excavation of the landslide materials. The
landslide mass is expected to continue to be unstable and may expand should

nothing be done to mitigate the existing condition.

HKA performed field explorations (test borings); 1) to profile the subsurface earth
materials; 2) obtain samples; and 3) perform a laboratory testing program. On
September 15", 2017, a memorandum was prepared by HKA including discussion
about slope improvement feasibilities. In this report, we present results of the
geotechnical analysis which is limited to the 2017 landslide. The proposed
mitigation solution is to install three rows of secant piles, one along the outboard
side of the middle road, another on the hillside midway upslope to the upper road,
and lastly, another row offset 20 feet from Hessey Creek (lower row). Alternatively,
the lower row of secant piles may be replaced with a culvert plus fill slope repair.
The three rows of piles should be advanced into bedrock a minimum of 15 feet. A
temporary road will need to be graded to install the upper and lower row of secant

piles.
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The upper road is recommended to be re-constructed by grading an engineered
fill slope with a slope gradient of 2H:1V with its toe at the upper row of secant piles
and crest along the outboard board side of the upper road. To re-construct the
travel way of the upper road, the fill slope would continue at 2%-5% from its crest

to the inboard cut slope along the upper road.

The culvert and fill slope repair would consist of installing a new 8 feet diameter
culvert and a new engineered fill slope along the stream channel. The new culvert
would be connected to the existing culvert east of the landslide. Hessey Creek
splits into two streams at station 1+40. The culvert will need to be designed to
accommodate this channel split. Grading will include placement and compaction
of rock and soil backfill for the keyway and the fill slope ascending to the lower
road and connection of the new fill slope to the existing fill slope east of the

landslide.

2. Purpose and Scope

Our scope of services included review of existing geotechnical and geologic
information related to the site, drilling and sampling in sixteen (16) exploratory
borings, laboratory testing, and engineering analysis. The key focus was
evaluation of the unstable landslide mass using the projected failure mode

geometry; and evaluation of a practical method to improve the slope. The purpose

167 of 308



of these services is to provide information and geotechnical recommendations
relative to:

e Subsurface soil conditions;

e Groundwater conditions;

e Seismic considerations;

¢ Relative stability of landslide deposits and in-situ earth materials within the

slip-out area (under static loading conditions);
e Earthwork recommendations;

¢ Construction cost and feasibility of both design options.

3. Field Exploration and Laboratory Testing

3.1. Field Exploration

The field investigation has been completed at the site by drilling 16 boreholes over
a period of approximately 6.5 months. Twelve boreholes were drilled at the 2017
landslide between the Lyon Tank and the existing creek at the base of the slope.
Boreholes 13 to 16 were drilled at the top of the slope south of the Lyon tank. B-1
to B-12 were drilled within the landslide area. The specifics of the drilled boreholes

are presented in Table 1.
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Table 1:
Drilled Boring Specifications

Approximate Top Approximate
No. Drilling Date Depth (ft) Elevation (ft) Bottom Elevation
(ft)
B-1 May 4, 2017 51.5 819.0 767.5
B-2 May 4, 2017 31.5 819.5 788.0
B-3 May 23, 2017 36.5 815.5 779.0
B-4 May 23, 2017 46.5 822.5 776.0
B-5 May 24, 2017 41.5 847.5 806.0
B-6 May 24, 2017 33.0 851.5 818.5
B-7 May 24, 2017 30.0 810.8 780.8
B-8 July 24, 2017 46.5 797.9 751.4
B-9 July 24, 2017 41.5 792.5 751.0
B-10 July 25, 2017 35.0 778.3 743.3
B-11 July 25, 2017 35.0 779.7 744.7
B-12 July 25, 2017 32.5 838.3 805.8
B-13 | November 22, 2017 32.5 888.5 856.0
B-14 October 22, 2017 7.0 888.5 881.5
B-15 | November 22, 2017 31.5 888.0 856.5
B-16 | November 22, 2017 21.5 888.5 867.0

Representative soil samples were obtained from the exploratory borings at
selected depths, or at major strata changes. These samples were recovered using
a 3.0 inch O.D. Modified California Sampler (L), or by a 2.0 inch O.D. Standard
Terzaghi Sampler (T) i.e. SPT sampler. The SPT blow counts with large sampler
(NL) should be reduced by a specific reduction factor to convert to Standard SPT
blow counts (Ns). The correlation between these two values are presented below:
Ng =N [(WH)/(623N-0.762m)] [(50.8-34.9%)/(D*-D;%)] (Equation 1)

The penetration blow counts noted on the boring logs were obtained by driving a

sampler into the soil with a 140-pound hammer dropping through a 30-inch fall.
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The sampler was driven up to 18 inches into the soil and the number of blows
counted for each 6-inch penetration interval. The numbers indicated on the logs
are the total number of blows that were recorded for the second and third 6-inch
intervals, or the number of blows that were required to drive the penetration depth

shown; when high resistance was encountered.

Given the hammer weight and the hammer drop height used for both samplers are
the same, the difference of blow counts is because of outer and inner dimensions.
For the Modified California Sampler with 3 inch (76.1mm) O.D. and 2.4 inch
(61mm) I.D. the reduction factor of 0.65 will be used in our project to convert N to
Ns. In Figures 48 & 49, Appendix A, variation of field SPT blows versus depth in
different boreholes are shown. In these graphs, the large sampler blow counts (NL)

were converted to standard SPT blow counts (Ns).

The soils encountered in the borings were continuously logged in the field and
visually described in accordance with the Unified Soil Classification System (ASTM
D2488). The Logs of Test Borings are included in Appendix A of this report. The
logs depict subsurface conditions at the approximate locations shown on the
Boring Site Plans; subsurface conditions at other locations may differ from those
encountered at the explored locations. Stratification lines shown on the logs
represent the approximate boundaries between soil types; actual transitions may

be gradual.
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3.2. Madrone Road Condition

Assess to the site for large construction vehicles and equipment will need to be
evaluated by contractors. Madrone Road intersects with South Redwood Drive and
Boulder Brook Drive with a sharp turn radius that will make mobility difficult for
large vehicles. Smaller vehicles may need to be used which will slow construction

down.

Madrone Road itself is cut into the hillside with an outboard fill edge that appears
to show no signs of distress, movement, or landsliding. Multiple locations along
Madrone Road have large redwood trees limiting the road width to approximately
10 feet wide. The asphalt surface will be heavily damaged as a result of

construction.

If areas are identified to need improvement, HKA will prepare a geotechnical work

plan to investigate and provide recommendations for improvement of the road.

3.3. Laboratory Testing

The laboratory investigation was directed toward a quantitative and qualitative
evaluation of the physical and mechanical properties of the subsurface materials

at the project site.

Selected samples retrieved from the exploratory borings were returned to the

laboratory for examination and testing to evaluate their physical characteristics and
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engineering properties. Below is a description of the series of tests performed in
our laboratory on selected samples retrieved from the field investigation. These
tests were performed in accordance with the standards of the American Society
for Testing and Materials (ASTM) and contemporary geotechnical engineering
practices. Samples were tested to measure moisture content and unit weight,
plasticity, grain size distribution, and shear strength. The results of the laboratory
tests are presented in Appendix A and as appropriate adjacent to the

corresponding sample designations on the boring logs.

Table 2:
List of Laboratory Tests
TEST Standard Code
Atterberg Limits ASTM-D 4318
Grain Size ASTM-D 421, D 422
Specific Gravity ASTM-D 857
Water Content ASTM-D 226
Classification ASTM-D 2488
Direct Shear ASTM-D 3080

4. Site Characterization

4. 1. Soil Layers Description

Based on site visits and observation of retrieved samples during drilling operations,
the subsurface soils consist of loose to medium dense, moist to wet, brown to grey
silty sand, clayey sand, and sandy clay overlaid on weathered bedrock. The
bedrock consists of very dense light brown weathered Lompico Sandstone or
Monterey Formation. In boreholes B-1 to B-12, bedrock was encountered at

various depths ranging from 26 to 46 feet below ground surface. This variation is

172 of 308



likely a result of tectonic pressures that has changed the bedrock elevation,
differential weathering, and the possibility of modification by landslide mass

movement.

On portions of the existing slope, man-made grading (cut and fill) has changed the
soil thicknesses. In some boreholes, the soils encountered suggest silty sand was
historically used as fill during historical grading operations that created the old
reservoir at the site and/or during grading for the Lyon Tank that was constructed
to replace the reservoir about 25 years ago. According to SPT blow counts, this
loose to medium dense fill material is suspected to have been placed as

uncompacted fill.

Based on our observations, some of the undocumented fill material is comprised
of soils excavated from elsewhere on the site, making it difficult to distinguish
between the two. Some boreholes were not located within the 2017 landslide area,
including boreholes B-5 to B-7. The soil layers in B-1 to B-4 and B-8 to B-12 are
within the landslide. The landslide mass found in these boreholes varied in
thickness. The maximum 2017 landslide mass thickness observed in B-1 was

38 ft (2).

Based on the retrieved soil samples, there are areas where native soils exist above

the bedrock that did not move as part of the 2017 landslide mass. These soils lie

between the landslide mass and the bedrock. In Table 3, the Soil Layer Conditions
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after the 2017 Landslide are presented. We note, boreholes B-13 to B-16 were

drilled outside of the landslide area. Therefore, the soil layer condition for these

four boreholes are not described in Table 3. The landslide and native soil layers

observed during drilling of the different boreholes is also presented graphically as

a 3D landslide surface within the hillside. This is shown (named as Case 1) in

figures 55 & 56 in Appendix B of this report.

Soil Layer Conditions After 2017 Landslide Event

Table 3:

2017 Thickness of
Hole | Hole Top | Landslide undl_sturbgd Bedrock | Bedrock EI; EI;
. native soll : Surface | Surface
No. | Depth | Elevation Mass . Depth | Elevation )
. below landslide Depth | Elevation
(ft) (ft) Thickness (ft) (ft)
(ft) layer to (ft) (ft)
bedrock (ft)

B-1 | 515 819.0 38 7 45 774 - -
B-2 | 315 819.5 22 8 30 789.5 - -
B-3 | 36.5 815.5 25 6 31 784.5 5 810.5
B-4 | 46.5 822.5 30 16 46 776.5 4 818.5
B-5 | 415 847.5 0 45 45 802.5 15 832.5
B-6 | 33.0 851.5 0 32 32 819.5 - -
B-7 | 30.0 810.8 0 27 27 783.8 - -
B-8 | 46.5 797.9 32 6 38 759.9 12 785.9
B-9 | 415 792.5 20 19 39 753.5 4 788.5
B-10 | 35.0 778.3 24 14 38 740.3 6 772.3
B-11| 35.0 779.7 19 15 34 745.7 25 754.7
B-12 | 325 838.3 30 1 31 807.3 - -

4.2. Groundwater

At the time of drilling, water was encountered in some boreholes at different

depths. The significant difference of water level indicates that the observed water

is perched water and mainly results from rainwater infiltrating at the site and at
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neighboring highlands and mountain slopes that then flows through permeable
soils that overly the bedrock. The 2017 landslide event caused some parts of
surficial soils to become scrambled and fractured, thus a change in permeability of
these soil layers resulted. The wetness of the recovered interface soil samples at
the slip plane contact zone indicate much higher moisture content percentage than
in the underlying weather bedrock, as a result of groundwater following the slip
surface fractures. Figures 50 to 53 in Appendix A show variation of soil saturation
degree and void ratio versus depth in the different boreholes. These values were
calculated using laboratory soil samples measuring dry density and moisture

content.

Groundwater conditions vary with environmental variations and seasonal
conditions such as frequency and magnitude of rainfall patterns. Seasonal
groundwater fluctuations should be considered in design and construction. We
recommend the contractor alert the engineers of actual groundwater levels, if
encountered during construction, to determine groundwater impact on the
construction procedures and on design. Inflow of groundwater during excavation
could lead to significant construction problems and unsafe working conditions for
personnel. If not properly controlled, groundwater inflow could also contribute to

backslope failure of temporary excavations resulting in great bodily injury or death.
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4.3. Soil Properties

Topographical maps of the site were provided four times by Paul Jensen to
document the continuing movement of the landslide mass. Maps were provided

February, June, and October 2017, and February 2018.

The cross section locations as shown in Appendix C, were developed by HKA
using the topographic maps prepared by Paul Jensen. These cross sections were
used as the basis for our slope stability analysis. The most critical cross section
with the deepest landslide plane was selected to carry out the slope stability
evaluation. We utilized the exploratory borings from our field investigation to
develop a subsurface profile model. Four (4) different soil types were developed in

these analyses.

The soil boundaries indicated on the cross sections are based on; 1) the engineer’s
observations and soil evaluations in the field; 2) the results of field Standard
Penetration Tests (SPT) conducted during soil sampling; and 3) the engineer’s
laboratory test results. The soil boundary lines were projected between and
beyond the location of the test borings in both directions, presuming a straight line;
based on experience and engineering judgement in the site vicinity. The model is
simplified and based on extrapolation of information obtained during field and
laboratory testing. Changes in the soil stratum are likely more gradual than

indicated in our models.
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Strength parameters for the different soil types were determined using standard
penetration test (SPT) results, laboratory direct shear results, and engineering
judgment. The 2017 landslide was modeled using soil and bedrock parameters
determined by laboratory and field test results in the way the landslide occurred
and then the physical parameter accuracy was calibrated. In Table 3, in-situ
landslide silty sandy layer (Soil 1), in-situ native silty sandy layer (Soil 2), and bed
rock (Soil 3). The current condition of the impacted hillside was modeled using Soil
1 to Soil 3. For the improved slope conditions, for those parts that were filled by
compacted in-situ soil, Compact Fill (Soil 4) was introduced and used in the model.

Table 4:
Slope Stability Soil Strengths

_ Cohesion Friction Unit
Soil No. (psf) Angle Weight
(deg) (pcf)
Residual Soil /

1 Landslide Soil 150 22 85

2 Native Soil 400 28 110

3 Bedrock 3,000 40 125

4 Compacted Fill 1,500 37 115

5. Geotechnical Related Seismicity

The improvements should be designed in conformance with the most current

California Building Code (2016 CBC). For seismic design, the soil properties at
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the site are classified as Site Class “D” based on definitions presented in Section
1613.3.2 in the 2016 CBC that refers to Chapter 20 of ASCE 7. The longitude and
latitude were determined using a satellite image generated by Google Earth. These
coordinates were taken from the portion of the proposed improvements with the

slightly higher mapped peak ground acceleration:

Longitude = -122.135312, Latitude = 37.125984
The coordinates listed were used as inputs in the OSHPD Seismic Design Maps
created by California’s Office of Statewide Health Planning and Development
(OSHPD) to determine the ground motion associated with the maximum
considered earthquake (MCE) Swm and the reduced ground motion for design Sp.

The results are as follows:

Site Class D

Sms= 1.500 g
Swi= 0.902 g
Sps= 1.000 g
Sp1= 0.601g

A maximum considered earthquake geometric mean (MCEg) peak ground
acceleration (PGA) was estimated using the Figure 22-7 of the ASCE Standard 7-
10. The mapped PGA was 0.527 g and the site coefficient Fpca for Site Class D is
1.0. The MCEg peak ground acceleration adjusted for Site Class effects is PGAwm

= Fpea* PGA
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| PGAm= 1.0 * 0.527g = 0.527 g

6. Quantitative Slope Stability Analysis

Stability analysis was performed on a cross section cut through the project site.
The selected cross section location was selected by HKA’s Project Geologist. The
slope stability analysis was performed to quantify the instability associated with the
occurrence of the 2017 landslide using the 2017 slope geometry; and also to
analyze the potential for failure of the proposed improved slopes under static winter

conditions and seismic loading conditions.

6.1. General Methodology

Slope failures or landslides can cause problems including encroachment, property
damage, personal injury, or even death. Failures of slopes occur when stress
acting on the soil mass is greater than its internal strength (shear strength). A
slope is considered stable when the strength of its soil mass is greater than the
stress field acting within it. Some common variables influencing stress are gravity
(steeper slopes), hydrostatic pressure (perched groundwater), soil surcharge
pressures (overburden), concentrated surcharge at up slope (buildings, vehicles

on the road and etc.), and seismic surcharge (earthquake shaking).

Various methods of analyzing stability of slopes yield a factor of safety. A factor

of safety (FS) is determined by dividing the resisting forces within the slope soils

(earth materials) by the driving forces within the slope (stress field). A FS greater
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than or equal to 1.0 is considered to be in equilibrium. A FS less than 1.0 is a
potentially un-stable slope condition. HKA considers the potential for instability of
a slope or hillside to be low with a FS against sliding greater than or equal to 1.10
under seismic loading conditions and 1.50 under static loading conditions. Some
governing agencies including Santa Cruz County Environmental Planning and the
Mining Safety and Health Administration (MSHA) require slopes to have a FS

equal to or greater than 1.20 to be considered seismically stable.

6.2. Quantitative Analysis with GeoStudio Slope/W

The analysis was completed with the aid of GeoStudio’s Slope/W computer
software version 2018 R2. A model for the section was defined with the input
parameters consisting of slope geometry, soil properties, loading conditions, and
pore water pressure ratio. Each model was evaluated under static and seismic
loading. Mohr-Coulomb material model was used to define the soil properties. The

analysis calculates the factor of safety against sliding for the failure surface(s).

Trial failure surfaces for the analyses consisted of circular type failures.
Morgenstern-Price analysis method is used to determine normal and resistive
forces in each slice. The forces in each slice are then summed up for total force
acting on the mass. In circular (general) failure mode stability assessment, the
computer program assumes many failure surfaces using initiation and termination
points on the ground surface selected by the user. These chosen points represent

the toe and scarp of each potential landslide in relation to the assumed failure
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surfaces. The critical trial failure surface from the pseudo static analysis condition
was selected as the projected failure surface in the development of design

parameters.

6.3. Seismic Coefficient

The ground motion parameter used in pseudo static analysis is referred to as the
seismic coefficient “kn”. The selection of a seismic coefficient has relied heavily on
engineering judgment and professional publications. The 2016 California Building
Code (CBC) provides site class definitions for seismic design of structures. Based
on these definitions, a review of the site soil properties presented on our soil boring
logs, the site is classified Site Class D, in accordance with ASCE 7 (with March
2013 errata). The current version of the California Building Code contains
reference to maps of peak ground acceleration (PGA) based on site latitude and
longitude. For this project the mapped PGA is 0.527g. The PGA is multiplied by a

factor related to the seismicity of the site to obtain the seismic coefficient.

Two empirical charts developed by Blake and others are currently available for
estimating the seismicity factor in Figure 1 and Figure 2 of Chapter 5 Analysis of
Earthquake-Induced Landslide Hazards in CGS Special Publication 117
Guidelines for Analyzing and Mitigating Seismic Hazards in California 2008. Each
chart represents a minimum allowable displacement of the embankment or slope.
Figure 1 is a minimum allowable displacement of 2 inches and Figure 2 is a

minimum allowable displacement of 6 inches. In general, the more displacement
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the slope can tolerate, the lower the seismicity factor or percentage of PGA can be
calculated. A simple way to think of it is if a maximum of 0 inches of displacement
is tolerable then kn =100% of PGA would be calculated. If the slope can tolerate a
maximum of 6 inches of movement then kn would be much closer to 50% of PGA.
If the kn value used results in a factor of safety less than 1.2 for seismic loading

conditions and 1.5 for static, a Newmark analysis should be completed.

For this analysis, a maximum displacement of 2 inches within the failure mass was
presumed to be tolerable. This presumption is typical for stability analysis involving
structures or permanent improvements. The seismicity factor was estimated to be

54.0% of PGA or kn =0.54 * 0.527g = 0.285g.

6.4. Geometric Assumptions

Six (6) geometric sections (A3, B3, C3, D3, E3 & F3) were prepared by HKA’s
Geologist using the topographic map and ground surface profiles prepared by the
Surveyor. For our analysis, the failure surface was focused along the worst case
slope cross section (C3) which has the deepest impacted layers in the 2017
landslide event. Three (3) soil layers were used for the 2017 Landslide Event
Recreation model, and for the Current Condition model. Nearest the ground
surface, a layer of residual soil and landslide soil exists. The landslide soil is that
portion of the layer within the landslide slip circle. Beneath the residual soil and
landslide layer, the native soil layer consists of silty sand, clayey sand, and sandy

clay. Below the native soil layer, very dense bedrock is encountered. A fourth soil
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layer was added to the Three Secant Walls model and the Culvert and Two Secant
Walls model. This fourth soil layer represents the compacted engineered fill to be

used in the slope repair and reconstruction.

Perched water was observed in some boreholes at different depths, and in some
boreholes, no water was encountered. The landslide happened after an above
average rainy season, and landslide movement resulted in ground fractures that
act as groundwater conduits. Therefore, the soil has the potential to become
partially saturated. In order to consider the effect of rainfall in creating pore water
pressure, an “Ru” coefficient is considered for the residual soil and landslide soil
layer, and also for the deeper native soils. Ru simply models the pore pressure as
a fraction of the vertical earth pressure for each slice. Each soil can have a different
Ru value. In our project model, the Ru for the residual soil and landslide soil layer
was designated as 0.4, and the Ru for the deeper native soils was designated

as 0.5.

6.5. Slope Stability Models for Studied Site

The project slope has been modeled in four (4) conditions and each model has
been evaluated in both static and seismic conditions. The models are introduced

as follows:

a. 2017 Landslide event re-creation; Based on engineer’s judgment of the

landslide geometry.
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b. Current condition of the existing slope after the landslide;

c. Improved slope by installing three rows of secant piles, one along the
outboard side of the lower road, another on the hillside mid-way to the upper
road, and the last along the toe of the slide near Hessey Creek. The model
also considers removal of 5 (+/-) feet from the surface of the landslide from
the upper road to downslope from the lower road. After the soil is removed
and off hauled, an additional 5 (+/-) feet below this is also removed and
redensified as engineered fill. An engineered fill slope with a gradient of
2H:1V is constructed with its toe starting at the upper row of secant piles
and crest along outboard side (shoulder) of the upper road. The engineered
fill extends below the upper road restoring access.

d. Alternatively to model “c”, improved slope installing two rows of secant piles,
one along the outboard side of the lower road and another on the hillside
mid-way to the upper road. Construct a toe buttress along Hessey Creek
consisting of an 8 feet diameter culvert and fill slope ascending up to the
lower road. The model also considers removal of 5 (+/-) feet from the
surface of the landslide from the upper road to downslope from the lower
road. After the soil is removed and off hauled, an additional 5 (+/-) feet below
this is also removed and redensified as engineered fill. An engineered fill
slope with a gradient of 2H:1V is constructed with its toe starting at the upper
row of secant piles and crest along outboard side (shoulder) of the upper

road. The engineered fill extends below the upper road restoring access.
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The slope stability safety factor for the above models in both static and seismic
conditions are shown in Appendix C graphically and tabulated in this section of the

report.

2017 Landslide Event Recreation
Distinguishing the landslide mass layer from native soil is one of the most important
goals of the project investigation. In some areas the landslide mass and native soil
layers are the same, but some native soil was below where the 2017 landslide
slide plane formed. If desired, further exploration involving large diameter
exploratory borings would be required to absolutely define the landslide mass
thickness throughout the landslide area. In order to approximate the thickness of
the landslide mass and native soil thicknesses, and also the depth to bedrock in
each borehole, laboratory and field test results have been considered. Borehole
logs and the soil samples retrieved from drilling were observed as well. Then a
model of the 2017 slope was estimated. In order to select the soil parameters most
accurately, the soil parameters have been adjusted in a way that the 2017
landslide mass thickness depicted in the model matches the 2017 landslide layer
thickness that was defined by HKA. The achieved (adjusted) soil layers’
parameters were used in the other models. The results of the slope stability for this

condition can be seen on Figures 60 & 61 in Appendix C.

Current Condition Slope Stability Evaluation

In order to determine the future stability of the existing slope which contains the
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existing active landslide layers, the current condition of the slope has been
modeled using the cross section C3 provided by Project Surveyor. Stability safety
factors under static and seismic conditions have been evaluated. One of the most
important results of current condition slope modeling is to evaluate the behavior of
the native soil overlaid on the bedrock and to understand if the native soil will
participate in future landsliding under design conditions and if the answer is yes,

then how deep will be the future slope failure plane be?

Figures 62 and 63 in Appendix C show the slope stability safety factors for the
current condition. The results show the existing landslide mass is unstable under
the static condition (i.e. near a factor of safety of 1.0), as can be seen in Figure 62
in Appendix C. The results also show that in a probable future earthquake event,
the existing slope will likely fail, as can be seen in Figure 63 in Appendix C. Our
figure depicts the worst case (i.e. lowest factor of safety) landslide. Note that the
analysis indicated multiple failure surface extending as deep as the top of bedrock.
Therefore, slope stabilization should be considered at least as deep as the top

surface of the bedrock.

Discussion about Slope Stability Improvement Options

Several alternative methods to improve the existing slope were assessed. As
discussed earlier, in a future probable earthquake event, deep landsliding is
expected. The in situ native soil layers above the bedrock will become part of the

landslide. The bedrock was encountered in B-1 and B-2 at 45 feet and 30 feet
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respectively. Because the depth of the probable landslide is significant, some of
the alternative methods are likely not practical or make the stabilization very costly.
HKA previously submitted a memorandum letter on September 15™, 2017 that
discussed several slide repair options and their feasibilities from a geological and
construction perspective. These options, including the three rows of secant piles

option, are presented briefly as follow:

- Remove and Replace The Entire Slide Mass as Engineered Fill; This
method is not practicable because the existing saturated landslide mass
materials are not qualified in their in-situ condition for use as engineered fill;
and there is little to no room onsite for material conditioning (moisture
conditioning or drying back as needed) or hauling the removed soil offsite

for storage and conditioning.

- Dewater Slide Mass and Stabilize Road; This is not considered feasible
because it is difficult to locate and isolate the source of subsurface water;
Moreover, the existing slope is not stable seismically even under dry soil

conditions as shown in Figure 61.1.

- Tieback Soil Pin Pile Walls Below Both the Upper and Lower
Roadways; This option is likely to be very costly and difficult to construct.
Tiebacks will be very long in order to fully penetrate the landslide zone and

extend a sufficient length into the stable bedrock zone to provide
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stabilization. Drilling long inclined tieback holes is difficult. They may need
casing to prevent the hole wall from collapsing where it is within the
landslide mass. Landslide soil layers can not provide arching stability and
will collapse between the pin piles. The wall would need to be installed very
deep and seated on the bedrock. Access roads to support drilling equipment

would need to be constructed.

- NEW Improved slope; installing three rows of secant piles. Install three
rows of secant piles: one along the outboard side of the reconstructed lower
road (middle), on the hillside mid-way to the upper road (upper), and the
third one offset approximately 20 feet from Hessey Creek (lower).
Constructing engineered fill slope from upper row of secant piles to inboard

side of reconstructed upper road restoring access and road shoulder.

If the goal is to stabilize the existing slope containing the landslide mass, three
rows of secant piles should be installed which extend to a depth with at least a
minimum 15 feet embedment into the bedrock. The landslide soil hasn’t enough
strength to stand between pin piles or widely spaced piers based on principles of
arching. Therefore, zero spacing between piles is a requirement. Secant piles in
this case are vertical piling that are installed next to each other with no space
between each adjacent piles. The secant pile wall is constructed using a series of
closely spaced drilled shafts filled with reinforced concrete. The piles can also be

driven. However, driving the piles into very dense bedrock can be challenging or
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impractical. Also, if cast-in-place piles are designed for the project, boreholes in
the landslide mass are expected to need casing, or other means such as ground
improvement methods, or by grouting the hole and re-drilling though the grout in

increments, to prevent the sidewall soils from collapsing into the drilled borehole.

Based on the slope stability results, secant pile 1 and 2 should have minimum
38,000 pounds per linear foot of wall (plf) lateral capacity and secant pile 3 should
have a minimum 30,000 plf lateral capacity. For preliminary design purposes it can
be assumed the resultant force acts at a location 2/3 the depth to the bedrock
within the overburden soil. For practical applications, the actual location of the
resultant should be determined by HKA at several sections along wall profile. In
Figures 64 & 67 in Appendix C, slope stability safety factors under both static and
seismic conditions are presented. Based on the slope stability evaluation results,
the safety factors for both static and seismic conditions are greater than the
minimum acceptable limits, which means the upper and lower landslide mass will

be stabilized with three rows of secant piles.

For the project slope stability analysis, the most critical cross section with deepest
landslide material has been considered which requires installation of long and
deep secant piles. The length of the piles will be reduced when moving toward the
flanks (sides) of the landslide mass. In order to get a better understanding, a 3D
view of the slope and potential landslide layers in the boreholes (case 2) are

presented in Figures 57 to 58 in Appendix B.
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The top 5 (+/-) feet of soils from just upslope from the upper row of secant piles to
approximately 50 feet below the middle secant pile row is proposed for removal
permanently, as shown in Figure 64 and 65 in Appendix D. These soils should be
temporarily stockpiled in an approved location by HKA for re-use. An additional 5
(+/-) feet of soil below the removed soils will also be removed (10 feet total) and
redensified back into place. The stockpiled soils, if dried back or moisture
conditioned as needed, may be re-used as engineered fill during construction of
the fill slope that will support the upper road. The remaining soil left over should be
off hauled or placed as engineered fill in a location on-site approved by HKA. The
material should not be placed on the landslide mass below the lower row of secant

piles as it can exacerbate instability of this soil mass.

By using this method two positive things with respect to landslide resistance are
accomplished. The first is the existing bulging landslide soil mass will be removed
from the upslope area effectively un-loading this portion of the hillside and reducing
the driving force acting on the landslide mass. The second is, if the removed
landslide mass can be dried back to near optimum moisture content it can be re-
used as engineered fill during construction of the fill slope that will restore the travel

way and shoulder of the upper road.

- Improved Slope: installing two rows of secant piles and culvert. Install

culvert in stream and excavate slide mass; place and compact excavated
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spoils over pipe; construct upper and middle secant walls to stabilize upper

and lower roadway;

This option is feasible and physically practical, but may not be permitted by
regulatory agencies if another option is deemed less environmentally damaging.
This solution for deep landslide stabilization consists of a combination of feasible
methods such as improving the drainage system for the site, excavating and
removing the upslope area of the landslide mass soils then placing the excavated
soil at the lower parts of the slope over a new culvert placed in the streambed, then
recompacting that soil to achieve a compacted fill that sufficiently buttresses the
slope to make reconstructed segments of the upper and lower roads stable. This
option requires installation of two rows of secant piles. One row of secant piles
along the outboard side of the reconstructed lower road and another one on the
hillside mid-way to the upper road. The permit process for this option may prove

difficult with many agencies involved.

The top 5 (+/-) feet of soils from just upslope from the upper row of secant piles to
approximately 50 feet below the middle secant pile row is proposed for removal
permanently, as shown in Figure 64 and 65 in Appendix D. These soils should be
temporarily stockpiled in an approved location by HKA for re-use. An additional 5
(+/-) feet of soil below the removed soils will also be removed (10 feet total) and
redensified back into place. The stockpiled soils, if dried back or moisture

conditioned as needed, may be re-used as engineered fill during construction of
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the fill slope that will support the upper road and the culvert buttress of the landslide
toe. The remaining soil left over should be off hauled or placed as engineered fill
in a location on-site approved by HKA. The material should not be placed on the
landslide mass below the lower row of secant piles as it can exacerbate instability

of this soil mass.

Two rows of secant piles should be installed in the same manner as the upper and
middle row of secant piles refenced above in the section titled, “NEW Improved

slope; installing three rows of secant piles.”

Based on the slope stability results, each secant pile (Pile 1 and 2) should have
minimum 38,000 pounds per linear foot of wall (plf) lateral capacity. For preliminary
design purposes it can be assumed the resultant force acts at a location 2/3 the
depth to the bedrock within the overburden soil. For practical applications, the
actual location of the resultant should be determined by HKA at several sections

along wall profile.

The culvert should be a minimum 8 feet in diameter and follow the Hessey Creek
alignment starting at the existing culvert to approximately 250 feet upstream. The
drainage channel around the culvert should be backfilled with engineered fill to a
minimum height of 3 feet above the top of the culvert creating the keyway for the

fill slope extending up to the lower road. The fill slope should consist of 5 feet of
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re-densified landslide material up the lower road secant pile once the upper 5 feet

has been removed as specified above.

In Figures 68 through 71 in Appendix C, slope stability safety factors under both
static and seismic conditions are presented. Based on the slope stability evaluation
results, the safety factors for both static and seismic conditions are greater than
the minimum acceptable limits, which means the upper and lower landslide mass
will be stabilized after installing two rows of secant piles and fill slope starting at

the base of the creek.

6.6. Slope Stability Conclusions

The slope stability assessment is for general (global type) slope failure and
consists of initiation and termination of trial failure surfaces on the top and toe of
slopes for recreation of the landslide and evaluation of existing condition. The
models with slope improvements including secant piles and engineered fill were
evaluated with failure surfaces running top to toe as well as mid slope to toe as
selected by the engineer to evaluate the benefits to stability of the improvement.
In both scenarios, the trial failure surface passes through the soil layers in the cross
section model. The general shear trial failure surface screens for potential
instability below the in-situ landslide and native soil layer. The in-situ landslide soil

layers were also screened for trial failure surfaces localized within the soil layer.
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In table 5, slope stability analysis results for the four (4) aforementioned models’

static and seismic conditions are shown.

In summary, the large landslide soil mass can be stabilized from the middle row of
secant piles along the outboard side of the lower road up to the inboard side of the
re-constructed upper road. For stability discussion purposes we will refer to this as
the “upper landslide” and the portion downslope from the lower row of secant piles
the “lower landslide”. A second row or upper row of secant piles on the hillside mid-
way to the upper road is required to stabilize the upper landslide soil mass
described in this conclusion. Factors of safety against sliding are greater than what

is considered stable using modern geotechnical engineering standards.

An engineered fill slope is modeled to support and restore the upper road. The fill
slope is modeled to have a 2H:1:V slope gradient with its toe at the upper row of
secant piles and crest at the shoulder of the upper road. The fill slope would extend
to allow reconstruction of the upper road to allow vehicular traffic, and would

terminate along the inboard cut slope of the upper road.

The lower landslide can be stabilized by an additional 30,000 pounds per linear
foot capacity secant pile wall or a culvert, keyway, and fill slope extending up to
the lower road. The engineered fill slope is modeled at a slope gradient of 3H:1V

based off section geometry. The removed soil during grading can be re-used as
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engineered fill in construction of the fill slope restoring the upper road and the

keyway over the drainage channel.

We anticipate a temporary road will need to be constructed to install the upper and
lower row of secant piles on the hillside. Additional working meetings with structural
and civil designers, specialty contractors, and SLVWD are anticipated to develop

viable working drawings.

6.7. Limitations of Analysis

It must be cautioned that slope stability analysis is an inexact science; and that the
mathematical models of the slopes and soils contain many simplifying
assumptions, not the least of which is homogeneity. Density, moisture content and
shear strength may vary within a soil type. There may be localized areas of low
strength or perched ground water within a soil. Slope stability analyses and the
generated factors of safety should be used as indicating trend lines. A slope with
a safety factor less than one will not necessarily fail, but the probability of slope
movement will be greater than a slope with a higher safety factor. Conversely, a
slope with a safety factor greater than one may fail, but the probability of stability

is higher than a slope with a lower safety factor.
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Table 5:
Slope Stability Analysis Results

Loading Minimum Factor Trial failure

Condition Figure # Condition of Safe.tyl Surface Shape
Against Sliding

2017 Landslide Event 60 Static 0.944 Circular

2017 Landslide Event 61 Seismic 0.460 Circular

2017 Landslide Event, Dry 61.1 Seismic 0.875 Circular

Current Condition 62 Static 0.985 Circular

Current Condition 63 Seismic 0.460 Circular

Improved Slope by Installing 64 Static 3.364 Circular
Three Rows of Secant Piles

Improved Slope by Installing 65 Seismic 1.196 Circular

Three Rows of Secant Piles

Improved Slope by Installing
Three Rows of Secant Piles — 66 Static 4.245 Circular
Lower Landslide

Improved Slope by Installing
Three Rows of Secant Piles — 67 Seismic 1.216 Circular
Lower Landslide

Improved Slope by Installing Two
rows of Secant Piles and Culvert, 68 Static 4.110 Circular
Keyway, and Fill Slope

Improved Slope by Installing Two
rows of Secant Piles and Culvert, 69 Seismic 1.240 Circular
Keyway, and Fill Slope

Improved Slope by Installing Two
rows of Secant Piles and Culvert,

Keyway, and Fill Slope — Lower 70 Static 2.301 Circular
Landslide Failure

Improved Slope by Installing Two

rows of Secant Piles and Culvert, 71 Seismic 1.290 Circular

Keyway, and Fill Slope — Lower
Landslide Failure
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7. Constructability and Estimate of Repair Options

The feasibility and constructability of the two proposed designed options were
evaluated by a representative from Granite Rock on site. The two proposed design
options for landslide repair are three rows of secant piles, or two row of secant
piles and a slope toe buttress fill slope as described in section 6.5, “NEW
Improved slope; installing three rows of secant piles,” and “Improved Slope:

installing two rows of secant piles and culvert.”

7.1. Three Rows of Secant Piles

Three rows of secant piles are feasible from a construction standpoint. Key
concerns include access for large equipment along Madrone Road including drill
rigs and concrete mixer trucks and casing the drilled holes. If casing of the holes
is not feasible, then borings can be kept open by ground improvement methods,
or by grouting the hole and re-drilling though the grout in increments. Pier

excavation sidewalls will collapse due to the loose landslide material.

A mobile concrete batch plant will likely need to be established for the secant piles.
Smaller vehicles can transport raw materials to be mixed on site if mixer truck

access to the site is not feasible.

Based on our site meeting with Granite Rock and past quotes from Hayward Baker

for similar projects, we estimate the cost per secant wall to range from 3 to 4 million

dollars. The total cost guestimate would be on the order of 15 million.

197 of 308



7.2. Two Rows of Secant Piles with Buttress Fill Slope

Two rows of secant piles (upper and middle row) and buttress fill slope are feasible
from a construction standpoint. The two rows of secant piles will have the same
constructability concerns as the first option presented. The buttress fill slope
construction will be similar to the lower secant pile row in terms of removing the
existing trees, debris, and upper 5 feet of soil. The key difference is constructing
the culvert, keyway, and fill slope up to the lower road. This will likely result in a
cheaper option as the third secant wall is not necessary. Total cost guestimate for

this option would be 12 million.

8. Building Codes and Site Class

Project design and construction should conform to the following current building
codes:

-2016 California Building Code (CBC); and

-2016 Green Building Standards Code (CAL Green)

In accordance with section 1613.3.2 of the 2016 CBC, the project site should be

assigned the Site Class D.

9. Recommendations for Design and Construction

The results of our investigation indicate that the different slope improvement /
stabilization options are feasible from a geotechnical standpoint. The criteria and

recommendations presented in this report are focused on the secant pile repair
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schemes with or without the Hessey Creek keyway and culvert previously

presented in the report.

Geotechnical considerations at the referenced site include improving the stability
of the upper and lower landslide, providing stability for the upper and lower road,
the potential for strong seismic shaking, and providing adequate site drainage

provisions.

Our slope stability analysis results have shown that the current condition of the
existing overburden soils overlying the bedrock (including both landslide mass and
native soil materials) have high instability potential when moistened or saturated
during heavy rainfall or during the occurrence of an earthquake. The instability is
possible under both static and seismic conditions. Our basis of design is reliant on
the potential slip planes derived from the slope stability analysis. The geotechnical
considerations for the failure condition are related to the geometry of the slope and
and soil information determined from the test borings such as strength, saturation,

and unit weight, refer to the boring logs Figures 5 through 26 in Appendix A.

To mitigate the instability potential of the upper landslide mass, it is recommended
to unload the upper landslide by removing the upper 5 (+/-) feet of soil starting from
the upper secant pile row to the lower road. After removal of the soil an additional
5 (+/-) feet of the upper landslide should be also removed, but this soil re-densified

back into place as engineer fill. The upper landslide should be stabilized using two
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rows of buried secant piles. The middle row of secant piles would be constructed
along the outboard side of the lower road and is estimated to be 200 feet long by
as much as 60 feet deep. The upper row of secant piles is recommended to be
constructed on the hillside mid-way to the upper road. The upper row is estimated
to be 150 feet long by as much as 40 feet deep. The piles should be advanced a

minimum 15 feet deep into the bedrock.

To mitigate the instability potential of the lower landslide mass, it is recommended
to unload the upper 5 (+/-) feet of soil starting from the lower road extending
downslope 50 feet. After removal of the soil, an additional 5 (+/-) feet of the lower
landslide mass should be removed and re-densified as engineered fill. The lower
landslide should be stabilized with an additional row of secant piles offset
approximately 20 feet from Hessey Creek or an 8 feet diameter culvert and
drainage channel keyway fill slope extending up to the lower road. The lower row

of secant piles is estimated to be 250 feet long by as much as 50 feet deep.

If the culvert option is selected, the culvert should be constructed along the Hessey
Creek alignment starting from the existing culvert to approximately 250 feet
upstream. The drainage channel should be backfilled with engineered fill to a
minimum height of 3 feet above the top of the culvert. A fill slope with a maximum
gradient of 2:1 should be constructed from the base of the keyway to the lower
road. The engineered fill on the lower landslide mass should be a minimum 5 feet

in depth as outlined above.
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To rebuild and secure the severely damaged portion of the access road where the
landslide mass dislodged from the head scarp, an engineered fill slope is
recommended to be constructed from the upper row of secant piles up to the

inboard side of the upper road.

Due to disturbance of the soil during the 2017 landslide event, the existing
landslide soil layers have residual strength which are significantly less than the
strength of the native soil. Therefore, it is expected that the landslide soils cannot
provide arching. So, there should be no room between two adjacent consecutive
piles along the respective wall alignments. Based on the slope stability results, the
safety factor for the slope stability both in static and seismic conditions are greater

than the minimum acceptable limit.

In the aforementioned slope improvement method, we recommend excavating the
surficial soils on the slope in the upslope area of the landslide mass. Some portions
of the excavated soil will need to be moisture conditioned or dried back as needed,
replaced and recompacted at the initial location to remove the existing bulge in the
landslide mass that exists below the landslide headscarp (formed during the 2017
landslide event) to make a uniform firm surface and to provide a flatter slope. The
rest of the excavated soil may be re-used in construction of the engineered fill
slope that will restore the travel way and shoulder of the upper road and the keyway

fill slope along the creek. Excess soil not used as described above may be placed
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as engineered fill in other locations on the property approved by HKA. The excess

soil should not be disposed of upon the lower landslide mass.

An advanced widespread drainage system should be considered for the project
site to collect the runoff water from the hillside. A proper site drainage system is
important for the long term performance of the site. As indicated elsewhere in this
report, perched water was observed in some of the drilled boreholes. Though
groundwater levels could not be studied for this site, the reported observations
indicate groundwater collects within the in-situ soil, thus, the proposed slope
improvement should include subdrains as part of the site’s planned remediation.
To minimize the impact of subsurface seepage on the improved slopes, subdrains

are recommended.

HKA would like to have working meetings with client’s representative and project
designers when the slope improving option enters a conceptual design phase to
discuss more about the limitations of our model. The variable depth of the landslide
from its deepest point along the center to the flanks where it pinches out to nothing
should be carefully considered. The varying depth of the slide will have great effect
on the location and magnitude of the resultant force. HKA should work with the
civil and structural designers to develop additional models in select locations to
optimize a value engineering type of solution. To accomplish this, additional testing

may be needed such as a geo-physical survey to fine tune the 3-D model of the
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landslide soil mass. Soil pile interaction using a finite method can also aid in value

engineering design.

The following recommendations should be used as guidelines for preparing project

plans and specifications.

Site Grading (Fill/Cut Slopes)

1. The HKA should be notified at least four (4) working days prior to any site

clearing or grading operation so that the work in the field can be coordinated
with the Grading Contractor and arrangements for testing and observation
services can be made. The recommendations of this report assume that
the HKA will perform the required testing and observation services during
grading and construction. It is the client’'s responsibility to make the

necessary arrangements for these required services.

2. Where referenced in this report, Percent Relative Compaction and Optimum
Moisture Content shall be based on ASTM Test Designation D1557-latest

revision.

3. Areas to be graded should be cleared of obstructions including loose fill, or

other unsuitable material. Existing depressions or voids created during site

clearing should be backfilled with engineered fill.
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4. Cleared areas should then be stripped of organic-laden topsoil. Stripping
depth should be from 2 to 4 inches. Actual depth of stripping should be
determined in the field by an HKA representative. Stripping should be

wasted off-site or stockpiled for use in landscaped areas if desired.

5. Areas to receive non-expansive engineered fill should be scarified 8 inches,
moisture conditioned to over optimum moisture content, and redensified to
90 percent of maximum density. Portions of the site may need to be
moisture conditioned or dried back as needed to achieve suitable moisture
content for compaction. These areas may then be brought to design grade

with engineered fill.

6. Engineered fill should be placed in thin lifts not exceeding 8 inches in loose
thickness; moisture conditioned, and compacted to at least 90 percent

relative compaction.

7. We understand grading at the site will consist of excavation of a portion of
landslide overburden soil to construct a flatter slope along the upper and
lower landslide. A temporary access road and working platform will also
need to be constructed to support heavy equipment that will be required to
advance the upper and lower row of secant piles. If the culvert option is
selected, grading will consist of excavating, backfilling the drainage channel

of Hessey Creek, and creating a fill slope up to the lower road.
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8. The top 5 (+/-) feet of soils from upslope from the upper row of secant piles
to approximately 50 feet below the middle secant pile row is proposed for
removal, refer to Figure 74 and 75 in Appendix D. These soils should be
temporarily stockpiled in an approved location by HKA for re-use. An
additional 5 (+/-) feet of soil below the removed soils will also be removed
(10 feet total) and redensified back into place. The stockpiled soils, if dried
back or moisture conditioned as needed, may be re-used as engineered fill
during construction of the both fill slopes. The remaining soil left over should
be off hauled or placed as engineered fill in a location on-site approved by
HKA. The material should not be placed on the landslide mass below the

lower row of secant piles as it can exacerbate instability of this soil mass.

9. To rebuild and secure the travel way and shoulder of the upper access road
where the soil mass dislodged from the head scarp an engineered fill slope
with a gradient of 2H:1V is recommended to be constructed from the upper

row of secant piles up to the inboard side of the damaged upper road.

10. To stabilize the toe of the lower landslide with no lower secant pile row, an
engineered keyway and fill slope with a gradient of 2H:1V or greater is
recommended to be constructed from the base of the drainage channel
keyway up to the middle row of secant piles or lower road. The keyway will

consist of an 8 feet diameter culvert along the creek channel with
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engineered fill backfilled around the culvert up to a minimum height of 3 feet
above the top of the culvert. The width of the keyway at finish grade is

elevation estimated to be 40 feet.

11. Areas to be graded should be cleared of all obstructions, including
foundations and structures if exist, old fill, trees not designated to remain
and other unsuitable material. Disturbed soil resulting from demolition and
clearing operations may be stockpiled for use as engineered fill, provided
the fill is clean of organic material, unacceptable colluvium deposits or other
unsuitable material. Existing depressions or voids created during site

clearing should be backfilled with engineered fill.

12. If project site grading is performed during or shortly after the rainy season,
the grading contractor may encounter compaction difficulty, such as pumping
or bringing free water to the surface. If compaction cannot be achieved after
adjusting the soil moisture content, it may be necessary to over-excavate the
subgrade soil and replace it with angular crushed rock to stabilize the
subgrade. We estimate that the depth of over-excavation would be

approximately 12 inches under these adverse conditions.

13.  Import soils if utilized as engineered fill at the project site should:

1) Be free of wood, organic debris and other deleterious materials;

2) Not contain rocks or clods greater than 5 inches in any dimension;
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3) Not contain more than 25 percent of fines passing the #200 sieve;

4) Have a Sand Equivalent greater than 18;

5) Have a Plasticity Index less than 18;

6) Have an R-Value of not less than 30; and

7) Contractor should submit to HKA samples of import material or utility
trench backfill for compliance testing a minimum of 4 days before it

is delivered.

14. We estimate shrinkage factors of 15 to 25 percent for the on-site materials

when used in engineered fills.

15. Cut andfill slopes should be protected from erosion by preventing runoff from
spilling over graded slopes. Generally, Lined V-ditch and/or curtain drain at
the top of the hillside and curtain drain at the secant piles wall may be
considered for long-term drainage control. A proper drainage system should

be designed for the entire site to collect and control the runoff waters.

16. After the earthwork operations have been completed and HKA has finished

observation of the work, no further earthwork operations shall be performed

except with the approval of and under the observation of HKA.
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17. Permanent graded slopes should be constructed no steeper than 2H:1V
(horizontal to vertical). Graded slopes are expected to require erosion control

and periodic maintenance for surface sloughing.

18. Fill slopes should be constructed with keyways and benches sloped in the
inboard direction a minimum 5 percent. The keyways should be a minimum
8 feet wide and placed over bridging material comprised of 12 inches of
gabion over geogrid equivalent to Mirifi 600X of better. The keyway and
benches should be constructed with drains to alleviate hydrostatic pressure.
The geotechnical engineer should approve the type of drainage system and

location for discharge.

Secant Pile Walls

19. Secant pile walls are formed by constructing intersecting reinforced concrete
piles. Secant pile walls are used to build cut off walls for the control of ground

water inflow and to minimize movement in weak and wet soils.

20. Secant walls are constructed in the form of hard/soft (or firm) or hard/hard

walls on adjacent piles. If the distance between the hard and soft piles are

equal to the pile’s diameter, the wall is called a tangent pile wall.

21. The secant piles are reinforced with either steel rebar or with steel beams and

are constructed by either drilling under mud or augering or driving. In this wall
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system, there are two types of piles. Primary piles are installed first. These

piles are mainly responsible for waterproofing and filling the voids.

22. Inthe Hard/Firm (or soft) wall system, the primary piles have no reinforcement
and consists of flexible concrete that can be cut while the secondary piles are
installed. The secondary piles which should have reinforcement will be
installed between the primary piles once the latter gain sufficient strength.
Where short term water retention is required, this system offers the most cost-
effective and rapid solution. The wall consists of interlocking bored or driven
piles. Primary piles are constructed first using a ‘soft’ cement-bentonite mix
or ‘firm’ concrete. Secondary piles, formed in structural reinforced concrete,
are then installed between the primary piles. The primary piles in Hard/Firm
(or Soft) wall system should be drilled at a minimum to bed rock depth and
the pile base will be sited on the bedrock. Therefore, all the lateral capacity
of the wall will be provided by the secondary piles and therefore, the
secondary piles design in hard/firm (or soft) wall system differs from the

hard/hard wall system design.

23. Hard/hard wall construction is very similar to a hard/firm wall but in this case
the primary piles are constructed in higher strength concrete and may be
reinforced. Heavy duty rotary piling rigs, using tools fitted with specially

designed cutting heads, are necessary to cut the secondary piles. The end

209 of 308



24.

25.

26.

27.

product provides a fully concreted face and can be an effective alternative to

diaphragm wall construction.

Pile overlap is typically in the order of 3 inches. In a tangent pile wall, there is

no pile overlap as the piles are constructed flush to each other.

Verticality tolerances may be hard to achieve for deep piles. Special care

should be taken to assure the pile installation is vertical.

Special construction methods might be required to make sure that total

waterproofing is provided.

A monitoring and maintenance program is an integral component of the
design of the secant pile wall. To maintain the integrity of the wall system, it
is necessary to conduct regular inspections of the slope and the secant pile.
We recommend secant pile walls be inspected after long duration winter
storms, severe seismic shaking, and at least once every 2 years by a licensed
engineer or an engineering geologist to monitor the status of the wall system

and recommend maintenance when needed.

Drilled piles for the secant Pile Wall

28.

If cast-in-place piles are considered for secant pile wall system, the project

site secant piles should be excavated prior to placement of the reinforcement
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cage. All pile excavations should be observed by the soils engineer prior to
placement of steel and concrete. Pile diameter is to be determined by the
project structural engineer. Pile drilling sequence and method of pile drilling
is to be determined by the project contractor. Casing of the pier shaft within

the loose sandy soils may be required.

29. Secant piles at the project site should be embedded a minimum of 15 feet

into the competent bedrock.

30. The landslide layers over the native soil are considered residual strength
disturbed soil. The behavior of this layer is not uniform at different locations
and depths of the slope. Therefore, it is prudent to neglect the top of the
secant piles for calculating passive resistance. This length is decreased as
they reach the flanks (sides) of the slope which contain shallower landslide
deposits. At present, the only reliable information of landslide thicknesses is
the existing geotechnical boreholes. Therefore, complementary investigation
to determine the exact thickness of the landslide layer at the different
locations of the slope should be performed or conservative landslide depth

should be assumed for designing.

31. The secant piles are installed next to each other without any room for soil to

provide arching. Therefore, if applicable for pile designing, arching capability

factor and safety factor should be considered equal to 1.0.
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32. At 15 feet below bedrock, an allowable vertical bearing and tension capacity
pile of 15 ksf and 6 ksf respectively plus a one third increase for short duration
loading may be used for design of the drilled piers. It must be noted that side
friction for soil layers overlaid the bedrock has been disregarded due to

existing residual soil.

33. Total and differential settlement for the secant piles penetrating the looser
landslide and native soil deposits to be embedded within the bedrock, are

anticipated to be less than 1 inch and 0.5 inch respectively.

34. Prior to placing reinforcing steel and concrete, all pile excavations should be
thoroughly cleaned. The foundation excavations must be observed by HKA

prior to placing reinforcing steel and concrete.

35. The Contractors are responsible for following CAL-OSHA regulations, local
codes and ordinances and any requirements outlined on any project plan

sheets to maintain a safe working environment at the project site.

Active and Passive Pressures

36. The active pressures, shown as an equivalent fluid pressure, for the
governing design conditions (seismic and saturated condition) are presented

in Table 6.
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Table 6:
Recommended Active Pressures

Recommended Active Pressure EFW Rg’shii?éniirfﬁn BeDc?rF())Tkt%t) FIIEuqicLij 'Wﬁg”ﬁt
(pcf) (pcf)2
Upper Secant Wall 38 32 74
Middle Secant Wall (Section A) 38 25 120
Middle Secant Wall (Section A — B) 38 35 62
Middle Secant Wall (Section B — E) 38 45 43
Lower Secant Wall 30 36 46

1. Rankine pressure distribution (triangular) behind the portion of the secant wall between
ground surface and top of bedrock used to model slide driving forces.

2. Conservative estimate for middle secant wall section A through B. These values can be
further refined with additional analysis.

37. The ultimate passive resistance earth pressure available in the bedrock is
equivalent to a fluid weight of 580 pcf. This is the ultimate passive resistance.

Appropriate structural design safety factors should be applied.

38. Our model assumes that the new engineered fill zone is drained. Our model

assumes that it is not possible to fully drain the slide mass.

Driven Piles
39. Vertical alignment of the piles should be preserved during driving. However,
an inclination of 2 to 3 inches from vertical can be accepted as the tolerance

for such piles.

40. In a group of piles, the middle piles should be driven first and then working
towards the perimeter piles. This is to prevent displacement of the already
driven piles due to the lateral movement of the soil. In the granular soil if the
piles are driven at spacing of less than three times the diameter of the

adjacent pile, due to densification of the soil, penetration would be difficult.
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41. When excessive resistance to the driving is mobilized, the operation can be
stopped. If the pile is penetrated less than the calculated depth, the operation
can be halted for one week in order to dissipate the excess pore pressure
generated in the soil. The driving should be resumed after this period. Note
that you will initially encounter higher blows until the pile remobilize the soil.
However, if still the required penetration is not achieved, a pile load test is

proposed to check the capacity of the driven pile.

42. If pile heave is observed, level readings referenced to a fixed datum shall be
taken by the Engineer on all piles immediately after installation and
periodically thereafter as adjacent piles are driven to determine the pile

heave range.

43. If during the driving process for adjacent piles, piles shall be re-driven:

* For end bearing piles, if the heave is more than 0.5 inch.

* For shaft friction piles, if the heave is more than 1.5 inch.

Surface & Subsurface Drainage

44. The surface drainage from within the slipout area needs to be collected and
directed to catch basins, existing creek or to outside of the site. Most
importantly surface drainage should not be allowed to runoff or spill over the

edge of the fill. The collected runoff should be piped down past the secant
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piles wall and downslope as well. Subsurface drains should be installed at
the contact of recompacted topsoil on the slope. The number of drains and
spacing should be determined by the project Civil Engineer. The drains
should collect subsurface drainage within the improved area and convey

drainage to an adequate discharge point downslope of the improvements.

45.  Surface drainage should include provisions for positive gradients so that
surface runoff is not permitted to pond adjacent to pavements nor spill over
the slope. Surface drainage should be directed away from the graded

slope.

46. The migration of water or spread of extensive root systems below
excavations, embankments, foundations, slabs, or pavements may cause
undesirable differential movements and subsequent damage to these struc-

tures. Landscaping should be planned accordingly.

Monitoring

47. A survey-monitoring program should be implemented to monitor slope
displacements during construction. In addition, improvements should also
be surveyed and photographs and/or video taken to document baseline
conditions. The deflection at the top of the secant piles should be surveyed

periodically. If the piles head deflect significantly or if distress or settlement
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is noted adjacent to the top of the piles, an evaluation should be performed

and corrective measures taken.

Plan Review, Construction Observation, and Testing

48. Haro, Kasunich and Associates should be provided an opportunity to review
project plans, prior to construction, to evaluate if our recommendations have
been properly interpreted and implemented in the design. Having done so,

we can prepare the county-required geotechnical plan review letter.

49. If we do not review the plans and provide observation services during the

earthwork phase of the project, we assume no responsibility for

misinterpretation of our recommendations.
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LIMITATIONS AND UNIFORMITY OF CONDITIONS

1. The recommendations of this report are based upon the assumption that the
soil conditions do not deviate from those disclosed in the borings. If any
variations or undesirable conditions are encountered during construction, or
if the proposed construction will differ from that planned at the time, our firm

should be notified so that supplemental recommendations can be given.

2. This report is issued with the understanding that it is the responsibility of the
owner, or his representative, to ensure that the information and
recommendations contained herein are called to the attention of the
Architects and Engineers for the project and incorporated into the plans, and
that the necessary steps are taken to ensure that the Contractors and
Subcontractors carry out such recommendations in the field. The
conclusions and recommendations contained herein are professional
opinions derived in accordance with current standards of professional

practice. No other warranty expressed or implied is made.

3. Thefindings of this report are valid as of the present date. However, changes
in the conditions of a property can occur with the passage of time, whether
they be due to natural processes or to the works of man, on this or adjacent
properties. In addition, changes in applicable or appropriate standards occur
whether they result from legislation or the broadening of knowledge.
Accordingly, the findings of this report may be invalidated, wholly or partially,
by changes outside our control. Therefore, this report should not be relied
upon after a period of three years without being reviewed by a geotechnical

engineer.
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APPENDIX A

Site Vicinity Map (Figure 1)

Geological Site Map (Figure 2)

Boring Site Plan (Fiqure 3)

Key to Logs (Figure 4)

Logs of Test Borings (Figures 5 — 26)

Particle Size Distribution Test Results (Fiqures 27 — 35)

Plasticity Index (Figures 36 - 39)

Direct Shear Results (Fiqures 40 - 47)

Variation of SPT Blows, Saturation Degree and Void Ratio Versus Depth
(Figures 48 — 53)
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4/27/2018



HYDROMETER
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Sand Content:
Fines Content
Cumulative Sum
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40.3%

~ 100.0%

116 East Lake Avenue, Watsonville, California
(831) 722-4175 ~ Fax (831) 722-3202

Sample Description: Olive Brown Clayey Sand

Group Symbol: SC

D60 HKA Project No: SC 4090 GRAIN SIZE ANALYSIS
D30 Sample No: 16-3-1
D10 Date: 11/27/17 - 12/18/17

SLVWD LYON TANK

Kasunich and Associates
tal and Geotechnical Engineers
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FIGURE NO. 35

Test Report Prepared By HKA LAB

4/27/2018



Liquid Limit: 26.5 HARO, KASUNICH & ASSOCIATES File No SC 4090.1
Plastic Limit: 22.7 Atterberg Limits Sample Ne 5-3-1
Plasticity Index: 3.8 7601 Lake Rd. Hollister Date: 1/25/2017
PI By: RC
4
P.l. SOIL TEST LIQUID LIMIT
PLASTIC LIMIT NUMBER OF BLOWS
Determination 1 2 3 4 35 28 23 17
Tare Ne 14 3 10 | [ 6e 4f Se 1c
Gross Wet WT. 13.57 15.32 16.70 12.24 10.42 13.53 11.49
GrossDry WT. 13.10 14.54 15.56 10.80 9.20 11.52 9.76
Tare WT. 11.07 11.19 11.02 4.20 4.16 4.17 4.20
NET DRY WT. 2.03 3.35 4.54 0.00 6.60 5.04 7.35 5.56
WT. OF Water 0.47 0.78 1.14 0.00 1.44 1.22 2.01 1.73
% Moisture 23.15 23.28 25.11] #DIV/0! 21.82 24.21 27.35 31.12
70
65 Sample # 5-3-1
60 Ht. of Sample bag
55 Tare 4
o 50 Gross Wet Wt 282.5
3 45 GrossDrywt]  261.8
'é 40 Tare Wt. 109.8
X 35 Net Dry Wt. 152.0
30 4 g Wt. Of Water 20.7
25 5*"~. g % Moisture 13.6%
20 TN Dry Density | #VALUE!
15
5 10 20 75 40 50 Gold and Light Brown
Number of Blows Elasticsilt
Group
20 . Symbol [SM
S 40 e o™~
E A S
Z 30 =
2 5 ,"/ o //
a. c§
Praanaao MH or OH
10 7
Z L < ML prOL
0 i
0 10 20 30 40 50 60 70 80 90 100
Liquit Limit
FIGURE NO. 36
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Liquid Limit: 22.7 HARO, KASUNICH & ASSOCIATES File No SC 4090.1
Plastic Limit: 15.8 Atterberg Limits Sample Ne 14-3-1
Plasticity Index: 7.0 7601 Lake Rd. Hollister Date: 1/25/2018
PI By: RC
7
P.l. SOIL TEST LIQUID LIMIT
PLASTIC LIMIT NUMBER OF BLOWS
Determination 1 2 3 4 34 28 23 16
Tare Ne 22 31 12 [ 1 3c Se 4e
Gross Wet WT. 14.91 13.62 15.87 12.05 14.41 11.10 11.12
GrossDry WT. 14.41 13.26 15.26 10.77 12.58 9.82 9.66
Tare WT. 11.20 11.00 10.97 4.21 4.16 4.16 4.19
NET DRY WT. 3.21 2.26 4.29 0.00 6.56 8.42 5.66 5.47
WT. OF Water 0.50 0.36 0.61 0.00 1.28 1.83 1.28 1.46
% Moisture 15.58 15.93 14.22| #DIV/0! 19.51 21.73 22.61 26.69
70
65 Sample # 14-3-1
60 Ht. of Sample 6.0
55 Tare 14
o 50 Gross Wet Wt 921.5
3 45 GrossDrywt]  816.6
'é 40 Tare Wt. 109.6
X 35 Net Dry Wt. 707.0
30 Wt. Of Water 104.9
25 < | % Moisture 14.8%
20 ?“~-m__ Dry Density 101.3
i Brown Silty Sand
5 10 20 25 40 50 with Clay
Number of Blows
Group
20 . Symbol
>0 A Y&/ /14
S 40 e o™~
E A S
Z 30 =
2 5 ,"/ o //
a. ca
Praanaao MH or OH
10 7
Z o * 7 MLorOL
0 i
0 10 20 30 40 50 60 70 80 90 100
Liquit Limit
FIGURE NO. 37
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Liquid Limit: 24.1 HARO, KASUNICH & ASSOCIATES File No SC 4090
Plastic Limit: 15.4 Atterberg Limits Sample Ne 16-4
Plasticity Index: 8.7 7601 Lake Rd. Hollister Date: 2/1/2018
PI By: RC
9
P.l. SOIL TEST LIQUID LIMIT
PLASTIC LIMIT NUMBER OF BLOWS
Determination 1 2 3 4 33 27 21 15
Tare Ne 26 31 22 | [ 4e 5b 3e 5g
Gross Wet WT. 14.92 16.02 17.48 14.24 12.21 16.41 16.15
GrossDry WT. 14.39 15.36 16.64 12.48 10.70 13.93 13.55
Tare WT. 11.00 10.98 11.19 4.19 4.18 4.28 4.17
NET DRY WT. 3.39 4.38 5.45 0.00 8.29 6.52 9.65 9.38
WT. OF Water 0.53 0.66 0.84 0.00 1.76 1.51 2.48 2.60
% Moisture 15.63 15.07 15.41] #DIV/0! 21.23 23.16 25.70 27.72
70
65 Sample #
60 Ht. of Sample bag
55 Tare 200
o 50 Gross Wet Wt 808.3
3 45 Gross Drywt]  725.9
'é 40 Tare Wt. 81.2
X 35 Net Dry Wt. 644.7
30 Wt. Of Water 82.4
25 T~ - % Moisture 12.8%
20 "'"~~.,0 Dry Density | #VALUE!
15 Description:
5 10 20 25 40 50 olive brown
Number of Blows SR U (R
Group
20 . Symbol [SC
>0 A Y&/ /14
S 40 e o™~
E A S
Z 30 =
2 5 ,"/ o //
a. c§
T oA MH or OH
10 B —
Z ConE — MLorOL
0 .
0 10 20 30 40 50 60 70 80 90 100
Liquit Limit
FIGURE NO. 38

256 of 308




Liquid Limit: 24.2 HARO, KASUNICH & ASSOCIATES File No SC 4090
Plastic Limit: 19.4 Atterberg Limits Sample Ne 16-7
Plasticity Index: 4.8 7601 Lake Rd. Hollister Date: 2/1/2018
PI By: RC
5
P.l. SOIL TEST LIQUID LIMIT
PLASTIC LIMIT NUMBER OF BLOWS
Determination 1 2 3 4 33 27 22 15
Tare Ne 16 12 27 | [ 4e 5b 3e 5g
Gross Wet WT. 13.71| 14.87 15.49 14.24 12.21 16.41 16.15
GrossDry WT. 13.28| 14.22 14.78 12.48 10.70 13.93 13.55
Tare WT. 10.99] 10.96 11.09 4.19 4.18 4.28 4.17
NET DRY WT. 2.29 3.26 3.69 0.00 8.29 6.52 9.65 9.38
WT. OF Water 0.43 0.65 0.71 0.00 1.76 1.51 2.48 2.60
% Moisture 18.78] 19.94 19.24] #DIV/0! 21.23 23.16 25.70 27.72
70
65 Sample #
60 Ht. of Sample bag
55 Tare 11
o 50 Gross Wet Wt 367.6
3 45 GrossDrywe|  339.8
'é 40 Tare Wt. 110.4
X 35 Net Dry Wt. 229.4
30 Wt. Of Water 27.8
25 T gE % Moisture 12.1%
20 ‘F"~~.0 Dry Density | #VALUE!
15 Description:
5 10 20 25 40 50 Dark Grey
Number of Blows SEnayIEI ey
Group
20 . Symbol |CL-ML
>0 A Y&/ /14
S 40 e o™~
E A S
Z 30 =
2 5 ,"/ o //
a. C'ﬂ
T MH ¢r OH
10 7
Z i o~ MLorOL
0 .
0 10 20 30 40 50 60 70 80 90 100
Liquit Limit
FIGURE NO. 39
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Direct Shear

Project: SLVWD LYON TANK Date 1/5/2018
Sample # 5-3-1 Tested By: RC
Description Gold/Light Brown D.G. w/ Clay
Equation of Trendline
Test Number 1 2 3 4 Intercept Slope
Normal Pressure (PSF) 530 1030 2030 4030 162.473 0.7282
Max Shear Stress 17.7 324 55.3 0 *Manually Enter from Trendline Equation
Shear Stress (PSF) 521.3 953.3 1627.2 - C (PSF) PHI
162 36
y = 0.7282x + 162.47
Saturated Direct Shear Results
4500.0
4000.0
3500.0
3000.0
[y
n
£ 2500.0
12}
1%}
o
n
5
< 2000.0
»n /
o/
1500.0 -
1000.0 ,//
//
500.0 //
7
L~
0.0
0 500 1000 1500 2000 2500
Normal Pressure (PSF)

FIGURE NO. 40

Haro Kasunich and Associates
Geotechnical and Coastal Engineers
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Direct Shear

Project: SLVWD LYON TANK Date 1/5/2018
Sample # 5-7-1 Tested By: RC
Description Brown Silty Sand and D.G.
Equation of Trendline
Test Number 1 2 3 4 Intercept Slope
Normal Pressure (PSF) 530 1030 2030 4030 232.21 1.2355
Max Shear Stress 29.3 52.5 92.7 0 *Manually Enter from Trendline Equation
Shear Stress (PSF) 861.1 1543.7 27274 - C (PSF) PHI
232 51
y = 1.2355x + 232.21
Saturated Direct Shear Results

4500.0

4000.0

3500.0

/

3000.0
[y
2
= 2500.0 e
3 /
n /
g S
< 2000.0
o /

P
1500.0 //
/ 4
1000.0 /
/ i
500.0 //
0.0
0 500 1000 1500 2000 2500
Normal Pressure (PSF)

FIGURE NO. 41

Haro Kasunich and Associates
Geotechnical and Coastal Engineers

259 of 308



Direct Shear

Project: SLVWD LYON TANK Date 1/5/2018
Sample # 6-3-1 Tested By: RC
Description Brown Silty Sand and D.G.
Equation of Trendline
Test Number 1 2 3 4 Intercept Slope
Normal Pressure (PSF) 530 1030 2030 4030 462.9 1.0812
Max Shear Stress 32.7 57.4 89.1 0 *Manually Enter from Trendline Equation
Shear Stress (PSF) 961.9 1687.7 2620.8 - C (PSF) PHI
463 47

y = 1.0812x + 462.92

Saturated Direct Shear Results

4500.0

4000.0

3500.0

3000.0 /

2500.0
/

Shear Stress (PSF)

2000.0 //
1500.0 //

1000.0 S

500.0 /

0.0

0 500 1000 1500 2000 2500

Normal Pressure (PSF)

FIGURE NO. 42

Haro Kasunich and Associates
Geotechnical and Coastal Engineers
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Direct Shear

Project: SLVWD LYON TANK Date 1/5/2018
Sample # 6-9-1 Tested By:| RC/MM
Description Brown Sandy Clay
Equation of Trendline
Test Number 1 2 3 4 Intercept |Slope
Normal Pressure (PSF) 530 1030 2030 KQBO 610.61] 0.7424
Max Shear Stress 31.7 50.4 70.8
Shear Stress (PSF) 933.1 1481.8 | 2082.2 0 C (PSF) PHI
611 37
y = 0.7424x + 610.61
In-Situ Direct Shear Results
4500.0
4000.0
3500.0
3000.0
—_ /
& //
2 2500.0 7
(7] /
[}
9] .
n
§ 2000.0
»n /
1500.0 .///
//
1000.0 e
/ i
/ g
500.0
0.0
0 500 1000 1500 2000 2500 3000
Normal Pressure (PSF)

Haro Kasunich and Associates
Geotechnical and Coastal Engineers
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Direct Shear

Project: SLVWD LYON TANK Date 1/5/2018
Sample # 8-5-1 Tested By: RC
Description Mottled Brown Silty Sand

Equation of Trendline

Intercept Slope

358.47 0.915

*Manually Enter from Trendline Equation

C(PSF) |__PHI

358 42

y =0.915x + 358.47

2000 2500

Test Number 1 2 3 4
Normal Pressure (PSF) 530 1030 2030 4030
Max Shear Stress 34.2 36.0 78.1 0
Shear Stress (PSF) 1005.1 1058.4 2296.8 -
Saturated Direct Shear Results
4500.0
4000.0
3500.0
3000.0
o
%)
L 2500.0
@
o
n
3
< 2000.0
%) /
1500.0
1000.0 /,/ L 4
/ “
500.0 //
0.0
0 500 1000 1500
Normal Pressure (PSF)

Haro Kasunich and Associates

FIGURE NO. 44

Geotechnical and Coastal Engineers
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Direct Shear

Project: SLVWD LYON TANK Date 12/15/2017
Sample # 8-6-2 Tested By:| RC/MM
Description Brown Clayey Sand
Equation of Trendline
Test Number 1 2 3 4 Intercept  |Slope
Normal Pressure (PSF) 530 1030 2030 4030 0] 0.8244
Max Shear Stress 18.5 25.8 47.8 117.8467
Shear Stress (PSF) 544.3 758.9 1405.4 | 3466.08 C (PSF) PHI
0 40
- . y = 0.8244x
In-Situ Direct Shear Results
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FIGURE NO. 45

Haro Kasunich and Associates
Geotechnical and Coastal Engineers
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Direct Shear

Project: SLVWD Lyon Tank AR Slide Date 1/5/2018
Sample # 11-7-2 Tested By: RC
Description Brown Silty Sand
Equation of Trendline
Test Number 1 2 3 4 Intercept Slope
Normal Pressure (PSF) 530 1030 2030 4030 366.72 0.6161
Max Shear Stress 27.8 27.8 57.1 0 *Manually Enter from Trendline Equation
Shear Stress (PSF) 816.5 816.5 1679.0 - C (PSF) PHI
367 32
y=0.6161x + 366.72
Saturated Direct Shear Results
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FIGURE NO. 46

Haro Kasunich and Associates
Geotechnical and Coastal Engineers
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Direct Shear

Project: SLVWD LYON TANK Date 1/5/2018
Sample # 12-8-2 Tested By: RC
Description Orangish brown clay w/ sand
Equation of Trendline
Test Number 1 2 3 4 Intercept Slope
Normal Pressure (PSF) 530 1030 2030 4030 292.41 1.0051
Max Shear Stress 28.1 451 79.3 0 *Manually Enter from Trendline Equation
Shear Stress (PSF) 825.1 1327.7 2332.8 - C (PSF) PHI
292 45
y = 1.0051x + 292.41
Saturated Direct Shear Results
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Haro Kasunich and Associates

FIGURE NO. 47

Geotechnical and Coastal Engineers
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Variation of Standard SPT Blows vs Depth

Field Standard SPT Blows
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Variation of Standard SPT Blows vs Depth

Field Standard SPT Blows
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FIGURE NO. 49
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Variation of Saturation Degree vs Depth

Saturation degree (%)
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FIGURE NO. 50
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Variation of Saturation Degree vs Depth

Saturation Degree (%)
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FIGURE NO. 51
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Variation of Void Ratio vs Depth

Void Ratio (e)
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Variation of Void Ratio vs Depth

Void Ratio (e)
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APPENDIX B

Lyvon Tank Slide 3D Orthographical Model (Figures 54 — 58)
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LEGEND:

_ EXPOSED FISSURE
OCTOBER 17, 2017

-~ = EDGE OF PAVEMENT

(S = SEPTIC MANHOLE
® = BORE SITE
©O = MONITORING POINT
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= MOVEMENT OF MONITORING
POINT SINCE FEBRUARY 25, 2017

PREPARED BY
PAUL JENSEN

PROFESSIONAL LAND SURVEYOR # 4627
SANTA CRUZ, CALIFORNIA

FIGURE NO. 54

BEE 11 ]

S O R R N A R RAR RN

1 1NN

TOPOGRAPHIC MAP
OF THE LANDS OF
SAN LORENZO VALLEY
WATER DISTRICT
LYON WATER TREATMENT PLANT
365 MADRONE DRIVE
BOULDER CREEK, CALIFORNIA

APN 081—-011-07/
OCIOBER. 201/



B-9 B-11 key: | B-7  SOILBORING LOCATION
LANDSLIDE MATERIAL CASE 1
B'1 0 NATIVE SOIL
CASE 1 - ORTHOGRAPHIC VIEW
LYONS TANK SLIDE
SANTA CRUZ, CALIFORNIA
SAN LORENZO VALLEY WATER DISTRICT
SCALE: 1n = 20|
DRAWN BY: BRS
DATE: mAY 2018| HARO, KASUNICH & ASSOCIATES, INC.
NOTES: REVISED: GEOTECHNICAL AND COASTAL ENGINEERS
1. 3D SURFACE FROM PAUL JENSEN PROFESSIONAL LAND 116 E. LAKE AVENUE, WATSONVILLE, CA 95076
SURVEYOR, DATED 2-1-2018. JOB NO. SC4090.1 (831) 7224175
2. BOTTOM OF BORING INDICATES BEDROCK CONTACT.
FIGURE NO. 55

0 5 10

SCALE: 1"=20'

20
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kev: [B-1  SOILBORING LOCATION
LANDSLIDE MATERIAL CASE 1
NATIVE SOIL
CASE 1 - ORTHOGRAPHIC VIEW
LYONS TANK SLIDE
SANTA CRUZ, CALIFORNIA
SAN LORENZO VALLEY WATER DISTRICT
SCALE: 1n = 20|
DRAWN BY: BRS
DATE: mAY 2018| HARO, KASUNICH & ASSOCIATES, INC.
NOTES: REVISED: GEOTECHNICAL AND COASTAL ENGINEERS
1. 3D SURFACE FROM PAUL JENSEN PROFESSIONAL LAND 116 E. LAKE AVENUE, WATSONVILLE, CA 95076
SURVEYOR, DATED 2-1-2018. JOB NO. SC4090.1 (831) 7224175
2. BOTTOM OF BORING INDICATES BEDROCK CONTACT.
FIGURE NO. 56

0 5 10

SCALE: 1"=20'

20
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B-9 B-11 key: | B-7  SOILBORING LOCATION
LANDSLIDE MATERIAL CASE 2
B'1 0 NATIVE SOIL
CASE 2 - ORTHOGRAPHIC VIEW
LYONS TANK SLIDE
SANTA CRUZ, CALIFORNIA
SAN LORENZO VALLEY WATER DISTRICT
SCALE: 1n = 20|
DRAWN BY: BRS
DATE: mAY 2018| HARO, KASUNICH & ASSOCIATES, INC.
NOTES: REVISED: GEOTECHNICAL AND COASTAL ENGINEERS
1. 3D SURFACE FROM PAUL JENSEN PROFESSIONAL LAND 116 E. LAKE AVENUE, WATSONVILLE, CA 95076
SURVEYOR, DATED 2-1-2018. JOB NO. SC4090.1 (831) 7224175
2. BOTTOM OF BORING INDICATES BEDROCK CONTACT.
FIGURE NO. 57
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SCALE: 1"=20'
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kev: [B-1  SOILBORING LOCATION
LANDSLIDE MATERIAL CASE 2
NATIVE SOIL
CASE 2 - ORTHOGRAPHIC VIEW
LYONS TANK SLIDE
SANTA CRUZ, CALIFORNIA
SAN LORENZO VALLEY WATER DISTRICT
SCALE: 1n = 20|
DRAWN BY: BRS
DATE: mAY 2018| HARO, KASUNICH & ASSOCIATES, INC.
NOTES: REVISED: GEOTECHNICAL AND COASTAL ENGINEERS
1. 3D SURFACE FROM PAUL JENSEN PROFESSIONAL LAND 116 E. LAKE AVENUE, WATSONVILLE, CA 95076
SURVEYOR, DATED 2-1-2018. JOB NO. SC4090.1 (831) 7224175
2. BOTTOM OF BORING INDICATES BEDROCK CONTACT.
FIGURE NO. 58
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APPENDIX C

Summary Results of Stability Analysis (Figures 59 — 71)
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APPENDIX D

Secant Wall Site Plan (Figure 72)

Culvert Site Plan (Figure 73)

Proposed Culvert Limits (Figure 74)

Secant Wall Option (Figure 75)

Culvert Buttress with Secant Walls (Figure 76)
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Some Photos From The Project Site
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