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ADDENDUM NO. 2

ELLIS CREEK CHEMICAL SYSTEM UPGRADE PROJECT PHASE I
C66501840

July 3, 2024
This Addendum No. 2 modifies the bidding documents for the Ellis Creek Chemical
System Upgrade Project Phase 1. This Addendum shall become part of the Contract
and all provisions of the Contract shall apply thereto. Bidders shall acknowledge all
Addendums in the Bid Schedule.
GENERAL
Bidders shall find responses to Contractor questions received thus far, revised drawings
(Attachment A) and specifications (Attachment B). Any drawings or specifications not
included in this Addendum have no revisions and shall remain as originally posted.
Bidders shall also find the Geotechnical Reports in Attachment C.

Finally, the list of pre-bid attendees is included as Attachment D.

NOTICE INVITING BIDS CHANGE

Notice Inviting Bids — Receipt of Bids — Page 1 — CHANGE “2:00 PM on Thursday,
July 11, 2024” to “2:00 PM on Thursday, July 18, 2024.”

Notice Inviting Bids — Opening of Bids — Page | — CHANGE “2:00 PM on Thursday
July 11, 2024 to “2:00 PM on Thursday, July 18, 2024.”

CLARIFICATION TO CONTRACTORS — QUESTION AND RESPONSE

Question #1: Does Section 13140 pertain to the Analyzer enclosure on Sheet M-7?

Response #1: Yes. Section 13140 pertains to the Analyzer enclosure shown on M-6 and
M-7.

Question #2: Is a 25-Year Warranty on materials and workmanship appropriate? Or
would the owner prefer a 20-Year Warranty instead?

Response #2: 20-Year Warranty is acceptable.



Question #3:  1.02.A.2 calls for waterproof and watertight. Flood waters and rain driven
at 99 mph will get into any manufacturer’s building. Is water-resistant acceptable?

Response #3: Water Resistant is acceptable. Section 1.02A.2 has been revised to change
‘completely waterproof” to ‘water resistant’.

Question #4: 1.02.A.2 calls for airtight. No manufacturer’s building is perfectly
airtight, and many applications call for airflow, either with a fan or with one or more
natural air vents. Please confirm no airflow is needed in/out of this building.

Response #4:  Analyzer enclosure building shall feature filtered vents and small vent fan.
Section 1.02A.2 has been revised to remove ‘air tight’ from requirements.

Question #5: 2.03.B calls for permanently fused building. Is a building that could be
taken apart, if needed, also be acceptable?

Response #5:  Analyzer enclosure building shall be shop fabricated and assembled per
specification section 13140, 1.01A1.

Question #6: 2.04.A calls for high gloss molds. Are matte molds (that mute the sun’s
reflection) also acceptable?

Response #6: Matte molds are acceptable.
Question #7: 3.02.A calls for field erected panels. This seems to conflict with the
2.03.B requirement for a permanently fused building. Is a fully assembled building also

acceptable?

Response #7:  Analyzer enclosure building shall be shop fabricated and assembled.
Specification section 3.024 has been removed.

Question #8: 3.02.B calls for neoprene base gasket. Is ConSeal (cut sheet attached) also
acceptable?

Response #8: Yes. ConSeal would be acceptable.

Question #9:  Will the floor be a concrete slab by others?

Response #9: Floor will be existing concrete.

Question #10: May we assume the door is at least 3’ wide x 6’-8” high?
Response #10: No. Door shall be 2°-6" wide and 6’-8” tall.

Question #11: Should the door hardware be 3-point pad lockable? Or should it be panic
touchbar key-lockable?



Response #11: Both 3-point pad lockable and panic touchbar key lockable are
acceptable. It is acceptable to assume 3-point pad lockable alternative for biding
purposes with the expectation that final decision will be made during review of shop
drawings.

Question #12: Should the door threshold be 2.75 high FRP step-over? Or should it be
low-profile aluminum 2" high?

Response #12: Door threshold shall be low-profile, /> high.
Question #13: Does the door require a window (nominal 15 x 15)?

Response #13: Window is not required. Section 1.14.2 has been revised to remove
‘windows’ for the requirements.

Question #14: Will there be any field penetrations through the FRP larger than 2
diameter?

Response #14.: It is not anticipated that there will be any field penetrations larger than 2"
diameter at the Analyzer enclosure building.

Question #15: Will anything weighing more than 10 Ibs. be field attached to the FRP? If
s0, how many 4’ x 4’ areas of reinforcement are needed?

Response #15: No. No single instrument or device weighs more than 10 lbs.

Question #16: Are white, green, tan, or gray sufficient exterior color options from which
to choose?

Response #16: The proposed color options are sufficient.
Question #17: Is any electrical needed when the building arrives on site?
Response #17: No.

Question #18: Electrical terminations in junction box or breaker panel? If breaker panel;
120/240V, single-phase, 100A main breaker, NEMA 1?

Response #18: Termination box.
Question #19: Schedule 40 PVC conduit?
Response #19: Yes, for wiring and signal inside the analyzer enclosure building.

Question #20: Does the shelter need any duplex GFCI receptacles that are weatherproof
when not-in-use?

Response #20: Yes, one is required.



Question #21: Does the shelter need LED interior lights providing at least 50 lumens per
sf on average?

Response #21: Yes, one ceiling mounted LED light and external mounted switch is
required.

Question #22: Does the shelter need any exterior LED floodlight or downlight controlled
by photocell?

Response #22: Exterior LED floodlight is not required.

Question #23: Petaluma, CA has gotten as low as 16°F. Is a heater needed for freeze
protection (40°F minimum)?

Response #23: No, if the staff requires a heater during periods of freezing temperatures,
they will have the ability to install a plug-in portable heater.

Question #24: Are there any other unique requirements of this building that you would
like to discuss?

Response #24: No unique requirements of the analyzer enclosure have been identified
outside of the requirements described in specification section 13140 and responses to
pre-bid questions provided herein. See photo below of an existing analyzer enclosure
building currently being used on site:



Question #25: Detail 1 on Drawing C-15 shows a section of 13” of AB and 4” of AC
paving on top of 12” of scarified and compacted subgrade. The Tilt and Cross Section on
Drawing C-13 shows grading the band 3:1 on each side of the paving. Please clarify if is
the intent to scarify the existing grade and install the AB and paving on top or if it is the
intent to over excavate and remove the top 17 of material before proceeding with the
subgrade prep, AB, and paving. If over excavation is required, there will be several
thousand yards of material to dispose of.

Response #25: The intent is to scarify the existing grade and install the ab and paving on
top and match existing grade with 3:1 max side slopes. Over excavation or additional
scarifying outside of the ac limits is not intended.

Question #26: The Bid Schedule Items 16, 17, 18, 19, and 21 do not seem to apply to the
project and no specifications cover these items. Are they part of the contract?

Response #26: The Bid Schedule has been revised accordingly.

Question #27: Are the areas of non-disturbance marked out? (Question received during
the Pre-Bid Site Walk).

Response #27: Contractor shall coordinate with operations staff for confirmation of non-
disturbance areas. Tree removal to be done in accordance with specification sections
01205 and 02050. Additionally, information for protection of trees has been identified in
specification section 02050, 3.07.

Question #28: Site walk Question -2: Can the bid due date be extended 1 week to
account for 4 of July? (Question received during the Pre-Bid Site Walk).

Response #28: Bid date has been extended until July 18™.

Question #29: For dewatering performed during construction, where should the water be
disposed into? (Question received during the Pre-Bid Site Walk).

Response #29: Dewatering to be performed in accordance with specification sections
01500 — Temporary Controls, and 02140 - Dewatering. Water from dewatering
operations shall be disposed of in conformance with the NPDES permit and as approved
by the RWQCB. Specification section 02140, 1.04B4 requires dewatering submittal to
include proposed disposal locations. The disposal location can be any of the nearby
located oxidation ponds (Ponds 1 — 10 and the Aerated Lagoon).

REVISIONS TO DRAWINGS (See Attachment A)

1. Sheet E-2: See attached for clouded items indicating change.
2. Sheet E-10: See attached for clouded items indicating change.



REVISIONS TO SPECIFICATIONS (See Attachment B)

Il Multiple revision to Specification 13140 — Fiberglass Reinforced Plastic Building
per Pre-Bid questions and responses.

2. Specification 09 Bids — Bid Schedule has been revised to remove prior Bid
Schedule Items 16, 17, 18, 19, and 21.

This Addendum No. 2 shall become part of the Contract and all provisions of the Contract shall
apply thereto.

City of Petaluma

Shrvn Worred

Steve Worrell & s m

Onier 2024.07 03 11 2218.0100°

Steve Worrell, MS, PE
Sr. Civil Engineer
Public Works & Utilities

Attachments:

A — Revised Drawings

B — Revised Specifications
C - Geotechnical Report
D — Pre-Bid Attendees



A signed copy of this Addendum and the attached acknowledgement form shall be attached
to the bid proposal. Failure to do so may cause rejection of your bid as being non-
responsive.

ADDENDUM NO. 2

ACKNOWLEDGEMENT

Receipt of Addendum No. 2 is hereby acknowledged by

(Contractor’s Name)

on the day of ,2024.

By:

Signature

Title

Company
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BID SCHEDULE

Ilﬁle(T Description ESS;?}?E? Unit Unit Price Total Price
1 Mobilization/Demobilization 1 LS
2 Starup and Testing 1 LS
3 Tree Removal 1 LS
4 Dewatering 1 LS
5 Concrete Pavement 1 LS
6 AC Pavement
7 Culvert Pipe LS
8 Earthwork Excavation
9 Pipe Bedding Materials
10 Concrete Mat Slab
11 Concrete Containment Wall
12 Concrete Column Pedestal
13 Chemical Tank Pad, Sump, and Pump

Pads
14 CIDH Piles
15 Concrete Stairs
16 FRP Stairs
17 Blue-White Skid System
18 Blue-White Peristaltic Pump
19 Chemical Storage Tank
20 Tankless Water Heater
21 Shower/Eyewash
2 Xylem (Flygt) Mixer, Mixer Mounting
System
23 3” PVC Pipe & Fitting
24 4” DI Pipe & Fitting
25 Chemical Piping
26 Piping Supports
27 Electrical Components and Installation LS
78 Instrumentat.ion and Controls Components LS
and Installation

Total

Base $ $

Bid

Page 1 of 2 Bid Schedule




Item Description Estlmaf[ed Unit Unit Price Total Price
No. Quantity

OPTIONAL BID ITEMS
Item — Estimated . o .
No. Description Quantity Unit Unit Price Total Price

*Note: In case of error in extension of price into the total price column, the unit price will govern.

Total Amount of Bid (written in words) is:

Dollars and

Cents.

In the event of discrepancy between words and figures, the words shall prevail.

Figures

The award of the contract shall be awarded to the lowest price of the total of Base Bid
items 1 through 6. Options Bid items should NOT be included in the Base Bid Price.

Address of Bidder

City

Telephone Number of Bidder

Contractor’s License Number

Page 2 of 2

Signature of Bidder

Name of Bidder (Print)

Fax Number of Bidder

License’s Expiration Date

Bid Schedule




Addendum Acknowledgement

Addendum No.

Addendum No.

Addendum No.

Addendum No.

Addendum No.

Addendum No.

Addendum No.

Addendum No.

1

Signature Acknowledging Receipt:

Signature Acknowledging Receipt:

Signature Acknowledging Receipt:

Signature Acknowledging Receipt:

Signature Acknowledging Receipt:

Signature Acknowledging Receipt:

Signature Acknowledging Receipt:

Signature Acknowledging Receipt:

Page 3 of 2

Date:

Date:

Date:

Date:

Date:

Date:

Date:

Date:

Bid Schedule



SECTION 13140

FIBERGLASS REINFORCED PLASTIC BUILDINGS

PART 1 - GENERAL

101 SUMMARY
A. Section Includes:
1. Freestanding, shop fabricated and assembled fiberglass reinforced plastic (FRP) insulated
composite buildings/sheds/huts.
2. Include fasteners, anchors, doors and frames, vents, gasketing, lighting, and ventilation fan.
1.02 SYSTEM DESCRIPTION
A. Design Requirements:
1. Building shall conform to dimensions shown on Drawings or Buildings shall have outside
dimensions of 8 ft wide by 6 ft deep with a height of 8 ft.
2. Building shall be water resistant, corrosion and chemical resistant, lightweight, and
environmentally aesthetic. Filtered louvers shall be provided
3. Building shall be equipped with adequate interior lighting to allow for operator’s to work on
sampling and controls equipment in the fully-enclosed building. Light switch shall be
mounted on same j-box with exhaust fan ON/OFF switch (NEMA 4X) installed on the
exterior.
4. Building shall be equipped with one 120VAC GFI convenience receptacle.
Building shall be equipped with a single, standard sized door for access that allows for locking
and unlocking with standard treatment facility keys.
6. Design to sustain superimposed loads for load combinations in accordance with ASCE 7-98.
a. Design loads:
(1) Dead load of building, live (snow) load, 35 psf, wind load, 25 psf, mechanical
equipment.
b. During installation of the composite FRP structure a concentrated load not exceeding
250 pounds may be placed on any portion of the roof. The concentrated load shall
not be applied to the roof if other loads are present.
7. Stresses produced by specified load conditions shall be determined consistent with recognized
methods of analysis.
8. Average R-value of assembled building shall be minimum of R-7.
9. Provide 800W 120V AC electric heater with adjustable thermostat type settings.
1.03 SUBMITTALS
A. Product Data:
City of Petaluma Fiberglass Reinforced Plastic Buildings

Ellis Creek Water Recycling Facility

15219

13140 - 1



1.04

1.05

1. Resin and glass manufacturers material specifications.

Shop Drawings:

1. Include plans and elevations, fabrication details indicating laminate thickness and section
depths and widths, location of openings and equipment supports, size and location of anchor
bolts, and gasketing details.

Submit in accordance with Section 01330.
QUALITY ASSURANCE

Buildings provided shall be end product of one manufacturer to achieve standardization for
appearance. Manufacturer Qualifications: Building shall be manufactured and erected by firm with
minimum of 5 yrs experience in structures of size and character specified. Provide 20-year warranty
on materials and workmanship for the building.

DELIVERY, STORAGE, AND HANDLING

Store and protect on manufacturer's site, project site and during shipment and installation to prevent
warping and fracturing.

PART 2 - PRODUCTS

2.01
A.

2.02

2.03

2.04

MANUFACTURER

Mekco, Shelter Works, or equal

LAMINATE MATERIALS

Resins, Gel Coat, Glass Reinforcing, Insulation.

MISCELLANEOUS MATERIALS

Concrete Anchors, Doors, Gasketing

Permanently fused building assembly yielding a watertight one-piece structure.

FABRICATION

Form individual segments on high gloss or matte molds ensuring consistent dimensions of finished
parts. Cast each segment in one piece. Laminate shall consist of chopped roving impregnated with

resin. Form panel flanges and perimeter anchoring flanges to the interior of the building.

Exterior color of the building shall be light gray. Interior color shall be off-white.

City of Petaluma Fiberglass Reinforced Plastic Buildings
Ellis Creek Water Recycling Facility

15219

13140 -2



2.05

ASSEMBLY

Shop assemble complete building. Flanges between adjacent panels shall be factory bonded together
with structural adhesive. Seal exterior edges of adjacent panels with color matched silicon sealant. Fit
and bond appurtenances, formed separately, into openings cut in finished panel or integrally mold to
panel. Bond attachments with glass fibers and resin from interior of panel. Resin seal cut or drilled
edges.

PART 3 - EXECUTION

3.01

A.

EXAMINATION

Examine surface to receive building for acceptable installation conditions. Do not start installation
unless acceptable conditions are provided.

3.02 INSTALLATION

A. Install in accordance with manufacturer’s instruction and approved submittals.

B. Install continuous neoprene gasket or ConSeal between perimeter anchoring flange and where panels
rest on supporting structure. Resin seal cut or drilled edges. Repair damaged panels. Minimum spacing
and edge distances of concrete anchors shall conform to requirements of Section 05500.

C. All wirings within the enclosure shall be in PVC schedule 40 conduits. Electrical wirings shall be
terminated in a common NEMA 4X fiberglass J-box for connections to power 120V circuits by the
Contractor.

City of Petaluma Fiberglass Reinforced Plastic Buildings

Ellis Creek Water Recycling Facility

15219

13140 -3
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Sent via email: pgiori@dudek.com

June 27,2023 BSK Proposal No. GO0000357

Mr. Phillip Giori, PE

Dudek

1630 San Pablo Avenue, Suite 300
Oakland, California 94612

SUBJECT: Geotechnical Investigation Report
Chemical System Upgrade
Ellis Creek Water Recycling Facility
Petaluma, California

Dear Mr. Giori:

BSK Associates (BSK) is pleased to submit our geotechnical investigation report for the above-referenced
project at the City of Petaluma (City) Ellis Creek Water Recycling Facility located at 3890 Cypress Drive in
Petaluma, California. The enclosed report presents our recent geotechnical investigation performed
within the limits of the Chemical System Upgrade project, and our conclusions and geotechnical design
recommendations for the project. Note that our recent geotechnical investigation was also performed for
the separate Oxidation Pond Transfer Structure Rehabilitation and Oxidation Pond Storage Expansion
project which is presented in Appendix A of this report.

In summary, it is our opinion that the project sites (Sites) for the Chemical System Upgrade project are
suitable for the proposed improvements provided the recommendations presented in this report are
incorporated in the design and construction of the project. The primary geotechnical concerns at the Sites
are the potential for strong ground shaking to affect the Sites during a future significant seismic event
(typical of California), the presence of shallow groundwater and associated hydrostatic and buoyancy
pressures, the presence of highly compressible Bay Mud and high organic content soils containing peat,
and the presence of highly expansive surficial soils. The impact of these concerns on the project and ways
to design for and/or mitigate them are discussed in the report.

The conclusions and recommendations presented in the enclosed report are based on limited subsurface
investigation and laboratory testing programs. Consequently, variations between anticipated and actual
subsurface soil conditions may be found in localized areas during construction. If significant variation in
the subsurface conditions is encountered during construction, BSK should review the recommendations
presented herein and provide supplemental recommendations if necessary.

Additionally, design plans should be reviewed by our office prior to their issuance for conformance with
the general intent of our recommendations presented in the enclosed report.

Environmental, Geotechnical, Construction Services, Analytical Testing - An Employee-Owned Company
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We appreciate the opportunity of providing our services to you on this project and trust this report meets
your needs at this time. If you have any questions concerning the information presented, please contact
us at (925) 315-3151.

Sincerely,
BSK Associates, Inc.

Cristiano Melo, PE, GE #2756 Carrie L. Foulk, PE, GE #3016
Livermore Branch Manager Geotechnical Group Manager
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1. INTRODUCTION

This report presents the results of our recent geotechnical investigation for the planned Chemical System
Upgrade (CSU) project at the Ellis Creek Water Recycling Facility (ECWRF) located at 3890 Cypress Drive
in Petaluma, California. Our recent geotechnical investigation was also performed for the separate
Oxidation Pond Transfer Structure Rehabilitation and Oxidation Pond Storage Expansion project, which is
presented in Appendix A of this report. A Vicinity Map showing the location of the project sites (Sites) for
the CSU project is presented on Figure 1. This report contains a brief description of our site investigation
methods and findings for the Sites, including field and laboratory data. Based on these findings, this report
presents conclusions regarding the geotechnical concerns for the planned improvements.

1.1 Site Description

The ECWREF is located at the southern end of Petaluma along the southwest side of Lakeville Highway
(Highway 116) and Browns Lane within the floodplain of the Petaluma River. As shown on the Site Plans,
Figures 2 through 4, the main facilities for the CSU project are located within the oxidation ponds situated
at the southeastern area of the ECWRF. These facilities consist of the Wetlands Effluent Pump Station
(WEPS) adjacent to the northwest side of Pond No. 9 and the chemical processing area adjacent to the
south corner of Pond No. 10. The WEPS facility and the chemical processing area sit atop levee
embankments that are about 30 to 50 years old. The levee embankment for the WEPS is about 100 to 200
feet long, by about 65 feet wide, by about 5 feet high, and has slope gradients of about 5H:1V (horizontal
to vertical) to 3H:1V. The levee embankment for the chemical processing area is about 190 feet long, by
about 140 feet wide, by about 7 feet high, and has slope gradients of about 7H:1V to 3H:1V. The top of
the levees acts as vehicular pathways in between the oxidation ponds and are lined with aggregate base
and/or dirt, except for the asphalt paved roadway connecting the chemical processing area to Highway
116 along the southeastern side of Ponds No. 2, 3, 6, 7, and 10. Based on the current (undated) elevation
topographic map of the Sites provided to us by Dudek (the lead designer for this project), the elevations
at the top of the levee embankment for the WEPS facility and the chemical processing area range from
about 14 to 15 feet and 12 to 13 feet, respectively.

According to historic aerial photographs and historic topographic maps, the Site area was originally a
marsh land/floodplain associated with the Petaluma River until about 1947. By 1955, the area was used
for agriculture until about 1975. According to the geotechnical report by Fugro dated April 2005 (see
detailed reference in the “Previous Investigations” section below), the oxidation ponds were constructed
in 1972 by a combination of excavating and placing fill over the native alluvial and marsh deposits.

1.2 Project Description

The City of Petaluma (City) intends to upgrade the existing chemical system that was constructed in the
1970s with some upgrades in the 1990s to comply with current regulations and safety standards while
also improving efficiency. The existing chemical system was part of the previous wastewater treatment
system prior to ECWRF operations. The main chemical processing area is in the southern corner of the
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ECWRF and consists of sodium hypochlorite (hypochlorite) tanks, sodium bisulfite (bisulfite) tanks,
chemical pumps, and the Motor Control Center (MCC) to run and monitor the equipment. The
hypochlorite travels through 2,400 feet of parallel pipes to the Wetlands Effluent Pump Station (WEPS).
These pipelines are occasionally affected by gas bubbles that disrupt the treatment process, and the long
length of the lines makes them difficult to repair and replace. Additionally, one of the pipes has failed,
leaving the hypochlorite system with no redundancy.

Due to the age of the infrastructure and to prioritize regaining redundancy, the project has been divided
into two phases. The first phase will relocate and rebuild a portion of the hypochlorite dosing system from
its current location to the WEPS location. The second phase of the project will upgrade structural,
mechanical, and electrical deficiencies at the chemical processing area, and will include other demolition
and reconstruction activities.

Phase one will replace and relocate components of the hypochlorite system to the WEPS location. The
new location will include three 6,500-gallon hypochlorite tanks with secondary containment, two
chemical pumps, all associated electrical and SCADA monitoring equipment, a potable water tank and
associated pressure system, and an emergency shower/eyewash station. The tanks and pumps will be
located outside under a shade cover (shelter structure) and the electrical and SCADA equipment will likely
be installed in the existing WEPS motor control center. The shelter structure for the new tanks and
associated equipment will be approximately 60 feet in length and 30 feet in width (see Figure 3).
Depending on the settlement constraints, the shelter structure will likely be supported on a mat
foundation, cast-in-drilled-hole (CIDH) piers, a combination of both, or a combination of a mat foundation
and ground improvement. To provide a level area for the three new tanks, either a retaining wall will need
to be constructed or a portion of the levee embankment housing the WEPS will need to be widened. This
would require placing up to about 3% feet of new fill adjacent to the northwest side of the existing levee
embankment. The widened portion of the levee embankment would need to be steepened from its
current slope gradient of about a 3H:1V to a steeper slope gradient of about 2H:1V. Additionally, road
improvements consisting of asphalt concrete and Portland Cement Concrete pavement will be
constructed to provide all-weather access for chemical trucks (representative of HS-20 live load) from
Highway 116 to the new sodium hypochlorite storage tanks and water to wash down equipment. The
planned improvements at the WEPS facilities are depicted in the draft drawings presented in Appendix B
of this report.

Phase two will consist of evaluating whether to upgrade and retrofit the existing facilities at the chemical
processing area or construct new facilities (see Figure 4). The evaluation will include as-needed seismic
and electrical improvements, mitigating risks from rising sea levels, and standby power. The chemical
processing area consists of a hypochlorite tank building, a bisulfite tank building, an office building (Ponds
Office), an MCC for the chemical dosing system, and a chemical pump room. Additionally, phase two will
include improvements to the Chlorine Contact Basin as well as demolition of the existing Main Pump
Station and Control Building. We understand that consideration is being given to demolishing the
hypochlorite tank building, bisulfite tank building, office building, MCC for the chemical dosing system,
and the chemical pump room. If this is the case, the new building(s) would be constructed with the existing
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footprint of the existing buildings. Depending on the settlement constraints, the new structures will likely
be supported on continuous and isolated spread footings, mat foundations, cast-in-drilled-hole (CIDH)
piers, or a combination of shallow foundations and ground improvement.

Similar to the separate Oxidation Pond Storage Expansion project, the planned improvements for the CSU
may also include raising the levee embankments for the WEPS and chemical processing area about 2 to 3
feet in vertical height in order to address rising sea levels.

If the actual project description differs significantly from that anticipated above, we should be notified so
that we may review our proposed scope of services presented herein for applicability.

1.3 Purpose and Scope of Services

The purpose of this investigation was to explore and evaluate the subsurface conditions at the Sites for
the CSU project to provide geotechnical input for the design and construction of the planned
improvements. The scope of services, as outlined in our January 19, 2023 proposal (Proposal No.
G00000357), consisted of administration of BSK’s services, additional subsurface investigation and
laboratory testing beyond what was originally planned for the Oxidation Pond Transfer Structure
Rehabilitation and Oxidation Pond Storage Expansion project, engineering analysis, and preparation of
this report.

Our investigation specifically excludes the assessment of site environmental characteristics, particularly
those involving hazardous substances. Our scope of services did not include the evaluation of
contaminants in the soil, water, or air.

1.4 Previous Investigations

Previous investigations were performed within the levees for the oxidation ponds at the ECWRF by other
subconsultants. These investigations were presented in the following documents:

1. Fugro West, Inc. (Fugro, 2005), Integrated Geotechnical Study, Lakeville Highway WRF — Parcel A,
Petaluma, California, dated April 29, 2005 (Fugro West Project No. 3045.022). This report
included numerous previous exploration points performed by Harza in 2001 (Harza was
acquired by Fugro in the early 2000’s) as well as tabulated logs for borings performed in 1971
and 1995 by Moore and Taber and Harding Lawson, and

2. RGH Consultants (RGH, 2012), Limited Geotechnical Study, Ellis Creek Oxidation Ponds 7 and 10,
Sheet Pile Levee Project, Petaluma, California, dated December 4, 2012 (RGH Consultants Project
No. 2553.08.04.1).

Pertinent information from these previous reports was considered in the preparation of this report.
Available boring logs and lab data from these previous investigations that are proximate to the Site are
included in Appendix A. The approximate locations of the previous exploration points are shown on Figure
2 and Figure 4.
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2. SITE INVESTIGATION

2.1 Field Investigation

Please refer to the “Field Investigation” section of BSK’s June 26, 2023 report in Appendix A for discussion
on the field investigation performed for this project.

2.2 Laboratory Testing

Please refer to the “Laboratory Testing” section of BSK’s June 26, 2023 report in Appendix A for discussion
on the laboratory testing program performed for this project.
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3. SITE GEOLOGY AND SEISMICITY

Please refer to the “Site Geology and Seismicity” section of BSK’s June 26, 2023 report in Appendix A for
discussion on the geology and seismicity for the site area for this project.
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4 SUBSURFACE CONDITIONS

4.1 Current Subsurface Data

Below is a general description of the soil conditions encountered at the Sites for the CSU project. For a
more detailed description of the soils encountered, refer to the current boring logs, current CPT logs, and
previous subsurface data presented in Appendix A. It should be noted that subsurface conditions can
deviate from those conditions encountered in the current and previous investigations. If significant
variation in the subsurface conditions is encountered during construction, it may be necessary for BSK to
review the recommendations presented herein and recommend adjustments, as necessary.

According to our current borings and CPTs, the Sites are underlain by levee fill and native soils. The fill is
present in the upper approximately 8 to 15 feet below the existing ground surface (BGS)! and generally
consists of firm to hard lean and fat clays. A layer of very loose clayey sand was encountered at a depth
of approximately 5 feet BGS in boring B-3.

Immediately beneath the fill, approximately 6 to 10 feet of soft to firm Bay Mud consisting primarily of
lean and fat clay was encountered in borings B-3 and B-5. Bay Mud is highly compressible and susceptible
to high long-term consolidation settlement upon loading. Based on our pocket penetrometer and TXUU
test results, the upper portion of the Bay Mud layer has a higher shear strength than the lower portion of
the Bay Mud Layer. This is attributed to desiccation of the Bay Mud due to repeated cycles of rising and
falling groundwater in marsh lands and exposure to sunshine and wind. As a result, the upper portion of
the Bay Mud layer is commonly referred to as “Bay Mud Crust”, which typically has significantly higher
strength than regular Bay Mud and is less susceptible to high consolidation. According to NAVFAC 7.012,
soils having an organic content by weight of less than 5 percent are slightly organic, while soils having an
organic content between 5 and 30 percent are considered to be organic soils. Soils having an organic
content of over 30 percent are considered as highly organic and classified as peat. A peat layer within the
Bay Mud layer was encountered in boring B-5 with an organic content of approximately 37 percent from
a depth of about 14% to 16% feet BGS. Bay Mud was also encountered in CPT-2 from about 10 to 19 feet
BGS and CPT-5 from about 12 to 21 feet BGS.

Below the Bay Mud layer in borings B-3 and B-5, our borings generally encountered firm to hard lean and
fat clays to the maximum depth of our borings (approximately 31% BGS). A layer of loose clayey sand was
encountered at a depth of approximately 29 feet BGS in boring B-3. Below the levee fill and the Bay Mud
layer, our CPTs generally encountered firm to hard clayey soils to the maximum depth of our CPTs
(approximately 50 feet BGS).

1 Any reference made to “below the existing ground surface (BGS)” throughout this report refers to the ground
surface at the crest of the existing levees for the oxidation ponds.
2 Naval Facilities Engineering Command (NAVFAC), Design Manual 7.01, Revalidated by Change 1 September 1986.



Geotechnical Investigation Report BSK Project No. GO0000357
Chemical System Upgrade June 27, 2023
Ellis Creek Water Recycling Facility Page 8
Petaluma, California

4.2 Previous Subsurface Data

As shown on Figure 2, various previous exploration points consisting of borings and CPTs were performed
by other consultants along the ponds. Within the Sites for the CSU project, boring HB-8 and CPT-2 were
performed by Harding Lawson in 1995 and Harza in 2001, respectively. Boring HB-8 encountered primarily
medium stiff (soft) to very stiff (firm to hard) clayey soils interbedded with loose to dense layers of clayey
sand to the maximum depth explored (approximately 50 feet BGS). Based on our interpretation, boring
HB-8 encountered approximately 9% feet of levee fill underlain by approximately 9 feet of Bay Mud. CPT-
2 encountered primarily firm to hard layers clayey soils to the maximum depth explored (approximately
80 feet BGS).

4.3 Groundwater

Free groundwater was observed at depths of approximately 10 and 25 feet BGS in borings B-3 and B-5,
respectively. Based on pore pressure dissipation tests, groundwater was encountered at approximately 7
feet BGS in CPT-3. According to piezometer monitoring conducted by Fugro/Harza from 2001 to 2004
(refer to Plate 8 in Appendix A), the groundwater level at the Sites for the CSU project was about 8 feet
BGS.

It should be noted that groundwater levels can fluctuate several feet depending on factors such as
seasonal rainfall, groundwater withdrawal, and construction activities on this or adjacent properties. Also,
free groundwater levels shown in the current and previous exploration points may not be representative
of stabilized groundwater levels.

4.4 Additional Discussion

The above is a general description of soil and groundwater conditions encountered at the Sites for the
CSU project. For a more detailed description of the soils encountered, refer to the boring and CPT logs in
Appendix A. It should be noted that subsurface conditions can deviate from those conditions encountered
at the boring and CPT locations. If significant variation in the subsurface conditions is encountered during
construction, it may be necessary for BSK to review the recommendations presented herein and
recommend adjustments as necessary.
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5. DISCUSSIONS AND CONCLUSIONS

Based on the results of our investigation, it is our opinion that the proposed improvements are feasible
geotechnically. This conclusion is based on the assumption that the recommendations presented in this
report will be incorporated into the design and construction of this project. The primary geotechnical
concerns for the Site are:

1. The potential for strong ground shaking to affect the Site during a future significant seismic event
(typical of the entire San Francisco Bay Area). Ground shaking can be addressed by incorporating
the seismic design parameters presented herein and other seismically related aspects of the 2022
California Building Code (CBC) into the design of the project.

2. The presence of shallow groundwater and associated hydrostatic and buoyancy pressures.

3. The presence of highly compressible Bay Mud and high organic content soils containing peat
underneath the Site and associated potential for significant long-term settlement.

4. The presence of highly expansive surficial soils, which can be addressed by providing deeper
embedment depth of shallow foundations, a continuous perimeter shallow foundation around
structures, use of “non-expansive” fill underneath slabs-on-grade, and proper moisture
conditioning of subgrade soils.

Additional discussions of the conclusions drawn from our investigation, including general
recommendations, are presented below. Specific recommendations regarding geotechnical design and
construction aspects for the project are presented in the “Recommendations” section of this report.

5.1 Shallow Groundwater

As discussed in the “Subsurface Conditions” of this report, free groundwater was observed at depths
ranging from about 10 to 25 feet BGS within the current exploration points performed at the Sites for the
CSU project. However, the actual depth at which groundwater may be encountered in trenches and
excavations may vary. Therefore, excavations deeper than about 5 feet BGS will likely require dewatering
during construction. In addition, the design of new below-grade improvements will need to consider
buoyancy forces. We recommend using a design groundwater depth of 5 feet BGS for the design of
buoyancy forces. As previously discussed, any reference made to “below the existing ground surface
(BGS)” throughout this report refers to the ground surface at the crest of the existing levees for the
oxidation ponds.

We assume pertinent oxidation ponds will be drained where the planned improvements extend down
into the ponds. Due to the predominantly clayey nature of the levee fill and the underlying Bay Mud layer,
we expect that dewatering can be conducted primarily via use of sumps and open pumping. However, the
contractor should be responsible for the means and methods for dewatering the Sites for the CSU project
provided the design/construction management team is afforded an opportunity to review and comment
on the proposed dewatering method(s) to be used.
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5.2 Existing Levee Fill

Based on the findings from the current and previous investigations, the existing levee fill appears to
consist of properly engineered fill. The fill generally has consistent and adequate strength based on
laboratory strength testing and pocket penetrometer readings, the fill has consistent and adequate dry
density and moisture content based on test results, and the fill has consistent and high blow counts. The
existing fill also appears to be free of debris, deleterious matter, and organics based on the current and
previous borings. Therefore, other than having to scarify the crest of the levees during placement of fill as
discussed later in this report, there is no need to overexcavate and replace or recompact the existing levee
fill.

In December of 2021, a sinkhole was discovered on the levee roadway between the flow transfer structure
on the aerated lagoon and Pond No. 4. The sinkhole appears to have been the result of corrosion of a
corrugated metal pipe. We understand that another sinkhole has been identified more recently, which is
located on the inboard side of the levee for Pond No. 9 just south of the WEPS facility. Consideration
should be given to performing a video survey of existing underground utilities throughout the Sites for
the CSU project to check the integrity of existing pipelines. Consideration should also be given to
performing a geophysical survey of the levees to check for potential voids withing the levees that could
lead to future sinkholes.

5.3 Impact of Bay Mud on the Site’s Development

Based on our interpretation of the current and previous subsurface data presented in Appendix A, the
Sites for the CSU project are underlain by Bay Mud as shown on Figure 2. As previously mentioned, Bay
Mud is susceptible to high long-term consolidation settlement upon loading. The Bay Mud thickness
ranges from about 6 to 10 feet within the vicinity of Ponds No. 9 and 10. Based on our findings, the upper
half of the Bay Mud layer consists of a higher strength “crust” that is less susceptible to higher
consolidation settlement than the lower half.

5.3.1 Long-Term Consolidation Settlement

Once new fill is placed to raise the pond levees, the levee for the WEPS facility, and the levee for the
chemical processing area, it will trigger long-term consolidation settlement of the underlying Bay Mud
layer. To help us evaluate potential consolidation settlement if 2 to 3 feet of fill is placed over the existing
oxidation pond levees, we ran consolidation testing on a sample collected at a depth of approximately 16
feet BGS at boring B-3. We also ran consolidation settlement analyses using the program Settle3D (Version
2.016) for:

A generic levee cross section,
The chemical processing area,
The proposed fill underneath the planned shelter structure at the WEPs facility,

e

The proposed mat foundation for the planned shelter structure at the WEPs facility, and
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5. Various shallow foundation configurations at the chemical processing area.

The results of our analyses as well as the assumed geometry and geotechnical parameters used in the
analyses are provided in the sections below.

5.3.1.1 Generic Levee Cross Section

We evaluated the long-term consolidation settlement for a generic levee cross section using the following
parameters/assumptions in our analysis:

e 2 to 3 feet of new fill will be added to the crest of the levee.

o The levee is 20 feet wide at the crest.

e The levee has side slopes with gradients of 3H:1V.

e The existing levee fill is 10 feet thick.

e The existing levee fill has been in place for 50 years (i.e., since circa 1972).

e The Bay Mud layer underlying the underlying the existing levee fill is 10 feet thick.

Based on our analyses, and the stated assumptions, we estimate total long-term consolidation settlement
of about 3 to 6 inches. We estimate that 90 to 95% of the settlement will occur within the first 1 to 2
years after placing the new fill. This settlement will occur areawide and should have higher magnitude
where the Bay Mud layer is thicker and lower magnitude where the Bay Mud layer is thinner.

5.3.1.2  Chemical Processing Area

We evaluated the long-term consolidation settlement for the chemical processing area (CPA) using the
following parameters/assumptions in our analysis:

e 2 to 3 feet of new fill will be added to the crest of the CPA levee.

e The CPA levee is 190 feet long by 140 feet wide at the crest.

e The CPA levee has side slopes with gradients of 5H:1V.

e The CPA existing levee fill is 7 feet thick.

o The CPA existing levee fill has been in place for at least 30 years.

e The Bay Mud layer underlying the underlying the CPA existing levee fill is 10 feet thick.

Based on our analyses, and the stated assumptions, we estimate total long-term consolidation settlement
of about 3 to 6 inches. We estimate that 90 to 95% of the settlement will occur within the first 1 to 2
years after placing the new fill.
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5.3.1.3  Proposed WEPS Shelter Structure

We evaluated the long-term consolidation settlement of the proposed WEPS shelter structure using the
following parameters/assumptions in our analysis:

e 3.5 feet of new fill will be placed to widen the levee embankment.

e The WEPS levee has side slopes with gradients of 5H:1V.

e The WEPS existing levee fill is 5 feet thick.

e The WEPS existing levee fill has been in place for at least 50 years.

e The Bay Mud layer underlying the underlying the WEPS existing levee fill is 10 feet thick.

e The proposed mat foundation will be 62 feet long by 28 feet wide and will be located as
approximately shown on Figure 3 and in Appendix B.

e We assume allowable bearing pressures of 500 and 1,000 psf for the mat foundation.

Based on our analyses, and the stated assumptions, we estimate total long-term consolidation settlement
ranging from about 5 to 9 inches where the mat foundation will lie on the existing levee fill and from
about 2 to 2% feet where the mat foundation will lie directly on the new fill to be placed to widen the
levee embankment. This could result in a differential settlement of about 2 feet across the span of the
mat foundation. We estimate that 90 to 95% of the settlement will occur within the first 1 to 2 years after
placing the new fill and constructing the shelter structure.

5.3.1.4  Proposed Shallow Foundations for Chemical Processing Area

Except for the long-term settlement discussed above for new fill placed over the chemical processing
area, we anticipate little to no long-term settlement if new shallow foundations are constructed within
the limits of existing shallow foundations that are demolished/removed provided similar loading is
applied to the new foundations. However, where this is not the case, we have analyzed the long-term
settlement of adding new mat foundations and continuous and isolated spread footings over the chemical
processing area using the same parameters/assumptions listed for the “Chemical Processing Area” above
and the allowable bearing pressure discussed below. The results of our analyses are presented below.

53.1.4.1 Mat Foundations

Based on our analyses, allowable bearing pressures of 500 and 1,000 psf, and mat foundations 10 to 20
feet long by 5 to 10 feet wide, we estimate total long-term consolidation settlement of about 2 to 8 inches,
with differential settlement equal to half of this amount distributed across the span of the mat
foundations. We estimate that 90 to 95% of the settlement will occur within the first 1 to 2 years after
placing the new fill.



Geotechnical Investigation Report BSK Project No. GO0000357
Chemical System Upgrade June 27, 2023
Ellis Creek Water Recycling Facility Page 13
Petaluma, California

5.3.1.4.2 Isolated Spread Footings

Based on our analyses, allowable bearing pressures of 1,000 to 2,500 psf, and 4-foot square footings
embedded 2 feet BGS, we estimate total long-term consolidation settlement of about 2 to 5 inches, with
differential settlement equal to half of this amount between adjacent foundation support or across a
horizontal distance of approximately 30 feet, whichever is less. We estimate that 90 to 95% of the
settlement will occur within the first 1 to 2 years after placing the new fill.

5.3.14.3 Continuous Spread Footings

Based on our analyses, allowable bearing pressures of 1,000 to 2,500 psf, and continuous footings about
1- to 1.5-foot wide and embedded 2 feet BGS, we estimate total long-term consolidation settlement of
about 2 to 6 inches, with differential settlement equal to half of this amount between adjacent
foundation support or across a horizontal distance of approximately 30 feet, whichever is less. We
estimate that 90 to 95% of the settlement will occur within the first 1 to 2 years after placing the new fill.

5.3.1.5 Additional Differential Settlement

In addition to the differential settlement discussed above for new foundations, existing linear
improvements, such as pavements, concrete flatwork, and underground utilities should not be subject to
abrupt differential settlement as a result of placement of the new fill because the settlement should occur
uniformly areawide. However, upwards of 3 inches of abrupt differential settlement could occur where
these linear improvements are located adjacent to or are connected to existing structures that are
supported on deep foundations that extend below the Bay Mud layer. Therefore, site grades may need to
be re-adjusted near such structures in the future to eliminate trip hazards that develop as a result of this
differential settlement. Also, underground and above ground utilities may eventually be damaged where
they connect to such structures. This could be mitigated by installing flexible joints at these connections
or by repairing the damage after it occurs.

5.3.2 Mitigation of Long-Term Settlements

Depending on the settlement tolerance of the planned improvements, the long-term settlements
discussed above could be mitigated via a combination of measures, including:

1. Placing new structures over a similar footprint and under similar loading conditions as previous
structures that are demolished.

2. Waiting up to 2 years after new fill is placed atop the existing levees and to widen the levee
embankment for the proposed shelter structure at the WEPS facility. This would allow for a
majority of the long-term settlement associated with the new fill to take place before the new
improvements are constructed.

3. Using light weight fill, such as geofoam (which can have unit weights as low as approximately 1
pound per cubic foot, pcf) or cellular foam concrete (which can have unit weights as low as 20 pcf)



Geotechnical Investigation Report BSK Project No. GO0000357
Chemical System Upgrade June 27, 2023
Ellis Creek Water Recycling Facility Page 14
Petaluma, California

to offset increased loading. An in-situ soil unit weight of 110 pcf may be assumed to establish the
amount of excavation of the existing levee fill and replacement with light weight fill. However, if
this measure is used, the geofoam should not extend below the recommended design
groundwater depth of 5 feet BGS below the crest of the levees. A petroleum-resistant
geomembrane would need to be installed above the geofoam to protect it from future
hydrocarbon spills at the project Sites.

4. Founding new structures on a deep foundation system consisting of CIDH piers that extend well
below the Bay Mud layer and are designed to carry drag loading associated with consolidation of
the Bay Mud layer if fill is used to raise the pond levees.

5. Installing a grid of ground improvement columns underneath shallow foundations.

5.3.3 Construction Considerations

The contractor should exercise extreme care during construction to not disturb the Bay Mud Crust layer
underlying the Sites for the CSU project to avoid the potential for causing a bearing capacity failure of the
Bay Mud Crust. Otherwise, this could lead to a phenomenon typically referred to as a Bay Mud “wave”,
where adjacent sections of the Bay Mud layer are pushed up and down, severely impacting existing
improvements situated atop the Bay Mud layer. Therefore, earthwork equipment, soil stockpiles, or
construction supplies should not be placed directly over the surface of the Bay Mud Crust layer either
within the oxidation ponds or in sections of the levee that are excavated during construction. Excavators
with long reach arms should be used during excavation, removal of existing piping, placement of new
piping, and backfill operations. Such excavators should work from the top of the existing levees only. If
this is not possible, BSK should be consulted to provide additional input/recommendations prior to placing
additional loading over the Bay Mud Crust layer.

Any Bay Mud excavated as part of the planned improvements should not be re-used as engineered fill
or backfill at the Sites.

5.4 New Foundations

New structures for this project can be supported spread footings, mat foundations, CIDH piers, or a
combination of shallow foundations and ground improvement columns depending on their settlement
tolerance.

5.5 Anticipated Settlements

The subsections below present our estimated elastic, consolidation, liquefaction-induced, and dynamic
compaction/seismic settlements for the planned improvements for this project. For design purposes,
these settlements should be assumed to be cumulative.
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5.5.1 Elastic Settlement

Total and differential elastic settlements for shallow foundations (i.e., spread footings and mats) are
estimated to be less than %-inch and %-inch. Differential settlement is defined herein as the vertical
difference in settlement between adjacent fountain supports or across a horizontal distance of
approximately 30 feet, whichever is less. Most of the elastic settlement is expected to occur during
construction as the loads are applied. These estimates assume the recommendations presented in this
report are properly implemented.

5.5.2 Consolidation Settlement

The consolidation settlement for this project is discussed in the preceding “Long-Term Consolidation
Settlement” section of this report.

5.5.3 Liquefaction-Induced Settlement

Soil liquefaction is a condition where saturated, granular soils undergo a substantial loss of strength and
deformation due to pore pressure increase resulting from cyclic stress application induced by
earthquakes. In the process, the soil acquires mobility sufficient to permit both horizontal and vertical
movements if the soil mass is not confined. Soils most susceptible to liquefaction are saturated, loose,
clean, uniformly graded, and fine-grained sand deposits and some low plasticity clays. If liquefaction
occurs, foundations resting above or within the liquefiable layer may undergo settlements and/or a loss
of bearing capacity.

We ran liquefaction analysis for our current CPTs (CPT-3 and CPT-5) using the methods by Boulanger and
Idriss (2014)3 using the program software Clig. For our analyses, we assumed a design groundwater depth
of 5 feet BGS and a peak ground acceleration of 0.68g and earthquake magnitude of M7.22 per the site-
specific ground motion hazard analysis presented in Appendix A of this report. The results of our
liguefaction hazard analysis are presented in Appendix A and are summarized in the table below. Based
on these results, we conclude that the potential for liquefaction analysis to occur at the Sites for the CSU
project to be low.

3 Boulanger, R. W., and Idriss, I. M. (2014), CPT and SPT Based Liquefaction Triggering Procedures, Center for
Geotechnical Modeling, Department of Civil and Environmental Engineering, College of Engineering, University of
California at Davis, California Report No. UCD/CGM-14/01, April 2014.
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SUMMARY OF LIQUEFACTION-INDUCED SETTLEMENTS

Estimated Total Liquefaction- Estimated Differential®
CPT Induced Settlement Liquefaction-Induced Settlement
(inches) (inches)
CPT-3 Less than % Less than %
CPT-5 0 0

Note:
1. Differential settlement is defined herein as the vertical difference in settlement between
adjacent foundation supports or across a horizontal distance of approximately 30 feet,
whichever is less.

Based on Youd and Garris (1995)* and the depth and thickness of the potentially liquefiable layers shown
in Appendix A, we consider the overall potential for ground surface disruption (such as sand boils, ground
fissures, etc.) to occur at the Sites for the CSU project to be low due to relative thickness of the non-
liguefiable layers overlying the liquefiable layers.

5.5.4 Dynamic Compaction/Seismic Settlement

Another type of seismically induced ground failure, which can occur as a result of seismic shaking, is
dynamic compaction, or seismic settlement. Such phenomena typically occur in unsaturated, loose
granular material or uncompacted fill soils. Due to the composition, consistency, and apparent relative
density of the soils above the design groundwater level within the current and previous exploration points,
we conclude that the potential for dynamic compaction/seismic settlement to affect the Sites for the CSU
project during a seismic event is low.

5.6 Geologic and Seismic Hazards

5.6.1 Faulting and Seismic Shaking

The Sites for the CSU project are not located within an Alquist-Priolo Earthquake Fault Zone and no
mapped active fault traces are known to transverse the project Sites. Therefore, we conclude that the
potential for surface fault rupture to occur across the project Sites is low. Nevertheless, the project Sites
are in a seismically active area of California. We expect the project Sites to be subjected to moderate to
intense ground shaking due to a significant seismic event on the nearby active faults in the Bay Area and
surrounding regions during the design life of the project. The nearby active faults include the Rogers
Creek, approximately 3 miles northeast, the West Napa, approximately 13% miles northeast, and the San
Andreas, approximately 17 miles southwest of the project Sites.

4 Youd, T. L. and Garris, C. T. (1995), Liquefaction-Induced Ground-Surface Disruption, Journal of Geotechnical
Engineering, ASCE, Vol. 121, No. 11, November, pp. 805-809.
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In 2015, scientists and engineers released a new earthquake forecast for the State of California®. It updates
the earthquake forecast made for the greater San Francisco Bay Area by the 2007 Working Group for
California Earthquake Probabilities. According to this recent study, there is a 72 percent probability that
one or more magnitude M6.7 or greater earthquakes will occur in the San Francisco Bay Area between
2014 to 2044.

As has been demonstrated recently by the 1989 (M6.9) Loma Prieta, the 1994 (M6.7) Northridge, and the
2014 (M6.0) Napa County earthquakes, earthquakes of this magnitude range can cause severe ground
shaking and significant damage to modern urban environments. Therefore, the design of new structures
should incorporate the seismic design parameters presented in the “Seismic Design Criteria” section of
this report.

5.6.2 Slope Stability

Based on our limited slope stability analysis (refer to the “Limited Slope Stability Analysis” section in
Appendix A), we expect the existing levees to be globally stable under static and seismic conditions if 2 to
3 feet of additional fill is placed over the levees to increase overall storage capacity for the oxidation
ponds. However, it is still possible that some sections of the levees could fail globally during a future
significant seismic event at locations where higher concentrations of peat are present or where the Bay
Mud Crust layer is thinner (or nonexistent) than assumed in our analysis. Rather than spending significant
sums to try and mitigate this potential (which may or may not happen during the design life of the facility),
we believe that a more feasible approach would be to repair sections of the levees that fail globally during
a significant seismic event.

The above conclusions assume that existing levee slope gradients will be maintained when raising the
levees. If steepening of the levee slope gradients is desired, BSK should be consulted to evaluate the
potential impact on the global stability of the levees. For this project, BSK takes no exception to
steepening the portion of the levee fill embankment where the proposed shelter structure for the new
sodium hypochlorite storage tanks will be located to a 2H:1V slope due to the limited amount of fill
height involved (about 3% feet).

5.6.3 Expansive Soils

According to the current and previous Atterberg limits testing, the surficial soils at the Sites for the CSU
project have a high shrink and swell potential (i.e., high expansive potential) when exposed to moisture
fluctuation. Mitigation of expansive soil behavior is recommended by deepening shallow foundations,
using continuous perimeter footings, and moisture conditioning the subgrade soils as discussed in the
“Spread Footings and Mat Foundations” and “Earthwork” sections, respectively, of this report.

5 Field, E.H., and 2014 Working Group on California Earthquake Probabilities (2015), UCERF3: A new earthquake
forecast for California’s complex fault system: U.S. Geological Survey 2015-3009, 6 p.,
https://dx.doi.org/10.3133/fs20153009.
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5.6.4 Liguefaction Potential

The project Sites’ liquefaction potential is discussed in the preceding “Liquefaction-Induced Settlement”
section of this report.

5.6.5 Dynamic Compaction/Seismic Settlement Potential

The project Sites’ dynamic compaction settlement is discussed in the preceding “Dynamic Compaction/
Seismic Settlement” section of this report.

5.6.6 Lateral Spread Potential

Lateral spreading is a potential hazard commonly associated with liquefaction where extensional ground
cracking and settlement occur as a response to temporary lateral migration of subsurface liquefied soils
during a design seismic event. These phenomena typically occur adjacent to free faces such as slopes and
creek channels. Based on our liquefaction analysis results for the current CPTs and the subsurface
conditions encountered in the current and previous borings, we conclude that the potential for lateral
spreading to occur at the project Sites is low.

5.6.7 Flood Hazard

According to the 2015 Federal Emergency Management Agency (FEMA) flood insurance rate maps®, the
project Sites are located in within Zone AE — Special Flood Hazard Area with a Base Flood Elevation (BFE)
determined. The BFE for the area is 10 feet (see Exhibit 1 below). According to the current elevation
topographic map of the project Sites, the elevation at the top of the levees for the WEPs facility and the
chemical processing area range from about 13 to 15 feet.

6 Federal Emergency Management Agency (FEMA 2015), FEMA Flood Insurance Rate Map, Sonoma County,
California and Incorporated Areas, Map Number 06097C1002G, October 2, 2015.
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Approximate
Location of Sites

Exhibit 1 — FEMA Flood Map

5.6.8 Tsunami Hazard

According to the CGS (20227) Tsunami hazard area map, the project Sites are just outside the tsunami
hazard area (see Exhibit 2 below).

7 patton, J.R. and Wilson, R.l. (2022), Tsunami Hazard Area Map, Sonoma County; produced by the California
Geological Survey and the California Governor’s Office of Emergency Services, dated 2022, displayed at multiple
scales.
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Approximate
Location of Sites

Exhibit 2 — Tsunami inundation map (yellow = tsunami hazard area)
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6. RECOMMENDATIONS

Presented below are recommendations for foundations, ground improvement, uplift loading due to
buoyancy, retaining walls, seismic considerations, vertical loads on pipes, earthwork, slabs-on-grade,
pavements, site drainage, and construction considerations for this project.

6.1 Foundation Recommendations

6.1.1 Spread Footings and Mat Foundations

We recommend the criteria presented in the tables below be incorporated into the design of new
structures for this project. The low allowable bearing capacities provided below take into account the
presence of Bay Mud underlying the project Sites. Due to the high expansion potential of the surficial
soils, a continuous perimeter footing should be constructed for the new buildings (unless they are
supported on mat foundations) to reduce the potential for moisture fluctuation underneath these
structures, which could lead to vertical movement associated with shrinkage/swell cycles.

SPREAD FOOTING DESIGN CRITERIA

Static Allowable Bearing Capacity* 1,000 psf (4,000 psf)

Seismic/Wind Allowable Bearing Capacity* 1,500 psf (6,000 psf)

Passive Resistance (Equivalent Fluid Pressure)®3 300 pcf

Allowable Lateral Sliding Resistance Adhesion? 600 psf

Minimum Embedment Depth* 24 inches

Minimum Width 12 inches (continuous)
18 inches (isolated)

Notes:

1. Includes a factor of safety of at least 3 for static loading and at least 2 for transient loading (i.e., seismic
or wind conditions). Values shown in parenthesis may only be used for footings that are supported
on ground improvement columns.

2. Neglect upper 1 foot if surface is not confined by concrete slab or pavement. For foundations located
on or proximate to sloping ground, such as a levee, the passive resistance should be neglected in the
upper portion of the foundation until there is a horizontal distance of at least 7 feet between the
slope face and the nearest edge of the foundation.

3. Thessliding resistance and passive resistance may be used concurrently, and the passive resistance can
be increased by one-third for wind and/or seismic loading. Values include a factor of safety of at least
1%. The sliding resistance adhesion should be multiplied by the foundation area to obtain horizontal
sliding resistance.

4. Below lowest adjacent grade.
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MAT SLAB FOUNDATION CRITERIA?

Static Allowable Bearing Capacity? 500 psf (2,500 psf)
Seismic/Wind Allowable Bearing Capacity? 750 psf (3,750 psf)
Passive Resistance (Equivalent Fluid Pressure)®* 300 pcf

Allowable Friction Coefficient* 0.30

Modulus of Vertical Subgrade Reaction® 30 psi/in
Minimum Slab Thickness® at the Edges 12 inches

Notes:

1. Mat slab foundations for below-grade structures should be supported on a minimum of 3 inches of
CLSM (refer to the “Site Preparation and Grading” section of this report for CLSM recommendations).

Mat slab foundations for at-grade structures should be supported on a minimum of 12 inches of
compacted Caltrans Class 2 aggregate base to provide enhanced slab support. If moisture vapor
through the slab is objectionable (i.e., moisture sensitive flooring or objects will be placed over slabs),
a vapor barrier at least 15 mils thick (meeting the requirements of the “Floor Slab Moisture” section of
this report) and capillary moisture break consisting of a minimum 6-inch-thick layer of crushed drain
rock should be installed underneath mat foundations. If used, the crushed drain rock layer may
substitute an equivalent amount of the recommended aggregate base layer. The crushed rock layer
should be %-inch maximum size with no more than 10 percent by weight passing the No. 4 sieve.

2. Includes a factor of safety of at least 3 for static loading and at least 2 for transient loading (i.e., seismic
or wind conditions). Values shown in parenthesis may only be used for mat slab foundations that are
supported on ground improvement columns.

3. Neglect upper 1 foot if surface is not confined by concrete slab or pavement. For foundations located
on or proximate to sloping ground, such as a levee, the passive resistance should be neglected in the
upper portion of the foundation until there is a horizontal distance of at least 7 feet between the
slope face and the nearest edge of the foundation.

4. The friction coefficient and passive resistance may be used concurrently, and the passive resistance can
be increased by one-third for wind and/or seismic loading. Values include a factor of safety of at least
1%. The friction coefficient should be multiplied by the normal force to obtain horizontal sliding
resistance.

5. Based on a one square foot bearing plate. This unadjusted value needs to be adjusted for the actual
size of the mat as follows:

a. Multiply by [(m+0.5)/(1.5 x m)] where m is the ratio of the mat length divided by its width
(unitless).

b. If a computer program is used to design the mat for this project and it requires the input of a
modulus of subgrade reaction for the Site, the designer should check whether the program
requires input of the unadjusted or adjusted modulus of vertical subgrade reaction.

6. Below lowest adjacent finished grade. The thickened edge should be a minimum of 12 inches wide. The
slab designer should determine the slab concrete thickness and reinforcing.

6.1.2 Additional Considerations for Shallow Foundations

Where foundations are located adjacent to below-grade structures (including existing footings) or near
major underground utilities, the foundation should extend below a 1H:1V (horizontal to vertical) plane
projected upward from the structure foundation or bottom of the underground utility to avoid
surcharging the below grade structure and underground utility with foundation loads. Where this is not
possible or feasible, we recommend that CLSM be used to backfill the portion of the utility trench that
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extends below the 1H:1V projection. Also, if a utility crosses perpendicular to a footing, if it is located
within 2 x W of the bottom of the footing, where W = width of footing, the utility should be encased in
CLSM or lean concrete. If a perpendicular utility is located below a depth of 2 x W below the footing, the
utility does not need to be encased in CLSM or lean concrete, but the trench should be backfilled with
impervious material a distance of 2 feet laterally on each side of the perimeter footing centerline as
recommended in the “Excavation and Backfill” section of this report.

Concrete for foundations should be placed neat against firm existing levee fill or engineered fill. It is
critical that foundation excavations not be allowed to dry before placing concrete. If shrinkage cracks
appear in the foundation excavations, the excavations should be thoroughly moistened to close all cracks
prior to concrete placement. The foundation excavations should be monitored by a representative of BSK
for compliance with appropriate moisture control and to confirm the adequacy of the bearing materials.

Where utilities cross under the perimeter footings line and enter “interior” space, the trench backfill
should consist of a vertical barrier of impervious type material as explained in the “Excavation and Backfill”
section of this report. In addition, where utilities cross through footings, flexible waterproof caulking
should be provided between the sleeve and the pipe. Utility plans should be reviewed by BSK prior to
trenching for conformance to these requirements.

6.1.3 Short Drilled Piers

We recommend the criteria presented in the table below be incorporated into the design of short drilled
pier foundations for non-critical improvements, such as light poles, railings, and fencing for this project.
The criteria presented in the table below should not be used to design the CIDH piers for new structures,
particularly for new buildings or the WEPS shelter structure.
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SHORT DRILLED PIER FOUNDATION CRITERIA

Allowable Downward Skin Friction® 300 psf

Allowable Passive Resistance (Equivalent Fluid Pressure)*® 300 pcf

Minimum Pier Diameter 12 inches

Minimum Pier Depth Below Ground Surface 3 feet

Maximum Pier Depth Below Ground surface 5 feet

Minimum Pier Center to Center Spacing 3D?3 (axial loading)
6D>* (lateral loading)

Notes:

1. Includes a factor of safety of at least 2. Values may be increased by 1/3 for seismic or wind loads. Uplift
resistance may be taken as 2/3 of downward capacity. Weight of piers may be used to resist upward
loading.

2. Neglect upper 1 foot if surface is not confined by concrete slab or pavement. For piers located on or
proximate to sloping ground, such as a levee, the passive resistance should be neglected in the upper
portion of the piers until there is a horizontal distance of at least 7 feet between the slope face and
the nearest edge of the piers. Passive resistance should be limited to 1,500 psf and may be applied to
twice the diameter of the piers. Passive resistance may be increased by 1/3 for seismic or wind loads.
Value includes a factor of safety of at least 1}.

3. D = pier diameter. Minimum spacing for lateral loading only applies to piers aligned in the direction of
loading (i.e., one or more piers shadow another pier).

4. For piers spaced less than 6D apart and where the loading direction is such that there is one or more
trailing pier(s) shadowing the leading pier, reductions to lateral capacity of the trailing pier(s) should be
applied as follows:

a. For trailing® piers spaced 3D (D = pier diameter) apart, reduce trailing pier capacity by 50
percent (multiply contribution of trailing piers to group capacity by 0.5),

b. For trailing piers spaced between 4D and 5D apart, reduce trailing pier capacity by 40 percent
(multiply contribution of trailing piers to group capacity by 0.6),

c. For trailing piers spaced 6D or greater apart, no reduction is needed, and

d. For trailing piers spaced between 3D and 4D apart and 5D and 6D apart, interpolate the
reduction factors provided above.

5. Factor of safety may be used to convert from allowable to ultimate capacity.

6.1.4 Axial Capacity of CIDH Piers

Plots illustrating the ultimate downward (compressive) axial capacity of a unit (1-foot) diameter, straight-
sided, cast-in-drilled-hole (CIDH) pier foundation installed from the existing ground surface are shown on
Figures 5 and 6. The first plot (Figure 5) is for piers installed within the existing levees without raising the
levees. The second plot (Figure 6) is for piers installed after the levees are raised up to 3 feet. Figure 6
should also be used to design the piers for the WEPS storage shelter. The axial capacity for piers with
diameters larger than 1-foot may be obtained by multiplying the capacity for the 1-foot diameter pier
presented on Figures 5 and 6 by the desired pier diameter (in units of feet). The plots are applicable for
piers of up to 36 inches in diameter.

8 The leading pier is defined as the pier that has no pier in front of it in the direction of lateral loading, while the
trailing pier is defined as the pier that is behind (i.e., shadows) the leading pier in the direction of lateral loading.
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Due to the presence of Bay Mud underneath the project Sites, the axial capacity plot shown on Figure 6
includes a downdrag zone (associated with consolidation of the Bay Mud layer due to the addition of fill
to raise the levees) where axial capacity of CIDH piers should be neglected. It also provides a
recommended drag load that should be included in the design of the CIDH piers unfactored. Figure 6
should be used if the CIDH piers are installed less than 2 years after fill is placed to raise the levees.
However, if the CIDH piers are installed 2+ years after the levees are raised, then Figure 5 may be used
to design the piers (i.e., no downdrag zone or drag load needs to be applied) because by then we
estimate that 90 to 95% of the consolidation settlement will already have occurred.

The axial capacity was computed based on the Federal Highway Administration (FHWA) procedures for
design of drilled piers (Brown et al., 2010)° using the computer program SHAFT (version 2012). The
ultimate uplift capacity may be obtained by multiplying the ultimate frictional compressive capacity by
2/3 and by adding the weight of the pier foundation. The weight of the foundation is not included in the
allowable resistance shown on Figures 5 and 6. Piers should be at least 18 inches in diameter and have a
minimum spacing (center to center) of three pier diameters or the vertical capacity provided should be
reduced.

The ultimate downward axial capacity does not include end-bearing due to strain incompatibility issues
associated with the installation of CIDH piers (i.e., the piers need to settle a certain amount, typically 5
percent of the pier diameter, upon loading before the end bearing capacity can be mobilized).

6.1.5 Lateral Capacity of CIDH Piers

We estimated the displacement, shear, and bending moment for 24-inch diameter CIDH piers under
lateral loads using the linear-elastic model in the computer program Lpile (version 2018.10.07). Both fixed-
head (no pile top rotation allowed) and free-head (pile top rotation allowed) conditions were analyzed. If
a different diameter CIDH pier is proposed, BSK should be consulted to provide an updated Lpile analysis.

Figures 7 through 9 present the Lpile deflection, shear force, and bending moment versus pier length for
each pier size analyzed for %-, ¥%-, %-, and 1-inch lateral displacements at the pier top. As noted in these
figures, the plots are based on unfactored values and the designer should consider applying a factor of
safety to the results. The plots shown on Figures 7 through 9 apply only to piers spaced at least 6
diameters apart (center to center) or where the loading direction is such that there is no trailing pier
shadowing the leading pier. For piers spaced less than 6 diameters apart and where the loading direction
is such that there is one or more trailing pier(s) shadowing the leading pier, reductions to lateral capacity
of the trailing pier(s) should be applied as follows:

9 Brown, D.A., Turner, J.P., and Castelli, R.J. (2010), Drilled Shafts: Construction Procedures and LRFD Design
Methods, prepared for U.S. Department of Transportation, Federal Highway Administration, Publication No. FHWA-
NHI-10-016, 2010.
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. For trailing piers spaced 3D (D = pier diameter) apart, reduce trailing pier capacity by 50
percent (multiply contribution of trailing piers to group capacity by 0.5),

. For trailing piers spaced between 4D and 5D apart, reduce trailing pier capacity by 40 percent
(multiply contribution of trailing piers to group capacity by 0.6),

° For trailing piers spaced 6D or greater apart, no reduction is needed, and

. For trailing piers spaced between 3D and 4D apart and 5D and 6D apart, interpolate the

reduction factors provided above.

6.1.6 Lateral Capacity of Pier Caps

The same lateral capacity parameters recommended in the “Spread Footing and Mat Foundations” section
of this report may be used for the design of pier caps. Passive resistance may be used for both static and
seismic conditions. Mobilization of passive resistance will require lateral movement of up to 0.004H to
0.04H, where H is the height of the pier cap embedded in the soil. In addition, a side friction based on an
allowable friction coefficient of 0.25 and an equivalent fluid pressure of 60 pcf (to be used as the normal
force in conjunction with the friction coefficient) may be used for the pier caps. This side friction should
be neglected in the upper 1 foot if the ground surface is not confined by a concrete slab or pavement.
Also, the side friction should be neglected in the upper portion of the pier caps until there is a horizontal
distance of at least 7 feet between the slope face and the nearest edge of the foundation. The applicable
pier cap capacities may be use concurrently with the CIDH pier capacities.

6.1.7 Construction Considerations for CIDH Piers and Short Drilled Piers

Due to the presence of the Bay Mud layer, we recommend that the pier holes deeper than about 7 feet
BGS either be temporarily cased during installation or be drilled using the slurry displacement method
to reduce the potential for the Bay Mud to cave or squeeze into the pier hole. We recommend that
drilled pier steel reinforcement and concrete be placed within about 4 to 6 hours upon completion of each
drilled hole. As a minimum, the holes should be poured the same day they are drilled. If the holes cannot
be backfilled the same day they are drilled, the holes need to be checked for caving, sloughing or
squeezing prior to setting the rebar cage and checked again before pouring concrete. The steel
reinforcement should be centered in the drilled hole. Concrete used for pier construction should be
discharged vertically into the holes to reduce aggregate segregation. Under no circumstances should
concrete be allowed to free-fall against either the steel reinforcement or the sides of the excavation
during construction.

Based on the discussion presented in the “Groundwater” section of this report, groundwater should be
anticipated below a depth of 5 feet BGS. However, the actual depth at which groundwater may be
encountered in excavations may vary. If water more than 6 inches deep is present during concrete
placement, either the water needs to be pumped out or the concrete needs to be placed into the hole
using tremie methods. If tremie methods are used, the end of the tremie pipe must remain below the
surface of the in-place concrete at all times. Unit prices for dewatering and/or tremie placement methods
should be obtained during the bidding process.
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Concrete for drilled piers should be designed and placed in general conformance with the
recommendations provided in AClI 336.3R-14, Design and Construction of Drilled Piers®. The
recommendations provided within ACI 336.3R-14 should be followed, in particular when concrete
placement is necessary below groundwater level, in caving or sloughing soils, or in sand, which may
necessitate casing or the slurry displacement method for concrete placement. These methods require
concrete placement at higher slumps than “dry” conditions and concrete mix specifications, including the
addition of concrete admixtures and consideration of consolidation methods, should be provided by the
design team. If temporary casing is used, it should consist of smooth walled steel. Corrugated metal pipe
(CMP) should not be used as temporary casing because it has a tendency to create voids or disturbed
zones during removal and temporary smooth-walled casing should not be left in the hole.

A BSK representative should be present on a full-time basis during installation of the piers to confirm that
subsurface conditions are similar to those encountered in our borings and to check if the contractor is
properly casing or using slurry to drill the pier holes that extend deeper than 7 feet BGS.

6.2 Ground Improvement

Based on the subsurface conditions encountered at the project Sites, we believe that drill displacement
columns, DDC (or similar methods, such as Geopier® concrete elements) could be used successfully
underneath the planned structures for this project to mitigate long-term settlement associated with the
presence of Bay Mud. This method also can provide greater bearing capacity for shallow foundations
constructed above the ground improvement columns. We do not believe stone columns (or similar
methods) would be a feasible ground improvement alternative for this project due to the reduced lateral
confinement provided by Bay Mud for such methods.

At this time, we anticipate that the zone requiring ground improvement would need to extend to a depth
of about 30 to 40 feet BGS. On a preliminary basis, we anticipate spacings of 8 to 10 feet on centers
between ground improvement columns and column diameters of 18 to 24 inches. The ground
improvement columns need to be installed below the footprint of foundations and interior slabs. If
ground improvement columns are not installed underneath interior slabs, then such slabs should be
designed as structural slabs that span unsupported between adjacent foundations. The final spacing,
diameter, and depth of the ground improvement columns should be designed by a qualified and
experienced ground improvement contractor based on magnitude and distribution of the structural loads.

Ground improvement contractors bidding on this project individually or as subcontractors to the general
contractors should demonstrate a minimum of 5 years of continuous experience designing and installing
ground improvement columns in similar subsurface conditions as that found at the project Sites. They
should also provide examples of instances when things went wrong during particular projects and how
they were remediated during construction. BSK should be provided an opportunity to review the ground

10 ACI Committee 336, 2014
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improvement plans before they are finalized to confirm they satisfactorily address BSK’s findings and
recommendations.

During construction, a BSK representative should observe the installation of the ground improvement
columns to check that they consistent with the ground improvement plans.

6.3 Uplift Loading Due to Buoyancy

Below-grade structures and new piping for this project should be designed to resist a buoyancy force
based on a recommended design groundwater depth of 5 feet BGS (referenced to the crest of the existing
oxidation pond levees). The weight of the below-grade structures and piping (assume empty case) may
be used to resist this uplift pressure as well as friction between the below-grade structure walls and the
surrounding backfill and the backfill above the piping. An allowable friction coefficient of 0.25 between
the walls and surrounding backfill may be used. This value includes a factor of safety of about 1%. Normal
pressures of 60D psf and 30D psf above and below the design groundwater depth, respectively, where D
is the depth in feet of the below-grade structure below the ground surface, may be used to compute the
normal force to be used with the allowable friction coefficient.

If the mat foundation for below-grade structures extends beyond the outer reinforced concrete basin wall
limits to form a “lip”, the weight of the backfill above the lip plus a soil wedge extending upward at a 65-
degree angle from the horizontal from the edge of the lip may be used to resist uplift pressure in lieu of
the wall friction discussed in the paragraph above. Effective soil unit weights of 120 and 58 pcf may be
used above and below the design groundwater depth, respectively.

If additional resistance to buoyancy is required, this could be provided via use of thicker walls and a
greater weight for the below-grade structures, deadman anchors, or placing CLSM/lean concrete backfill
above the lip of the mat foundation extending beyond the walls. Deadman anchors for new piping could
consist of concrete slabs or ballast strapped to the piping.

6.4 Retaining Walls

Above- and below-grade retaining walls up to 10 feet high are anticipated for this project. These walls
may be supported on spread footings or mat foundations per the recommendations presented in the
“Spread Footings and Mat Foundations” section above. An active earth pressure should be used where
the walls are allowed to deflect and an at-rest pressure should be used for restrained walls. The active
earth pressure condition will develop only when the wall is allowed to yield sufficiently. The amount of
outward displacement at the top of the wall designed for active earth pressures may be up to 0.004H to
0.04H, where H is the height of the wall. Retaining walls may be designed using the lateral earth pressures
provided in the table below, which are expressed as equivalent fluid pressures (unit weights) in units of
pounds per cubic foot (pcf). If the walls do not include a drainage system, then hydrostatic pressures
should be included in the design of the walls regardless of if they are located entirely above the
recommended design groundwater depth or not.
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LATERAL EARTH PRESSURES
FOR WALLS UP TO 10 FEET IN HEIGHT

Equivalent Fluid Pressures (pcf)?
Earth Pressures 5 5
Above Water Below Water
Active (Flexible walls) 45 85¢
At-Rest (Rigid walls) 60 90¢
Seismic (Flexible walls) 27°E 130E
Seismic (Rigid walls) 47PF 23P¢
Notes:
A. The lateral earth pressures presented herein are applicable for level backfill up to 6H:1V.
B. Design groundwater is at a depth of 5 feet BGS (referenced to the crest of the existing oxidation pond levees).
C. Includes hydrostatic pressure.
D. Only applicable for walls retaining more than 6 feet of soil/backfill.
E. Section 1803.5.12 of the 2022 CBC requires that the design for foundation walls include seismic earth pressures

and retaining walls supporting backfill heights greater than 6 feet include seismic earth pressures. These
pressures are expressed as equivalent fluid pressures and should be added to the wall design in addition to the
static active or at-rest pressures. The seismic earth pressure should be applied as a triangular distribution with
the resultant force acting 1/3 times the wall height above the base of the wall. The seismic earth pressures
presented herein are based on Agusti and Sitar (2013)11 and the PGA value of 0.68g per Appendix A of this report.

6.4.1 Wall Drainage

Retaining walls higher than 2 feet should be either designed to resist hydrostatic pressures or be well-
drained to reduce the potential for hydrostatic pressures to develop behind the walls. A typical drainage
system for a cantilevered wall may consist of a 1- to 2-foot-wide zone of Caltrans Class 2 Permeable
material immediately behind the wall with a perforated pipe at the base of the wall discharging to a storm
drain or other appropriate discharge facility via gravity flow. As an alternative, a prefabricated drainage
board may be used in lieu of the Class 2 Permeable material. Where conditions allow for the use of weep
holes, they may be used in lieu of the perforated pipe. The holes should be a minimum of 2 inches in
diameter and spaced at 4 feet or less on-center. Filter fabric or wire mesh should be placed over the holes
at the backside of the wall to inhibit the permeable material, if used in lieu of a drainage board, from
washing through the holes. Unless the drainage zone behind retaining walls is protected by concrete
flatwork or pavement, it should be capped with a minimum 12-inch-thick layer of properly compacted
on-site clayey soil to reduce the risk of surface runoff discharging into the wall drain.

6.4.2 Surcharge Loads

Surcharge loads caused by vehicular and/or construction traffic adjacent to the walls, such as HS-20 live
load, may be assumed to consist of a rectangularly distributed uniform pressure of 100 psf acting over a
depth of 10 feet below the ground surface of the retained soil. For other surcharge loads, a rectangular

11 Agusti, G.C. and Sitar, N. (2013), Seismic Earth Pressures on Retaining Structures in Cohesive Soils, report
submitted to the California Department of Transportation (Caltrans) under Contract No. 65A0367 and NSF-NEES-CR
Grant No. CMI-0936376: Seismic Earth Pressures on Retaining Structures, Report No. UCB GT 13-02, August 2013.



Geotechnical Investigation Report BSK Project No. GO0000357
Chemical System Upgrade June 27, 2023
Ellis Creek Water Recycling Facility Page 30
Petaluma, California

distribution with a uniform pressure equal to one-third and one-half of the surcharge pressure should be
used for an unrestrained wall (active earth pressure condition) and for a restrained wall (at-rest earth
pressure conditions), respectively. The additional surcharge pressure should be applied over the entire
height of the wall. Additional analyses during design may be needed to evaluate the effects of non-
uniform surcharge loads such as point loads, line loads, or other such presently undefined surcharge loads.
In that case, we should be consulted for supplemental geotechnical recommendations.

6.5 Seismic Design Criteria

The project Sites are in located in a region of high seismic activity and will likely be subjected to moderate
to intense ground shaking during the life of the project. As a result, structures to be constructed for the
project should be designed in accordance with applicable seismic provisions of the 2022 California Building
Code (CBC).

6.5.1 Mapped 2022 CBC Seismic Design Parameters

Based on Section 1613.2.2 of the 2022 CBC, the project Sites shall be classified as Site Class A, B, C, D, E or
F based on the Sites’ soil properties and in accordance with Chapter 20 of ASCE 7-16. Based on the current
and previous subsurface data for the project Sites, we recommend the Sites be classified as a Site Class D.
A site-specific ground motion hazards analysis for this project is presented in Appendix A of this report
and is discussed in the next section of this report. However, as an option (if desired by the structural
engineer), we have provided mapped 2022 CBC seismic design parameters in the table below, including
increased values for Spi and Spx per the exception for Site Class D sites provided in ASCE 7-16, Supplement
3, Section 11.4.8, Item 1.
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2022 CBC SEISMIC DESIGN PARAMETERS

(Lat: 38.222148, Lon: -121.568094)

Seismic Design Parameter Value Reference
Site Class D ASCE 7-16, Table 20.3-1
MCEr Mapped Spectral Acceleration (g) | Ss=1.847 S1=0.704 USGS Mapped Values
Site Coefficients (Site Class D) F.=1.0 Fo=1.7% ASCE 7-16, Table 11.4-1 & -2
(Supplement 3)
MCEr Mapped Spectral Acceleration S = 1.847 Sw1=1.795 ASCE 7-16, Eq. 11.4-1 & -2
Adjusted for Site Class Effects (g) M= S (See Note B below) | (Supplement 3)
. . _ Sp1 = 1.197 ASCE 7-16,Eq. 11.4-3 & -4
Design Spectral Acceleration (g) Sps =1.231 (See Note B below) | (Supplement 3)
Site Short Period — Ts (Seconds) Ts=0.972 Ts= Sp1/Sos
Site Long Period T, (Seconds) 8 USGS Mapped Value
Seismic Design Category (SDC) D ASCE 7-16, Section 11.6

MCEg peak ground acceleration

adjusted for Site Class effects (g) PGAm = 0.854 ASCE 7-16, Section 11.8.3

Definitions:
MCEr = Risk-Targeted Maximum Considered Earthquake
MCEG = Maximum Considered Earthquake Geometric Mean
Notes:
A. See requirements for site-specific ground motions in ASCE 7-16, Section 11.4.8. This value of Fy shall be used

only for calculation of Ts, determination of Seismic Design Category, linear interpolation for intermediate

values of S1, and when taking the exceptions under Items 1 and 2 of Section 11.4.8 for the calculation of So.
B. Swmz1 and Spi values with a 50% increase assuming the exception for Site Class D described in ASCE 7-16

Supplement 3, Section 11.4.8, Item 1 is taken. Otherwise, a site-specific ground motion analysis per ASCE

7-16 Section 21.2 is required.

6.5.2 Site-Specific Ground Hazard Analysis and 2022 CBC Seismic Design Parameters

A site-specific ground motion hazard analysis based on Section 21.2 of ASCE 7-16 for the project area is
presented in Appendix A of this report. 2022 CBC seismic design parameters based on the site-specific
ground motion hazard analysis are also presented in Appendix A.

6.6 Vertical Loads on Pipe
The piping for the project should be capable of supporting vertical loads due to the soil overburden (trench

backfill) and surcharge, including traffic loads. An in-place density of 130 pounds per cubic foot may be
assumed for the trench backfill, and Marston's Formulal?2 may be used. The table below presents the

12 Marston, A, and Anderson, A.P., "The Theory of Loads on Pipes in Ditches and Tests of Cement and Clay Drain
Tile and Sewer Pipe." lowa Eng. Sta., Bull. No. 31 (1913).
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vertical pressure on the pipe due to an HS-20 live load as defined in the "American Iron and Steel Institute,
Handbook of Steel Drainage and Highway Construction Products".

VERTICAL LOADS ON PIPE

Height of Cover Over Pipe (Feet) | Vertical Pressure on Pipe (psf)
1 1,800
2 800
4 400
6 200
8 100
>8 Neglect live load

Additional surcharge loads on the pipe should be considered in the design if the loads are located above
the pipe or within a 1H:1V plane projected upwards from the spring line of the pipe.

6.7 Foundation Support and Backfill for Below-Grade Structures

Removal of existing pipes, installation of new pipes, and removal of existing and construction of new
below-grade structures (if applicable) for the project will occur within existing levees. Therefore, typical
pipe bedding and shading material consisting of granular soils should not be used for new pipes or
below-grade structures that protrude through the levee embankments. Otherwise, adverse seepage
conditions could lead to failure of the levees via internal erosion of the levee embankments, which is
commonly referred to as "piping”13. Concrete ballast a minimum of 6 inches thick should be installed
immediately below the new pipes that protrude through the levee embankments. The purpose of the
ballast is to provide pipe support and a gap below the new pipes to allow proper backfill under the new
pipes. Backfill under and around the new pipes and extending at least 6 inches above the crown of the
new pipes should consist of CLSM. The ballast should be installed in a manner that allows the CLSM to
flow freely to fill all voids under and around the new pipes. The new pipes should be secured to the ballast
using straps or other means to avoid having the pipes float when they are being backfilled with CLSM.

Once the CLSM has sufficiently cured to allow soil backfill to be placed above it and mechanically
compacted, the soil excavated from the levee fill may be used to backfill the remainder of the pipe
excavation provided it is free of deleterious matter, organics, and Bay Mud. If imported fill is needed to
backfill the zone above the pipe, it should meet the levee fill criteria provided in the “Site Preparation and
Grading” section of this report.

Also, the excavation bottom for new below-grade structures (if applicable) should not be covered by
crushed drain rock or similar material to create a stable base on which to construction the new
foundation for such structures. If the exposed surface at the bottom of the excavation is unstable, a layer

13 A condition where flowing water transports soil particles out of the inner core of an earthen dam/levee creating
a hole within the dam/levee embankment.
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of CLSM a minimum of 6 inches thick should be placed over the bottom of the excavation. Backfill around
new below-grade structures should consist of the soil excavated from the levee fill provided it is free of
deleterious matter, organics, and Bay Mud. If imported fill is needed for backfill, it should meet the levee
fill criteria provided in the “Site Preparation and Grading” section of this report.

6.8 Demolition

6.8.1 Existing Utilities

Active or inactive utilities within the construction area should be protected, relocated, or abandoned.
Pipelines that are 2 inches in diameter or less may be left in place beneath the planned structures provided
they are cut off and capped at the structure perimeters. Pipelines larger than 2 inches in diameter within
the planned structure footprint should be removed or filled with CLSM meeting the project specifications.
Active utilities to be reused should be carefully located and protected during demolition and during
construction.

6.8.2 Excavation and Backfill of Existing Foundations and Below-Grade Structures

If applicable, all existing foundations and below-grade structures to be abandoned should be demolished
and removed. The resulting excavations should then be properly backfilled with compacted engineered
fill per the requirements of the “Earthwork” section of this report. A BSK representative should observe
and test the compaction for earthwork activities during construction.

6.8.3 Reuse of On-site Concrete, Asphalt Concrete, and Aggregate Base

Where applicable, existing asphalt concrete (AC) may be pulverized and mixed with the underlying gravel
layer (i.e., aggregate base) for re-use in the lower 6 inches of the aggregate base layer for new gravel
roadways and paved areas after the levees are raised 2 to 3 feet. The processing should be performed in
such a manner that the pulverized AC meets the gradation, R-Value, durability index, and sand equivalent
requirements of Section 26 of the 2018 Caltrans Standard Specifications, unless otherwise indicated by
BSK during construction. Also, the contractor should exercise extreme care not to contaminate the
pulverized AC and existing AB with the underlying clayey subgrade soils during removal or this could
result in rejection of a portion or all the removed materials for use as aggregate base for new gravel
roadways and paved areas.

6.9 Earthwork

6.9.1 Site Preparation and Grading

Our general site preparation and grading recommendations are as follows:

1. Theareasto be graded should be cleared of debris, significant surface vegetation and obstructions
including abandoned underground pipes, foundations, and concrete slabs. Stripped surface
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organics should be disposed off-site.

From a geotechnical standpoint only, the levee fill is generally suitable for re-use as general
engineered fill'* provided it is free of deleterious matter, organics, and Bay Mud and properly
processed so that particle sizes are not greater than 3 inches in largest dimension. At least 90
percent by weight of the general engineered fill/backfill materials should be passing the 1-inch
sieve. Nesting (i.e., concentration) of larger particles should be avoided to reduce the potential
that this could create voids and allow future settlement in the overlying fill/backfill or “piping”
failure of the levee. All fill materials should be subject to evaluation and approval by a BSK
representative prior to their use.

If zones of loose/soft or saturated soils, including in existing fill areas, are encountered during
excavation and compaction, deeper excavations may be required to expose firm soils. This should
be evaluated in the field by a BSK representative. Where deleterious matter is encountered in
excavations, this material should be overexcavated and disposed off-site.

Controlled Low Strength Material (CLSM) typically consists of a mixture of cement, fly ash, coarse
and fine aggregate, an air entrainment admixture, and water. Where foundations will bear on
CLSM, the CLSM should have a 28-day compressive strength of at least 50 pounds per square inch
(psi) tested in conformance with ASTM D4832 and sampled in accordance with ASTM D5971. For
future excavatability of the CLSM, its 28-day compressive strength should not exceed 1,000 psi. A
minimum of one set of cylinders should be cast each day CLSM is placed. One flowability test
should be conducted per ASTM D6103 each day CLSM is placed and should be at least 8 inches
diameter prior to placement.

The CLSM mix design should be reviewed by the design team and BSK for approval at least 10
business days prior to its use. CLSM placement should be observed and tested by a qualified
representative of BSK.

Imported levee fill material should not be any more corrosive than the on-site soils and should
not be classified as being more corrosive than “moderately corrosive.” The levee fill should meet
the criteria presented in the California Code of Regulation, Title 23, Section 120, which is
summarized in the table below (unless otherwise permitted by BSK). Highly pervious materials
such as pea gravel or clean sands should not be used.

IMPORT LEVEE FILL CRITERIA |

Plasticity Index 8 or greater
Liquid Limit Less than 50%
% Passing the 3-inch Sieve 100%

% Passing No. 200 Sieve 20% or greater

14 “General engineered fill” is defined in this report as suitable on-site soil that is used to backfill excavations or raise
site grade and is properly moisture conditioned and compacted per the requirements of this report. The
requirements for the suitability of on-site soils are provided in the “Site Preparation and Grading” section of this

report.
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5. Following stripping and removal of deleterious materials in areas of the project Sites to receive
fill, the Site should be scarified to a minimum depth of 12 inches, moisture conditioned to at least
2 percent above optimum moisture content, and re-compacted to a minimum of 90 percent
relative compaction. It is important to meet this minimum moisture conditioning due to the
expansion potential of the near-surface soils. Relative compaction refers to the in-place dry
density of soil expressed as a percentage of the maximum dry density determined by ASTM D1557
compaction test procedures. Optimum moisture is the water content (percentage by dry weight)
corresponding to the maximum dry density. Scarification and recompaction should extend
laterally a minimum of 5 feet beyond the limits of the planned improvements, where achievable.
Per the “Grading of Levee Slopes” recommendations below, the bottom of keyways for levee
slopes should not be scarified.

6. We expect new fill to settle an amount equivalent to 1 percent of the fill thickness even if it is
compacted to a minimum of 90 percent compaction. For instance, if the fill thickness is 8 feet,
that would be equivalent to about 1 inch of settlement. Although most of this settlement is
expected to occur during construction, a portion of this settlement could occur several months to
1+ year after grading for the project is completed. To address this potential settlement, the
required compaction for deeper fills should be increased. Therefore, where fills/backfills are
greater than 7 feet in depth below finish grade, the zone below a depth of 7 feet should be
compacted to a minimum of 95 percent relative compaction. Note that increasing the
compaction effort should reduce the amount of fill settlement, but it will not eliminate it.

7. Inareas to be exposed to vehicular traffic, the upper 12 inches of the soil subgrade immediately
below the aggregate base layer should be compacted to a minimum of 92 percent relative
compaction at least 2 percent above optimum moisture content. Subgrade preparation should
extend a minimum of 5 feet laterally beyond the edge of flatwork, pavers, and pavements, where
achievable. The aggregate base layer underneath such flatwork, pavers, and pavement should be
compacted to a minimum of 95 percent relative compaction at near optimum moisture content.
In addition to these compaction requirements, areas to be exposed to vehicular traffic should be
firm and stable and should be proof rolled with a heavy piece of construction equipment, such as
a loaded dump truck or water truck, to check for signs of subgrade instability.

8. Unless otherwise indicated above, all fill and backfill should be placed in thin lifts up to 8-inch
maximum uncompacted thickness, properly moisture conditioned to at least 2 percent above
optimum moisture content for clayey soils and to near optimum moisture content for granular
soils, and compacted to at least 90 percent compaction per ASTM D1557. Aggregate base should
be moisture conditioned to near-optimum moisture content.

9. Grading of Levee Slopes: Current levee slope gradients should be maintained when raising the
levees unless BSK is consulted to evaluate the feasibility of steepening slope gradients. As noted
in the “Slope Stability” section of this report, BSK takes no exception to steeping the portion of
the levee fill embankment, where the proposed shelter structure for the new sodium
hypochlorite storage tanks will be located, to a 2H:1V slope due to the limited amount of fill
height involved (about 3% feet). As previously discussed, existing levee slopes have gradients of
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about 3H:1V or flatter. If existing levee slope gradients are maintained while raising the levees by

2 to 3 feet vertically, this would require widening one or both sides of the levees a total width of

at least 12 to 18 feet at the base depending on the thickness of new fill placed and the existing

slope gradient. Our recommendations for widening the levees are discussed below.

a.

During widening of the levees, the new levee fill should be overbuilt a minimum of 2 feet
laterally and then cut back to finished grade to allow proper compaction of the finished
slope face. The widened portion of the levees should be supported on 18-inch-deep
keyways that are a minimum of 3 to 5 feet wide or as indicated by a BSK representative
during construction. A layer of Mirafi RS280i geotextile fabric or equivalent should be
placed over the bottom of the keyways unless indicated otherwise by BSK during
construction. The geotextile fabric should be overlapped a minimum of 2 feet at the
seams. The contractor should exercise extreme care not to excavate the keyways any
deeper than recommended herein. Otherwise, the integrity of the Bay Mud Crust layer
could be compromised. For this reason, the bottom of the keyways should not be
scarified. The backside (back cut) of the new levee fill should be benched into the existing
levee fill at regular vertical intervals of about 2 to 3 feet as the new levee fill placement
proceeds upslope of the keyway base. The bench width should be a minimum of 2 feet
wide.

Consideration should be given to installing rock slope protection (RSP) as part of the outer
surface of the new levee fill slope to provide long-term protection against future surface
erosion. The RSP layer should be a minimum of 1-foot thick and should consist of Class Il
rock gradation per Section 72-2.02B of the 2018 Caltrans Standard Specifications. The RSP
layer should be underlain by Class 10 RSP fabric meeting the requirements of Section 96-
1.021 of the 2018 Caltrans Standard Specifications, such as Mirafi® 1100NC or equivalent
overlapped at minimum of 1 foot at the seams and fixed to the surface of the slope using
staples per the manufacturer’s requirements.

At the conclusion of construction operations, portions of the levee slopes that are not
protected by RSP should be hydroseeded to help encourage growth of vegetation on the
surface to serve as an additional long-term erosion control measure. Consideration
should be given to covering these areas with a biodegradable woven coir erosion control
blanket to help provide temporary erosion protection until vegetation is re-established
over the area. If used, the woven coir erosion control blanket should meet the
requirements of Section 21-2.020(4), Type B of the 2018 Caltrans Standard specifications,
such as North American Green BioNet® 125 (C125BN) or equivalent. The woven coir
erosion control blanket should be overlapped a minimum of 1 foot at the seams and fixed
to the surface of the slope using wooden stakes or staples per the manufacturer’s
requirements.

10. Observations and compaction testing should be carried out by a BSK representative during

grading and backfill operations, especially during widening of the levees, to assist the contractor

in obtaining the required degree of compaction and proper moisture content. Where the moisture
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content or compaction is outside the range required, additional compactive effort and adjustment
of moisture content should be made until the specified compaction and moisture conditioning is
achieved.

11. BSK should be notified at least 48 hours prior to any grading and backfill operations. The
procedure and methods of grading may then be discussed between the contractor and BSK.

6.9.2 Excavation and Backfill

All excavations should conform to current OSHA requirements for work safety. Where trenches or other
excavations extend deeper than 5 feet, the excavations may become unstable and should be evaluated
by the contractor to monitor stability prior to personnel entering the trenches. Shoring or sloping of any
trench wall may be necessary to protect personnel and to provide stability. It is the contractor’s
responsibility to follow OSHA temporary excavation guidelines and grade the slopes with adequate
layback or provide adequate shoring and underpinning of existing structures and improvements, as
needed. Slope layback and/or shoring measures should be adjusted as necessary in the field to suit the
actual conditions encountered, in order to protect personnel and equipment within excavations. Based
on the subsurface conditions encountered in the current and previous exploration points, we expect the
sidewalls of trenches that extend to depths of up to about 5 feet to remain relatively vertical for a period
of several days. Nevertheless, the longer the trenches remain open the higher the potential for the
sidewalls to start to slough off or cave.

As discussed in the “Subsurface Conditions” of this report, free groundwater was observed at depths
ranging from about 10 to 25 feet BGS within the current and previous exploration points performed at
the project Sites. However, the actual depth at which groundwater may be encountered in trenches and
excavations may vary. We assume pertinent oxidation ponds will be drained where the planned
improvements extend down into the ponds. Due to the predominantly clayey nature of the levee fill and
the underlying Bay Mud layer, we expect that dewatering can be conducted primarily via use of sumps
and open pumping. However, the contractor should be responsible for the means and methods for
dewatering the project Sites provided the design/construction management team is afforded an
opportunity to review and comment on the proposed dewatering method(s) to be used. Groundwater
should be lowered and maintained at least 2 feet below the bottom of the planned excavations in order
to maintain the undisturbed state of the supporting soils and to allow proper compaction of backfill
after below-grade structures and utility lines are installed.

Where new utility trenches extend from the exterior into the interior limits of a building or pavement,
CSLM or lean concrete should be used as backfill material for a distance of 2 feet laterally on each side of
the perimeter footing centerline or the pavement edge to reduce the potential for the trench to act as a
conduit for exterior surface water. Utility trenches located in landscaped or unimproved areas of the
project Sites should also be capped with a minimum of 12 inches of compacted on-site clayey soils.



Geotechnical Investigation Report BSK Project No. GO0000357
Chemical System Upgrade June 27, 2023
Ellis Creek Water Recycling Facility Page 38
Petaluma, California

6.9.3 Weather/Moisture Considerations

If earthwork operations and construction for this project are scheduled to be performed during the rainy
season (usually November to May) or in areas containing saturated soils, provisions may be required for
drying of soil or providing admixtures, such as quicklime treatment, to the soil prior to compaction.
Conversely, additional moisture may be required during dry months. Water trucks should be made
available in sufficient numbers to provided adequate water during earthwork operations.

6.10 Slabs-on-Grade

Slabs-on-grade for this project may consist of concrete floor slabs and exterior flatwork/pavers. The near-
surface soils have a high expansion potential and will be subject to shrink/swell cycles with fluctuations in
moisture content. To reduce these potentially adverse effects, we recommend that interior concrete slabs
and exterior flatwork/pavers be underlain by 24 inches and 12 inches of “non-expansive” engineered fill,
respectively, placed on subgrade prepared as described in the “Site preparation and Grading” section of
this report. The properties of this “non-expansive” fill should meet the criteria presented in the table
below. As discussed in the “Interior Floor Slabs” section below, the upper 6 inches of the 24-inch “non-
expansive” fill below interior slabs should consist of crushed drain rock.

“NON-EXPANSIVE” FILL CRITERIA

Plasticity Index 12 or less

Liquid Limit Less than 30%

% Passing the 3-inch Sieve 100%

% Passing the 1-inch Sieve 90%

% Passing #200 Sieve 8% — 40%

Corrosivity Not be more corrosive than the on-site soils and not be
classified as being more corrosive then “moderately
corrosive”.

The “non-expansive” fill should extend laterally a minimum horizontal distance of 5 feet beyond the limits
of structures (defined as the outside perimeter of building walls or foundation outer limits, whichever
results in the greatest building envelope) and 3 feet beyond the edge of flatwork/pavers where
achievable. Where “non-expansive” fill is used, it is important that placement of this material be done as
soon as possible after compaction of the subgrade to prevent drying of the native subgrade soils and that
slabs be constructed as soon as possible after “non-expansive” material is placed, as subgrades will dry
out even through “non-expansive” fills. A representative of BSK should be present to observe the
condition of the subgrade, and observe and test the installation of the “non-expansive” engineered fill
prior to slab construction.

Where “non-expansive” fill is removed to install utilities within the limits of buildings, exterior flatwork,
and pavers, this layer should be backfilled with new imported “non-expansive” fill and not the “non-
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expansive” fill that was removed from the trench. This is because it is difficult to keep “non-expansive”
fill separated from other soil excavated from the trench.

6.10.1 Interior Floor Slabs

Concrete floor slabs should be supported on at least 6 inches of crushed drain rock to enhance subgrade
support for the slab and provide a capillary moisture break. This material may be considered part of the
required minimum of 24 inches of “non-expansive” fill. If moisture vapor through interior slabs is
objectionable (i.e., moisture sensitive flooring or objects will be placed over slabs), a vapor barrier at least
15 mils thick (meeting the requirements of the “Floor Slab Moisture” section of this report) should be
placed above the crushed drain rock layer and the crushed drain rock material should be % inch maximum
size with no more than 10 percent by weight passing the No. 4 sieve. It is important that placement of this
material and concrete be done as soon as possible after compaction of the “non-expansive” fill to reduce
drying of the subgrade below.

A Structural Engineer should design reinforcing and slab thickness. The floor slab should be separated
from footings, structural walls, and utilities and provisions made to allow for settlement or swelling
movements at these interfaces. If this is not possible from a structural or architectural design standpoint,
it is recommended that the slab connection to footings be reinforced such that there will be resistance to
potential differential movement.

6.10.2 Floor Slab Moisture

Subsurface moisture and moisture vapor naturally migrate upward through the soil and, where the soil is
covered by a building or pavement, this subsurface moisture will collect. To reduce the impact of the
subsurface moisture and potential impact of future introduced moisture (such as landscape irrigation or
precipitation), a vapor barrier should be incorporated into the floor slab design in all areas where
moisture sensitive floor coverings, coating, underlayments, adhesives, moisture sensitive goods,
humidity-controlled environments, or climate-cooled environments are anticipated initially or in the
future. The vapor barrier should consist of a minimum 15 mil extruded polyolefin plastic, such as 15 mil
Stego® Wrap vapor barrier or equivalent. The vapor barrier material should not include any recycled or
woven materials and should have a permeance (as tested before and after mandatory conditioning per
ASTM E1745 Section 7.1, latest edition) of less than 0.01 perms and should comply with ASTM E1745 Class
A requirements. The vapor barrier should also meet Sections 8.1 and 9.3 of ASTM E1745 and subsequent
documentation should be provided by the vapor barrier manufacturer. The vapor barrier should be
installed in accordance with ASTM E1643, latest edition, including proper perimeter seal, such as Stego®
Crete Claw® tape.

The vapor barrier should be placed directly over the crushed rock layer recommended in the “Interior
Floor Slabs” section of this report. A sand layer should not be placed between the vapor barrier and the
concrete slab or it could serve as a reservoir for trapped moisture that could lead to long-term vapor
transmission through the slab.
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It should be noted that although vapor barrier systems are currently the industry standard, these systems
may not be completely effective in preventing floor slab moisture problems. These systems typically will
not necessarily assure that floor slab moisture transmission rates will meet floor-covering manufacturer
standards and that indoor humidity levels be appropriate to inhibit mold growth. The design and
construction of such systems are dependent on the proposed use and design of the proposed building
and all elements of building design and function should be considered in the interior slab-on-grade floor
design. Building design and construction have a greater role in perceived moisture problems since sealed
buildings/rooms or inadequate ventilation may produce excessive moisture in a building and affect indoor
air quality.

Various factors such as surface grades, adjacent planters, the quality of slab concrete and the permeability
of the on-site soils affect slab moisture and can control future performance. In many cases, floor moisture
problems are the result of either improper curing of floors slabs or improper application of flooring
adhesives. We recommend contacting a flooring consultant experienced in the area of concrete slab-on-
grade floors for specific recommendations regarding your proposed flooring applications.

Special precautions must be taken during the placement and curing of all concrete slabs. Excessive slump
(high water-cement ratio) of the concrete and/or improper curing procedures used during either hot or
cold weather conditions could lead to excessive shrinkage, cracking, or curling of the slabs. High water-
cement ratio and/or improper curing also greatly increase the water vapor permeability of concrete. We
recommend that all concrete placement and curing operations be performed in accordance with the
American Concrete Institute (ACI) manual.

It is emphasized that we are not floor moisture vapor proofing experts. We make no guarantee nor
provide any assurance that use of capillary break/vapor retarder system will reduce concrete slab-on-
grade floor moisture penetration to any specific rate or level, particularly those required by floor covering
manufacturers. The builder and designers should consider all available measures for floor slab moisture
protection.

Exterior grading will have an impact on potential moisture beneath the floor slab. Recommendations for
exterior drainage are provided in the “Site Drainage” section of this report.

It should be noted that the purpose of vapor barrier systems is to mitigate floor moisture vapor. These
systems should not be used for waterproofing against shallow groundwater or surface water.

6.10.3 Exterior Concrete Flatwork and Pavers

New exterior concrete flatwork and pavers will be constructed on soils subject to swell/shrink cycles. Some
of the adverse effects of swelling and shrinking can be reduced with proper moisture treatment. The intent
is to reduce the fluctuations in moisture content by moisture conditioning the soils, sealing the moisture in,
and controlling it. Near-surface soils to receive exterior concrete flatwork and pavers should be moisture
conditioned according to the recommendations in the “Site Preparation and Grading” section of this report.
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In addition, all exterior flatwork and pavers should be supported on a minimum of 12 inches of “non-
expansive” fill. Where concrete flatwork and pavers are to be exposed to vehicle traffic, the upper 6 inches
of the “non-expansive” fill should consist of Caltrans Class 2 aggregate base.

Practices recommended by the Portland Cement Association (PCA) and the American Concrete Institute
(ACI) for proper placement and curing of concrete, as well as for joint spacing and construction, should be
followed during exterior concrete flatwork slab construction. Due to the presence of highly expansive soils
near the site surface, flatwork should have control joints (i.e., weakened plane joints) spaced no more than
8 feet on centers. New pedestrian concrete flatwork should have a minimum thickness of 4 inches and
minimum reinforcing of #4 bars at 18 inches on center (both ways). The rebar should be discontinued at
expansion joints. Slip Dowels should be used at expansion joints. Vehicular concrete should be designed as
discussed in the “Portland Cement Concrete Pavements” section of this report. Final design of exterior
concrete flatwork is the responsibility of the civil or structural engineer for the project.

Exterior flatwork and pavers will be subjected to edge effects due to the drying out of subgrade soils. To
protect against edge effects adjacent to unprotected areas, such as vacant or landscaped areas, lateral
cutoffs, such as inverted curbs (i.e., turndown edges) that extend at least 2 inches below the aggregate base
or “non-expansive” fill layer into the subgrade soils, are recommended. Alternatively, a moisture barrier at
least 80 mils thick extending at least 6 inches below the aggregate base or “non-expansive” fill layer into the
subgrade soils could be installed at the edge of the flatwork and pavers. If quicklime treatment is used in
lieu of “non-expansive” fill, the cutoff can be eliminated where no aggregate base is used.

Prior to construction of the flatwork and pavers, the aggregate base should be moisture conditioned to near
optimum moisture content. If the aggregate base is not covered within about 30 days after placement, the
soils below this material will need to be checked to confirm that their moisture content is at least 2 percent
over optimum. If the moisture is found to be below this level, the aggregate base layer over flatwork and
paver areas will need to be soaked until the proper moisture content is reached. Where flatwork is adjacent
to curbs, reinforcing bars should be placed between the flatwork and the curbs. Expansion joint material
should be used between flatwork/pavers and buildings, including concrete driveways.

6.11 Pavements

6.11.1 Asphalt Concrete Pavements

The near surface soils at the project Sites have a high expansion potential and are therefore expected to
have a low Resistance Value (R-Value). Based on our experience, we used an R-Value of 5 to develop the
asphalt pavement sections provided in the table below, which may be used at this project. Based on the
anticipated HS-20 live load and assuming one traffic delivery a week, we believe a Traffic Index of 6.0
would be suitable for the design of the asphalt concrete pavement section for this project. Using the
Caltrans Flexible Pavement design method, a Traffic Index of 6.0, and an R-Value of 5, we recommend
that the pavement section consist of a minimum of 3.0 inches of asphalt concrete over a minimum of
13.0 inches of Caltrans Class 2 aggregate base.
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6.11.2 Portland Cement Concrete Pavements

Portland Cement Concrete (PCC) pavement should have a minimum thickness of 6 inches supported over
6 inches of Caltrans Class 2 aggregate base. This section is equivalent to a Traffic Index of at least 6.0 based
on our experience and is expected to support an HS-20 live load. The aggregate base and subgrade for
PCC pavements should be properly moisture conditioned and compacted. Construction joints should be
located no more than 12 feet apart in both directions. Concrete compressive strength should be tested in
lieu of third point loading for rupture strength. A minimum 28-day compressive strength of 3,000 pounds
per cubic foot (psi) should be specified for the concrete mix design. The PCC pavement should be
continuously reinforced using No. 4 bars (or larger) spaced no more than 18 inches on center in both
directions. Final design of the PCC pavement is the responsibility of the civil or structural engineer for the
project.

6.11.3 Gravel Roadways

We recommend that a minimum of 12 inches of Caltrans Class 2 aggregate base be used for new gravel-
covered roadways. For enhanced performance, considerations should be given to underlaying the
aggregate base section with Mirafi® RS280i geotextile fabric or equivalent. The subgrade and aggregate
base layer should be compacted per the requirements of areas to be exposed to vehicular traffic as
discussed in the “Site Preparation and Grading” section of this report.

6.11.4 Additional Pavement Recommendations

Paved areas should be sloped and drainage gradients maintained to carry all surface water to appropriate
collection points. Surface water ponding should not be allowed anywhere on the project Sites during or
after construction. We recommend that the pavement section be isolated from non-developed areas and
areas of intrusion of irrigation water from landscaped areas. Concrete curbs should extend a minimum
of 2 inches below the aggregate base and into the subgrade to provide a barrier against drying of the
subgrade soils or reduction of migration of landscape water into the pavement section. Weep holes
spaced at 4 feet on centers should also be provided. In lieu of the weep holes, a more effective system is
to install a subdrain behind the curbs.

6.12 Site Drainage

Proper site drainage is important for the long-term performance of the planned improvements. The Sites
for the CSU project should be graded to provide positive drainage towards ditches, drain inlets, catch
basins, bioretention areas, and similar drainage collection facilities, and away from levee slope faces
where possible. The Sites should be graded so as to carry surface water away from the buildings and other
structures at a minimum of 2 percent in flatwork areas and 5 percent in landscaped areas to a minimum
of 10 feet laterally from a structure’s perimeter foundations as required by the 2022 CBC. If used, roof
gutters should be connected directly into the storm drainage system or drain onto impervious surfaces
provided that a safety hazard is not created. Water should not be allowed to pond anywhere on-site.
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6.13 Corrosion Potential

Soil samples were collected during our current subsurface investigation from boring B-3 from depths of
about 0 to 5 and 15% feet BGS and from boring B-5 from depths of about 0 to 5 feet BGS. These samples
were submitted for corrosion testing. The samples were tested by CERCO Analytical, a State-certified
laboratory in Concord, California, for redox potential, pH, resistivity, chloride content, and sulfate content
in accordance with ASTM test methods. The test results are presented in Appendix A. Also included is the
evaluation by CERCO Analytical of the corrosion test results.

Based upon the resistivity measurements, the samples tested were classified as "corrosive” to “severely
corrosive” by CERCO Analytical. The sulfate ion concentrations ranged from 27 to 390 mg/kg (ppm). These
results are indicative of an exposure category S1 per Table 19.3.1.1 of ACI 318-19. For an S1 exposure
class, Table 19.3.2.1 indicates that the minimum f'c of the concrete is 4,000 psi. CERCO Analytical
concludes that the sulfate ion concentrations are sufficient to potentially be detrimental to reinforced
concrete structures and cement mortar-coated steel. They recommend that concrete that comes into
contact with the soil should use sulfate resistant cement such as Type Il with a maximum water-to-cement
ratio of 0.55. CERCO Analytical also recommends that all buried iron, steel, cast iron, ductile iron,
galvanized steel, and dielectric coated steel or iron be properly protected against corrosion depending
upon the critical nature of the structure. They also recommend that all buried metallic pressure piping,
such as ductile iron firewater pipelines, should be protected against corrosion. Because we are not
corrosion specialists, we recommend that a corrosion specialist be consulted for advice on proper
corrosion protection for underground piping which will be in contact with the soils and other design
details.

The above are general discussions. A more detailed investigation may include more or fewer concerns and
should be directed by a corrosion expert. BSK does not practice corrosion engineering. Consideration
should also be given to soils in contact with concrete that will be imported to the project Sites during
construction, such as topsoil and landscaping materials, which typically contain fertilizers and other
chemicals that can be highly corrosive to metals and concrete. Any imported soil or landscaping materials
should not be any more corrosive than the on-site soils and should not be classified as being more
corrosive than "moderately corrosive." Also, on-site cutting and filling may result in soils contacting
concrete that were not anticipated at the time of this investigation.

6.14 Plan Review and Construction Observation

We recommend that BSK will be retained by the Client to review the geotechnical aspects of the plans
and specifications before they go out to bid. It has been our experience that this review provides an
opportunity to detect misinterpretation or misunderstandings of our recommendations prior to the start
of construction.

Variations in soil types and conditions are possible and may be encountered during construction. To
permit correlation between the soil data obtained and/or reviewed during this investigation and the
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actual soil conditions encountered during construction, we recommend that BSK be retained to provide
observation and testing services during site earthwork and foundation construction. This will allow us the
opportunity to compare actual conditions exposed during construction with those encountered in the
current and previous exploration points performed at the Sites for the CSU project and to provide
supplemental recommendations if warranted by the exposed conditions. Earthwork should be performed
in accordance with the recommendations presented in this report, or as recommended by BSK during
construction. BSK should be notified at least two weeks prior to the start of construction and prior to
when observation and testing services are needed.
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7. ADDITIONAL SERVICES AND LIMITATIONS

7.1 Additional Services

The review of plans and specifications, and field observation and testing during construction by BSK are
an integral part of the conclusions and recommendations made in this report. If BSK is not retained for
these services, the client will be assuming BSK’s responsibility for any potential claims that may arise
during or after construction due to the misinterpretation of the recommendations presented herein. The
recommended tests, observations, and consultation by BSK during construction include, but are not
limited to:

e review of plans and specifications;

e observations of site grading, including stripping and engineered fill construction;
e observation of foundation and below-grade wall excavations;

e observation of ground improvement operations (if applicable);

e observation of levee widening operations, including keyway excavations and levee fill placement;
and

e in-place density testing of fills, backfills, and finished subgrades.

7.2 Limitations

The recommendations contained in this report are based on our field observations and current and
previous subsurface exploration, limited laboratory tests, review of available geologic maps and
publications, and our present knowledge of the proposed construction. It is possible that soil conditions
could vary between or beyond the points explored. If soil conditions are encountered during construction
that differ from those described herein, we should be notified immediately in order that a review may be
made and any supplemental recommendations provided. If the scope of the proposed construction,
including the proposed loads or structural locations, changes from that described in this report, our
recommendations should also be reviewed.

We prepared this report in substantial accordance with the generally accepted geotechnical engineering
practice as it exists in the Site area at the time of our study. No warranty, either express or implied, is
made. The recommendations provided in this report are based on the assumption that an adequate
program of tests and observations will be conducted by BSK during the construction phase in order to
evaluate compliance with our recommendations. Other standards or documents referenced in any given
standard cited in this report, or otherwise relied upon by the author of this report, are only mentioned in
the given standard; they are not incorporated into it or "included by reference", as that latter term is used
relative to contracts or other matters of law.
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This report may be used only by the Client and only for the purposes stated within a reasonable time from
its issuance, but in no event later than two (2) years from the date of the report, or if conditions at the
project Sites have changed. If this report is used beyond this period, BSK should be contacted to evaluate
whether site conditions have changed since the report was issued.

Also, land or facility use, on and off-site conditions, regulations, or other factors may change over time,
and additional work may be required with the passage of time. Based on the intended use of the report,
BSK may recommend that additional work be performed and that an updated report be issued.

The scope of services for this subsurface investigation and geotechnical report did not include
environmental assessments or evaluations regarding the presence or absence of wetlands or hazardous
substances in the air, soil, surface water, or groundwater at the project Sites.

BSK conducted subsurface exploration and provided recommendations for this project. We understand
that BSK will be given the opportunity to perform a formal geotechnical review of the final project plans
and specifications. In the event BSK is not retained to review the final project plans and specifications to
evaluate if our recommendations have been properly interpreted, we will assume no responsibility for
misinterpretation of our recommendations.

We recommend that all earthwork during construction be monitored by a representative from BSK,
including site preparation, foundation excavation, ground improvement (if applicable), placement of
engineered fill, levee fill widening operations, and trench/wall backfill. The purpose of these services
would be to provide BSK the opportunity to observe the actual soil conditions encountered during
construction, evaluate the applicability of the recommendations presented in this report to the soil
conditions encountered, and recommend appropriate changes in design or construction procedures if
conditions differ from those described herein.
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Notes:

1. We recommend applying factors of safety of 2 and 1.5 to the ultimate values provided in the plot above for
static and transitent loading (wind/seismic), respectively.

2. The downard axial capacity of a CIDH pier having a diameter larger than 1-foot may be obtianed by multiplying
the capacity for the 1-foot diameter pier presented in the plot above by the desired pier diameter in units of feet.
As an example, for an 18-inch CIDH pier, multiply the above values by 1.5.

3. Piers must be spaced at least 3 diameters apart (center to center) for axial capacities presented here to be valid.
4. The uplift axial capacity may be obtained by multiplying the downward skin friction values presented in the plot
above by 2/3. The pier weight can also be added to the uplift capacity.

5. This plot should only be used if the levees are not raised (i.e., no new fill is placed over the crest of the
levees) or if the CIDH piers are installed 2+ years after fill is placed to raise the levees.
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Notes:

1. We recommend applying factors of safety of 2 and 1.5 to the ultimate values provided in the plot above for

static and transitent loading (wind/seismic), respectively.

2. The downard axial capacity of a CIDH pier having a diameter larger than 1-foot may be obtianed by multiplying
the capacity for the 1-foot diameter pier presented in the plot above by the desired pier diameter in units of feet.

As an example, for an 18-inch CIDH pier, multiply the above values by 1.5.

3. Piers must be spaced at least 3 diameters apart (center to center) for axial capacities presented here to be valid.
4. The uplift axial capacity may be obtained by multiplying the downward skin friction values presented in the plot
above by 2/3. The pier weight can also be added to the uplift capacity.

5. An unfactored (i.e., ultimate) drag load of 35D kips (where D is the pier diameter in feet) should be added to the
design loads. This load should be applied unfactored for the design of the piers.

6. This plot should be used if the CIDH piers are installed less than 2 years after fill is placed to raise the levees.

PROJECT NO. G00000357 ) ) ) FIGURE
Ultimate Axial Capacity

DRAWN: 6/27/2023

DRAWNBY: C. Melo 24-inch CIDH Piers

CHECKED BY: C. Foulk (With Down Drag) 6

FILE NAME: Chemical System Upgrade

FIGURE 5-6 | Ellis Creek Recycling Facility (WRF)
Petaluma, California




Lateral Deflection (inches)
0.25 0.5 0.75

-0.25 0

Depth (feet)

1-inch (fixed head)

¥%-inch (fixed head) %-inch (fixed head)

Y-inch (fixed head)

Y-inch (free head) ¥-inch (free head) == == %-inch (free head) == = 1-inch (free head)

Notes:
1. Plots are based on unfactored values. Designer should consider applying resistance factors per AASHTO to the results.

2. Minimum pier depth to achieve fixity is 37 feet.
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1. Plots are based on unfactored values. Designer should consider applying resistance factors per AASHTO to the results.

2. Minimum pier depth to achieve fixity is 37 feet.
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REVISED GEOTECHNICAL INVESTIGATION REPORT
OXIDATION POND TRANSFER STRUCTURE REHABILITATION
AND OXIDATION POND STORAGE EXPANSION

ELLIS CREEK WATER RECYCLING FACILITY

PETALUMA, CALIFORNIA

BSK PROJECT NO.: GOO0O00075

PREPARED FOR:
DUDEK

1630 SAN PABLO AVENUE, SUITE 300
OAKLAND, CALIFORNIA 94612

June 26, 2023

DUDEK

ENVIRONMENTAL, GEOTECHNICAL, CONSTRUCTION SERVICES AND ANALYTICAL TESTING



399 Lindbergh Avenue
Livermore CA 94551

P 925.315.3151
www.bskassociates.com

Sent via email: pgiori@dudek.com

June 26, 2023 BSK Proposal No. GO0O000075

Mr. Phillip Giori, PE

Dudek

1630 San Pablo Avenue, Suite 300
Oakland, California 94612

SUBJECT: Revised Geotechnical Investigation Report
Oxidation Pond Transfer Structure Rehabilitation and Oxidation Pond Storage
Expansion
Ellis Creek Water Recycling Facility
Petaluma, California

Dear Mr. Giori:

BSK Associates (BSK) is pleased to submit our geotechnical investigation report for the above-referenced
project at the City of Petaluma (City) Ellis Creek Water Recycling Facility located at 3890 Cypress Drive in
Petaluma, California. The enclosed report describes our geotechnical investigation performed along the
levees for the oxidation ponds, and our conclusions and geotechnical design recommendations for the
project. This revised report supersedes our original report for this project dated June 14, 2023.

In summary, it is our opinion that the project site (Site) is suitable for the proposed improvements
provided the recommendations presented in this report are incorporated in the design and construction
of the project. The primary geotechnical concerns at the Site are the potential for strong ground shaking
to affect the Site during a future significant seismic event (typical of California), the presence of shallow
groundwater and associated hydrostatic and buoyancy pressures, the presence of highly compressible
Bay Mud and high organic content soils containing peat, and the presence of highly expansive surficial
soils. The impact of these concerns on the project and ways to design/mitigate for them are discussed in
the report.

The conclusions and recommendations presented in the enclosed report are based on limited subsurface
investigation and laboratory testing programs. Consequently, variations between anticipated and actual
subsurface soil conditions may be found in localized areas during construction. If significant variation in
the subsurface conditions is encountered during construction, BSK should review the recommendations
presented herein and provide supplemental recommendations if necessary.

Additionally, design plans should be reviewed by our office prior to their issuance for conformance with
the general intent of our recommendations presented in the enclosed report.

Environmental, Geotechnical, Construction Services, Analytical Testing - An Employee-Owned Company


mailto:pgiori@dudek.com

Revised Geotechnical Investigation Report BSK Project No. GOO000075
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Petaluma, California

We appreciate the opportunity of providing our services to you on this project and trust this report meets
your needs at this time. If you have any questions concerning the information presented, please contact
us at (925) 315-3151.

Sincerely,
BSK Associates, Inc.

Omar K. Khan, GIT Cristiano Melo, PE, GE #2756
Project Geologist Livermore Branch Manager

Carrie L. Foulk, PE, GE #3016
Geotechnical Group Manager
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1. INTRODUCTION

This report presents the results of our geotechnical investigation for the planned oxidation pond transfer
structure rehabilitation and oxidation pond storage expansion at the Ellis Creek Water Recycling Facility
(ECWRF) located at 3890 Cypress Drive in Petaluma, California. A Vicinity Map showing the location of the
project site (Site) is presented on Figure 1. This report contains a description of our site investigation
methods and findings along the levees for the oxidation ponds, including field and laboratory data. Based
on these findings, this report presents conclusions regarding the geotechnical concerns for the planned
improvements. This revised report supersedes our original report for this project dated June 14, 2023.

1.1 Site and Project Description

The Ellis Creek Water Recycling Facility is located at the southern end of Petaluma along the southwest
side of Lakeville Highway (Highway 116) and Browns Lane within the floodplain of the Petaluma River. As
shown on the Site Plan, Figure 2, the oxidation ponds are situated at the southeastern area of the ECWREF.
The Ellis Creek separates the oxidation ponds from the main facilities of the ECWRF. The Site consists of
11 ponds — eight (8) designated as oxidation ponds (labeled Ponds No. 1 through 8), two (2) designated
as wetland ponds (labeled Ponds No. 9 and 10), and one designated as an aerated lagoon adjacent to
Pond No. 1. For simplicity, we refer to these 11 ponds as the “oxidation ponds” throughout this report.
The wetlands effluent pump station (WEPS) is located on the northwest side of Pond No. 9, while the
chlorination building and other improvements associated with the chemical processing area are located
at the southern corner of Pond No. 10. The oxidation ponds are separated by a drainage canal that drains
from the northeast near State Route 116 to the southwest into Petaluma River. On either side of the
drainage canal are five oxidation ponds. The oxidation ponds are surrounded by unlined earthen dams
(i.e., levees) that range from about 7 to 10 feet in height and have side slopes typically ranging from
approximately 3H:1V (horizontal to vertical) to 5H:1V. The width at the top of the levees ranges from
about 15 to 20 feet. The top of the levees act as vehicular pathways in between the oxidation ponds. Most
of the slopes are lined with rock slope protection (RSP) on the pond side (inboard side) of the levees and
the vehicular pathways are lined with aggregate base and/or dirt, except for the asphalt paved roadway
connecting the chemical processing area to Highway 116 along the southeastern side of Ponds No. 2, 3,
6, 7, and 10. Based on the current (undated) elevation topographic map of the Site provided to us by
Dudek (the lead designer for this project), the elevation at the top of the oxidation pond levees ranges
from about 13 to 23 feet.

According to historic aerial photographs and historic topographic maps, the Site area was originally a
marsh land/floodplain associated with the Petaluma River until about 1947. By 1955, the area was used
for agriculture until about 1975. According to the geotechnical report by Fugro dated April 2005 (see
detailed reference in the “Previous Investigations” section below), the oxidation ponds were constructed
in 1972 by a combination of excavating and placing fill over the native alluvial and marsh deposits.
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The project consists of rehabilitation of the concrete flow transfer structures which allow
treated/untreated wastewater to flow in between the oxidation ponds. The flow transfer structures are
comprised of a reinforced concrete basin structure with a 48-inch cast iron gate valve to control flow, 24-
inch corrugated metal pipe (CMP) inflow piping, and 48-inch CMP outflow piping. The flow structures are
nearing the end of their useful life and need rehabilitation. In December of 2021, a sinkhole was
discovered on the levee roadway between the flow transfer structure on the aerated lagoon and Pond
No. 4. The 48-inch CMP discharge piping of the flow transfer structure had experienced catastrophic
failure as the entire top half of the pipe had corroded, causing undermining of the vehicular pathway over
the levee. Based on our recent communication with Dudek, the rehabilitation of the transfer structures
will consist of lining the interior of portions of the existing 48-inch CMPs with carbon-fiber-reinforced-
polymer, demolishing portions of the existing 24- to 48-inch CMPs, and replacing them with new 42- to
48-inch HDPE pipes as depicted in the draft repair drawings presented in Appendix E. Replacement of
the pipes will require excavation and backfill within the levee cross section. None of the reinforced
concrete basin structures are expected to be replaced.

The project also includes raising the levees about 2 to 3 feet in vertical height in order to increase the
storage capacity of the existing oxidation ponds and address rising sea levels.

If the actual site and project descriptions differ significantly from that anticipated above, we should be
notified so that we may review our proposed scope of services presented herein for applicability.

1.2 Purpose and Scope of Services

The purpose of this investigation was to explore and evaluate the subsurface conditions at the Site to
provide geotechnical input for the design and construction of the planned improvements. The scope of
services, as outlined in our July 29, 2022 proposal (Proposal No. GO0O000075), consisted of pre-field
activities, field investigation, laboratory testing, engineering analysis, and preparation of this report.

Our investigation specifically excludes the assessment of site environmental characteristics, particularly
those involving hazardous substances. Our scope of services did not include the evaluation of
contaminants in the soil, water, or air.

13 Previous Investigations

Previous investigations were performed within the levees for the oxidation ponds at the ECWRF by other
subconsultants. These investigations were presented in the following documents:

1. Fugro West, Inc. (Fugro, 2005), Integrated Geotechnical Study, Lakeville Highway WRF — Parcel A,
Petaluma, California, dated April 29, 2005 (Fugro West Project No. 3045.022). This report
included numerous previous exploration points performed by Harza in 2001 (Harza was
acquired by Fugro in the early 2000’s) as well as tabulated logs for borings performed in 1971
and 1995 by Moore and Taber and Harding Lawson, and
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2. RGH Consultants (RGH, 2012), Limited Geotechnical Study, Ellis Creek Oxidation Ponds 7 and 10,
Sheet Pile Levee Project, Petaluma, California, dated December 4, 2012 (RGH Consultants Project
No. 2553.08.04.1).

Pertinent information from these previous reports was considered in the preparation of this report.
Available boring logs and lab data from these previous investigations that are proximate to the Site are
included in Appendix D. The approximate locations of the previous exploration points are shown on Figure
2.
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2. SITE INVESTIGATION

2.1 Field Investigation

Our field investigation was performed on February 16", April 13", and April 14", 2023 to evaluate the
subsurface conditions along the oxidation pond levees. The field investigation consisted of advancing five
(5) Cone Penetration Tests (CPTs), labeled CPT-1 through CPT-5, to a depth of approximately 50 to 95 feet
below the existing ground surface (BGS)! each and drilling five (5) borings, labeled B-1 through B-5 to
depths of approximately 16% to 31% feet BGS. The approximate locations of these exploration points are
shown on Figure 2.

Prior to the subsurface exploration, Underground Service Alert (USA North 811) was notified to provide
utility clearance, each exploration location was cleared for detectable underground utilities by a private
utility locator, and assistance from the ECWRF and City of Petaluma (City) personnel via existing as-built
plans. Nevertheless, while drilling boring B-3 on February 16, 2023, we damaged an existing underground
utility line (which was subsequently repaired by the City) at a depth of about 7 to 8 feet BGS, which
resulted in postponement of further investigation of the Site until April 13", A drilling permit was obtained
from the Sonoma County Department of Environmental Health Services (County). Upon completion of the
field investigation, the borings and CPTs were backfilled with cement grout and capped with excess soil
except for boring B-5, which was capped with rapid set concrete. Excess soil cuttings generated by the
borings during drilling operation were spread out over unimproved areas of the Site.

The locations of our exploration points were estimated by our field representative based on rough
measurements from existing features at the Site. The elevations shown on the boring logs were estimated
using the elevation contours contained in the current (undated) elevation topographic map of the Site
provided to us by Dudek. As such the elevations and locations of the exploration points should be
considered approximate to the degree implied by the methods used.

2.1.1 Auger Borings

The borings were drilled using a truck-mounted drill rig equipped with hollow stem and solid stem augers
to depths of about 16% to 31% feet BGS by Taber Drilling of West Sacramento, California. The borings
were logged by a BSK field geologist. Relatively undisturbed samples of the subsurface materials were
obtained using a split spoon sampler with a 2.5-inch inside diameter (1.D.) and a 3-inch outside diameter
(0.D.) fitted with stainless steel liners and a 3-inch I.D. Shelby Tube. Disturbed samples were obtained
from the auger cuttings and from a Standard Penetration Test (SPT) split spoon sampler with a 1.4-inch
I.D. without stainless steel liners. Except for the Shelby Tube, the samplers were driven 18 inches using a
140-pound, automatic hammer falling 30 inches, and blow counts for successive 6-inch penetration
intervals were recorded. The blow counts were reported on the final boring logs. The Shelby Tube was

1 Any reference made to “below the existing ground surface (BGS)” throughout this report refers to the ground
surface at the crest of the existing levees for the oxidation ponds.
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pushed into the ground using the hydraulic pressure exerted by the drilling equipment. After the sampler
was withdrawn from the boreholes, the samples were removed, sealed to reduce moisture loss, labeled,
and returned to our laboratory. Prior to sealing the samples, strength characteristics of the cohesive soil
samples recovered were evaluated using a hand-held pocket penetrometer. The results of these tests are
shown adjacent to the samples on the boring logs.

Soil classifications made in the field, based on visual/manual assessment of the auger cuttings and
samples, were re-evaluated in the laboratory after further examination and testing. Where laboratory
tests were performed, most of the test results appear in the final boring logs (refer to the “Laboratory
Testing” section below for further details). Final soil classification was assessed through the judgement of
a responsible Geotechnical Engineer supplemented with the laboratory testing at various intervals in
general accordance with the ASTM Standard Practice for Classification of Soils for Engineering Purposes
(D2487). A summary of the Unified Soil Classification System (USCS), adapted by ASTM D2487 and D2488
is presented in Appendix A, Figure A-1. The Soil Description Key and Log Key are presented on Figure A-2
and A-3. Sample classifications, blow counts and hydraulic pressure recorded during sampling, and other
related information are presented on the soil boring logs within Appendix A. Discussion of the subsurface
conditions encountered at the Site is presented in the “Subsurface Conditions” section of this report.

2.1.2 Cone Penetration Tests

Cone penetration test probes were advanced to depths of approximately 50 to 95 feet BGS. Taber Drilling
of West Sacramento, California was subcontracted to provide CPT services. The CPTs were performed
using an integrated electronic cone system in accordance with ASTM D3441. The cone has a tip area of 10
square centimeters, a friction sleeve area of 150 square centimeters, and a ratio of end area friction sleeve
to tip end area equal to 0.80. The cone resistance and sleeve friction were measured and recorded during
the tests at approximately 5-centimeter (about 2 inches) depth intervals. In addition, shear wave velocity
measurements were taken every 5 feet at CPT-1 and CPT-5. Pore pressure dissipation tests were also
performed for CPT-1 and CPT-3.

The cone system was pushed using a 40,000-pound, all-wheel drive, CPT rig, having a down pressure
capacity of approximately 20 tons. The information gathered from the CPTs was used for identifying
potentially liquefiable and soft soils and for foundation design. The correlated CPT data collected from
our CPT (cone resistance, friction ratio, pore pressure, and soil behavior type) versus penetration depth
below the existing ground surface, generated using the CPT liquefaction assessment computer software
CLig?, is presented in Appendix B along with shear wave velocity measurements and pore pressure
dissipation test results.

The stratigraphic interpretation of the CPT data was performed based on relationships between cone
resistance (also known as tip resistance) and sleeve friction versus penetration depth. The friction ratio,

2 CLiq v2.0 by Geologismiki
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which is sleeve friction divided by cone resistance, is a calculated parameter which is used to infer soil
behavior type. Generally, cohesive soils (clays) have high friction ratios, low cone resistance and generate
large excess pore water pressures. Cohesionless soils (sands) have lower friction ratios, high cone
resistance and generate small excess pore water pressures. The interpretation of soil properties from the
cone data has been carried out using correlations developed by Robertson et al, 19903, and Lunne,
Robertson & Powell, 19974. It should be noted that it is not always possible to clearly identify a soil type
based on cone resistance and sleeve friction. In these situations, experience and judgment and an
assessment of the pore pressure dissipation data should be used to infer the soil behavior type.

2.2 Laboratory Testing

Laboratory tests were performed on selected soil samples to evaluate their physical characteristics and
engineering properties. The laboratory testing program included dry unit weight and moisture content,
Atterberg limits, unconsolidated-undrained triaxial compression (TXUU), organic content, consolidation,
and moisture density relationship (i.e., compaction curve) testing. Most of the laboratory test results are
presented on the boring logs. The results of the Atterberg limits, TXUU, consolidation, and moisture
density relationship tests are presented graphically in Appendix C.

Analytical testing was performed on samples obtained from depths of about 0 to 15% feet BGS in borings
B-3 and B-5 to assist in evaluating the corrosion potential of the near-surface soils at the Site. The
corrosion results are presented at the end of Appendix C and were performed by CERCO Analytical of
Concord, California using ASTM methods.

3 Robertson P.K., 1990. Soil classification using the cone penetration test. Canadian Geotechnical Journal, 27(1):
151-158

4 Lunne, T., Robertson, P.K., and Powell, J.J.M 1997. Cone penetration testing in geotechnical practice, E & FN Spon
Routledge, 352 p, ISBN 0-7514-0393-8.
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3. SITE GEOLOGY AND SEISMICITY

The City of Petaluma is located within the Petaluma River Valley immediately north of San Pablo Bay. The
valley is located within a structural depression that trends northwest and is part of the Coast Ranges
geomorphic province. The valley extends from San Pablo Bay northward to a series of low hills near the
town of Penngrove. The valley is bounded on the west by the Mendocino Range and on the east by the
Sonoma Mountains. A few northwest trending folds and a faults are the most important geologic
structures of the Petaluma River Valley. The Petaluma River is the principal stream draining the Petaluma
River Valley and is tidally influenced from its mouth at San Pablo Bay upstream to the town of Petaluma.
The valley is comprised of late Tertiary to Quaternary age sedimentary deposits of marine and continental
origin and volcanic rocks. According to the California Geological Survey (CGS, 20025) and as shown in
Exhibit 1 below, the Site is underlain by Holocene alluvial fan deposits (map symbol Qhf) and Holocene
Bay Mud (map symbol Qhbm). These Holocene deposits are described by the CGS as follows:

e Holocene Bay Mud —silt, clay, peat, and fine sand deposited at or near sea level in San Pablo Bay.
This soil deposit is highly compressible and susceptible to high long-term consolidation settlement
upon loading.

e Holocene alluvial fan deposits — sand, gravel, silt, and clay deposited by streams emanating from
canyons onto alluvial valley floors. Sediment is poorly to moderately sorted and bedded.

According to Figure 9-4 of the Sonoma County Multijurisdictional Hazard Mitigation Plan Update 20216,
both of these geologic units have been assigned a moderate liquefaction susceptibility.

The City and the Site are located within a highly seismic area of the greater San Francisco Bay Area. The
seismic activity within the Bay Area is associated with the San Andreas Fault System which constitutes one
of Earth’s major tectonic plate boundaries, separating the North American and Pacific tectonic plates. The
two plates are moving past each other in a right lateral sense. Stresses built up by plate motion are
periodically released predominately by strike slip movement along the San Andreas Fault System, which
in the Bay Area includes the San Andreas Fault, Hayward Fault, Calaveras Fault, and other associated active
faults. The nearest of these active faults to the Site are the Rodgers Creek and San Andreas located
approximately 3 miles to the northeast and 17 miles to the southwest, respectively. These faults are zoned
and considered active by the CGS. Approximately %-mile northeast and one mile south of the Site are the
Tolay and Lakeview Faults, respectively, which are not zoned or considered active by the CGS. According
to the CGS, the Site is not within a state designated Alquist-Priolo Earthquake Fault Zone and no mapped
faults are known to traverse the Site. However, due to proximity to active faults in the region, the Site will

5 California Geological Survey Staff (2002), Geologic Map of the Petaluma River 7.5’ Quadrangle, Marin and Sonoma
Counties, California: A Digital Database.

6 Sonoma County (2021), Sonoma County Multijurisdictional Hazard Mitigation Plan Update 2021, Volume 1,
October 2021.



Revised Geotechnical Investigation Report BSK Project No. GOO000075
Oxidation Pond Transfer Structure Rehabilitation and June 26, 2023
Oxidation Pond Storage Expansion Page 8
Ellis Creek Water Recycling Facility

Petaluma, California

likely be subjected to moderate to intense ground shaking from a future significant earthquake on the
aforementioned faults or other active faults in the Bay Area.

Exhibit 1 — Site Geology Map (CGS, 2002)
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4 SUBSURFACE CONDITIONS

4.1 Current Subsurface Data

Below is a general description of the soil conditions encountered at the Site. For a more detailed
description of the soils encountered, refer to the current boring logs in Appendix A, current CPT logs in
Appendix B, and previous subsurface data in Appendix D. It should be noted that subsurface conditions
can deviate from those conditions encountered in the current and previous investigations. If significant
variation in the subsurface conditions is encountered during construction, it may be necessary for BSK to
review the recommendations presented herein and recommend adjustments, as necessary.

According to our current borings and CPTs, the Site is underlain by levee fill and native soils. The fill is
present in the upper approximately 6 to 15 feet BGS and generally consists of firm to hard lean and fat
clays interbedded with very loose to medium dense clayey sand.

Immediately beneath the fill, approximately 6 to 10 feet of soft to firm Bay Mud consisting primarily of
lean and fat clay was encountered in borings B-3, B-4, and B-5. Based on our pocket penetrometer and
TXUU test results, the upper portion of the Bay Mud layer has a higher shear strength than the lower
portion of the Bay Mud Layer. This is attributed to desiccation of the Bay Mud due to repeated cycles of
rising and falling groundwater in marsh lands and exposure to sunshine and wind. As a result, the upper
portion of the Bay Mud layer is commonly referred to as “Bay Mud Crust”, which typically has significantly
higher strength than regular Bay Mud and is less susceptible to high consolidation. According to NAVFAC
7.017, soils having an organic content by weight of less than 5 percent are slightly organic, while soils
having an organic content between 5 and 30 percent are considered to be organic soils. Soils having an
organic content of over 30 percent are considered as highly organic and classified as peat. Organic or peat
layers (within the Bay Mud layer that underlies the southwest portion of the Site) were encountered in
boring B-4 with an organic content of approximately 13 percent from a depth of about 14 to 20 feet BGS
and in boring B-5 with an organic content of approximately 37 percent from a depth of about 14% to 16%
feet BGS. Bay Mud was also encountered in CPT-2 from about 10 to 19 feet BGS, CPT-3 from about 12 to
16 feet BGS, and CPT-5 from about 12 to 21 feet BGS.

Below the levee fill in borings B-1 and B-2 and the Bay Mud layer in borings B-3, B-4, and B-5, our borings
generally encountered firm to hard lean and fat clays with some interbedded layers of loose to medium
dense clayey to poorly graded sand to the maximum depth of our borings (approximately 317 BGS). Below
the levee fill and the Bay Mud layer, our CPTs generally encountered firm to hard clayey soils with some
interbedded layers of medium dense to very dense sandy layers to the maximum depth of our CPTs
(approximately 95 feet BGS).

7 Naval Facilities Engineering Command (NAVFAC), Design Manual 7.01, Revalidated by Change 1 September 1986.
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4.2 Previous Subsurface Data

As shown on Figure 2, various previous exploration points consisting of borings and CPTs were performed
by other consultants along the ponds. A summary of their investigations and findings is provided below.

e RGH (2012)

0 Drilled five (5) borings (B-1 through B-5) along the levee between Ponds No. 7 and 10 to
depths ranging from about 20 to 25 feet BGS. The borings were drilled with a truck-
mounted drill rig equipped with 6-inch diameter solid augers.

0 The borings encountered stiff (firm) levee fill soils that extended to depths of about 13 to
14 feet BGS. Below the levee fill, the borings encountered medium stiff (soft) Bay Mud,
which contained intermittent thin layers of peat and fine sand. Free groundwater was
observed at depths of approximately 13% and 15 feet BGS in borings B-1 and B-5,
respective.

e Fugro (2005) — includes exploration points by Harza (2001), Harding Lawson (1995), and Moore
and Taber (1971)

0 In 2002, numerous soils borings and CPTs were performed along the levees for the
oxidation ponds. In the area of Ponds No. 9 and 10, previous explorations encountered 9
to 13 feet of fill consisting of stiff to very stiff (firm to hard) clayey soils underlain by
approximately 7- to 12-foot-thick layer of soft to firm clay (Bay Mud). The thickness of the
Bay Mud increased from the western end of Pond 9 to the eastern end of Pond 10. Below
the Bay Mud, stiff to very stiff (firm to hard) clayey soils interbedded with medium dense
to dense sand was encountered at various depths to the maximum depth explored (about
80 feet BGS).

O Inthe area of Pond No. 1/Aerated Lagoon, previous borings encountered approximately
14 feet of fill consisting of stiff (firm) clayey soil underlain by stiff (firm) to hard clayey soil
interbedded with medium dense to very dense clayey sand and gravel to the maximum
depth explored (about 40 feet BGS).

0 The above subsurface conditions are in general agreement with the subsurface conditions
encountered in the borings performed in 1971 and 1995 by Moore and Taber and Harding
Lawson.

0 Free groundwater was observed at depths of 7% to 24% feet BGS in the previous borings
by Fugro and Harza. However, free groundwater was observed at a depth of 3 feet BGS
at boring EB-2. According to piezometer monitoring conducted by Fugro/Harza from 2001
to 2004, groundwater levels ranged from about 9 to 13 feet BGS within the oxidation
ponds. Groundwater information was not provided in the Fugro (2005) report for the
borings performed in 1971 and 1995 by Moore and Taber and Harding Lawson.
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4.3 Groundwater

Free groundwater was observed at depths of approximately 10, 23, and 25 feet BGS in borings B-3, B-4
and B-5, respectively. Based on pore pressure dissipation tests, groundwater was encountered at
approximately 13 and 7 feet BGS in CPT-1 and CPT-3, respectively. Free groundwater was observed in the
borings performed by Harza and Fugro in in the early 2000’s at depths of about 7% to 24 feet BGS (except
at boring EB-2 as previously discussed). According to piezometer monitoring conducted by Fugro/Harza
from 2001 to 2004 (refer to Plate 8 shown in Appendix D), groundwater levels ranged from about 9 to 13
feet BGS within the oxidation ponds. Groundwater information was not provided in the Fugro (2005)
report for the borings performed in 1971 and 1995 by Moore and Taber and Harding Lawson. Free
groundwater was observed in the RGH (2012) borings at depths of about 13% to 15 feet BGS.

It should be noted that groundwater levels can fluctuate several feet depending on factors such as
seasonal rainfall, groundwater withdrawal, and construction activities on this or adjacent properties. Also,
free groundwater levels shown in the current and previous exploration points may not be representative
of stabilized groundwater levels.

4.4 Additional Discussion

The above is a general description of soil and groundwater conditions encountered at the Site. For a more
detailed description of the soils encountered, refer to the boring and CPT logs in Appendices A, B, and D.
It should be noted that subsurface conditions can deviate from those conditions encountered at the
boring and CPT locations. If significant variation in the subsurface conditions is encountered during
construction, it may be necessary for BSK to review the recommendations presented herein and
recommend adjustments as necessary.
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5. LIMITED SLOPE STABILITY ANALYSIS

We performed limited slope stability analysis for a generic levee cross section to evaluate existing
conditions as well as the impact of adding 2 to 3 feet of new fill to raise the levees. The generic levee cross
section was based on our review of the current elevation topographic map of the Site and the subsurface
conditions encountered in the current and previous exploration points performed at the Site. The generic
levee cross section assumed the following:

e The levee is 20 feet wide at the crest.

e The levee has side slopes with gradients of 3H:1V.

e The existing levee fill is 10 feet thick.

o The existing levee fill is underlain by 5 feet of Bay Mud Crust which is underlain by 5 feet
of Bay Mud which is in turn underlain by firm/hard clay.

Our analysis consisted of evaluating the static and seismic slope stability for circular failure surfaces for
this generic levee cross section. The soil shear strength parameters used in our analysis was based on the
results of the TXUU testing performed on samples obtained from our borings and our past experience
with Bay Mud. The table below summarizes the moist unit weights and shear strength parameters used
in our slope stability analysis. The unit weights are based on the laboratory test results and our experience.

SUMMARY OF SOIL SHEAR STRENGTH PARAMETERS USED

Moist Unit | Friction Angle (degrees) Cohesion (psf)
Layer Description (depth?, feet Weight

V ption (dep ) (pci) Effective? Total® | Effective’? | Total®
Existing Levee Fill (0 to 10 feet) 100 20 15 300 400
Bay Mud Crust (10 to 15 feet) 85 0 0 800 800
Bay Mud (15 to 20 feet) 85 0 0 300 2404
Firm/Hard Clay (greater than 20 feet) 130 20 15 500 600
Notes:

1. Depth below the top of the levee.

2. The effective strength parameters (i.e., drained conditions) were used for static analysis, which
represents long-term conditions.

3. Thetotal strength parameters (i.e., undrained conditions) were used for seismic analysis, which
represent short-term conditions.

4. Total shear strength of the Bay Mud layer was reduced by 20 percent to account for the
potential of cyclic softening of this layer during a significant seismic event.

We assumed groundwater to lie 5 feet below the top of the levee. The limit-equilibrium Bishop simplified,
Spencer, and Morgenstern and Price's methods and the slope stability program Slide (Version 7) were
used in our analyses. Based on the methodology provided by Special Publication 117A%, we used a

8 California Geological Survey (2008), Guidelines for Evaluating and Mitigating Seismic Hazards in California: Special
Publication 117A.
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horizontal seismic coefficient of 0.20 in our analyses for pseudo-static (seismic) conditions, which was
developed using the following parameters:

e Adjusted PGAw of 0.569g (i.e., PGAw of 0.68g divided by 1.5) as permitted by checklist No. 25 in
CGS Note 48°. The PGAw was obtained from the site-specific ground motion hazard analysis
presented in Appendix F of this report.

e Earthquake moment magnitude of M7.22 per Appendix F.
e Fault distance of less than 10 km (about 6 miles).

e Displacement threshold of 15 centimeters (about 6 inches).

According to Special Publication 117A, a slope is considered stable when its factor of safety (FOS) is greater
than or equal to 1.5 and 1.0 under static and seismic conditions, respectively.

The results of our limited slope stability analysis are summarized in the table below. Based on these
results, the generic levee cross section for existing conditions and adding 2 to 3 feet of fill to raise the
levees have Factors of Safety (FOS) greater than 1.5 under static conditions and 1.0 under seismic
conditions and are considered globally stable. Note that the model used in our limited slope analysis is
based on our interpretation of the current topographic map, field observations, current and previous
subsurface exploration, and our past experience with similar subsurface conditions.

SLOPE STABILITY RESULTS FOR GENERIC LEVEE CROSS SECTION

Slope Failure Estimated FOS! U
Confi uF:ation Stability Condition Surface Bishop Spencer Morgenstern EOS
& Search | Simplified P Price
Existing Static (long-term) ' 3.01 3.00 3.00 1.5
dition Circular
Conditio Seismic (short-term) 1.45 1.45 1.45 1
2 feetof fill | static (long-term) 2.34 2.33 2.33 1.5
added to the Circular
levee Seismic (short-term) 1.27 1.26 1.26 1
3 feetof fill | static (long-term) 2.11 2.10 2.10 1.5
added to the Circular
levee Seismic (short-term) 1.19 1.20 1.19 1
Note:
1. FOS = Factor of safety

9 California Geological Survey (2013), Note 48, Checklist for the Review of Engineering Geology and Seismology
Reports for California Public Schools, Hospitals, and Essential Services Buildings, October 2013.
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6. DISCUSSIONS AND CONCLUSIONS

Based on the results of our investigation, it is our opinion that the proposed improvements are feasible
geotechnically. This conclusion is based on the assumption that the recommendations presented in this
report will be incorporated into the design and construction of this project. The primary geotechnical
concerns for the Site are:

1. The potential for strong ground shaking to affect the Site during a future significant seismic event
(typical of the entire San Francisco Bay Area). Ground shaking can be addressed by incorporating
the seismic design parameters presented herein and other seismically related aspects of the 2022
California Building Code (CBC) into the design of the project.

2. The presence of shallow groundwater and associated hydrostatic and buoyancy pressures.

3. The presence of highly compressible Bay Mud and high organic content soils containing peat
underneath the Site and associated potential for significant long-term settlement.

4. The presence of highly expansive surficial soils, which can be addressed by providing deeper
embedment depth of shallow foundations and proper moisture conditioning of subgrade soils.

Additional discussions of the conclusions drawn from our investigation, including general
recommendations, are presented below. Specific recommendations regarding geotechnical design and
construction aspects for the project are presented in the “Recommendations” section of this report.

6.1 Shallow Groundwater

As discussed in the “Subsurface Conditions” of this report, free groundwater was observed at depths
ranging from about 7 to 25 feet BGS within the current and previous exploration points performed at the
Site. However, the actual depth at which groundwater may be encountered in trenches and excavations
may vary. Therefore, excavations deeper than about 5 feet BGS will likely require dewatering during
construction. In addition, the design of the proposed below-grade improvements, such as new piping for
the oxidation pond transfer structures, will need to consider buoyancy forces. We recommend using a
design groundwater depth of 5 feet BGS for the design of buoyancy forces. As previously discussed, any
reference made to “below the existing ground surface (BGS)” throughout this report refers to the
ground surface at the crest of the existing levees for the oxidation ponds.

We assume pertinent oxidation ponds will be drained during repair operations for the transfer structures.
Due to the predominantly clayey nature of the levee fill and the underlying Bay Mud layer, we expect that
dewatering can be conducted primarily via use of sumps and open pumping. However, the contractor
should be responsible for the means and methods for dewatering the Site provided the
design/construction management team is afforded an opportunity to review and comment on the
proposed dewatering method(s) to be used.
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6.2 Existing Levee Fill

Based on the findings from the current and previous investigations, the existing levee fill appears to
consist of properly engineered fill. The fill generally has consistent and adequate strength based on
laboratory strength testing and pocket penetrometer readings, the fill has consistent and adequate dry
density and moisture content based on test results, and the fill has consistent and high blow counts. The
existing fill also appears to be free of debris, deleterious matter, and organics based on the current and
previous borings. Therefore, other than having to scarify the crest of the levees during placement of fill as
discussed later in this report, there is no need to overexcavate and replace or recompact the existing levee
fill.

As noted in the “Site and Project Description” section of this report, in December of 2021, a sinkhole was
discovered on the levee roadway between the flow transfer structure on the aerated lagoon and Pond
No. 4. The sinkhole appears to have been the result of corrosion of a corrugated metal pipe. We
understand that another sinkhole has been identified more recently, which is located on the inboard side
of the levee for Pond No. 9 just south of the WEPS facility. Consideration should be given to performing a
video survey of existing underground utilities throughout the Site to check the integrity of existing
pipelines. Consideration should also be given to performing a geophysical survey of the levees to check
for potential voids withing the levees that could lead to future sinkholes.

6.3 Impact of Bay Mud on the Site’s Development

Based on our interpretation of the current and previous subsurface data presented in Appendices A, B,
and D, most of the Site is underlain by Bay Mud as shown on Figure 2. As previously mentioned, Bay Mud
is susceptible to high long-term consolidation settlement upon loading. The Bay Mud thickness ranges
from about 6 to 10 feet within the vicinity of Ponds No. 9 and 10, to about 4 to 7 feet within the vicinity
of Ponds 5 and 6, and to about 1 to 4 feet within the vicinity of Ponds No. 2, 3, and 4. Based on our findings,
the upper half of the Bay Mud layer consists of a higher strength “crust” that is less susceptible to higher
consolidation settlement than the lower half.

6.3.1 Long-Term Consolidation Settlement

Once new fill is placed to raise the levees and the chemical processing area, it will trigger long-term
consolidation settlement of the Bay Mud layer underlying the Site. To help us evaluate potential
consolidation settlement if 2 to 3 feet of fill is placed over the existing oxidation pond levees, we ran
consolidation testing on a sample collected at a depth of approximately 16 feet BGS at boring B-3. We
also ran consolidation settlement analyses using the program Settle3D (Version 2.016) for a generic levee
cross section and for the chemical processing area, which is significantly wider than the rest of the Site
levees. The results of our analyses as well as the assumed geometry and geotechnical parameters used in
the analyses are provided in the sections below.
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6.3.1.1 Generic Levee Cross Section

We evaluated the long-term consolidation settlement for a generic levee cross section using the following
parameters/assumptions in our analysis:

e 2 to 3 feet of new fill will be added to the crest of the levee.

e The levee is 20 feet wide at the crest.

e The levee has side slopes with gradients of 3H:1V.

e The existing levee fill is 10 feet thick.

e The existing levee fill has been in place for 50 years (i.e., since circa 1972).

e The Bay Mud layer underlying the underlying the existing levee fill is 10 feet thick.

Based on our analyses, and the stated assumptions, we estimate total long-term consolidation settlement
of about 3 to 6 inches. We estimate that 90 to 95% of the settlement will occur within the first 1 to 2
years after placing the new fill. This settlement will occur areawide and should have higher magnitude
where the Bay Mud layer is thicker and lower magnitude where the Bay Mud layer is thinner.

6.3.1.2  Chemical Processing Area

We evaluated the long-term consolidation settlement for the chemical processing area (CPA) using the
following parameters/assumptions in our analysis:

e 2 to 3 feet of new fill will be added to the crest of the CPA levee.

e The CPA levee is 190 feet long by 140 feet wide at the crest.

e The CPA levee has side slopes with gradients of 5H:1V.

e The CPA existing levee fill is 7 feet thick.

e The CPA existing levee fill has been in place for at least 30 years.

e The Bay Mud layer underlying the underlying the CPA existing levee fill is 10 feet thick.

Based on our analyses, and the stated assumptions, we estimate total long-term consolidation settlement
of about 3 to 6 inches. We estimate that 90 to 95% of the settlement will occur within the first 1 to 2
years after placing the new fill.

6.3.1.3  Differential Settlement

Existing linear improvements, such as pavements, concrete flatwork, and underground utilities should not
be subject to abrupt differential settlement as a result of placement of the new fill because the settlement
should occur uniformly areawide. However, upwards of 3 inches of abrupt differential settlement could
occur where these improvements are located adjacent to or are connected to existing structures that are
supported on deep foundations that extend below the Bay Mud layer. Therefore, site grades may need to
be re-adjusted near such structures in the future to eliminate trip hazards that develop as a result of this
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differential settlement. Also, underground and above ground utilities may eventually be damaged where
they connect to such structures. This could be mitigated by installing flexible joints at these connections
or by repairing the damage after it occurs.

6.3.2 Construction Considerations

The contractor should exercise extreme care during construction to not disturb the Bay Mud Crust layer
present immediately below the existing levee fill during repair operations for the oxidation pond transfer
structures to avoid the potential for causing a bearing capacity failure of the Bay Mud Crust. Otherwise,
this could lead to a phenomenon typically referred to as a Bay Mud “wave”, where adjacent sections of
the Bay Mud layer are pushed up and down, severely impacting existing improvements situated atop the
Bay Mud layer. Therefore, earthwork equipment, soil stockpiles, or construction supplies should not be
placed directly over the surface of the Bay Mud Crust layer either within the oxidation ponds or in
sections of the levee that are excavated during construction to repair the transfer structures. Excavators
with long reach arms should be used during excavation, removal of existing piping, placement of new
piping, and backfill operations. Such excavators should work from the top of the existing levees only. If
this is not possible, BSK should be consulted to provide additional input/recommendations prior to placing
additional loading over the Bay Mud Crust layer.

Any Bay Mud excavated as part of the planned rehabilitation of the existing transfer structures or from
the oxidation ponds in the future should not be re-used as engineered fill or backfill at the Site.

6.4 Foundations and Lateral Earth Pressures

Based on our recent communication with Dudek, none of the reinforced concrete basin structures for the
existing transfer structures are expected to be replaced. Nevertheless, we have included
recommendations for spread footings, mat foundations, and below-grade walls in this report in case one
or more of the reinforced concrete basins for the existing transfer structures end up having to be replaced.

6.5 Anticipated Settlements

The subsections below present our estimated elastic, consolidation, liquefaction-induced, and dynamic
compaction/seismic settlements for the planned improvements for this project. These estimated
settlements should be re-evaluated on a project-specific basis for future projects at the Site. For design
purposes, these settlements should be assumed to be cumulative.

6.5.1 Elastic Settlement

Total and differential elastic settlements for shallow foundations (i.e., spread footings and mats) are
estimated to be less than %-inch and %-inch. Differential settlement is defined herein as the vertical
difference in settlement between adjacent fountain supports or across a horizontal distance of
approximately 30 feet, whichever is less. Most of the elastic settlement is expected to occur during
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construction as the loads are applied. These estimates assume the recommendations presented in this
report are properly implemented.

6.5.2 Consolidation Settlement

The Site’s consolidation settlement is discussed in the preceding “Long-Term Consolidation Settlement”
section of this report.

6.5.3 Liguefaction-Induced Settlement

Soil liquefaction is a condition where saturated, granular soils undergo a substantial loss of strength and
deformation due to pore pressure increase resulting from cyclic stress application induced by
earthquakes. In the process, the soil acquires mobility sufficient to permit both horizontal and vertical
movements if the soil mass is not confined. Soils most susceptible to liquefaction are saturated, loose,
clean, uniformly graded, and fine-grained sand deposits and some low plasticity clays. If liquefaction
occurs, foundations resting above or within the liquefiable layer may undergo settlements and/or a loss
of bearing capacity.

We ran liquefaction analysis for our current CPTs (CPT-1 through CPT-5) using the methods by Boulanger
and Idriss (2014)10 using the program software Clig. For our analyses, we assumed a design groundwater
depth of 5 feet BGS and a peak ground acceleration of 0.68g and earthquake magnitude of M7.22 per the
site-specific ground motion hazard analysis presented in Appendix F of this report. The results of our
liguefaction hazard analysis are presented in Appendix B and are summarized in the table below. Based
on these results, we conclude that the potential for liquefaction analysis to occur at the Site to be low to
moderate.

SUMMARY OF LIQUEFACTION-INDUCED SETTLEMENTS
Estimated Total Liquefaction- Estimated Differential®
CPT Induced Settlement Liquefaction-Induced Settlement
(inches) (inches)
CPT-1 1 %
CPT-2 Ya Less than %
CPT-3 Less than % Less than %
CPT-4 % Less than %
CPT-5 0 0

Note:
1. Differential settlement is defined herein as the vertical difference in settlement between
adjacent foundation supports or across a horizontal distance of approximately 30 feet,
whichever is less.

10 Boulanger, R. W., and Idriss, I. M. (2014), CPT and SPT Based Liquefaction Triggering Procedures, Center for
Geotechnical Modeling, Department of Civil and Environmental Engineering, College of Engineering, University of
California at Davis, California Report No. UCD/CGM-14/01, April 2014.
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Based on Youd and Garris (1995)*! and the depth and thickness of the potentially liquefiable layers shown
in Appendix B, we consider the overall potential for ground surface disruption (such as sand boils, ground
fissures, etc.) to occur at the Site to be low due to relative thickness of the non-liquefiable layers overlying
the liquefiable layers.

6.5.4 Dynamic Compaction/Seismic Settlement

Another type of seismically induced ground failure, which can occur as a result of seismic shaking, is
dynamic compaction, or seismic settlement. Such phenomena typically occur in unsaturated, loose
granular material or uncompacted fill soils. Due to the composition, consistency, and apparent relative
density of the soils above the design groundwater level within the current and previous exploration points,
we conclude that the potential for dynamic compaction/seismic settlement to affect the Site during a
seismic event is low.

6.6 Geologic and Seismic Hazards

6.6.1 Faulting and Seismic Shaking

The Site is not located within an Alquist-Priolo Earthquake Fault Zone and no mapped active fault traces
are known to transverse the Site. Therefore, we conclude that the potential for surface fault rupture to
occur across the Site is low. Nevertheless, the Site is in a seismically active area of California. We expect
the Site to be subjected to moderate to intense ground shaking due to a significant seismic event on the
nearby active faults in the Bay Area and surrounding regions during the design life of the project. The
nearby active faults include the Rogers Creek, approximately 3 miles northeast, the West Napa,
approximately 13% miles northeast, and the San Andreas, approximately 17 miles southwest of the Site.

In 2015, scientists and engineers released a new earthquake forecast for the State of Californial2. It
updates the earthquake forecast made for the greater San Francisco Bay Area by the 2007 Working Group
for California Earthquake Probabilities. According to this recent study, there is a 72 percent probability
that one or more magnitude M6.7 or greater earthquakes will occur in the San Francisco Bay Area in the
next 30 years (2014 to 2044).

As has been demonstrated recently by the 1989 (M6.9) Loma Prieta, the 1994 (M6.7) Northridge, and the
2014 (M6.0) Napa County earthquakes, earthquakes of this magnitude range can cause severe ground
shaking and significant damage to modern urban environments. Therefore, the design of new structures

11 Youd, T. L. and Garris, C. T. (1995), Liquefaction-Induced Ground-Surface Disruption, Journal of Geotechnical
Engineering, ASCE, Vol. 121, No. 11, November, pp. 805-809.

12 Fjeld, E.H., and 2014 Working Group on California Earthquake Probabilities (2015), UCERF3: A new earthquake
forecast for California’s complex fault system: U.S. Geological Survey 2015-3009, 6 p.,
https://dx.doi.org/10.3133/fs20153009.
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should incorporate the seismic design parameters presented in the “Seismic Design Criteria” section of
this report.

6.6.2 Slope Stability

Based on our limited slope stability analysis (refer to the “Limited Slope Stability Analysis” section of this
report), we expect the existing levees to be globally stable under static and seismic conditions if 2 to 3
feet of additional fill is placed over the levees to increase overall storage capacity for the oxidation ponds.
However, it is still possible that some sections of the levees could fail globally during a future significant
seismic event at locations where higher concentrations of peat are present or where the Bay Mud Crust
layer is thinner (or nonexistent) than assumed in our analysis. Rather than spending significant sums to
try and mitigate this potential (which may or may not happen during the design life of the facility), we
believe that a more feasible approach would be to repair sections of the levees that fail globally during a
significant seismic event.

The above conclusions assume that existing levee slope gradients will be maintained when raising the
levees. If steepening of the levee slope gradients is desired, BSK should be consulted to evaluate the

potential impact on the global stability of the levees.

6.6.3 Expansive Soils

According to the current and previous Atterberg limits testing, the surficial soils at the Site have a high
shrink and swell potential (i.e., high expansive potential) when exposed to moisture fluctuation.
Mitigation of expansive soil behavior is recommended by deepening shallow foundations and moisture
conditioning of the subgrade soils as discussed in the “Spread Footings and Mat Foundations” and
“Earthwork” sections, respectively, of this report.

6.6.4 Liguefaction Potential

The Site’s liquefaction potential is discussed in the preceding “Liquefaction-Induced Settlement” section
of this report.

6.6.5 Dynamic Compaction/Seismic Settlement Potential

The Site’s dynamic compaction settlement is discussed in the preceding “Dynamic Compaction/ Seismic
Settlement” section of this report.

6.6.6 Lateral Spread Potential

Lateral spreading is a potential hazard commonly associated with liquefaction where extensional ground
cracking and settlement occur as a response to temporary lateral migration of subsurface liquefied soils
during a design seismic event. These phenomena typically occur adjacent to free faces such as slopes and
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creek channels. Based on our liquefaction analysis results for the current CPTs and the subsurface
conditions encountered in the current and previous borings, we conclude that the potential for lateral
spreading to occur at the Site is low.

Although our liquefaction analyses estimated up to about 1-inch of liquefaction-induced settlement at
CPT-1 (2023), more than 80 percent of the settlement is estimated to occur at or below an elevation of 4
feet (approximately 18 feet BGS), which appears to be well below the bottom of the nearby Pond No. 4
and Aerated Lagoon (which has elevations ranging from 8 to 9 feet according to the current elevation
topographic map) and the Ellis Creek channel (which has an elevation of about 13 feet according to Google
Earth Pro). Also, borings B-1, EB-24, and HB-2 (which were advanced proximate to CPT-1) encountered
clayey soil layers extending to elevations of about 6 (the maximum depth of boring B-1), -8, and -17 feet,
respectively. These elevations and conditions are consistent with our conclusion that the potential for
lateral spreading to occur at the Site is low.

6.6.7 Flood Hazard

According to the 2015 Federal Emergency Management Agency (FEMA) flood insurance rate maps13, the
Site is located in within Zone AE — Special Flood Hazard Area with a Base Flood Elevation (BFE) determined.
The BFE for the area is 10 feet (see Exhibit 2 below). According to the current elevation topographic map
of the Site, the elevation at the top of the oxidation pond levees ranges from about 13 to 22 feet.

13 Federal Emergency Management Agency (FEMA 2015), FEMA Flood Insurance Rate Map, Sonoma County,
California and Incorporated Areas, Map Number 06097C1002G, October 2, 2015.
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Exhibit 2 — FEMA Flood Map

6.6.8 Tsunami Hazard

According to the CGS (202214) Tsunami hazard area map, the Site is just outside the tsunami hazard area
(see Exhibit 3 below).

14 patton, J.R. and Wilson, R.l. (2022), Tsunami Hazard Area Map, Sonoma County; produced by the California
Geological Survey and the California Governor’s Office of Emergency Services, dated 2022, displayed at multiple
scales.
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Exhibit 3 — Tsunami inundation map (yellow = tsunami hazard area)
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7. RECOMMENDATIONS

Presented below are recommendations for foundations, lateral earth pressures and passive resistance,
uplift loading due to buoyancy, seismic considerations, vertical loads on pipes, earthwork, site drainage,
and construction considerations for this project.

7.1 Foundation Recommendations (Transfer Structures Only)

7.1.1 Spread Footings and Mat Foundations

We recommend the criteria presented in the tables below be incorporated into the design of new
reinforced concrete basins for the existing transfer structures (if applicable). The low allowable bearing
capacities provided below take into account the presence of Bay Mud underlying the Site.

SPREAD FOOTING DESIGN CRITERIA
(ONLY APPLIES TO NEW TRANSFER STRUCTURES)

Static Allowable Bearing Capacity* 1,000 psf

Seismic/Wind Allowable Bearing Capacity* 1,500 psf

Passive Resistance (Equivalent Fluid Pressure)®3 300 pcf

Allowable Lateral Sliding Resistance Adhesion? 600 psf

Minimum Embedment Depth* 24 inches

Minimum Width 12 inches (continuous)
18 inches (isolated)

Notes:

1. Includes a factor of safety of at least 3 for static loading and at least 2 for transient loading (i.e., seismic
or wind conditions).

2. Neglect upper 1 foot if surface is not confined by concrete slab or pavement. For foundations located
on or proximate to sloping ground, such as a levee, the passive resistance should be neglected in the
upper portion of the foundation until there is a horizontal distance of at least 7 feet between the
slope face and the nearest edge of the foundation.

3. Thesliding resistance and passive resistance may be used concurrently, and the passive resistance can
be increased by one-third for wind and/or seismic loading. Values include a factor of safety of at least
1%. The sliding resistance adhesion should be multiplied by the foundation area to obtain horizontal
sliding resistance.

4. Below lowest adjacent grade.
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MAT SLAB FOUNDATION CRITERIA?
(ONLY APPLIES TO NEW TRANSFER STRUCTURES)

Static Allowable Bearing Capacity? 500 psf
Seismic/Wind Allowable Bearing Capacity? 750 psf
Passive Resistance (Equivalent Fluid Pressure)®* 300 pcf
Allowable Friction Coefficient* 0.30
Modulus of Vertical Subgrade Reaction® 30 psi/in
Minimum Slab Thickness® at the Edges 12 inches
Notes:

1. Mat slab foundations should be supported on a minimum of 3 inches of CLSM (refer to the “Site
Preparation and Grading” section of this report for CLSM recommendations).

2. Includes a factor of safety of at least 3 for static loading and at least 2 for transient loading (i.e., seismic
or wind conditions).

3. Neglect upper 1 foot if surface is not confined by concrete slab or pavement. For foundations located
on or proximate to sloping ground, such as a levee, the passive resistance should be neglected in the
upper portion of the foundation until there is a horizontal distance of at least 7 feet between the
slope face and the nearest edge of the foundation.

4. The sliding resistance and passive resistance may be used concurrently, and the passive resistance can
be increased by one-third for wind and/or seismic loading. Values include a factor of safety of at least
1%. The sliding resistance adhesion should be multiplied by the foundation area to obtain horizontal
sliding resistance.

5. Based on a one square foot bearing plate. This unadjusted value needs to be adjusted for the actual
size of the mat as follows:

a. Multiply by [(m+0.5)/(1.5 x m)] where m is the ratio of the mat length divided by its width
(unitless).

b. If a computer program is used to design the mat for this project and it requires the input of a
modulus of subgrade reaction for the Site, the designer should check whether the program
requires input of the unadjusted or adjusted modulus of vertical subgrade reaction.

6. Below lowest adjacent finished grade. The thickened edge should be a minimum of 12 inches wide. The
slab designer should determine the slab concrete thickness and reinforcing.

7.1.2 Additional Considerations for Shallow Foundations

Where foundations are located adjacent to below-grade structures (including existing footings) or near
major underground utilities, the foundation should extend below a 1H:1V (horizontal to vertical) plane
projected upward from the structure foundation or bottom of the underground utility to avoid
surcharging the below grade structure and underground utility with foundation loads. Where this is not
possible or feasible, we recommend that CLSM be used to backfill the portion of the utility trench that
extends below the 1H:1V projection. Also, if a utility crosses perpendicular to a footing, if it is located
within 2 x W of the bottom of the footing, where W = width of footing, the utility should be encased in
CLSM or lean concrete. If a perpendicular utility is located below a depth of 2 x W below the footing, the
utility does not need to be encased in CLSM or lean concrete.

Concrete for foundations should be placed neat against firm native soil or engineered fill. It is critical that
foundation excavations not be allowed to dry before placing concrete. If shrinkage cracks appear in the
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foundation excavations, the excavations should be thoroughly moistened to close all cracks prior to
concrete placement. The foundation excavations should be monitored by a representative of BSK for
compliance with appropriate moisture control and to confirm the adequacy of the bearing materials.

7.1.3 Construction Monitoring

A BSK representative should observe the foundation excavations to confirm that subsurface conditions
are similar to those encountered in the current and previous exploration points and to check if the
contractor is properly dewatering the excavation for new transfer structures.

7.2 Uplift Loading Due to Buoyancy

New reinforced concrete basins and piping for the existing transfer structures should be designed to resist
a buoyancy force based on a recommended design groundwater depth of 5 feet BGS (referenced to the
crest of the existing oxidation pond levees). The weight of the reinforced concrete basins and piping
(assume empty case) may be used to resist this uplift pressure as well as friction between the reinforced
concrete basin walls and the surrounding backfill and the backfill above the piping. An allowable friction
coefficient of 0.25 between the walls and surrounding backfill may be used. This value includes a factor
of safety of about 1%. Normal pressures of 60D psf and 30D psf above and below the design groundwater
depth, respectively, where D is the depth in feet of the reinforced concrete basin below-grade walls below
the ground surface, may be used to compute the normal force to be used with the allowable friction
coefficient.

If the mat foundation for the reinforced concrete basins extends beyond the outer reinforced concrete
basin wall limits to form a “lip”, the weight of the backfill above the lip plus a soil wedge extending upward
at a 65-degree angle from the horizontal from the edge of the lip may be used to resist uplift pressure in
lieu of the wall friction discussed in the paragraph above. Effective soil unit weights of 120 and 58 pcf may
be used above and below the design groundwater depth, respectively.

If additional resistance to buoyancy is required, this could be provided via use of thicker walls and a
greater weight for the reinforced concrete basins, deadman anchors, or placing CLSM/lean concrete
backfill above the lip of the mat foundation extending beyond the walls. Deadman anchors for new piping
could consist of concrete slabs or ballast strapped to the piping.

7.3 Below-Grade Walls (Transfer Structures only)

Walls for new reinforced concrete basins for the existing transfer structures should be designed to resist
the lateral earth pressures exerted by the retained soil or compacted backfill plus additional lateral force
that will be applied to the wall due to surface loads placed at or near the wall. An active earth pressure
should be used where the walls are allowed to deflect and an at-rest pressure should be used for
restrained walls. Fifty percent of a rectangularly distributed uniform surcharge placed at the top of a
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restrained wall may be assumed to act as a uniform horizontal pressure over the entire height of the wall.
Thirty percent of a rectangularly distributed uniform surcharge placed at the top of an unrestrained wall
may be assumed to act as a uniform horizontal pressure over the entire height of the wall. The surcharge
pressure should be applied over the entire height of the wall. The active earth pressure condition will
develop only when the wall is allowed to yield sufficiently. The amount of outward displacement at the
top of the wall designed for active earth pressures may be up to 0.004H to 0.04H, where H is the height
of the wall. Below-grade walls may be designed using the lateral earth pressures provided in the table
below. A rectangularly distributed uniform surcharge pressure of 100 psf is typically applied over the
upper 10 feet of below-grade walls to account for surcharge loading imposed by vehicular traffic, such as
an HS-20 live load.

| LATERALEARTHPRESSURES

Equivalent Fluid Pressures (pcf)*
Earth Pressures 5 5
Above Water Below Water
Active (Flexible walls) 45 85¢
At-Rest (Rigid walls) 60 90¢
Seismic (Flexible walls) 27°¢ 13DE
Seismic (Rigid walls) 47%F 23PE
Notes:
A. The lateral earth pressures presented herein are applicable for level backfill up to 6H:1V.
B. Design groundwater is at a depth of 5 feet BGS (referenced to the crest of the existing oxidation pond levees).
C. Includes hydrostatic pressure.
D. Only applicable for walls retaining more than 6 feet of soil/backfill.
E. Section 1803.5.12 of the 2022 CBC requires that the design for foundation walls include seismic earth pressures

and retaining walls supporting backfill heights greater than 6 feet include seismic earth pressures. These
pressures are expressed as equivalent fluid pressures and should be added to the wall design in addition to the
static active or at-rest pressures. The seismic earth pressure should be applied as a triangular distribution with
the resultant force acting 1/3 times the wall height above the base of the wall. The seismic earth pressures
presented herein are based on Agusti and Sitar (2013)15 and the PGA value of 0.68g per Appendix F of this report.

7.4 Seismic Design Criteria

The Site is in located in a region of high seismic activity and will likely be subjected to moderate to intense
ground shaking during the life of the project. As a result, structures to be constructed on the Site should
be designed in accordance with applicable seismic provisions of the 2022 California Building Code (CBC).

15 Agusti, G.C. and Sitar, N. (2013), Seismic Earth Pressures on Retaining Structures in Cohesive Soils, report
submitted to the California Department of Transportation (Caltrans) under Contract No. 65A0367 and NSF-NEES-CR
Grant No. CMI-0936376: Seismic Earth Pressures on Retaining Structures, Report No. UCB GT 13-02, August 2013.
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7.4.1 Mapped 2022 CBC Seismic Design Parameters

Based on Section 1613.2.2 of the 2022 CBC, the Site shall be classified as Site Class A, B, C, D, E or F based
on the Site soil properties and in accordance with Chapter 20 of ASCE 7-16. Based on the current and
previous subsurface data for the Site, we recommend the Site be classified as a Site Class D. A site-specific
ground motion hazards analysis for this project is presented in Appendix F of this report and is discussed
in the next section of this report. However, as an option (if desired by the structural engineer), we have
provided mapped 2022 CBC seismic design parameters in the table below, including increased values for

Sm1 and Spi per the exception for Site Class D sites provided in ASCE 7-16, Supplement 3, Section 11.4.8,

Iltem 1.
2022 CBC SEISMIC DESIGN PARAMETERS
(Lat: 38.222148, Lon: -121.568094)
Seismic Design Parameter Value Reference
Site Class D ASCE 7-16, Table 20.3-1
MCEr Mapped Spectral Acceleration (g) [ Ss=1.847 S$:1=0.704 USGS Mapped Values
Site Coefficients (Site Class D) F.=1.0 F,=1.7% ASCE 7-16, Table 11.4-1 & -2
(Supplement 3)
MCEr Mapped Spectral Acceleration S = 1.847 Sw1=1.795 ASCE 7-16, Eq. 11.4-1 & -2
Adjusted for Site Class Effects (g) MS = S (See Note B below) | (Supplement 3)
. . _ Sp1 = 1.197 ASCE 7-16,Eq. 11.4-3 & -4
Design Spectral Acceleration (g) Sps =1.231 (See Note B below) | (Supplement 3)
Site Short Period — Ts (Seconds) Ts=0.972 Ts= Spa/Sos
Site Long Period T, (Seconds) 8 USGS Mapped Value
Seismic Design Category (SDC) D ASCE 7-16, Section 11.6

MCEg peak ground acceleration

adjusted for Site Class effects (g) PGAv =0.854 ASCE 7-16, Section 11.8.3

Definitions:
MCEr = Risk-Targeted Maximum Considered Earthquake
MCEG = Maximum Considered Earthquake Geometric Mean
Notes:
A. See requirements for site-specific ground motions in ASCE 7-16, Section 11.4.8. This value of Fy shall be used

only for calculation of Ts, determination of Seismic Design Category, linear interpolation for intermediate
values of S1, and when taking the exceptions under Items 1 and 2 of Section 11.4.8 for the calculation of Sp.

B. Swmz and Sp: values with a 50% increase assuming the exception for Site Class D described in ASCE 7-16
Supplement 3, Section 11.4.8, Item 1 is taken. Otherwise, a site-specific ground motion analysis per ASCE
7-16 Section 21.2 is required.
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7.4.2 Site-Specific Ground Hazard Analysis and 2022 CBC Seismic Design Parameters

A site-specific ground motion hazard analysis based on Section 21.2 of ASCE 7-16 for the Site is presented
in Appendix F of this report. 2022 CBC seismic design parameters based on the site-specific ground motion
hazard analysis are also presented in Appendix F.

7.5 Vertical Loads on Pipe

The pipe selected for the transfer structure should be capable of supporting vertical loads due to the soil
overburden (trench backfill) and surcharge, including traffic loads. An in-place density of 130 pounds per
cubic foot may be assumed for the trench backfill, and Marston's Formulal® may be used. The table below
presents the vertical pressure on the pipe due to an HS-20 live load as defined in the "American Iron and
Steel Institute, Handbook of Steel Drainage and Highway Construction Products".

VERTICAL LOADS ON PIPE

Height of Cover Over Pipe (Feet) | Vertical Pressure on Pipe (psf)
1 1,800
2 800
4 400
6 200
8 100
>8 Neglect live load

Additional surcharge loads on the pipe should be considered in the design if the loads are located above
the pipe or within a 1H:1V plane projected upwards from the spring line of the pipe.

7.6 Foundation Support and Backfill for Transfer Structures

Removal of existing pipes, installation of new pipes, and removal/reconstruction of reinforced concrete
basins (if applicable) for the transfer structures will occur within existing levees. Therefore, typical pipe
bedding and shading material consisting of granular soils should not be used. Otherwise, adverse
seepage conditions could lead to failure of the levees via internal erosion of the levee embankments,
which is commonly referred to as "piping”1’. After the existing pipes are removed, concrete ballast a
minimum of 6 inches thick should be installed immediately below the new pipes. The purpose of the
ballast is to provide pipe support and a gap below the new pipes to allow proper backfill under the new
pipes. Backfill under and around the new pipes and extending at least 6 inches above the crown of the
new pipes should consist of CLSM. The ballast should be installed in a manner that allows the CLSM to

16 Marston, A, and Anderson, A.P., "The Theory of Loads on Pipes in Ditches and Tests of Cement and Clay Drain
Tile and Sewer Pipe." lowa Eng. Sta., Bull. No. 31 (1913).

17 A condition where flowing water transports soil particles out of the inner core of an earthen dam/levee creating
a hole within the dam/levee embankment.
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flow freely to fill all voids under and around the new pipes. The new pipes should be secured to the ballast
using straps or other means to avoid having the pipes float when they are being backfilled with CLSM.

Once the CLSM has sufficiently cured to allow soil backfill to be placed above it and mechanically
compacted, the soil excavated from the levee fill may be used to backfill the remainder of the pipe
excavation provided it is free of deleterious matter, organics, and Bay Mud. If imported fill is needed to
backfill the zone above the pipe, it should meet the levee fill criteria provided in the “Site Preparation and
Grading” section of this report.

Also, the excavation bottom for new reinforced concrete basins (if applicable) should not be covered by
crushed drain rock or similar material to create a stable base on which to construction the new
foundation for such structures. If the exposed surface at the bottom of the excavation is unstable, a layer
of CLSM a minimum of 6 inches thick should be placed over the bottom of the excavation. Backfill around
new or existing reinforced concrete basins should consist of the soil excavated from the levee fill provided
it is free of deleterious matter, organics, and Bay Mud. If imported fill is needed for backfill, it should meet
the levee fill criteria provided in the “Site Preparation and Grading” section of this report.

7.7 Demolition

7.7.1 Existing Utilities

Active or inactive utilities within the construction area should be protected, relocated, or abandoned.
Pipelines that are 2 inches in diameter or less may be left in place beneath the planned structures provided
they are cut off and capped at the structure perimeters. Pipelines larger than 2 inches in diameter within
the planned structure footprint should be removed or filled with CLSM meeting the project specifications.
Active utilities to be reused should be carefully located and protected during demolition and during
construction.

7.7.2 Excavation and Backfill of Existing Foundations and Below-Grade Structures

If applicable, all existing foundations and below-grade structures to be abandoned should be demolished
and removed. The resulting excavations should then be properly backfilled with compacted engineered
fill per the requirements of the “Earthwork” section of this report. A BSK representative should observe
and test the compaction for earthwork activities during construction.

7.7.3 Reuse of On-site Concrete, Asphalt Concrete, and Aggregate Base

Where applicable, existing asphalt concrete (AC) may be pulverized and mixed with the underlying gravel
layer (i.e., aggregate base) for re-use in the lower 6 inches of the aggregate base layer for new gravel
roadways and paved areas after the levees are raised 2 to 3 feet. The processing should be performed in
such a manner that the pulverized AC meets the gradation, R-Value, durability index, and sand equivalent
requirements of Section 26 of the 2018 Caltrans Standard Specifications, unless otherwise indicated by
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BSK during construction. Also, the contractor should exercise extreme care not to contaminate the
pulverized AC and existing AB with the underlying clayey subgrade soils during removal or this could
result in rejection of a portion or all the removed materials for use as aggregate base for new gravel
roadways and paved areas.

7.8 Earthwork

7.8.1 Site Preparation and Grading

Our general site preparation and grading recommendations are as follows:

1. Theareasto be graded should be cleared of debris, significant surface vegetation and obstructions
including abandoned underground pipes, foundations, and concrete slabs. Stripped surface
organics should be disposed off-site.

2. From a geotechnical standpoint only, the levee fill is generally suitable for re-use as general
engineered fill'® provided it is free of deleterious matter, organics, and Bay Mud and properly
processed so that particle sizes are not greater than 3 inches in largest dimension. At least 90
percent by weight of the general engineered fill/backfill materials should be passing the 1-inch
sieve. Nesting (i.e., concentration) of larger particles should be avoided to reduce the potential
that this could create voids and allow future settlement in the overlying fill/backfill or “piping”
failure of the levee. All fill materials should be subject to evaluation and approval by a BSK
representative prior to their use.

If zones of loose/soft or saturated soils, including in existing fill areas, are encountered during
excavation and compaction, deeper excavations may be required to expose firm soils. This should
be evaluated in the field by a BSK representative. Where deleterious matter is encountered in
excavations, this material should be overexcavated and disposed off-site.

3. Controlled Low Strength Material (CLSM) typically consists of a mixture of cement, fly ash, coarse
and fine aggregate, an air entrainment admixture, and water. Where foundations will bear on
CLSM, the CLSM should have a 28-day compressive strength of at least 50 pounds per square inch
(psi) tested in conformance with ASTM D4832 and sampled in accordance with ASTM D5971. For
future excavatability of the CLSM, its 28-day compressive strength should not exceed 1,000 psi. A
minimum of one set of cylinders should be cast each day CLSM is placed. One flowability test
should be conducted per ASTM D6103 each day CLSM is placed and should be at least 8 inches
diameter prior to placement.

18 «

|n

General engineered fill” is defined in this report as suitable on-site soil that is used to backfill excavations or raise
site grade and is properly moisture conditioned and compacted per the requirements of this report. The
requirements for the suitability of on-site soils are provided in the “Site Preparation and Grading” section of this
report.
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The CLSM mix design should be reviewed by the design team and BSK for approval at least 10
business days prior to its use. CLSM placement should be observed and tested by a qualified
representative of BSK.

4. Imported levee fill material should not be any more corrosive than the on-site soils and should
not be classified as being more corrosive than “moderately corrosive.” The levee fill should meet
the criteria presented in the California Code of Regulation, Title 23, Section 120, which is
summarized in the table below (unless otherwise permitted by BSK). Highly pervious materials
such as pea gravel or clean sands should not be used.

IMPORT LEVEE FILL CRITERIA

Plasticity Index 8 or greater
Liquid Limit Less than 50%
% Passing the 3-inch Sieve 100%

% Passing No. 200 Sieve 20% or greater

5. Following stripping and removal of deleterious materials in areas of the Site to receive fill, the Site
should be scarified to a minimum depth of 12 inches, moisture conditioned to at least 2 percent
above optimum moisture content, and re-compacted to a minimum of 90 percent relative
compaction. It is important to meet this minimum moisture conditioning due to the expansion
potential of the near-surface soils. Relative compaction refers to the in-place dry density of soil
expressed as a percentage of the maximum dry density determined by ASTM D1557 compaction
test procedures. Optimum moisture is the water content (percentage by dry weight)
corresponding to the maximum dry density. Scarification and recompaction should extend
laterally a minimum of 5 feet beyond the limits of the planned improvements, where achievable.
Per the “Grading of Levee Slopes” recommendations below, the bottom of keyways for levee
slopes should not be scarified.

6. We expect new fill to settle an amount equivalent to 1 percent of the fill thickness even if it is
compacted to a minimum of 90 percent compaction. For instance, if the fill thickness is 8 feet,
that would be equivalent to about 1 inch of settlement. Although most of this settlement is
expected to occur during construction, a portion of this settlement could occur several months to
1+ year after grading for the project is completed. To address this potential settlement, the
required compaction for deeper fills should be increased. Therefore, where fills/backfills are
greater than 7 feet in depth below finish grade, the zone below a depth of 7 feet should be
compacted to a minimum of 95 percent relative compaction. Note that increasing the
compaction effort should reduce the amount of fill settlement, but it will not eliminate it.

7. Inareas to be exposed to vehicular traffic, the upper 12 inches of the soil subgrade immediately
below the aggregate base layer should be compacted to a minimum of 92 percent relative
compaction at least 2 percent above optimum moisture content. Subgrade preparation should
extend a minimum of 5 feet laterally beyond the edge of flatwork, pavers, and pavements, where
achievable. The aggregate base layer underneath such flatwork, pavers, and pavement should be
compacted to a minimum of 95 percent relative compaction at near optimum moisture content.
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In addition to these compaction requirements, areas to be exposed to vehicular traffic should be
firm and stable and should be proof rolled with a heavy piece of construction equipment, such as
a loaded dump truck or water truck, to check for signs of subgrade instability.

8. Unless otherwise indicated above, all fill and backfill should be placed in thin lifts up to 8-inch
maximum uncompacted thickness, properly moisture conditioned to at least 2 percent above
optimum moisture content for clayey soils and to near optimum moisture content for granular
soils, and compacted to at least 90 percent compaction per ASTM D1557. Aggregate base should
be moisture conditioned to near-optimum moisture content.

9. Grading of Levee Slopes: Current levee slope gradients should be maintained as part of the
rehabilitation of the existing transfer structures and raising of the levees unless BSK is consulted
to evaluate the feasibility of steepening slope gradients. As previously discussed, existing levee
slopes have gradients of about 3H:1V or flatter. If existing levee slope gradients are maintained
while raising the levees by 2 to 3 feet vertically, this would require widening one or both sides of
the levees a total width of at least 12 to 18 feet at the base depending on the thickness of new fill
placed and the existing slope gradient. Our recommendations for widening the levees are
discussed below.

a. During widening of the levees, the new levee fill should be overbuilt a minimum of 2 feet
laterally and then cut back to finished grade to allow proper compaction of the finished
slope face. The widened portion of the levees should be supported on 18-inch-deep
keyways that are a minimum of 3 to 5 feet wide or as indicated by a BSK representative
during construction. A layer of Mirafi RS280i geotextile fabric or equivalent should be
placed over the bottom of the keyways unless indicated otherwise by BSK during
construction. The geotextile fabric should be overlapped a minimum of 2 feet at the
seams. The contractor should exercise extreme care not to excavate the keyways any
deeper than recommended herein. Otherwise, the integrity of the Bay Mud Crust layer
could be compromised. For this reason, the bottom of the keyways should not be
scarified. The backside (back cut) of the new levee fill should be benched into the existing
levee fill at regular vertical intervals of about 2 to 3 feet as the new levee fill placement
proceeds upslope of the keyway base. The bench width should be a minimum of 2 feet
wide.

b. Consideration should be given to installing rock slope protection (RSP) as part of the outer
surface of the new levee fill slope to provide long-term protection against future surface
erosion. The RSP layer should be a minimum of 1-foot thick and should consist of Class Il
rock gradation per Section 72-2.02B of the 2018 Caltrans Standard Specifications. The RSP
layer should be underlain by Class 10 RSP fabric meeting the requirements of Section 96-
1.021 of the 2018 Caltrans Standard Specifications, such as Mirafi® 1100NC or equivalent
overlapped at minimum of 1 foot at the seams and fixed to the surface of the slope using
staples per the manufacturer’s requirements.
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c. At the conclusion of construction operations, portions of the levee slopes that are not
protected by RSP should be hydroseeded to help encourage growth of vegetation on the
surface to serve as an additional long-term erosion control measure. Consideration
should be given to covering these areas with a biodegradable woven coir erosion control
blanket to help provide temporary erosion protection until vegetation is re-established
over the area. If used, the woven coir erosion control blanket should meet the
requirements of Section 21-2.020(4), Type B of the 2018 Caltrans Standard specifications,
such as North American Green BioNet® 125 (C125BN) or equivalent. The woven coir
erosion control blanket should be overlapped a minimum of 1 foot at the seams and fixed
to the surface of the slope using wooden stakes or staples per the manufacturer’s
requirements.

10. Observations and compaction testing should be carried out by a BSK representative during
grading and backfill operations, especially during widening of the levees, to assist the contractor
in obtaining the required degree of compaction and proper moisture content. Where the moisture
content or compaction is outside the range required, additional compactive effort and adjustment
of moisture content should be made until the specified compaction and moisture conditioning is
achieved.

11. BSK should be notified at least 48 hours prior to any grading and backfill operations. The
procedure and methods of grading may then be discussed between the contractor and BSK.

7.8.2 Excavation and Backfill

All excavations should conform to current OSHA requirements for work safety. Where trenches or other
excavations extend deeper than 5 feet, the excavations may become unstable and should be evaluated
by the contractor to monitor stability prior to personnel entering the trenches. Shoring or sloping of any
trench wall may be necessary to protect personnel and to provide stability. It is the contractor’s
responsibility to follow OSHA temporary excavation guidelines and grade the slopes with adequate
layback or provide adequate shoring and underpinning of existing structures and improvements, as
needed. Slope layback and/or shoring measures should be adjusted as necessary in the field to suit the
actual conditions encountered, in order to protect personnel and equipment within excavations. Based
on the subsurface conditions encountered in the current and previous exploration points, we expect the
sidewalls of trenches that extend to depths of up to about 5 feet to remain relatively vertical for a period
of several days. Nevertheless, the longer the trenches remain open the higher the potential for the
sidewalls to start to slough off or cave.

As discussed in the “Subsurface Conditions” of this report, free groundwater was observed at depths
ranging from about 7 to 25 feet BGS within the current and previous exploration points performed at the
Site. However, the actual depth at which groundwater may be encountered in trenches and excavations
may vary. We assume pertinent oxidation ponds will be drained during repair operations for the transfer
structures. Due to the predominantly clayey nature of the levee fill and the underlying Bay Mud layer, we
expect that dewatering can be conducted primarily via use of sumps and open pumping. However, the
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contractor should be responsible for the means and methods for dewatering the Site provided the
design/construction management team is afforded an opportunity to review and comment on the
proposed dewatering method(s) to be used. Groundwater should be lowered and maintained at least 2
feet below the bottom of the planned excavations in order to maintain the undisturbed state of the
supporting soils and to allow proper compaction of backfill after below-grade structures and utility lines
are installed.

Where new utility trenches extend from the exterior into the interior limits of pavement, CSLM or lean
concrete should be used as backfill material for a distance of 2 feet laterally on each side of the pavement
edge to reduce the potential for the trench to act as a conduit for exterior surface water. Utility trenches
located in landscaped or unimproved areas of the Site should also be capped with a minimum of 12 inches
of compacted on-site clayey soils.

7.8.3 Weather/Moisture Considerations

If earthwork operations and construction for this project are scheduled to be performed during the rainy
season (usually November to May) or in areas containing saturated soils, provisions may be required for
drying of soil or providing admixtures, such as quicklime treatment, to the soil prior to compaction.
Conversely, additional moisture may be required during dry months. Water trucks should be made
available in sufficient numbers to provided adequate water during earthwork operations.

7.9 Site Drainage

Proper site drainage is important for the long-term performance of the planned improvements. The Site
should be graded to provide positive drainage towards ditches, drain inlets, catch basins, bioretention
areas, and similar drainage collection facilities, and away from levee slope faces where possible. Water
should not be allowed to pond anywhere along the crest of the Site levees.

7.10 Corrosion Potential

Soil samples were collected during our current subsurface investigation from boring B-3 from depths of
about 0 to 5 and 15% feet BGS and from boring B-5 from depths of about 0 to 5 feet BGS. These samples
were submitted for corrosion testing. The samples were tested by CERCO Analytical, a State-certified
laboratory in Concord, California, for redox potential, pH, resistivity, chloride content, and sulfate content
in accordance with ASTM test methods. The test results are presented at the end of Appendix C. Also
included is the evaluation by CERCO Analytical of the corrosion test results.

Based upon the resistivity measurements, the samples tested were classified as "corrosive” to “severely
corrosive” by CERCO Analytical. The sulfate ion concentrations ranged from 27 to 390 mg/kg (ppm). These
results are indicative of an exposure category S1 per Table 19.3.1.1 of ACI 318-19. For an S1 exposure
class, Table 19.3.2.1 indicates that the minimum f'c of the concrete is 4,000 psi. CERCO Analytical
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concludes that the sulfate ion concentrations are sufficient to potentially be detrimental to reinforced
concrete structures and cement mortar-coated steel. They recommend that concrete that comes into
contact with the soil should use sulfate resistant cement such as Type Il with a maximum water-to-cement
ratio of 0.55. CERCO Analytical also recommends that all buried iron, steel, cast iron, ductile iron,
galvanized steel, and dielectric coated steel or iron be properly protected against corrosion depending
upon the critical nature of the structure. They also recommend that all buried metallic pressure piping,
such as ductile iron firewater pipelines, should be protected against corrosion. Because we are not
corrosion specialists, we recommend that a corrosion specialist be consulted for advice on proper
corrosion protection for underground piping which will be in contact with the soils and other design
details.

The above are general discussions. A more detailed investigation may include more or fewer concerns and
should be directed by a corrosion expert. BSK does not practice corrosion engineering. Consideration
should also be given to soils in contact with concrete that will be imported to the Site during construction,
such as topsoil and landscaping materials, which typically contain fertilizers and other chemicals that can
be highly corrosive to metals and concrete. Any imported soil or landscaping materials should not be any
more corrosive than the on-site soils and should not be classified as being more corrosive than
"moderately corrosive." Also, on-site cutting and filling may result in soils contacting concrete that were
not anticipated at the time of this investigation.

7.11 Plan Review and Construction Observation

We understand that BSK will be retained by the Client to review the geotechnical aspects of the plans and
specifications before they go out to bid. It has been our experience that this review provides an
opportunity to detect misinterpretation or misunderstandings of our recommendations prior to the start
of construction.

Variations in soil types and conditions are possible and may be encountered during construction. To
permit correlation between the soil data obtained and/or reviewed during this investigation and the
actual soil conditions encountered during construction, we recommend that BSK be retained to provide
observation and testing services during site earthwork and foundation construction. This will allow us the
opportunity to compare actual conditions exposed during construction with those encountered in the
current and previous exploration points performed at the Site and to provide supplemental
recommendations if warranted by the exposed conditions. Earthwork should be performed in accordance
with the recommendations presented in this report, or as recommended by BSK during construction. BSK
should be notified at least two weeks prior to the start of construction and prior to when observation and
testing services are needed.
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8. ADDITIONAL SERVICES AND LIMITATIONS

8.1 Additional Services

The review of plans and specifications, and field observation and testing during construction by BSK are
an integral part of the conclusions and recommendations made in this report. If BSK is not retained for
these services, the client will be assuming BSK’s responsibility for any potential claims that may arise
during or after construction due to the misinterpretation of the recommendations presented herein. The
recommended tests, observations, and consultation by BSK during construction include, but are not
limited to:

e review of plans and specifications;
e observations of site grading, including stripping and engineered fill construction;
e observation of foundation and below-grade wall excavations;

e observation of levee widening operations, including keyway excavations and levee fill placement;
and

e in-place density testing of fills, backfills, and finished subgrades.

8.2 Limitations

The recommendations contained in this report are based on our field observations and current and
previous subsurface exploration, limited laboratory tests, review of available geologic maps and
publications, and our present knowledge of the proposed construction. It is possible that soil conditions
could vary between or beyond the points explored. If soil conditions are encountered during construction
that differ from those described herein, we should be notified immediately in order that a review may be
made and any supplemental recommendations provided. If the scope of the proposed construction,
including the proposed loads or structural locations, changes from that described in this report, our
recommendations should also be reviewed.

We prepared this report in substantial accordance with the generally accepted geotechnical engineering
practice as it exists in the Site area at the time of our study. No warranty, either express or implied, is
made. The recommendations provided in this report are based on the assumption that an adequate
program of tests and observations will be conducted by BSK during the construction phase in order to
evaluate compliance with our recommendations. Other standards or documents referenced in any given
standard cited in this report, or otherwise relied upon by the author of this report, are only mentioned in
the given standard; they are not incorporated into it or "included by reference", as that latter term is used
relative to contracts or other matters of law.
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This report may be used only by the Client and only for the purposes stated within a reasonable time from
its issuance, but in no event later than two (2) years from the date of the report, or if conditions at the
Site have changed. If this report is used beyond this period, BSK should be contacted to evaluate whether
site conditions have changed since the report was issued.

Also, land or facility use, on and off-site conditions, regulations, or other factors may change over time,
and additional work may be required with the passage of time. Based on the intended use of the report,
BSK may recommend that additional work be performed and that an updated report be issued.

The scope of services for this subsurface investigation and geotechnical report did not include
environmental assessments or evaluations regarding the presence or absence of wetlands or hazardous
substances in the soil, surface water, or groundwater at this Site.

BSK conducted subsurface exploration and provided recommendations for this project. We understand
that BSK will be given the opportunity to perform a formal geotechnical review of the final project plans
and specifications. In the event BSK is not retained to review the final project plans and specifications to
evaluate if our recommendations have been properly interpreted, we will assume no responsibility for
misinterpretation of our recommendations.

We recommend that all earthwork during construction be monitored by a representative from BSK,
including site preparation, foundation excavation, placement of engineered fill, levee fill widening
operations, and trench/wall backfill. The purpose of these services would be to provide BSK the
opportunity to observe the actual soil conditions encountered during construction, evaluate the
applicability of the recommendations presented in this report to the soil conditions encountered, and
recommend appropriate changes in design or construction procedures if conditions differ from those
described herein.
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document is not intended for use as a land survey product nor is it designed or intended as a
construction design document. The use or misuse of the information contained on this graphic
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UNIFIED SOIL CLASSIFICATION SYSTEM (ASTM D2487/2488)

MAJOR DIVISIONS GRAPHIC TYPICAL
LOG DESCRIPTIONS
.
Cux4and WELL-GRADED GRAVELS, GRAVEL-SAND
CLEAN GRAVELS| 1<ccs<3 ‘87 GW MIXTURES WITH LITTLE OR NO FINES
WITH <5% P x
FINES Cu <4 andlor POORLY-GRADED GRAVELS, GRAVEL-SAND
1-Cc>3 oy GP MIXTURES WITH LITTLE OR NO FINES
L8]
WELL-GRADED GRAVELS, GRAVEL-SAND
cusaand & L{IGW-GM| MxTURES WITH LITTLE FINES
1<Ces3 - 0% WELL-GRADED GRAVELS, GRAVEL-SAND
GRAVELS + [l GW-GC| WiXTURES WITH LITTLE GLAY FINES
GRAVELS | WITH 510 12% .
POORLY-GRADED GRAVELS, GRAVEL-SAND
(More than half of FINES cuaandior = U GP-GM | MIXTURES WITH LITTLE FINES
coarse fraction 1-Cc>3 b ﬁ/
is larger than /) GP-GC | POQRLY-GRADED GRAVELS, GRAVEL-SAND
_ - MIXTURES WITH LITTLE CLAY FINES
the #4 sieve)
0
o|(} GM SILTY GRAVELS, GRAVEL-SILT-SAND MIXTURES
GRAVELS
WITH >12% GC CLAYEY GRAVELS, GRAVEL-SAND-CLAY MIXTURES
FINES Q
9
CLAYEY GRAVELS, GRAVEL-SAND-CLAY-SILT
COARSE GC-GM MIXTURES
GRAINED
SOILS Cuz6 and WELL-GRADED SANDS, SAND-GRAVEL MIXTURES WITH
CLEAN SANDS | 1<Cc=<3 LITTLE OR NO FINES
WITH <5%
(More than half FINES Cu <6 and/or | POORLY-GRADED SANDS, SAND-GRAVEL MIXTURES WITH
_ of material 1>Cc>3 LITTLE OR NO FINES
is larger than T
the #200 sieve) 11 SW-SM | WELL-GRADED SANDS, SAND-GRAVEL MIXTURES WITH
Cusband | 4iF LITTLE FINES
SANDS 1:=Ces3  Logy SW-SC | WELL-GRADED SANDS, SAND-GRAVEL MIXTURES WITH
(More than half of | SANDS WITH LITTLE CLAY FINES
coarse fraction | 5 to 12% FINES POORLY-GRADED SANDS, SAND-GRAVEL MIXTURES WITH
is smaller than Cu<6 and/or |- SP-SM | LirTie Fines
the #4 sieve) 1-Cc>3
SP-SC | POORLY-GRADED SANDS, SAND-GRAVEL MIXTURES WITH
LITTLE CLAY FINES
SM SILTY SANDS, SAND-GRAVEL-SILT MIXTURES
i’igﬂz SFm gg SC CLAYEY SANDS, SAND-GRAVEL-CLAY MIXTURES
Zi SC-SM | CLAYEY SANDS, SAND-SILT-CLAY MIXTURES
ML INORGANIC SILTS AND VERY FINE SANDS, SILTY OR
CLAYEY FINE SANDS, SILTS WITH SLIGHT PLASTICITY,
cL INORGANIC CLAYS OF LOW TO MEDIUM PLASTICITY,
GRAVELLY CLAYS, SANDY CLAYS, SILTY CLAYS, LEAN
FINE SILTS AND CLAYS SRAVE
GRAINED (Liquid limit less than 50) CL-ML | 'NORGANIC CLAYS SILTS OF LOW PLASTICITY, GRAVELLY
SOILS CLAYS, SANDY CLAYS, SILTY CLAYS, LEAN CLAYS
- oL ORGANIC SILTS & ORGANIC SILTY CLAYS OF LOW
g~ PLASTICITY
(More than half INORGANIC SILTS, MICACEOUS OR DIATOMACEOUS FINE
f material )
is cs)maﬁueer tﬁan MH SAND OR SILT
the #200 sieve) SILTS AND CLAYS /
7 CH INORGANIC CLAYS OF HIGH PLASTICITY, FAT CLAYS
(Liquid limit greater than 50) <
OH ORGANIC CLAYS & ORGANIC SILTS OF MEDIUM-TO-HIGH
PLASTICITY

UNIFIED SOIL CLASSIFICATION

FIGURE

SYSTEM (ASTM D2487/2488)
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SOIL DESCRIPTION KEY

MQO) R ON AN

DESCRIPTION |ABBR FIELD TEST DESCRIPTION CRITERIA
Dry D |Absence of moisture, dusty, dry to the touch Stratified Alternating I_ayers of varying_ material or color with layers
Moist M | Damp but no visible water ZtltleaStt'lM I'”' lh'Ck% ”Ote_lh'Ckn'fSS_ e
" ernating layers of varying material or color e layer
Wet W |Visible free water, usually soil is below water table Laminated less thaln % /4)i,n. lhiclzl nrgltegthicknelss w 4
Fissured Breaks a!ong definite planes of fracture with little resistance
MENTATION to fracturing
DESCRIPTION FIELD TEST Slickensided Fracture planes appear polished or glossy, sometimes striated
Weaki Crumbles or breaks with handling or slight Cohesive soil that can be broken down into small angular
y finger pressure Blocky lumps which resist further breakdown
Moderatel Crumbles or breaks with considerable Lensed Inclusion of small pockets of different soils, such as small lenses
y finger pressure ense! of sand scattered through a mass of clay; note thickness
Strongly Wil not crumble or break with finger pressure Homogeneous | Same color and appearance throughout
[Pl ASTICITY | ON A \ N SO
DESCRIPTION |ABBR FIELD TEST
Non-plastic | NP A 1/8-in. (3 mm) thread cannot be rolled at CONSISTENCY | ABBR FIELD TEST
P any water content. Very Soft VS | Thumb will penetrate soil more than 1 in. (25 mm)
The thread can barely be rolled and the lump - " -
Low (L) LP |orthread cannot be formed when drier than the Soft S | Thumb will penetrate soil about 1 in. (25 mm)
plastic limit. Firm F | Thumb will indent soil about 1/4 in. (6 mm)
The thread is easy to roll and not much time y - - o - -
is required to reach the plastic limit. . Hard H [ Thumb wil not indent soil but readily indented with thumbnail
Medium (M) | MP | The thread cannot be rerolled after reaching Very Hard VH | Thumbnail will not indent soil
the plastic limit. The lump or thread crumbles
when drier than the plastic limit
It takes considerable time rolling and kneeding
. to reach the plastic limit. The thread can be
High (H) HP | rerolled several times after reaching the plastic
limit. The lump or thread can be formed without
crumbling when drier than the plastic limit
2NN REA ON WITH H
SIEVE GRAIN APPROXIMATE
DESCRIPTION DESCRIPTION FIELD TEST
SIZE SIZE SIZE . N
- None No visible reaction
Boulders >12 >12 Lérgér than basketball-3|lzed Weak Some reaction, with bubbles forming slowly
Cobbles 8-12 3-12 Fist-sized to basketball-sized Strong Violent reaction, with bubbles forming immediately
coarse 3/4 -3" 3/4 -3" Thumb-sized to fist-sized
Gravel - - -
fine #4 - 3/4" 0.19-0.75"  |Pea-sized to thumb-sized
coarse #10 - #4 0.079-0.19" |Rock salt-sized to pea-sized
sand |medium #40-#10 | 0.017-0.079" |Sugar-sized to rock salt-sized
fine #200 - #10 0.0029 - 0.017" |Flour-sized to sugar-sized
Fines Passing #200 <0.0029 Flour-sized and smaller
A AN
DESCRIPTION | ABBR CRITERIA
Particles have sharp edges and relatively plane
Angular A | sides with unpolished surfaces O @ @
Particles are similar to angular description but have
Subangular SA | rounded edges
Particles have nearly plane sides but have Q @
Subrounded SR well-rounded corners and edges @ @
Rounded R Particles have smoothly curved sides and no edges | Rounded Subrounded Subangular Angular

APPARENT MODIFIED CA | CALIFORNIA |RELATIVE
DENSITY ABBR SPT SAMPLER SAMPLER | DENSITY FIELD TEST
(# blows/ft) |  (# blows/ft) (# blows/ft) (%)

Very Loose VL <4 <4 <5 0-15 [Easily penetrated with 1/2-inch reinforcing rod by hand

Loose L 4-10 5-12 5-15 15 - 35 |Difficult to penetrate with 1/2-inch reinforcing rod pushed by hand
Medium Dense| MD | 10-30 12- 35 15-40 35-65 |Easily penetrated a foot with 1/2-inch reinforcing rod driven with 5-lb. hammer

Dense D 30-50 35-60 40 - 70 65 - 85 |Difficult to penetrate a foot with 1/2-inch reinforcing rod driven with 5-Ib. hammer

Very Dense VD >50 >60 >70 85 - 100 |Penetrated only a few inches with 1/2-inch reinforcing rod driven with 5-Ib. hammer

SOIL DESCRIPTION KEY

FIGURE
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LOG SYMBOLS

BULK / BAG SAMPLE

SPLIT BARREL SAMPLER
(2-1/2 inch outside diameter)

SPLIT BARREL SAMPLER
(3 inch outside diameter)

STANDARD PENETRATION
SPLIT SPOON SAMPLER
(2 inch outside diameter)

CONTINUOUS CORE

SHELBY TUBE

ROCK CORE

GROUNDWATER LEVEL
(encountered at time of drilling)

GROUNDWATER LEVEL
(measured after drilling)

D = e W O

SEEPAGE

-4

-200

LL

Pl

TXUU

El

CoL

uc

MC

PERCENT FINER
THAN THE NO. 4 SIEVE
(ASTM Test Method C 136)

PERCENT FINER
THAN THE NO. 200 SIEVE
(ASTM Test Method C 117)

LIQUID LIMIT
(ASTM Test Method D 4318)

PLASTICITY INDEX
(ASTM Test Method D 4318)

UNCONSOLIDATED UNDRAINED
TRIAXIAL COMPRESSION

(EM 1110-1-1906)/ASTM Test
Method D 2850

EXPANSION INDEX
(UBC STANDARD 18-2)

COLLAPSE POTENTIAL

UNCONFINED COMPRESSION
(ASTM Test Method D 2166)

MOISTURE CONTENT
(ASTM Test Method D 2216)

GENERAL NOTES

Boring log data represents a data snapshot.

This data represents subsurface characteristics only to the extent encountered at the location of the boring.

The data inherently cannot accurately predict the entire subsurface conditions to be encountered at the project site relative to

construction or other subsurface activities.

Lines between soil layers and/or rock units are approximate and may be gradual transitions.

The information provided should be used only for the purposes intended as described in the accompanying documents.

In general, Unified Soil Classification System designations presented on the logs were evaluated by visual methods.

Where laboratory tests were performed, the designations reflect the laboratory test results.

The Responsible Geotechnical Engineer, Professional Engineer, or Professional Geologist uses professional judgement
and visual-manual procedures in general conformance with ASTM D2488 to classify soil when the full classification suite of

tests per ASTM D2487 is not conducted.

FIGURE

LOG KEY A-3




LOG OF BORING NO. B-1

BSK Associates
399 Lindbergh Avenue

Project Name:

Oxidation Ponds

Livermore, CA 94551 Project Number: ~ G00000075
Telephone: (925) 315-3151 | Project Location:  Ellis Creek WRF
Logged by: 0. Khan
Checked by: M. Romero
Surface El.: 22 feet 5 2| o olS 5 »
- D . . Q 5 D 2 = = o
8 | S | Location: Approximately: 38.224750, %8| E IS E 3 "é g% 2 |s5 | E|E|E
=2 -122.577197 2| 2 80|82 |85|281508 2| 2| 2
8|8 | 28388 |a&|23e5 3| B |8
alds Dl e |fz|SE|RS|E 2 | S| 21| %
o g 28|38 2o 3 - |a |2
MATERIAL DESCRIPTION ® | «on £ =
Sandy Lean CLAY with Gravel (CL): dark yellowish brown,
moist, fine to medium sand, fine to coarse gravel (FILL)
Y7//| Sandy Fat CLAY (CH): dark olive brown, moist, hard, | Al 9
— medium to high plasticity, fine sand (FILL) B | 13 4.0
/g 1c | 16 105 17
" "Sandy Lean CLAY (CL): dark olive gray, moist, firmto |,
— 5 hard, medium plasticity, fine to medium sand (FILL)
2A | 7 | 35
2B | 10 | 4.0
" 47 TXUU(seefigure C-2)c=2225psf | | J.2c | 14 [ 20 1051 20
% Sandy Lean CLAY (CL): dark greenish gray, moist, firm,
— medium plasticity, fine to medium sand
107 decreased sand content, interbedded with sandy silt, 3A | 4
medium to high plasticity 2.0
3B | 8
- 3c| 11 |30 103 | 23
Y///| Fat CLAY (CH): light greenish gray to light olive gray, |
— 15 moist, firm, high plasticity, trace fine sand and gravel
/ 4A 6 20
4B | 9
% TXUU (see figure C-2) c= 1,940 psf ac | 12 | 29 % | 28
Boring terminated at approximately 16.5 feet. No free
] groundwater was observed. Boring was backfilled with
cement grout.

Completion Depth: 16.5

Date Started:

Date Completed: 2/16/23

SPT Sampler:

Drilling Equipment:

2/16/23 Drilling Method:
Drive Weight:
California Sampler: 2.5-in inner diameter Hole Diameter:
1.4-in inner diameter Drop:
Remarks:

GEO_TARGET PETALUMA POND BORINGS.GPJ GEOTECHNICAL 08.GDT 6/14/23

Taber Drilling CME 55
Hollow Stem Auger

140 Ibs
8-in
30-in

Automatic Hammer




LOG OF BORING NO. B-2

BSK Associates

399 Lindbergh Avenue
Livermore, CA 94551
Telephone: (925) 315-3151

Project Name: Oxidation Ponds
Project Number: ~ G00000075
Project Location:  Ellis Creek WRF

GEO_TARGET PETALUMA POND BORINGS.GPJ GEOTECHNICAL 08.GDT 6/14/23
|

Logged by: 0. Khan
Checked by: M. Romero
Surface El.: 21 feet 5 2| o olS 5 »
= D . . Qo = ) B = = )
¢ | 3 | Location: Approximately: 38.223688, 3| £188|%s _E’% 2 |_s |E|E|2
e -122.572618 52 (80|18 85255523 2| 2
8|8 | 28388 |a&|23e5 3| B |8
3 o (%] £ o 2 3 gl g|2 % o ] 7]
O] s |38 2 %) S - o ©
n oo s s o
MATERIAL DESCRIPTION £
Sandy Lean CLAY (CL): dark yellowish brown to olive
brown, moist, fine to medium sand, trace fine to coarse
- gravel (FILL)
| 5 —t
1A | 5
™ "Clayey SAND (SC): oiive brown, moist, io0ss to medium | [l AL~ 104 21
dense, low plasticity, fine to medium sand (FILL)
" "Fat CLAY with Sand (CH): dark bluish gray, moist, fine | N
sand, soft to firm, high plasticity B | e 1.0
TXUU (see figure C-2) c= 1,260 psf 2c | 10 |15 98 25
olive brown, firm, medium to high plasticity, mottled with 3A | 4
calcium carbonate | 6 2.0
TXUU (see figure C-2) c= 1,680 psf 3C| 9 100 24
Boring terminated at approximately 16.5 feet. No free
] groundwater was observed. Boring was backfilled with
cement grout.
20
Completion Depth: 16.5 Drilling Equipment: Taber Drilling CME 55
Date Started: 4/13/23 Drilling Method: Solid Stem Auger
Date Completed: 4/13/23 Drive Weight: 140 Ibs
California Sampler: 2.5-in inner diameter Hole Diameter: 6-in
SPT Sampler: 1.4-in inner diameter Drop: 30-in
Remarks: Automatic Hammer




BSK Associates
399 Lindbergh Avenue
Livermore, CA 94551

LOG OF BORING NO. B-3

Project Name: Oxidation Ponds
Project Number: ~ G00000075

Telephone: (925) 315-3151 | Project Location:  Ellis Creek WRF
Logged by: 0. Khan
Checked by: M. Romero
Surface El.: 15 feet 51 als £ = x
= D . . o |2 S c-,q>, © 2 = = o
8 | S | Location: Approximately: 38.220190, g| E|22(2n|28|= |55 | E|E 2
Sl -122.582302 2| 2 85|82 |82|25558 2| 2| 2
£ 5 5|2 |85 |g8|d]|o8(ces B 5|8
[} © n 2 |02|x2|le |2 = g © 17}
[a N ING] E |a3 SE|Z|5 2 S|l | ®
) oo Z | 2 o
MATERIAL DESCRIPTION £
62 Clayey GRAVEL with Sand (GC): dark olive gray, dry to
g moist, fine to medium sand, fine angular gravel (FILL)
Y///, Sandy Fat CLAY (CL): dark greenish gray, moist, hard, |
| —/ medium plasticity, fine sand, trace fine gravel (FILL)
- _/ 1A | 8 | 3.0 61 | 20 | 41
1B | 12 | 35 93 25
% TXUU (see figure C-3) c= 1,350 psf 1C | 12
A ________|
YOI Clayey SAND with Gravel (SC): olive brown, moist, very ol 3
loose, low plasticity, fine to coarse sand, fine gravel (FILL) B | 3
B " “Lean CLAY (CL): dark bluish gray, moist to wet, very soft, |
medium to high plasticity, interbedded with clayey sand to
e silty sand lenses (Bay Mud)
10 Y
AT 110 40 | 17 | 23
- 811 80 40
TXUU (see figure C-3) c= 740 psf 3C | 2
197 soft, organic odor
» 09 A 2 | o5
4B | 1
Consolidation Test (see figure C-5) 4C | 3 49 89
| W/, Fat CLAY (CH): dark bluish gray, moist to wet, firm, high
/ plasticity
B % 0 to 250 psi 5 2.0
%

GEO_TARGET PETALUMA POND BORINGS.GPJ GEOTECHNICAL 08.GDT 6/14/23

Completion Depth: 31.5
Date Started: 2/16/23

SPT Sampler:

Drilling Method:

Drilling Equipment: Taber Drilling CME 55
Hollow Stem Auger

Date Completed: 4/13/23 Drive Weight: 140 Ibs
California Sampler: 2.5-in inner diameter Hole Diameter: 8-in
1.4-in inner diameter Drop: 30-in
Remarks: Automatic Hammer




GEO_TARGET PETALUMA POND BORINGS.GPJ GEOTECHNICAL 08.GDT 6/14/23

BSK Associates - . .
399 Lindbergh Avenue Project Name: Oxidation Ponds
Livermore, CA 94551 Project Number: ~ G00000075
Telephone: (925) 315-3151 | Project Location:  Ellis Creek WRF
Logged by: 0. Khan
Checked by: M. Romero
. Surface El.: 15 feet 3 cﬁ g._._ 0 % E R
8|13 Location: Approximately: 38.220190, 8| E|sg|2 %) §% = |5 5 E E 2
Z |2 -122.582302 2|2 80| 85]2%|508 | 2| 2
g g g 2 |2%|8L|aR|22|e5 5| B | 2
i n £ O z|x = % =3 © n
[a} 10} 51238 E|lo2|H S i o ©
) oo Z | 2 o
MATERIAL DESCRIPTION £
7 Fat CLAY (CH): dark bluish gray, moist to wet, firm, high
/ plasticity (continued)
L /N ————. L
Sandy Lean CLAY (CL): light olive gray, moist, firm to
hard, medium plasticity, high sand content, fine to medium
- sand, manganese oxide staining
_25_
o8 | & |20
- 6C | 13 | 45 15| 17
" “Clayey SAND (SC): olive, moist to wet, loose, low | T
plasticity, fine to coarse sand
___________________________ L 7A L9
Lean CLAY with Sand (CL): olive to green, moist, firm, 7B 4 1.5
T medium plasticity, fine sand, iron and manganese oxide 7C 6 3.0
staining
R Boring terminated at approximately 31.5 feet. Free
groundwater was observed at approximately 10 feet. Boring
was backfilled with cement grout.
_40_
Completion Depth: 31.5 Drilling Equipment: Taber Drilling CME 55
Date Started: 2/16/23 Drilling Method: Hollow Stem Auger
Date Completed: 4/13/23 Drive Weight: 140 Ibs
California Sampler: 2.5-in inner diameter Hole Diameter: 8-in
SPT Sampler: 1.4-in inner diameter Drop: 30-in
Remarks: Automatic Hammer




LOG OF BORING NO. B-4

BSK Associates
399 Lindbergh Avenue

Project Name:

Oxidation Ponds

Date Started:

SPT Sampler:

Completion Depth: 31.5

Date Completed: 4/13/23

Drilling Equipment: Taber Drilling CME 55

2/16/23 Drilling Method: Hollow Stem Auger
Drive Weight: 140 Ibs
California Sampler: 2.5-in inner diameter Hole Diameter: 8-in
1.4-in inner diameter Drop: 30-in
Remarks: Automatic Hammer

Livermore, CA 94551 Project Number: ~ G00000075
Telephone: (925) 315-3151 | Project Location:  Ellis Creek WRF
Logged by: 0. Khan
Checked by: M. Romero
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MATERIAL DESCRIPTION ® | «on £ =
°>2 & Poorly Graded GRAVEL with Sand (GP): yellowish brown,
)"6 dry, fine to coarse sand, fine to coarse gravel (FILL)
B " "Fat CLAY (CH): dark grayish brown, moist, firm to hard, |
high plasticity, trace organics, trace fine sand (FILL)
= 1A | 5 | 35
1B | 7
1c| 11125 83 36
o " "Fat CLAY with Sand (CH): dark greenish gray, moist, firm | N
to hard, high plasticity, fine to medium sand, interbedded B | 8 25
= with silty sand lens (possibly FILL) 2c | 12 101 | 23
" "Fat CLAY (CH): dark olive brown, moist, soft to firm, high |
— 10 plasticity, manganese oxide staining, iron oxide staining
(Bay Mud) 3A 1 2 |05 84 | 38
| TXUU (see figure C-3) c= 765 psf 3B | 4 15
% 3C| 4 :
. )
A Organic CLAY (OH): dark olive brown, moist, soft, high
MAd  plasticity, high organic content (Bay Mud)
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GEO_TARGET PETALUMA POND BORINGS.GPJ GEOTECHNICAL 08.GDT 6/14/23

BSK Associates - . .
399 Lindbergh Avenue Project Name: Oxidation Ponds
Livermore, CA 94551 Project Number: ~ G00000075
Telephone: (925) 315-3151 | Project Location:  Ellis Creek WRF
Logged by: 0. Khan
Checked by: M. Romero
Surface El.: 14 feet 5 2| o olS 5 »
e o] . . o = o) 2 = = o
8 | S | Location: Approximately: 38.217479, %8| E IS E 3 "é g% 2 |s5 | E|E|E
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MATERIAL DESCRIPTION ® | «on £ =
Sandy Lean CLAY (CL): grayish green, moist, hard,
medium plasticity, fine to medium sand (continued)
— 25— . . . )
light olive brown, increased sand content, trace fine gravel, 6A | 4
iron and manganese oxide staining o8 | 5 2.0
- 6C | & 106 | 23
" Poorly Graded SAND (SP): olive gray, wet, loose, fineto |
medium sand
7A | 6
Clayey SAND (SC): pale olive, moist, medium dense, low 7B | 9
plasticity, fine sand 7C | 11
Boring terminated at approximately 31.5 feet. Free
] groundwater was observed at approximately 23 feet. Boring
was backfilled with cement grout.
Completion Depth: 31.5 Drilling Equipment: Taber Drilling CME 55
Date Started: 2/16/23 Drilling Method: Hollow Stem Auger
Date Completed: 4/13/23 Drive Weight: 140 Ibs
California Sampler: 2.5-in inner diameter Hole Diameter: 8-in
SPT Sampler: 1.4-in inner diameter Drop: 30-in
Remarks: Automatic Hammer




BSK Associates

399 Lindbergh Avenue
Livermore, CA 94551
Telephone: (925) 315-3151

LOG OF BORING NO. B-5

Project Name: Oxidation Ponds
Project Number: ~ G00000075
Project Location:  Ellis Creek WRF

Logged by: 0. Khan
Checked by: M. Romero
Surface El.: 13 feet 5 2| o olS 5 »
= D L . . o |cc|sw S| = = = o
8|13 Location: Approximately: 38.214985, FREEREE % %) §% = |5 5 E E 2
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MATERIAL DESCRIPTION ® | «on £ =
g ASPHALT: approximately 4 inches of asphalt
i(\" FILL: _approximately 8 inches of sandy/gravelly soil
— (possibly aggregate base)
/ Lean CLAY with Sand (CL): dark greenish gray, moist,
] high plasticity, fine sand, trace gravel (FILL)
1 41 | 15 | 26
[ dark gray, trace organics
[ increased sand content
— 5 — )
firm ) 6
9
T 11
— 10— . )
very dark greenish gray, firm to hard, decreased sand 3A | 5
content 38 8 3.0
[ TXUU (see figure C-3) c= 2,650 psf 3c | 11|45 101 25
 _|” "PEAT: black to dark yellowish brown, soft to firm, lowto |
— 15— —  medium plasticity, high organic content (Bay Mud)
- — 4A | 2
N 4B | 2
I 1 Organic content = 37% 4C | 3 24| 208
7 Fat CLAY (CH): dark bluish gray, moist, soft to firm, high
| —% plasticity, trace fine sand, trace organics (Bay Mud)
20—/
5A | 4
| A ____________________________ 58| 5 | 1.0
7 Fat Clay (CH): dark bluish gray, moist, firm, high plasticity 5C| 6 |20 92 | A
J TXUU (see figure C-4) c= 1,205 psf

GEO_TARGET PETALUMA POND BORINGS.GPJ GEOTECHNICAL 08.GDT 6/14/23
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Completion Depth: 31.5

Date Started: 4/13/23

Date Completed: 4/13/23

California Sampler: 2.5-in inner diameter
SPT Sampler: 1.4-in inner diameter

Drilling Equipment: Taber Drilling CME 55

Drilling Method:
Drive Weight:
Hole Diameter:
Drop:

Remarks:

Solid Stem Auger
140 lbs

6-in

30-in

Automatic Hammer




LOG OF BORING NO. B-5

BSK Associates . L
399 Lindbergh Avenue Project Name: Oxidation Ponds

Livermore, CA 94551 Project Number: ~ G00000075
Telephone: (925) 315-3151 | Project Location:  Ellis Creek WRF

GEO_TARGET PETALUMA POND BORINGS.GPJ GEOTECHNICAL 08.GDT 6/14/23

Logged by: 0. Khan
Checked by: M. Romero
Surface El.: 13 feet 5 2| o olS 5 »
= D . . Qo = ) B = = )
¢ | 3 | Location: Approximately: 38.214985, 3| £188|%s _E’% 2 |_s |E|E|2
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MATERIAL DESCRIPTION ® | «on £ =
Fat Clay (CH): dark bluish gray, moist, firm, high plasticity
(continued)
‘o Lean CLAY (CL): dark olive gray to dark olive green, |
—25- = moist, firm to hard, medium to high plasticity, mottled with
calcium carbonate 6A | 7 | 30
6B | 9
- 6C | 12 | 40 102 | 24
30 mottled with manganese oxide staining
TA 1 8 140
7B | 9
T 7C | 12
Boring terminated at approximately 31.5 feet. Free
] groundwater was observed at approximately 25 feet. Boring
was backfilled with cement grout and patched with rapid set
| concrete.

Completion Depth: 31.5
Date Started: 4/13/23

Drilling Method:

Date Completed: 4/13/23 Drive Weight: 140 Ibs
California Sampler: 2.5-in inner diameter Hole Diameter: 6-in
SPT Sampler: 1.4-in inner diameter Drop: 30-in
Remarks: Automatic Hammer

Drilling Equipment: Taber Drilling CME 55
Solid Stem Auger




Revised Geotechnical Investigation Report BSK Project No. GOO000075
Oxidation Pond Transfer Structure Rehabilitation and June 26, 2023
Oxidation Pond Storage Expansion

Ellis Creek Water Recycling Facility

Petaluma, California

APPENDIX B

CPT Logs and Liquefaction Analysis



This software is licensed

to: BSK Associates

CPT name: CPT 1

Cone resistance
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Input parameters an

Analysis method:

Fines correction method:
Points to test:

Earthquake magnitude M, :
Peak ground acceleration:

d analysis data

B&I (2014)

B&I (2014)

Based on Ic value
7.22

0.68

Depth to water table (insitu): 13.00 ft

Friction Ratio

CPT basic interpretation plots

Pore pressure

Depth (ft)
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Depth to GWT (erthq.):

Average results interval:
Ic cut-off value:

Unit weight calculation:

Use fill:

Fill height:

5.00 ft

3

2.60

Based on SBT
No

N/A

Fill weight:

Transition detect. applied:

K, applied:

Clay like behavior applied:

Limit depth applied:
Limit depth:

N/A

Yes

Yes

Sands only
No

N/A

SBT Plot Soil Behaviour Type
— 0 - Ty 5and & sandy St |
N BNy
° Clay =
0 Clay & silty clay
Clay ' =
15 fay &silty clay
ay & silty dla
2 IR sanch Sahay si
2 ly & sy day
- —= Silty sand & sandy silt
P Clay'& silty clay
35 Clay'& silty clay
: Sitty sand & sandy silt
Clay:& silty cla:
0 Clay'& siﬁ.tz clay
€4
=3 Clay& silty clay
o 50
° cl
55 . :y
== sy da
) S Rk
. [— Sy ¢
o Very dense/stiff soil
Clay & silty clay
- Sitty sand & sandy silt
80 Clay'& silt:y c:lay;
Yery dense/stiff soil
85 af 1 . [0
: Very denselstit o
o4 iity sand & sandy silt”
B h et
Qagsivder
I I N T N L N I A B T
2 3 4 012345678 9101112131415161718
Ic(SBT) SBT (Robertson et al. 1986)
SBT legend
[l 1 Sensitive fine grained [J] 4. Clayey silt to silty [[] 7- Gravely sand to sand
. 2. Organic material . 5. Silty sand to sandy silt . 8.. Very stiff sand to
[l 3. Clay tossilty clay [C] 6. Clean sand to silty sand [_] 9. Very stiff fine grained

CLiq v.3.5.2.8 - CPT Liquefaction Assessment Software - Report created on: 6/9/2023, 7:43:00 AM
Project file: C:\Users\dtower\BSK Associates\BSK Documents - LVM Projects Active\GEO\G00000075-Petaluma ECWRF Oxidation Pond Project\Data\CPT\City of Petaluma ECWRF Updated.clq



This software is licensed to: BSK Associates CPT name: CPT 1

Liquefaction analysis overall plots

CRR plot FS Plot Liquefaction potential Vertical settlements Lateral displacements
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CRR & CSR Factor of safety LPI Settlement (in) Displacement (in)
Input parameters and analysis data F.S. color scheme LPI color scheme
Analysis method: B&I (2014) Depth to GWT (erthg.): 5.0 ft Fill weight: N/A Bl Aimost certain it will liquefy [l Very high risk
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes . Very likely to liquefy |:| High risk
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes Liquefaction and no lig. are equally likel .
Earthquake magnitude M,: ~ 7.22 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only 0 q. i 9 qually Tikely [ Low risk
Peak ground acceleration:  0.68 Use fill: No Limit depth applied: No [ Unlike to liquefy
Depth to water table (insitu): 13.00 ft Fill height: N/A Limit depth: N/A . Almost certain it will not liquefy
CLiq v.3.5.2.8 - CPT Liquefaction Assessment Software - Report created on: 6/9/2023, 7:43:00 AM 5
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This software is licensed to: BSK Associates

CPT name: CPT 1

Liquefaction analysis summary plots
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] 1 Liquefaction - 1504 Analysis PGA: 0.68(
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0.14 i CPT 1 (9.54) |
1 ' ] i 1.0 1 ¢ L
1 No Liquefaction |- . -
1 7 T e e e B 7 — T (O o e o T B o B o B B LA B e 0.0 — —
0.1 . 1. . 10 0 20 40 60 80 100 120 140 160 180 200 0 1 2 3 4 5 6 7 8 10
Normalized friction ratio (%) qclN,cs Thickness of surface layer, H1 (m)
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.):  5.00 ft Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,:  7.22 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.68 Use fill: No Limit depth applied: No
Depth to water table (insitu): 13.00 ft Fill height: N/A Limit depth: N/A
CLiq v.3.5.2.8 - CPT Liquefaction Assessment Software - Report created on: 6/9/2023, 7:43:00 AM 6

Project file: C:\Users\dtower\BSK Associates\BSK Documents - LVM Projects Active\GEO\G00000075-Petaluma ECWRF Oxidation Pond Project\Data\CPT\City of Petaluma ECWRF Updated.clq



Depth 5.48ft
Ref*

Depth 10.27ft
Ref 5.48ft

Depth 15.49ft
Ref 10.27ft

Depth 21.29ft
Ref 15.49ft

Depth 25.10ft
Ref 21.29ft

Depth 30.18ft
Ref 25.10ft
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Depth 45.47ft
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Ref 45.47ft

Depth 55.94ft
Ref 50.33ft

Depth 60.30ft
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Depth 65.12ft
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Depth 70.21ft
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Depth 75.36ft
Ref 50.33ft

Depth 80.81ft
Ref 50.33ft

Depth 85.14ft
Ref 50.33ft

Depth 90.16ft
Ref 50.33ft

Depth 95.01ft
Ref 50.33ft
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150
Time (mS)

COMMENT:

Arrival 16.48mS
Velocity*

Arrival 23.44mS
Velocity 523.25ft/S

Arrival 32.26mS
Velocity 524.72ft/S

Arrival 39.76mS
Velocity 728.36ft/S

Arrival 43.83mS
Velocity 901.28ft/S

Arrival 50.47mS
Velocity 744.97ft/S

Arrival 55.31mS
Velocity 996.04ft/S
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Velocity 672.29t/S
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CPT-1

DEPTH (ft)

—33.793

0

14.645 (PSI), WATER TABLE: 0.00 ft

8.876 (PSI) TIME: (MINUTES)

MAXIMUM PRESSURE =
HYDROSTATIC PRESSURE



This software is licensed to: BSK Associates

CPT name: CPT 2

Cone resistance
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Input parameters and analysis data

Analysis method:

Fines correction method:

Points to test:

Earthquake magnitude M, :
Peak ground acceleration:

B&I (2014)

B&I (2014)

Based on Ic value
7.22

0.68

Depth to water table (insitu): 10.00 ft

Friction Ratio

CPT basic interpretation plots

Pore pressure

SBT Plot

Soil Behaviour Type

0 0 —TT =TT
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,,,,,,,,,,,,,,, Very dense/stiff soil ;-
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peacto® ; . 50 50 USRS ol |/ R B
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Rf (%) u (psi) Ic(SBT) SBT (Robertson et al. 1986)
Depth to GWT (erthg.):  5.00 ft Fill weight: N/A
Average results interval: 3 Transition detect. applied:  Yes SBT legend
Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained [J] 4. Clayey silt to silty [[] 7- Gravely sand to sand
Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only ] : e " .
Use fill No Limit depth applied: No . 2. Organic material . 5. Silty sand to sandy silt . 8.. Very stlff sand to
Fill height: N/A Limit depth: N/A [l 3. Clay tossilty clay [C] 6. Clean sand to silty sand [_] 9. Very stiff fine grained

CLiq v.3.5.2.8 - CPT Liquefaction Assessment Software - Report created on: 6/9/2023, 7:43:00 AM
Project file: C:\Users\dtower\BSK Associates\BSK Documents - LVM Projects Active\GEO\G00000075-Petaluma ECWRF Oxidation Pond Project\Data\CPT\City of Petaluma ECWRF Updated.clq
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This software is licensed to: BSK Associates

CPT name: CPT 2
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CRR & CSR

Input parameters and analysis data

Analysis method: B&I (2014)

Fines correction method: B&I (2014)
Points to test: Based on Ic value
Earthquake magnitude M,:  7.22

Peak ground acceleration: 0.68

Depth to water table (insitu): 10.00 ft

Depth (ft)

0

0.5 1

Depth to GWT (erthq.):

Liquefaction analysis overall plots

FS Plot

1.5
Factor of safety

Average results interval: 3

Ic cut-off value:
Unit weight calculation:

Use fill:

Fill height:
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N/A

5.00 ft

2.60
Based on SBT

2

Depth (ft)

Liquefaction potential

Fill weight:

Transition detect. applied:

K, applied:
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Limit depth applied:
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15
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CLiq v.3.5.2.8 - CPT Liquefaction Assessment Software - Report created on: 6/9/2023, 7:43:00 AM
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This software is licensed to: BSK Associates

CPT name: CPT 2

Liquefaction analysis summary plots
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1 No Liquefaction |- . -
1 7 T e e e B 7 — T (O o e o T B o B o B B LA B e 0.0 —
0.1 . 1. . 10 0 20 40 60 80 100 120 140 160 180 200 0 1 2 3 4 5 6 7 8 10
Normalized friction ratio (%) qclN,cs Thickness of surface layer, H1 (m)
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.):  5.00 ft Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,:  7.22 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.68 Use fill: No Limit depth applied: No
Depth to water table (insitu): 10.00 ft Fill height: N/A Limit depth: N/A
CLiq v.3.5.2.8 - CPT Liquefaction Assessment Software - Report created on: 6/9/2023, 7:43:00 AM 16

Project file: C:\Users\dtower\BSK Associates\BSK Documents - LVM Projects Active\GEO\G00000075-Petaluma ECWRF Oxidation Pond Project\Data\CPT\City of Petaluma ECWRF Updated.clq



This software is licensed to: BSK Associates

CPT name: CPT 3
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CPT name: CPT 5
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Revised Geotechnical Investigation Report BSK Project No. GOO000075
Oxidation Pond Transfer Structure Rehabilitation and June 26, 2023
Oxidation Pond Storage Expansion
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APPENDIX C

Laboratory Test Results
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Unconsolidated-Undrained Triaxial Test
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Note: Strengths are picked at the peak deviator stress or 15% strain

ver occurs first per ASTM D2850.
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representation is at the sole risk of the party using or misusing the information.
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Unconsolidated-Undrained Triaxial Test

ASTM D2850
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Unconsolidated-Undrained Triaxial Test

ASTM D2850
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COPER Consolidation Test
TESTING LABORATORY ASTM D2435
Job No.: 664-482 Boring: B-3 Run By: HM
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Moisture-Density Relationship

Client:

Report #: MDRS-000001

Project:

Dudek
605 Third Street
Encinitas, CA 92024

G00000075

ECWRF Oxidation Pond Transfer Structure Rehab.
& Oxidation Pond Storage Expansio...

3890 Cypress Drive

Petaluma, CA 94954

Sample Details

Technician: Omar Khan
Sample Location: B-2: Bulk @ 0-5'

Sample Date: 04/14/2023
Sample Number: 25747

ASTM D1557
Method: B (ASTM D1557)
Preparation Method: Moist
Rammer Type: Mechanical Round
Specific Gravity: 2.69
Maximum Dry Density (pcf): 118.4
Optimum Moisture (%): 14.0

Soil Classification: Sandy Lean Clay (CL)
Test Notes: B-2: Bulk @ 0-5'

Test Completed By: David Ordaz
Approved By: Nicholas Shelly

Test Completed Date:

Approved Date: 04/26/2023

04/25/2023
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construction design document. The use or misuse of the information contained on this graphic
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Moisture-Density Relationship

Client:

Project:

Report #: MDRS-000002

Dudek
605 Third Street
Encinitas, CA 92024

G00000075

ECWRF Oxidation Pond Transfer Structure Rehab.

& Oxidation Pond Storage Expansio...
3890 Cypress Drive
Petaluma, CA 94954

Sample Details

Technician: Omar Khan
Sample Location: B-3: Bulk @ 0-5"

Sample Date: 04/14/2023
Sample Number: 25749

ASTM D1557

Method:

Preparation Method:

Rammer Type: Mechanical Round
Specific Gravity: 2.78

Maximum Dry Density (pcf): 129.1

Optimum Moisture (%): 11.5

B (ASTM D1557)

Moist

Soil Classification: Sandy Fat Clay (CH)

Test Notes: B-3: Bulk @ 0-5'

Test Completed By: David Ordaz
Approved By: Nicholas Shelly

Test Completed Date: 04/26/2023
Approved Date: 04/27/2023

The information included on this graphic representation has been compiled from a variety of sources
and is subject to change without notice. BSK makes no representations or warranties, express or
implied, as to accuracy, completeness, timeliness, or rights to the use of such information. This
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Revised Geotechnical Investigation Report BSK Project No. GOO000075
Oxidation Pond Transfer Structure Rehabilitation and June 26, 2023
Oxidation Pond Storage Expansion

Ellis Creek Water Recycling Facility

Petaluma, California

APPENDIX D

Previous Subsurface and Laboratory Test Data (by Others)



DATE DRILLED: November 8, 2012 NOTES:
DRILLING CONTRACTOR: Pearson Drilling *Equivalent Standard Penetration Test {SPT} blow count.
DRILLING METHOD: 6 inch Solid Flight
HAMMER WEIGHT: 140 Ibs. DROP: 30inches
LOGGED BY: KSG ELEVATION: Levee Surface
FIELD LABORATORY
-
e ] o - o W = idd o
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L Lo z | W lsa] I |gw = L
I =] T L ] Lzu o |82 5’ ¢£ L= T :_E
E el 2| Soloel & |GEl 5 |28 o N
Y121 8] @ *6155| v |<a] 3 |%D = v
0O jui| @ U] OoLi=E0|l R g I W= O =)
0 M\Crushed Gravel Surface 0
% GRAY GREEN SILTY CLAY (CH), stiff, wet (Fill) i
i 11 % ]

4 / - 4
| B é i
12+ % - 12

. 7 GRAY GREEN SILTY CLAY (CH), stiff, wet i
= s % [

16 % - 16
20 % Becomes medium stiff — 20
B s é |

Bottom of Boring B-1 at 21 1/2 feet i
Water encountered at 13 1/2 feet
Converted {o 2 inch piezometer |
24 24
LOG OF BORING B-1 SUATE
Ellis Creek Oxidation Ponds 7 and 10
Sheet Pile Levee Project 3
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Petaluma, California
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DATE DRILLED: November 8, 2012

DRILLING CONTRACTOR: Pearson Drilling

DRILLING METHOD: 6 inch Solid Flight

HAMMER WEIGHT: 140 lbs.

DROP: 30 inches

LOGGED BY: KSG

ELEVATION: Levee Surface

NOTES:

*Equivalent Standard Penetration Test (SPT) blow count,

FIELD LABORATORY
* 3
= — & - = 15} = V2] =
o = = =
i 3] g MATERIAL DESCRIPTION EuE g -1 s |35~ @ ]
TS (PP O z |25 2 15al 5 |g@ > —
T | @ T a_lewt 8lEX] o [£2x 14 T
AEERE: 5122 V(281 3 |E8] £ | &
alasl @l & GEISO| 2 {22 3 |0Z o a
0 "\Crushed Gravel Surface 0
i / GRAY GREEN SILTY CLAY (CH), stiff, wet (Fill) i
12 / - 12
) 7 /7 i
GRAY BROWN SILTY CLAY (CHY, stiff, wet
10 //A i
y/ BLACK SILTY CLAY (CH), stiff, wet
7 / i
16~ % - 16
% -
? GRAY GREEN SILTY CLAY (CH), stiff, wet
20 é - 20
24 | / - 24
w - |
Bottom of Boring B-2 at 25 feet
] No free water encountered |
LOG OF BORING B-2 Lare
Ellis Creek Oxidation Ponds 7 and 10
Sheet Pile Levee Project 4
CONSULTANTS ee o]
Petaluma, California
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DATE DRILLED: November 8, 2012

DRILLING CONTRACTOR: Pearson Drilling

DRILLING METHOD: 6 inch Solid Flight

HAMMER WEIGHT: 140 Ibs.

DROP: 30 inches

LOGGED BY: KSG

ELEVATION: Levee Surface

NOTES:

*Equivalent Standard Penetration Test (SPT) blow count.

FIELD LABORATORY
: 3
~ |8 > | ¥ = [ =
9 - x| = = 2
i 3|35 MATERIAL DESCRIPTION B |lw=| Wiz 318~ ©w i
T I I S z 52| 2 isa| 5 |ga| & L
fla| 2|2 o~GEl & 5% 8 12| & =
BHERE: »5(0Z| v 128 3|58 £ | &
0 ls| @ ® GL|=0l = laz| 35 |bz o Y
] N\ Crushed Gravet Surface ]
| % GRAY GREEN SILTY CLAY (CH), stiff, wet (Fill) i
4 % -4
o % .
12 é With some fine sand from 12 to 13 feet 12
y BLACK SILTY CLAY (CH), stiff, wet, with occasional thin peat 1
10 / tayers from 14 to 17 feet
. % _
161 % - 16
% _
& GRAY GREEN SILTY CLAY (CH), stiff, wet
N
zoi 10 A , - 20
Botiom of Boring B-3 at 20 feet
No free water encountered -
24 - 24
LOG OF BORING B-3 SLATE
Ellis Creek Oxidation Ponds 7 and 10
Sheet Pile Levee Project 5
CONSULTANTS e I'roj
Petaluma, California
Job No: 265308041 | Dater 12/4/2012 Pags 1 of 1




DATE DRILLED: November 8, 2012 NOTES:
DRILLING CONTRACTOR: Pearson Drilling *Equivalent Standard Penetration Test (SPT) blow count.
DRILLING METHOD: 6 inch Solid Flight
HAMMER WEIGHT: 140 Ibs. DROP: 30 inches
LOGGED BY: KSG ELEVATION: Levee Surface
FIELD LABORATORY
: 3
= = | Q > | w = 0 o
Q - = > = [
iy 8189 MATERIAL DESCRIPTION g |lwol Bzl 515~ i i
Ll &0 £ |52 2 icE| 3 |gu i =
Elz| 2o o-~lGE| & iGx| 2 {5 & £
il - B x5(08| v 38| 3¢ £ &
Glol o] o GE|S0O| = a2 3 182 o fal
¢ "\ Crushed Gravel Surface 0
| / GRAY GREEN SILTY CLAY (CH}, stiff, wet (Fill) i
| | P _
7/ GRAY GREEN SILTY CLAY (CH}, medium stiff, wet
4 % I
16 / Thin peat lense at 16 feet 16
. % i
|| D _
20 Bottom of Boring B-3 at 20 feet 20
No free water encountered
Converted to 2 inch piezometer
24 - 24
LOG OF BORING B-4 LATE
Ellis Creek Oxidation Ponds 7 and 10
Sheet Pile Levee Project 6
CONSULTANTS ee TTo)
Petaluma, California
Job No: 2553.08.04.1 | Date: 12/4/2012 Page 10 1




DATE DRILLED: November B, 2012 . NOTES:
DRILLING CONTRACTOR: Pearson Drilling *Equivalent Standard Penetration Test (SPT) blow count.
DRILLING METHOD: 6 inch Solid Flight
HAMMER WEIGHT: 140 bs. DROP: 30 inches
LOGGED BY: KSG ELEVATION: Levee Surface
FIELD LABORATORY
)
- £l o > | 4 = o =
o x| > =
iy 3|3 MATERIAL DESCRIPTION e |uc| @ |- 21821 @ i
MR 2 |5z 2 gzl S lgw = L
| I [ - jr el
I g 22 o~BE| 8 |Bxl 2 |2y & =
51219 & zolod| ¥ |S9| g (%0 £ &
0 (| m U] al|=o| £ |22 5 |WZ o fal
0 N\ Crushed Gravel Surface 0
/ GRAY GREEN SILTY GLAY (CH), stiff, wet (Fil) i
12 3 é - 12
77 ]
. 7/ GRAY GREEN SILTY CLAY (CH), medium stiff, wet
é i
/ GRAY CLAYEY SAND (SC}, loose, saturated £ X
16 - - 16
BLUE GRAY SILTY CLAY {ch), stiff, saturated
3
. |
20 Bottom of Boring B-5 at 21 1/2 feet - 20
] Water encountered at 15 feet 5
24 - 24
Ellis Creek Oxidation Ponds 7 and 10
Sheet Pile Levee Project 7
CONSULTANTS e Fro;
Petaluma, California
Job No: 2553.08.041 | Date: 12/4/2012 Page 1of 1




UNIFIED SOIL CLASSIFICATION SYSTEM

MAJOR DIVISIONS

SYMBOLS

LETTER

TYPICAL
DESCRIPTIONS

WELL-GRADED GRAVEL, GRAVEL-SAND
GRAVEL CLEAN GW MIXTURES, LITTLE OR NO FINES
AND GRAVEL -
GRAVELLY L, o0 0 GP POORLY-GRADED GRAVEL, GRAVEL-SAND
SOILS (LITTLE ORFINES} 0 (3,0 (] MIXTURES, LITTLE OR NO FINES
e A
MORE THAN GRAVEL  PIbFRbS GM | WELL-GRADED GRAVEL, GRAVEL-SAND
50% OF COARSE WITH FINES F N O MIXTURES, LITTLE CR NO FINES
COARSE FRACTION Bagchaa
RETAINED ON %
GRAINED NO. 4 SIEVE {OVER 12% GC CLAYEY GRAVEL, POORLY GRADED
SOILS OF FINES) GRAVEL-SAND-CLAY MIXTURES
Mg?iﬂégi‘f_% CLEAN QW | WELL-GRADED SAND, GRAVELLY SAND,
SAND LTTLE OR NO FINES
IS LARGER SANDS
THAN NO. 200 AND
SIEVE SIZE SANDY {LITTLE OR SP FPOORLY-GRADED SAND, GRAVELLY SAND,
SOILS NO FINES) LITTLE OR NO FINES
MORE THAN SANDS SM SILTY SANDS, POORLY GRADED SAND-SILT
50% OF COARSE | \anTH FINES MIXTURES
FRACTION S
PASSING ON T
NO. 4 SIEVE (OVER 12% 277 B CLAYEY SANDS, POORLY GRADED
OF FINES) (/754 // SAND-CLAY MIXTURES
]
INORGANICS SILTS AND VERY FINE SANDS,
ML ROCK FLOUR, SILTY OR CLAYEY FINE SANDS,
OR CLAYEY SILTS WITH SLIGHT PLASTICITY
SILTS AND CLAYS INORGANIC CLAYS OF LOW TO MEDIUM
FINE CL PLASTICITY, GRAVELY CLAYS, SANDY
GRAINED LIQUID LIMIT LESS THAN 50 CLAYS, SILTY CLAYS, LEANCLAYS
SOILS oL ORGANIC CLAYS AND ORGANIC SILTY
CLAYS OF LOW PLASTICITY
MORE THAN 50%
OF MATERIAL ORGANIC SILTS, MICACECUS OR
1S SMALLER MH DIATOMAGEOUS FINE SANDY OR SILTY
THAN NO. 200 SOILS, ELASTIC SILTS
SIEVE SIZE A,
SILTS AND CLAYS // CH INORGANIC CLAYS OF HIGH PLASTICITY,
/ FAT GLAYS
LIQUID LIMIT GREATER THAN 50 i
"’// / //
s OH ORGANIC CLAYS OF MEDIUM TO HIGH
i, PLASTICITY, ORGAMNIC SILTS
At
FESEEEEEE
EEE PEAT, HUMUS, SWAMP SCILS AND OTHER
HIGHLY ORGANIC SOILS ESS SETTEY PT SOILS WITH HIGH ORGANIC-CONTENTS

NOTE: DUAL SYMBOLS ARE USED TO INDICATE BORDERLINE SOIL CLASSIFICATIONS

KEY TO TEST DATA

[ - Sample Recovered Bui

4
b4

g - Seepage Observed

- “Undisturbed” Sample

4 - Bulk or Disturbed Samnple
M - Standard Penetration Test
) - Sample Attempt With No

Recovery

Not Retained

- Groundwater First Encountered
- Groundwater Level at End of

Exploration

Shear Strength, psf—

Tx 320
TxCU 320
DS 2750
uc 2000
FVS 470
Lvs 700
S5

EXP

P

;Confining Pressure, psf
(2600)
(2600) - Consolidated Undrained Triaxial
(2600) - Consolidated Drained Direct Shear

- Unconsolidated Undrained Traixial

- Unconfined Comnpression
- Field Vane Shear

- Laboratory Vane Shear

- Shrink Swell

- Expansion

- Permeability

Note: All strength fests on 2.8-in. or 2.4-in. diameter sample, unless otherwise indicated.

RGH

CONSULTANTS

Job No: 2553.08.04.1

| Date: DEC 2012

SOIL CLASSIFICATION AND KEY TO TEST DATA
Ellis Creek Oxidation Ponds 7 and 10

Sheet Pile Levee Project
Petaluma, California
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APPENDIX A
FIELD EXPLORATION — OXIDATION PONDS

The field investigation around the Oxidation Ponds consisted of a surface
reconnaissance and a subsurface exploration program using a drill rig equipped with a truck-
mounted, continuous flight, hollow stem auger and a truck mounted cone penetration test (CPT)
rig. Twenty-six exploratory borings of 8-inch diameter were drilled on April 2 through 6, 2001,
June 18 through 19, 2001, and May 2 through 3, 2002, to a maximum depth of about 70 feet.
Ten CPTs were advanced between April 16 and 17, 2001, to a maximum depth of about 80 feet.
Location of our Borings EB-1 through EB-19 was re-surveyed after the completion of our
investigation. Location of the remaining borings and CPTs, including the previous borings by
others were located approximately on the Site Plan, Figure 2. The soils encountered in the
borings were continuously logged in the field by our representative. The soils are described in
accordance with the Unified Soil Classification System (ASTM D-2487.) The logs of the
borings, a key for the classification of the soil (Figure A-1), and a key for the CPTs (Figure A-2)
are included as part of this appendix.

Representative samples were obtained from the exploratory borings at selected depths
appropriate to the investigation. Undisturbed samples were obtained using a 3-inch O.D.
Modified California sampler and disturbed samples were obtained using the 2-inch O.D. split-
spoon sampler. All samples were transmitted to our laboratory for evaluation and appropriate
testing. Both sampler types are indicated in the "Sampler" column of the boring logs as

designated in Figure A-1.

Resistance blow counts were obtained with the samplers by dropping a 140-pound
hammer through a 30-inch free fall. The sampler was driven 18 inches, or a shorter distance
where hard resistance was encountered, and the number of blows were recorded for each
6 inches of penetration. The blows per foot recorded on the boring logs represent the
accumulated number of blows that were required to drive the last 12 inches, or the number of
inches indicated where hard resistance was encountered. When the split-spoon sampler was
used, these blow counts are the standard penetration resistance values. However, due to the
large diameter of the Modified California sampler, the blow counts recorded for this sampler are
not standard penetration resistance values. In order to convert these values to approximate
standard penetration resistance values, the indicated blow counts should be multiplied by a

factor of about 0.65.

The attached boring logs and related information show our interpretation of the
subsurface conditions at the dates and locations indicated, and it is not warranted that they are
representative of subsurface conditions at other locations and times.
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Table A-1. Summary of Previous Boring Logs by Others

Ground
Borin Depth (feet Material
g Elevation (feet) pth (feet)
0-5 Soft, Silty CLAY
MT71-3 +14 5-12 Stiff Sandy CLAY
0-4 Stiff, Silty CLAY
4-9 Soft Silty CLAY
MT71-10 +10.2 9-13.5 Soft , Sandy CLAY
13.5-23 Very loose Clayey to Silty SAND
23-27 Dense gravellx SAND
0-3 Stiff Silty CLAY
MT71-24 +18.3 3-10 Stiff Sandy CLAY
10-17 Very stiff Sandy CLAY
0-4 Stiff Silty CLAY
4-7 Soft Clayey SILT
MT71-25 17 713 Soft Silty CLAY
13-20 Stiff Sandy CLAY
0-13 Stiff lean CLAY
13-18 Medium Stiff fat CLAY
HB-1 +20 18-23 Loose clayey SAND
23-28.5 Very Stiff fat CLAY
28.5-31.5 Stiff sandy fat CLAY
0-16 Stiff to Very Stiff lean CLAY
HB-2 +20 16-28 Very Stiff sandy fat CLAY
28-34.5 Medium Dense clayey SAND
34.5-41.5 Very Stiff sandy fat CLAY
0-17 Medium Stiff to Stiff lean CLAY
HB-3 +17 7-29 Very Stiff sandy lean CLAY
29-30 Poorly-Graded SAND
0-23.5 Medium Stiff to Very Stiff lean CLAY
HB-4 +17 23.5-25 Medium Dense poorly-graded SAND
25-26 Very Stiff lean CLAY
0-13 Stiff sandy lean CLAY
- 19
HB-5 * 13-26.5 Stiff sandy fat CLAY
HB-6 +19 0-16 Stiff to Yew Stiff sandy lean CLAY
16-41.5 Medium Dense clayey SAND
0-14 Stiff to Very Stiff sandy CLAY
HB-7 +14 14-24 Soft to Medium Stiff fat CLAY
24-29 Medium Stiff to Stiff sandy lean CLAY
29-31.5 Very Stiff sandy fat CLAY
0-9.5 Medium Stiff to Stiff lean CLAY
9.5-18.5 Medium Stiff fat CLAY
18.5-20 Very Stiff sandy CLAY
20-23 Dense clayey SAND
HB-8 +11.5 © 23-25 Medium Stiff lean CLAY
25-27 Loose to Medium Dense clayey SAND
27-49 Stiff to Very Stiff fat CLAY
49-50 Clayey Gravel
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UNIFIED SOIL CLASSIFICATION SYSTEM

Major Divisions |grf| Itr Description Major Divisions |grf| Itr Description
Well-graded gravels or gravel sand Inorganic silts and very fine sands,
mixtures, little or no fines ML | rock flour, silty or clayey fine

Silts sands or clayey silts with slight
Poorly-graded gravels or gravel ! P ot -
Gravcl sand mixture, little or no fines And / Inor. ganic clays of low to medium
And CL | plasticity, gravelly clays, sandy
- - Clays clays, silty clays, lean clays
Gravelly Silty gravels, gravel-sand-silt LL <50
Soils GM| mixtures Organic silts and organic silt-clays
Fi 01| of low plasticity
Clayey gravels, gravel-sand-clay ne
Coarse (GC| mixtures Grained — -
Grines sos e oy
Soil Well-graded sands or gravelly MH elastic si:tso ine or silty soils,
01ls sands, little or no fines Silts
And Inorganic clays of high plasticity,
Sand Poorly-graded sands or gravelly fat clays
an sands, little or no fines Clays
And LL > 50 & - : -
Sandy Silty sands, sand-silt mixtures I())lggililé;:yclays of medium to high
Soils 11 T3¢
%SC Clayey sands, and-clay mixtures Highly Organic ;;; ot Peat and other highly organic soils
K Soils .
GRAIN SIZES
U.S. STANDARD SERIES SIEVE CLEAR SQUARE SIEVE OPENINGS
200 40 10 4 3/4" 3" 12"
Silts Sand Gravel
and Cobbles | Boulders
Clays Fine Medium Coarse Fine Coarse
RELATIVE DENSITY CONSISTENCY
Sands and Gravels Blows/Foot* Silts and Clays Blows/Foot* Strength (tsf)**
Yery Loose 0-4 Very Soft 0-2 0-1/4
Loose 4-10 Soft 2-4 1/4 -1/2
Firm 4-8 12-1
i 10-30
Medium Dense Stiff 8-16 1-2
Dense 30 -50 Very Stiff 16 - 32 2-4
Very Dense Over 50 Hard Over 32 Over4

*Number of Blows for a 140-pound hammer falling 30 inches, driving a 2-inch O.D. (1-3/8" 1.D.) split spoon sampler.

**nconfined compressive strength.

SYMBOLS
Standard Penetration sample
Modified California sample
Shelby Tube sample

Rock Core sample

H XN XS

z Ground Water level during drilling

1 Stabilized Ground Water level

Increasing Visual Moisture Content

Dry
Damp
Moist

Wet

Saturated
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SIMPLIFIED SOIL BEHAVIOR TYPE CLASSIFICATION
FOR STANDARD ELECTRONIC CONE PENETROMETER

1000

A8 2 2 223

100

Akl 1 idl

102

CONE BEARING, Qc (tsf)

FRICTION RATIO, Rf (%)

ZONE Qc/N' Su Factor (Nk)* SOIL BEHAVIOR TYPE'
1 2 15 (10 for Qc <= 9 tsf) Senslitive Fine Grained *
2 1 15 (10 for Qc <= 9 tsf) Organic Material
3 1 15 {10 for Qc < = 9 tsf) CLAY
4 1.5 15 Sity CLAY to CLAY
5 2 15 Clayey SILT to Sity CLAY
6 25 15 Sandy SILT to Clayey SILT
7 3 - Siity SAND to Sandy SILT
8 4 - SAND to Slity SAND
9 5 -— SAND
10 6 -— Gravelly SAND to SAND
1 1 15 Very Stitf Fine Grained (*)
12 2 - SAND to Clayey SAND (*)

{®) Overconsolidated or Cemented

Qc = Tip Bearing
= Sleave Friction
Rf = Fs/Qc®*100 = Friction Ratio

Referances: 'Robertson, 1986, Oisen, 1988
Bonaparte & Mitchell, 1979 (young bay mud Qc <= 9)
2Estimated from local experience (fine grained solls Qc > 9)
Note: Testing performed In accordance with ASTM D3441

K:\Proiecl5\3045.006\September2002\3045.006—A2.d-g, 13:40 23SEPO2 PLOTTED BY:r

GRRO [ycro WEST INC. KEY TO CONE PENETRATION TEST| _FIGURE

- —'- 1000 Broadway, Suite 200 A— 2
-—A—""""" iRl i LAKEVILLE HIGHWAY WRF PROJECT

AN Fox:(510)268-0137 240102 PETALUMA, CALIFORNIA P"::c”"*

3045.006

3045.006-A2
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DRILL RIG Mobile B-53, HSA SURFACE ELEVATION 10.3 Feet LOGGED BY JND
DEPTH TO GROUND WATER 23 feet BORING DIAMETER 8-inch DATE DRILLED 4/6/01
DESCRIPTION AND CLASSIFICATION Sue| S|E s
DEPTH é Bzl aE |2 Z7E OTHER
S|E22| 26 | AB lBEgs
SOLL | FEET) | 5 |B2a| 57 o oSE= TESTS
DESCRIPTION AND REMARKS CONSIST TYPE & &3 £ ol & % 8 2!
EMBANKMENT FILL: CLAY (CL), Stiff
green gray, with silt, moist i ]
- . 51 | 23 | 100 | 2.4
— 5
. . — 10
(silty, trace fine-grained sand)
- i 19
" BAY MUD: CLAY (CH/MH), dark green | Firm 7 i i
gray, silty, trace organics, wet to saturated /
/ - 15
/ 9 81 | 52 1 09
" CLAY (CL/CH), blue green, silty, moist  [Very Stiff] i | 34 | 39 | o3 | 13
--------------------- e K - ¥
CLAY (CL), blue gray, with sand lenses, Stiff
trace gravel (fine, subangular to B i
subrounded), moist

GRO FUGRO WEST, INC.

N
- A

I ¥ m—N— 100 Broadway, Suite 200
Emsm/Namm  O2Kland, CA 94607
4
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DRILL RIG Mobile B-53, HSA SURFACE ELEVATION 10.3 Feet LOGGED BY JND

DEPTH TO GROUND WATER 23 feet BORING DIAMETER 8-inch DATE DRILLED 4/6/01
Zm S|z |ag
DESCRIPTION AND CLASSIFICATION DEPTH | & ggg » ?’ E|EgE OTHER
= |322| £ | 5 2455
2 |Begl L5 | AL BELY
SOIL | (FEET) | § %gg 22|y 93K TESTS
DESCRIPTION AND REMARKS CONSIST | e Gx8l 3| & %8
CLAY (CL), continued Stift
| 15
| SAND (SW), brown, fine-to |~ Very [==] |
coarse-grained, trace gravel (fine, Dense
subangular), trace clay, saturated 30
= i 80/9"
" CLAY (CL), light yellow brown, silty, =~~~ Very Stiff]
trace sand (fine-grained), moist /- ]
/ —- 35
. . . — 40
(yellow brown, with sand inclusions)
3 ~ 42 | 25 | 101
é— 45 -
/ 1 B 33
Z
EXPLORATORY BORING LOG
GRO FUGRO WEST, INC LAKEVILLE HIGHWAY WRF PROJECT
™ — ’ ’
—— : .
Y N 1000 Broadway, Suite 200 Petaluma, California
M. Oakland, CA 94607 PROJECT NO. DATE BORNG  pp 4
3045.006 June 2001 NO. B
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DRILL RIG Mobile B-53, HSA SURFACE ELEVATION  10.3 Feet LOGGED BY JND

DEPTH TO GROUND WATER 23 feet BORING DIAMETER 8-inch DATE DRILLED 4/6/01
DESCRIPTION AND CLASSIFICATION ez %8 = S| E ag T
DEPTH | & |EZ2&) =& | 2 Z3E OTHER
S |E2E| SE | 85 3252
SOIL | (FEET) | & %58 BZ s 8%%" TESTS
1]
DESCRIPTION AND REMARKS CONSIST | o op E‘é@, 3| & |53%
CLAY (CL), continued Very Stiff]
Hard i
2 i 60
(some fine-grained sand at 64 feet) / i _T
36

Bottom of Boring = 65 Feet

Notes:
1. The stratification lines represent the approximate boundaries between soil types and the transition may be gradual.

2. For an explanation of penetration resistance values, see the first page of Appendix A.

3. A 140-1b wire trip hammer falling 30 inches was used to drive the samplers.

4. A piezometer was installed upon completion of drilling (See Figure A-2 for typical piezometer detail).

5. The initial groundwater level was encountered at 23 feet at the time of drilling. The stabilized groundwater level
was monitored in the piezometer in the following months after drilling was completed.
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DRILL RIG Mobile B-53, HSA SURFACE ELEVATION  10.3 Feet LOGGED BY JND

DEPTH TO GROUND WATER 3 feet BORING DIAMETER 8-inch DATE DRILLED 4/5/01
DESCRIPTION AND CLASSIFICATION gecl S1E B2
DEPTH | & |E5E | S | 5 _ |22E |  oTHER
2 |352 Bz | Z& uﬁ”(z?m
S|2zg| <2 | AE |gEEE
SOIL | (FEET) | & |28 2 B Z >~ T IOSEY TESTS
DESCRIPTION AND REMARKS CONSIST | /= on G238 8|& |55
PAVEMENT: 2 inches AC over 8 inches m
| AB I ] ]
EMBANKMENT FILL: CLAY (CLy, ~ | Stff
dark olive gray, with silt, trace sand 3 i
(fine-grained), damp to moist
L . A 4
- i 19
— 5
(dark gray, moist) 3 1 1 30 | 9 1.7
— 10
" BAY MUD: CLAY (CH/MH), dark olive | Soft 7 i
gray, silty, trace organics, saturated /_ |
/ ] i 6 19059 j; Tx = 0.45 (1.0)
/_ 15 Tx = 0.40 (2.0)
/ i 1/ | push 821 52 Tx = 0.45 (1.5)
/- ] o1 | 47 Tx = 0.45 (1.0)
% - 20
/_ | 4 65 60 0.8
__________________________________________ o=
SAND (SC), gray brown, fine- to Dense R \\_ | \v4
coarse-grained, trace gravel (fine, \
EXPLORATORY BORING LOG
GRrO FUGRO WEST INC LAKEVILLE HIGHWAY WRF PROJECT
o | ————— r N
S—— : :
- —— 1000 Broadway, Suite 200 Petaluma, California
mmammm/iNamm  O2Kland, CA 94607 PROJECT NO. DATE BORING
e\ EB-2
3045.006 June 2001 NO.




DRILL RIG Mobile B-53, HSA SURFACE ELEVATION 10.3 Feet LOGGED BY JND
DEPTH TO GROUND WATER 3 feet BORING DIAMETER 8-inch DATE DRILLED 4/5/01
DESCRIPTION AND CLASSIFICATION Buc| S|E |BEx
DEPTH | & |E2&| & | B _ |Z29E | OTHER
= éﬁé’ Hz %u- u."’%m
i O |ZRZ%
s lewp| = | A& SRR
(FEET) | S B2z B 5 | » 7 |25E8 TESTS
DESCRIPTION AND REMARKS CONSIST @ =2 3|5 %8"’
subangular), trace to some clay, saturated Dense
i 60
" CLAY (CL), dark blue green, silty, some | Firm ~ 1
sand (fine-grained), moist 30
_________________________________________ i 33
SAND (SW), gray brown, fine- to Medium
coarse-grained, trace silt and clay, saturated | Dense _
- SAND (SC), brown, fine-grained, with |1 Medium R .
clay, wet Dense
[ CLAY (CL), yellow brown, silty, trace Very Stiff] )
sand (fine-grained), moist B |
3 | 31
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DRILL RIG Mobile B-53, HSA SURFACE ELEVATION  10.3 Feet LOGGED BY JND
DEPTH TO GROUND WATER 3 feet BORING DIAMETER 8-inch DATE DRILLED 4/5/01
DESCRIPTION AND CLASSIFICATION L1882 £|E B2=
DEPTH | & |EZ&| & | 8 - |295 OTHER
= éf—“ﬁ E5 | &5 2825
SOIL | (FEET) Z 529 EE oe 8%%5’ TESTS
OIL @ |zh @) >
DESCRIPTION AND REMARKS CONSIST | o0 aRe| 8| |58~
CLAY (CL), continued Very Stiff]
- i 52
| 60 —]
Hard / 3 i
38
65

Bottom of Boring = 65 Feet
Notes:

1. The stratification lines represent the approximate boundaries between soil types and the transition may be gradual.

2. For an explanation of penetration resistance values, see the first page of Appendix A.

3. A 140-Ib wire trip hammer falling 30 inches was used to drive the samplers. ‘
4. A piezometer was installed upon completion of drilling (See Figure A-2 for typical piezometer detail).
5. The initial groundwater level was encountered at 24 feet at the time of drilling. The stabilized groundwater level

was monitored in the piezometer in the following months after drilling was completed.

6. Tx = undrained shear strength from UU triaxial test (ksf) and confinement pressure (ksf).
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JND

DRILL RIG Mobile B-53, HSA SURFACE ELEVATION 12.6 Feet LOGGED BY
DEPTH TO GROUND WATER 24.5 feet BORING DIAMETER 8-inch DATE DRILLED 4/3/01
Z -~ & > Q ?
DESCRIPTION AND CLASSIFICATION DEPTH | & 8%5 » g, = |EEE OTHER
5252 E6 |65 5825
SOIL | (FEET) 2 SEEIESS SS0E8%  1msts
v m| O
DESCRIPTION AND REMARKS CONSIST | o0 BR8| 3 |x |5858%
EMBANKMENT FILL: CLAY(CL), dark | Stiff
gray, silty, trace sand (fine-grained), moist B |
i ) 23
— 5
- T RATR. C1 AV (I dark oras CRe T & i [ | 141 35 | 89 1.1
BAY MUD: CLAY (CH), dark gray, silty, Firm V L 10 :
trace organics, saturated /
Sott %‘ N 4 | 87 | 46 | 08
_____________________ -
CLAY (CL), green gray, silty, trace Stiff
pockets of calcium carbonate, moist B _
- - 16 | 25 | 100 | 26
— 20
(yellow brown, no calcium carbonate, damp B i
to moist) 12 |¢
Z

L L~ FUGRO WEST, INC.
() ——
Y —N—

M Oakland, CA 94607
A
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DRILL RIG Mobile B-53, HSA SURFACE ELEVATION  12.6 Feet | LOGGED BY JND
DEPTH TO GROUND WATER 24.5 feet BORING DIAMETER 8-inch DATE DRILLED 4/3/01
DESCRIPTION AND CLASSIFICATION .88 £|E iz
DEPTH | o (EZ2k ) & | 9 Z3E OTHER
T|S52| B8 | A5 2525
EET) 282352 | 5 BE8Y  1msts
DESCRIPTION AND REMARKS consist | SO 41688 T8 | |&8%
TYPE o a o}
CLAY (CL), continued Stiff
" SILT (ML), brown, sandy (fine-to | Stiff i
medium grained), trace gravel (fine), moist
— 30
i T 15 Passing #200
- - Sieve = 40%
(silty sand to sandy silt) 35 teve ’
~ 40
Very Stiff] L
45

Notes:

Bottom of Boring = 45 Feet

1. The stratification lines represent the approximate boundaries between soil types and the transition may be gradual.
2. For an explanation of penetration resistance values, see the first page of Appendix A.
3. A 140-Ib wire trip hammer falling 30 inches was used to drive the samplers.

4. The initial groundwater level was encountered at 23% feet at the time of drilling.
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put Date: 9/17/02

DRILL RIG Mobile B-53, HSA SURFACE ELEVATION  19.6 Feet LOGGED BY JND
DEPTH TO GROUND WATER 14 feet BORING DIAMETER 8-inch DATE DRILLED 4/4/01
SCRIPTION AND CLASSIFICATION g Bel S| E 85
DE DEPTH | & |E2&| & & | & _ [225 OTHER
S|532| 52 |85 2425
2 |Eng| 2 A% Oz
SOIL | (FEET) | § |28 2| ® & > 22K TESTS
DESCRIPTION AND REMARKS CONSIST TYPE HeS oA % 8
EMBANKMENT FILL: CLAY (CL), Firm
dark blue gray, silty, trace to some sand B i
(fine-grained), moist
I ) 13
— 5
Very Stiff - i
37
— 10
T H . . ¥
GRAVEL (GC), gray brown, fine, Medium 14
subrounded, sandy (fine-grained), some Dense L 15
clay, wet
L . Passing #200
Sieve = 24%
i | 38
—~ 20
" SAND (SW), brown, fine-grained, trace | Very ’
silt, saturated Dense |
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DRILL RIG Mobile B-53, HSA SURFACE ELEVATION 19.6 Feet LOGGED BY JND

DEPTH TO GROUND WATER 14 feet BORING DIAMETER 8-inch DATE DRILLED 4/4/01
ESCRIPTION AND CLASSIFICATION 88c| S|E B2
D DEPTH | & |E2E| w & | 5 |225 |  omEr
5352 EE | &5 2925
2 |520| S5 | AL |OEEY
(FEET) | S |B23| 2 & | » 7 |O5E TESTS
DESCRIPTION AND REMARKS CONSIST 21528 G| % |&8w
& ©lA O
SAND (SW), continued Very
Dense |
" SAND (SC), brown, fine-to = | Dense i
coarse-grained, clayey, trace gravel (fine, i
subangular to subrounded), wet to saturated
1X| 73
30
" SILT (ML), yellow brown, clayey, sandy  |Very Stiff] i
(fine-grained), moist N i
27
— 35
" CLAY (CL), yellow brown, silty, trace Very Stiff] )
sand (fine- to coarse-grained), damp to 3 ]
moist
[ i 39

Bottom of Boring = 40 Feet

Notes:
1. The stratification lines represent the approximate boundaries between soil types and the transition may be gradual.

2. For an explanation of penetration resistance values, see the first page of Appendix A.

3. A 140-1b wire trip hammer falling 30 inches was used to drive the samplers.

4. A piezometer was installed upon completion of drilling (See Figure A-2 for typical piezometer detail).

5. The initial groundwater level was encountered at 14 feet at the time of drilling. The stabilized groundwater level
was monitored in the piezometer in the following months after drilling was completed.

EXPLORATORY BORING LOG
- GRO 20 wesT inc, LAKEVILLE HIGHWAY WRF PROJECT
T~ e s
=‘ E—N— 1000 Broadway, Suite 200 Petaluma, California
m Oakland, CA 94607 PROJECT NO. DATE BORING EB 4
_— 3045.006 June 2001 NO. )
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GRO FUGRO WEST, INC.

I

o () e —

Y —N— 1000 Broadway, Suite 200
Em—pNamm  Oakiand, CA 94607

EXPLORATORY BORING LOG

LAKEVILLE HIGHWAY WRF PROJECT
Petaluma, California

PROJECT NO.

DATE

3045.006

June 2001

BORING
NO.

EB-5

DRILL RIG Mobile B-53, HSA SURFACE ELEVATION  13.8 Feet LOGGED BY JND
DEPTH TO GROUND WATER 8 feet BORING DIAMETER 8-inch DATE DRILLED 4/4/01
DESCRIPTION AND CLASSIFICATION g 5e S|E n%g::
DEPTH | & |EZE| =& | 3 - |225_|  OTHER
2322 EX | £5 2435
(FEET) Z 523 §E o= 8%5% TESTS
SOIL Ba 5% =
DESCRIPTION AND REMARKS CONSIST | .o “ & 22 314 %8"’
EMBANKMENT FILL: CLAY(CL), dark | Firm
gray-brown, silty, trace sand (fine-grained), B
moist
i 10
— 5
. AV
- 10 31 92 0.5
— 10
" CLAY (CH), dark gray black, silty, wetto | Firm 7
saturated 3
N / '
= : ~ 15
5 Stift /
3 % 15 | 39 | 84 | L1
e
: i
£| (dark gray, moist to wet) / i 18
5 /— 20
g
7
| R N
=| CLAY (CL), yellow brown, silty, moist Very Stiff]
5
3 i T 25
g
:
<]
14
gy
z
6
-




sand (fine-grained), damp to moist

CLAY (CL), yellow brown, silty, trace Very Stiff] ' 35

IE

T

¥

28

DRILL RIG Mobile B-53, HSA SURFACE ELEVATION  13.8 Feet LOGGED BY JND
DEPTH TO GROUND WATER 8 feet BORING DIAMETER 8-inch DATE DRILLED 4/4/01
DESCRIPTION AND CLASSIFICATION 8 gl S|E |8 >
DEPTH é EZLl2e | 2o E@EA OTHER
£ |Sc2| EA |66 5825
2528 S5 | AL |OEEY
DESCRIPTION AND REMARKS CONSIST SOIL | (FEET) g % é 'Ed ® % E UE; TESTS
TYPE ar® o | & |58
CLAY (CL), continued
| SAND (SC/SP), yellow brown, fine-to |1 Medium {
coarse-grained, trace gravel (fine, Dense
subangular to subrounded), trace clay, wet
to saturated
50
Passing #200

Sieve = 11%

Bottom of Boring = 40 Feet
Notes:

1. The stratification lines represent the approximate boundaries between soil types and the transition may be gradual.

2. For an explanation of penetration resistance values, see the first page of Appendix A.

3. A 140-1b wire trip hammer falling 30 inches was used to drive the samplers.

4. A piezometer was installed upon completion of drilling (See Figure A-2 for typical piezometer detail).

5. The initial groundwater level was encountered at 8 feet at the time of drilling. The stabilized groundwater level was
monitored in the piezometer in the following months after drilling was completed.

EXPLORATORY BORING LOG

- —E,R.-n FUGRO WEST, INC.
— N

LAKEVILLE HIGHWAY WRF PROJECT
Petaluma, California

]
M~ R Broadway, Suite 200
M- NS 6 land, CA 94607

PROJECT NO.

DATE

BORING EB"S
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DRILL RIG Mobile B-53, HSA SURFACE ELEVATION  15.8 Feet LOGGED BY JND

DEPTH TO GROUND WATER 7.5 feet BORING DIAMETER 8-inch DATE DRILLED 4/3/01
TION AND CLASSIFICATIO 5 e S|E 8%]
DESCRIP ATION pEPTH | & |ESE| xS | 5 EGEA OTHER
5352 E5 | 65 5425
S|Exd| <€ | 08 |BELY
ON AND REMARKS consist | SO | FEET) 5|28= & % UEEV TESTS
DESCRIPTI TYPE @ 22 8| % %8
EMBANKMENT FILL: CLAY(CL), dark |Very Stiff]
gray, silty, trace sand (fine-grained), damp 3 |
(blue gray, with fine-grained sand) i i
i i 34
— 5
" SAND (SP/SC), dark blue gray, | | Loose [::: | i
fine-grained, trace clay, saturated :r;.:ji;‘:; \v
el X e
Lo 10
__________________________________________ AR J' 10
CLAY (CH), dark gray, silty, wet Firm 7
»t
/_ y N B B P
/ LL = 64,
- . Passing #200
% Sieve = 92%
| CLAY (CL), yellow brown, sandy | Stiff i
(fine-grained), with silt, moist / 1 i
/ T X 22
/—- 20
i i 23
EXPLORATORY BORING LOG
GRO
= | e~ FUGRO WEST, INC. LAKEVILLE HIGHWAY WRF PROJECT
emm— N — : :
=‘ ' M—_ 1000 Broadway, Suite 200 Petaluma, California
d‘. Oakland, CA 94607 PROJECT NO. DATE BORING  pp ¢
3045.006 June 2001 NO.




(fine-grained), moist
g

(trace fine-grained sand)

(trace to some fine-grained sand, trace fine,
subangular to subrounded gravel)

CLAY (CL), brown, silty, trace sand

Medium

to subrounded, with sand (fine- to Dense
medium-grained), some clay, moist to wet

Very Stiff] n

]

T

DRILL RIG Mobile B-53, HSA SURFACE ELEVATION 15.8 Feet LOGGED BY JND
DEPTH TO GROUND WATER 7.5 feet BORING DIAMETER 8-inch DATE DRILLED 4/3/01
DESCRIPTION AND CLASSIFICATION gsc| S|E |8%=
DEPTH | & |ES&| » & | B _ |Z#E,_|  OTHER
s |2sE| EE | 66 2525
= |Eeg| SE |88 %cu ¥
DESCRIPTION AND REMARKS consis | SO | FEET) 5|2 ﬁ 2| %5 Z UEEV TESTS
TYPE aE® o | & |88
CLAY (CL), continued Stiff

Notes:

Bottom of Boring = 40 Feet

1. The stratification lines represent the approximate boundaries between soil types and the transition may be gradual.
2. For an explanation of penetration resistance values, see the first page of Appendix A.
3. A 140-1b wire trip hammer falling 30 inches was used to drive the samplers.

4. The initial groundwater level was encountered at 8.5 feet at the time of drilling.

5. PI = Plasticity Index; LL = Liquid Limit

File Name: GAENGINEER\GINTWAPROJECTS$\19639-GL.GPJ Report Template: FUGRO 440 Output Date: 9/17/02

EXPLORATORY BORING LOG

- GROD FUGRO WEST, INC. LAKEVILLE HIGHWAY WRF PROJECT

m | ——— e

I Y m—ZN— 1000 Broadway, Suite 200 Petaluma, California

M- ~— Oakland, CA 94607 PROJECT NO. DATE BORING

4 -
3045.006 June 2001 NO. EB-6




JND

0O 440 Output Date: 9/17/02

DRILL RIG Mobile B-53, HSA SURFACE ELEVATION  14.2 Feet LOGGED BY
DEPTH TO GROUND WATER 21.5 feet BORING DIAMETER 8-inch DATE DRILLED 4/5/01
DESCRIPTION AND CLASSIFICATION o & 8e| S£|E& 35
DEPTH | & |BEZ&| &= | @ |29k ] OTHER
2 §<VJ oz Eu- u_m%m
FEED) = 55% §§ ag %Eﬁg
SOIL T Bedl B | » T |O5E TESTS
DESCRIPTION AND REMARKS CONSIST | . oo “ & 22! 8 & %8 “
PAVEMENT: 2 inches AC over 6 inches =aw
rAB | Stff L
EMBANKMENT FILL: CLAY (CL),
dark gray green, silty, trace sand B i 21
(fine-grained), moist
: — 5
Very Stiff
- i 33
- 10
13 22 (104 | 1.6
| BAY MUD: CLAY (CH), dark olive gray, | Firm 7 i
with silt, trace to some organics, wet to B |
saturated %
%_ s
%— AL M99 | 42 | 09
________________________ // _
CLAY (CL/CH), blue gray, silty, trace Very Stiff]
gravel (fine, subangular to subrounded), i |
damp to moist
— 20
B B 38
v
GRAVEL (GC), gray brown, fine, Medium 3 ]
subangular to subrounded, sandy (fine- to Dense
coarse-grained), some clay 3 i
" CLAY (CL), yellow brown, silty, some ~  [Very Stiff] i il
sand (fine-grained), moist

GRO FUGRO WEST, INC.

File Name: GAENGINEER\GINTWAPROJECTS\19639-GL.GPJ Report Template: FUGR
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DRILL RIG Mobile B-53, HSA SURFACE ELEVATION 14.2 Feet LOGGED BY JND
DEPTH TO GROUND WATER 21.5 feet BORING DIAMETER 8-inch DATE DRILLED 4/5/01
DESCRIPTION AND CLASSIFICATION & & el E1E 8 E T
DEPTH & ;z% =t ’%,\ gab OTHER
B |SS2| B é 86 |z8z8
2526 £ |9 [0 g )
DESCRIPTION AND REMARKS CONSIST SOLL | (FEET) 5’ UZJ & d ® % E g2 ) TESTS
TYPE ER® S & |58
CLAY (CL), continued Very Stiff
i 42
17| 116 Tx=2.0(1.5)
. . — 30
(trace fine-grained sand) Stiff

(fine to medium-grained sandy, trace fine,  |Very Stiff

subangular to subrounded gravel, moist to
wet)

(some fine-grained sand, no gravel, moist)

35

43

Bottom of Boring = 40 Feet
Notes:

N
[«»]

1. The stratification lines represent the approximate boundaries between soil types and the transition may be gradual.
2. For an explanation of penetration resistance values, see the first page of Appendix A.
3. A 140-Ib wire trip hammer falling 30 inches was used to drive the samplers.

4. A piezometer was installed upon completion of drilling (See Figure A-2 for typical piezometer detail).

5. The initial groundwater level was encountered at 21%; feet at the time of drilling. The stabilized groundwater level

was monitored in the piezometer in the following months after drilling was completed.

6. Tx = undrained shear strength from UU triaxial test (ksf) and confinement pressure (ksf).
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DRILL RIG Mobile B-53, HSA SURFACE ELEVATION  16.3 Feet LOGGED BY JND
DEPTH TO GROUND WATER 23 feet BORING DIAMETER 8-inch DATE DRILLED 4/5/01
DESCRIPTION AND CLASSIFICATION » |88 £|E [@2g
DEPTH | ] EZE| ®E gﬁ ZaE | OTHER
ElREE|EA | S 2825
2|29 ZE | AL |QEBY
N AND RE SOIL | (FEET) | & |222| B 5 > [9=E TESTS
DESCRIPTIO MARKS CONSIST | o Dee 3| & (85"
PAVEMENT, 2 inches AC over 8 inches e
“‘AiB ______________________________ /V'_"S"'f‘fo 2 -
EMBANKMENT FILL: CLAY(CL), dark |¥ery St
gray, with silt, damp to moist -
— 5
A 32
Stiff — 10
R 271 26 | 98 | 32
" CLAY (CL/CH), dark gray black, siity, | Firm ~
trace organics, wet to saturated 15
/ ] o | 34| 87| 08
. oy . . / — 20
(light blue-green, with silt, moist) Stiff
. 26 1 30 | 94 | 23
. V4

- -5'32 FUGRO WEST, INC.
- m
Y e—\—

s’ N Oakland, CA 94607
%

File Name: G\ENGINEER\GINTWAPROJECTS\19639-G1L.GPJ Report Template: FUGRO 440 Output Date: 9/17/02
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[\sand (fine-grained), damp

DRILL RIG Mobile B-53, HSA SURFACE ELEVATION  16.3 Feet LOGGED BY JND
DEPTH TO GROUND WATER 23 feet BORING DIAMETER 8-inch DATE DRILLED 4/5/01
Eum~l |2 |aF
DESCRIPTION AND CLASSIFICATION DEPTH | & [C:’% £l x S5 EeE OTHER
2|g<2 EEE Z & |E52E
S2nz| B | BE BEag
DESCRIPTION AND REMARKS CONSIST SOIL | (FEET) :’:’ %md ® % E - UEE" TESTS
ONSIST | 1ype =S S |E& |58
CLAY (CL), yellow brown, silty, trace Very Stiff]
sand (fine-grained), damp to moist 3 i 33
(some sand) Hard — 30
i i 55
- 35
_________________________________ I NiE
SAND (SC), brown, fine-grained, some Dense R \\ Passing #200
gravel (fine, subangular to subrounded), \_ i Sieve = 22%
some clay, wet \§
________________________ o _‘_,M_X\’ T 33
CLAY (CL), yellow brown, silty, trace Very Stiff] o

Bottom of Boring = 40 Feet
Notes:

1. The stratification lines represent the approximate boundaries between soil types and the transition may be gradual.

2. For an explanation of penetration resistance values, see the first page of Appendix A.

3. A 140-Ib wire trip hammer falling 30 inches was used to drive the samplers.

4. A piezometer was installed upon completion of drilling (See Figure A-2 for typical piezometer detail).

5. The initial groundwater level was encountered at 23 feet at the time of drilling. The stabilized groundwater level
was monitored in the piezometer in the following months after drilling was completed.

m | ——
M ~EI
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DRILL RIG Mobile B-53, HSA SURFACE ELEVATION 19.8 Feet LOGGED BY JND
DEPTH TO GROUND WATER 8 feet BORING DIAMETER 8-inch DATE DRILLED 4/2/01
DESCRIPTION AND CLASSIFICATION 8sc| S|E |BEm
DEPTH | § |E2k| 2 & | & - |29E OTHER
s |222| Eg | 66 2828
2525 £5 | 22 |32RY
(FEET) ;5 AL 5 5 E OSE TESTS
DESCRIPTION AND REMARKS CONSIST | o 22| 8|& |88~
EMBANKMENT FILL: CLAY (CL), Stiff
dark gray, silty, trace sand (fine-grained), 1 )
damp to moist
— 5
- - ¥
Firm i i
(dark gray blue, no sand, wet to saturated) 11 30 | 93 1.7
— 10
- . re | 24 101 | 1.4
" SAND (SC), dark blue green, fine-to ] Medium R \\\_ 15
coarse-grained, some gravel (fine, Dense \
subrounded to rounded), some clay, damp \_ i
to moist NN
______________________________________ I\
CLAY (CL), mottled blue green and Stiff
yellow brown, silty, trace sand i ]
(fine-grained), damp to moist
. T ;
— 20
Firm i i
(yellow brown, some sand (fine-grained), 10 | 54 | 101 | 14
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File Name: GAENGINEER\GINTWAPROJECTS\19639-GI.GPJ Report Template: FUGRO 440 Qutput Date: 9/17/02

DRILL RIG Mobile B-53, HSA SURFACE ELEVATION 19.8 Feet LOGGED BY JND

DEPTH TO GROUND WATER 8 feet BORING DIAMETER 8-inch DATE DRILLED 4/2/01
DESCRIPTION AND CLASSIFICATION .82 £|E B2
DEPTH | (EZ% ) M | & EGE,\ OTHER
=352\ Bz | 65 3525
= |BEag| L& | A% [BEEY
ESCRIPTION AND REMARKS consist | SO | FEED 5|288| %8 |z 225 TESTS
D TYPE @S S| & 58
moist at 24 feet) Firm
CLAY (CL), continued 5 |
| SAND (SC), brown, fine-to ]
coarse-grained, trace clay and silt, saturated |
) 13
Passing #200

Sieve = 12%

coarse, subangular to subrounded, with sand
(fine-grained), trace silt and clay, saturated

— 35

(fine-grained), moist i _T
14

iy
D

Bottom of Boring = 40 Feet

Notes:
1. The stratification lines represent the approximate boundaries between soil types and the transition may be gradual.

2. For an explanation of penetration resistance values, see the first page of Appendix A.
3. A 140-Ib wire trip hammer falling 30 inches was used to drive the samplers.
4. The initial groundwater level was encountered at 8 feet at the time of drilling.

EXPLORATORY BORING LOG
GRO FUGRO WEST, INC LAKEVILLE HIGHWAY WRF PROJECT
o [ ——~——— N
~ e
B Y m—N— 1000 Broadway, Suite 200 Petaluma, California
e’ Nam  O2kland, CA 94607 PROJECT NO. DATE BORING
4 -
3045.006 June 2001 NO. EB-9




PJ Report Template: FUGRO 440 Output Date: 9/17/02

| DRILL RIG Mobile B-53, HSA SURFACE ELEVATION  19.9 Feet LOGGED BY JND
DEPTH TO GROUND WATER 18 feet BORING DIAMETER 8-inch DATE DRILLED 4/4/01
duc| S|E I8%=
DESCRIPTION AND CLASSIFICATION pEPTH | & |ESE %5 |5 |25E OTHER
=|gos| DE |80 |2gd
SOIL | (FEET) | < §5§ 52z 8%%" TESTS
DESCRIPTION AND REMARKS CONSIST TYPE & E a o | & %Sm
PAVEMENT, 2 inches AC over 8 inches e
“\AB___“_____,_«__________‘_~‘,__~_.,“_ "St'-ff'"o 2 L. .
EMBANKMENT FILL: CLAY (CL), !
dark blue-gray, silty, damp B i
- . 21 20 | 1051 49 PI = 30,
5 LL =43,
Passing #200
- . Sieve = 74%
(trace fine-grained sand, trace fine and i _T 10
subrounded gravel, damp to moist) 10
CLAY (CL), yellow brown, silty, trace Very Stiff] i i 138 1113 1 66
sand (fine-grained), damp to moist / 29 :
— 15
/ o ’
/ ] 1X]| 35
— 20
SAND (SC), yellow brown, fine-to | Very R \ i
medium-grained, with clay, saturated Dense \_ i

File Name: GAENGINEER\GINTWAPROJECTS\19639-GL.G

GRO FUGRO WEST, INC.

o §

o [ oe— N —

Y e—N— 1000 Broadway, Suite 200
EmmmZ N O°Ki2nd, CA 94607
A

EXPLORATORY BORING LOG

LAKEVILLE HIGHWAY WRF PROJECT
Petaluma, California

PROJECT NO.

DATE

3045.006

June 2001

BORING
NO.

EB-10




DRILL RIG Mobile B-53, HSA SURFACE ELEVATION 19.9 Feet LOGGED BY JND
DEPTH TO GROUND WATER 18 feet BORING DIAMETER 8-inch DATE DRILLED 4/4/01
DESCRIPTION AND CLASSIFICATION 4 S e g|E 8 >
DEPTH | i |EZ2&| =& | 2 EQEA OTHER
T|SCE| B4 | E5 2229
=520 $E | AL |SEBY
ESCRIPTION AND REMARKS consist | SO | FEED | 5 | 2821 & | » 7 1038 TESTS
P TYPE EES| S & 58
SAND (SC), continued Very R \
Dense X_ ]
| CLAY (CL), yeliow brown, silty, trace Very Sttt} )
sand (fine-grained), damp to moist 3 )
53
— 30
/ - 35
Hard i i
(with sand) 56
24

Bottom of Boring = 40 Feet
Notes:

6. PI = Plasticity Index; LL = Liquid Limit

1. The stratification lines represent the approximate boundaries between soil types and the transition may be gradual.

2. For an explanation of penetration resistance values, see the first page of Appendix A.

3. A 140-Ib wire trip hammer falling 30 inches was used to drive the samplers.

4. A piezometer was installed upon completion of drilling (See Figure A-2 for typical piezometer detail).

5. The initial groundwater level was encountered at 8 feet during drilling. The stabilized groundwater level was
monitored in the piezometer in the following months after drilling was completed.

_F'.Gnn FUGRO WEST, INC.
1000 Broadway, Suite 200

Oakland, CA 94607
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EXPLORATORY BORING LOG

LAKEVILLE HIGHWAY WRF PROJECT
Petaluma, California

PROJECT NO.

DATE

BORING EB-10

3045.006

June 2001

NO.




DRILL RIG Mobile B-53, HSA SURFACE ELEVATION  19.6 Feet LOGGED BY JND
DEPTH TO GROUND WATER 18.5 feet BORING DIAMETER 8-inch DATE DRILLED 4/2/01
TON AND CLASSIFICATION o ol SIE f-%g:':
DESCRIPT T DEPTH | % |ESE| w T | 3 [25E.|  OTHER
= IS22| Bz |65 ER9%
= g9 SE | 58 g%ga
SOLL | (FEET) | S |22 B & | »  |92& | TESTS
DESCRIPTION AND REMARKS CONSIST | o “ & =2 8% 59»
EMBANKMENT FILL: CLAY (CL), Stiff
dark brown, silty, trace sand (fine- to B i
medium-grained), damp to moist
(green brown) i i 17
— 5
(dark blue gray, increasing plasticity) i ]
241 23 102 | 22
— 10
" CLAY (CL), yeliow brown, sandy Very Stiff] i ]
(fine-grained), damp to moist / 37 | 19 | 109 | 5.9
— 15
/ ] ¥
Stiff / ) T 12
/ — 20

File Name: G:AENGINEER\GINTWAPROJECTS\19639-G1L.GP.J Report Template: FUGRO 440 Output Date: 9/17/02
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damp to moist

" CLAY (CL/CH), yellow brown, with silt, ~ [Very Stiff 30

\\

— 35

L

¥

S
<P

39

DRILL RIG Mobile B-53, HSA SURFACE ELEVATION 19,6 Feet LOGGED BY JND
DEPTH TO GROUND WATER 18.5 feet BORING DIAMETER 8-inch DATE DRILLED 4/2/01
DESCRIPTION AND CLASSIFICATION o~ 5 Bel S1E B >
DEPTH | iy ;55 n:‘;'/ %G: égga OTHER
SE65 S| B2 jgnae
DESCRIPTION AND REMARKS consst | SO (FEED) | %’E g S % - QESV TESTS
TYPE D=® S |& 58
CLAY (CL), continued Stift
Firm /_ i
(fine-grained sandy) 12 23 11031 04

Bottom of Boring = 40 Feet
Notes:

1. The stratification lines represent the approximate boundaries between soil types and the transition may be gradual.
2. For an explanation of penetration resistance values, see the first page of Appendix A.
3. A 140-1b wire trip hammer falling 30 inches was used to drive the samplers.

4. The initial groundwater level was encountered at 18% feet at the time of drilling.

- _E_?_n_ FUGRO WEST, INC.
] w

I Y m—_N_ 1000 Broadway, Suite 200
H‘- N 0 (ond. CA 94607
A
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Petaluma, California

PROJECT NO.

DATE

BORING EB-1 1

3045.006

June 2001

NO.




DRILL RIG Mobile B-53, HSA SURFACE ELEVATION 16.2 Feet LOGGED BY JND
DEPTH TO GROUND WATER Not Encountered | BORING DIAMETER 8-inch DATE DRILLED 4/3/01
DESCRIPTION AND CLASSIFICATION & g gel 8 85
DEPTH | & |Ezk| & | @& |29 OTHER
SEHERE -
S|E53| £ | B2 |8l .
SOIL | FEET) | & (282|525 | » ~ [958 TEST.
DESCRIPTION AND REMARKS CONSIST TYPE = zi a 3 nad %Sm
CLAY (CL), dark blue-gray, silty, trace Stiff R-Value =13
sand (fine-grained), damp to moist i
3 | 21
(dark gray, trace fine, subangular to / i |
subrounded gravel at 272 feet) 13
(dark blue-green at 47 feet) 5 14

Bottom of Boring = 5% Feet

Notes:
1. The stratification lines represent the approximate boundaries between soil types and the transition may be gradual.

2. For an explanation of penetration resistance values, see the first page of Appendix A.
3. A 140-1b wire trip hammer falling 30 inches was used to drive the samplers.
4. The groundwater level was not encountered at the time of drilling.

File Name: GA\ENGINEER\GINTWAPROJECTS\19639-GL.GPJ  Report Template: FUGRO 440 Output Date: 9/17/02

y

_Gn-n FUGRO WEST, INC.
A
— N

| ” 1000 Broadway, Suite 200
e’ Namy  O2Kland, CA 94607
—m‘—

EXPLORATORY BORING LOG

LAKEVILLE HIGHWAY WRF PROJECT
Petaluma, California

PROJECT NO.

DATE

3045.006

June 2001

BORING
NO.

EB-12




DRILL RIG Mobile B-53, HSA SURFACE ELEVATION 19.9 Feet LOGGED BY JND
DEPTH TO GROUND WATER Not Encountered | BORING DIAMETER 8-inch DATE DRILLED 6/18/01
DESCRIPTION AND CLASSIFICATION uc| S|E |BEx
DEPTH | & |E2&| & | Z . |29E . OTHER
5 <2 Hz E & B2k
S EE% <E | A% %EEM
NA o SOIL | (FEET) | & %EE& 22z | %7 [92ET TESTS
DESCRIPTION AND REMARKS CONSIST | o+ a8l 3| A £ 5
CLAY (CL), dark gray, silty, trace sand Firm
(fine-grained), moist i ]
. 5 —
L 10 - 11
Stiff i |
22
i | 20

File Name: GAENGINEER\GINTWAPROJECTS\19639-G1.GPJ Report Template: FUGRO 440 Output Date: 9/17/02

EXPLORATORY BORING LOG

—Gn—n FUGRO WEST, INC.
W
—N—

y

LAKEVILLE HIGHWAY WRF PROJECT
Petaluma, California

[ 1000 Broadway, Suite 200
M- N0 ond CA 94607 PROJECT NO.
4

DATE

BORING

3045.006 June 2001 NO.

EB-17




DRILL RIG Mobile B-53, HSA SURFACE ELEVATION 19.9 Feet LOGGED BY JND
DEPTH TO GROUND WATER Not Encountered | BORING DIAMETER 8-inch DATE DRILLED 6/18/01
DESCRIPTION AND CLASSIFICATION 5 sel S| E B
DEPTH | & |EZ&| =& | 5 [245 |  OTHER
=332 E% | 25 B0
2525|592 [O&EY
A Q
DESCRIPTION AND REMARKS consist | S0 | FFED 1312858 = 5 % g%&z TESTS
o Q
GRAVEL (GW/GC), gray, fine to coarse, Dense
subangular to subrounded, sandy (fine- to | 41
coarse-grained), trace clay, saturated
" CLAY (CL), brown, some silt, sandy | Firm ’T 13 | 55
(fined-grained), moist
(1" SP lens)
Stiff / i i
(silty, some sand) 21

Bottom of Boring = 35 feet
Notes:

1. The stratification lines represent the approximate boundaries between soil types and the transition may be gradual.
2. For an explanation of penetration resistance values, see the first page of Appendix A.
3. A 140-1b wire trip hammer falling 30 inches was used to drive the samplers.

4. No groundwater level was encountered at the time of drilling.

5. Sampling at 9 to 13 feet for environmental investigating purposes.

m | e  "UGRO WEST, INC.
= ) ee— —
o ¥ N

M Oakland, CA 94607
4

File Name: G\ENGINEER\GINTWAPROJECTS\19639-GI.GPJ Report Template: FUGRO 440 Qutput Date: 9/117/02

1000 Broadway, Suite 200

EXPLORATORY BORING LOG

LAKEVILLE HIGHWAY WRF PROJECT
Petaluma, California

PROJECT NO.

DATE

o EB-17

3045.006

June 2001

NO.




DRILL RIG Mobile B-53, HSA SURFACE ELEVATION  15.4 Feet LOGGED BY JND
DEPTH TO GROUND WATER Not Encountered | BORING DIAMETER 8-inch DATEDRILLED - 6/18/01
Em~l |z |AF
DESCRIPTION AND CLASSIFICATION DEPTH | & E%E o g, E BoE OTHER
= |352| g | 65 2825
OIL | (FEET) 1629 EE o & é%gg’ TESTS
SOIL A4S 5 > :
DESCRIPTION AND REMARKS CONSIST | - op ~ @ 28! 8 £ 15 g
CLAY (CL), dark gray, silty, moist Stiff
/ i l 11
(1"-2" thick lenses of SC/CL with sand from L s ]
4-Y to 9 feet)
Firm / i
R ] 8
/ C ] 7
(no sandy lenses) / i ,
%- 10| 8
15

Bottom of Boring = 15 feet

Notes:

1. The stratification lines represent the approximate boundaries between soil types and the transition may be gradual.
2. For an explanation of penetration resistance values, see the first page of Appendix A.
3. A 140-Ib wire trip hammer falling 30 inches was used to drive the samplers.

4. No groundwater level was encountered at the time of drilling.

File Name: GAENGINEER\GINTWAPROJECTS\19639-G1L.GPJ Report Template: FUGRO 440 Output Date: 9/17/02

EXPLORATORY BORING LOG

Jus RO . cz0wesT NG, LAKEVILLE HIGHWAY WRF PROJECT

| E VR

Y —— 1000 Broadway, Suite 200 Petaluma, California

ey ~ Oakland, CA 94607 PROJECT NO. DATE BORING
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DRILL RIG Mobile B-53, HSA SURFACE ELEVATION 10.8 Feet LOGGED BY JND
DEPTH TO GROUND WATER Not Encountered | BORING DIAMETER 8-inch DATE DRILLED 6/18/01
DESCRIPTION AND CLASSIFICATION .88l sl |8
DEPTH | & (EZ&| 5 | & ~ ag%A OTHER
=|S52| £5 | 5 3925
S|lEnd| <= | a& %;fgz
N AND REMARKS onsist | SO | FEED | 5| 282\ F8 | 5 9387 TESTS
DESCRIPTIO CONSIST | [ oor Eﬁv o |4 %8
EMBANKMENT FILL: CLAY (CL), Stiff
dark gray, silty, trace to some sand 3 )
(fine-grained), damp to moist
/ - 5 -
L 10 - 20
___________________________________ Very Stiff] i
BAYMUD: CLAY (CH/MH) Very StiffV/ 30
/i

Bottom of Boring = 12 feet
Notes:

1. The stratification lines represent the approximate boundaries between soil types and the transition may be gradual.
2. For an explanation of penetration resistance values, see the first page of Appendix A.
3. A 140-Ib wire trip hammer falling 30 inches was used to drive the samplers.

4, No groundwater level was encountered at the time of drilling.

File Name: G\ENGINEER\GINTWAPROJECTS\19639-G1.GPJ Report Template: FUGRO 440 Output Date: 9/17/02

EXPLORATORY BORING LOG

:Fl GRO . c:0wesT NG
m

LAKEVILLE HIGHWAY WRF PROJECT
Petaluma, California

*ﬁ 1000 Broadway, Suite 200

PROJECT NO.

DATE

-

]

M Oakland, CA 94607
A

3045.006

June 2001

B¢ EB-19




DRILL RIG Mobile B-61, HSA SURFACE ELEVATION  16.8 Feet LOGGED BY JCH
DEPTH TO GROUND WATER 14 feet BORING DIAMETER 8-inch DATE DRILLED 5/3/02
DESCRIPTION AND CLASSIFICATION n: S Bol S| E B5-
DEPTH | @ (EZ%| ¢ & | @& - zggA OTHER
s |322| B2 | £5 Eizs
(FEET) 21529 §§ oE BERY TESTS
SOIL E Zhad gz OSE
DESCRIPTION AND REMARKS CONSIST | .\ oo “ E;}e 8| |55~
EMBANKMENT FILL: CLAY (CL), Firm
dark brown, silty, some sand (fine- grained), 1 i
moist
grading blue-gray, sandy (fine- grained), i ]
trace silt at 3% feet 14
— 5
Stiff B i 1 29 | 91
— 10
| SAND (SC), gray, fine- to coarse- | | Loose } \\ ]
grained, some clay, wet \_ )
\ Passing #200
NN - y Sieve = 20%
L o _,______&\ L °
2l CLAY (CL), dark brown, silty, trace sand Firm to 15 Passing #200
S| (fine- to coarse- grained), damp Stiff Sieve = 86%,
3 / n . LL=46, PI=32
3 a i
2 / I
z
2 / i '—I— 8 28
g
E /“ 20
g i i
i
grading sandy at 23! feet Stift B |
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ foeee- B 2 |10

File Name: GAENGINEER\GINTWAPROJECTS\3045_006.GP

EXPLORATORY BORING LOG

:F' GRO o0 wesT inc. LAKEVILLE HIGHWAY WRF PROJECT

- e~ . .

- — N 1000 Broadway, Suite 200 Petaluma, California
ﬂ- ~— Oakland, CA 94607 PROJECT NO. DATE BORING ERB-20
—_— 3045.006 May 2002 No. )




put Date: 9/17/02

DRILL RIG Mobile B-61, HSA SURFACE ELEVATION  16.8 Feet LOGGED BY JCH
DEPTH TO GROUND WATER 14 feet BORING DIAMETER 8-inch DATE DRILLED 5/3/02
DESCRIPTION AND CLASSIFICATION ~|88e| S|E |B2x
DEPTH 2 Ezg -t %,\ E@GA OTHER
S |En2| SE | BB R
sow | EET) |3 B23| B2 | 27 S%&%  EsTs
DESCRIPTION AND REMARKS CONSIST | 0 a2el 8| |58
CLAY (CL), gray-brown, mottled with Stiff
blue, trace sand (fine- to coarse- grained), B i
trace gravel (fine to coarse, subrounded to /
subangular), moist /“ |
=
— 30
" CLAY (CL), light gray, silty, trace sand ~ | Stiff 7 i ] 36 | 86
(fine- grained), some wood pieces (up to / 15
1"), moist / L 35
grading sandy silt at 38; feet Hard / B i
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 60 1 29 | 95
CLAY (CL), brown, with sand (fine- to Very Stiff] / 40
coarse- grained), damp /
? - - 38 19 | 112 | 42
A AT S T e e e e - 20 | 110
CLAY (CL), light brown, silty, trace sand  [Very Stiff 41

GRO FUGRO WEST, INC.

File Name: GAENGINEER\GINTWAPROJECTS\3045_006.GPJ Report Template: FUGRO 440 Out

EXPLORATORY BORING LOG
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— 3045.006 May 2002 NO. )




DRILL RIG Mobile B-61, HSA SURFACE ELEVATION 16.8 Feet LOGGED BY JCH
DEPTH TO GROUND WATER 14 feet BORING DIAMETER 8-inch DATE DRILLED 5/3/02
Z ]~ & e a g
DESCRIPTION AND CLASSIFICATION DEPTH | & g%l; o § £ |2gE OTHER
z|252| BE | &6 2625
S |Eq2| <8 | B8 [5EEl
ESCRIPTION AND REMARKS consist | SO | FEED | 5 288 %8|z 1225 | TESTS
DES NS TvpE mES| S|E 58
(fine- to coarse- grained), damp
[ Sand (SC), brown, fine- to coarse- | : \\\_ 55 Passing #200
grained, gravelly (fine, subrounded to \ Sieve = 12%,
subangular), trace clay, wet \_ ] #4 Sieve = 75%
_____________________ R B\
CLAY (CL), light gray, with sand (fine- to Dense
coarse- grained), silty, moist i §
_ it
60

Bottom of Boring = 60 feet
Notes:

gradual.

1. The stratification lines represent the approximate boundaries between material types and the transition may be

2. For an explanation of the penetration resistance values, see the first page of Appendix A.
3. A 140-1b, down-hole, wire-line, safety hammer falling 30 inches was used to advance the sampler.
4. The boring was backfilled with neat cement grout immediately upon completion.

GRO FUGRO WEST, INC.

File Name: GNENGINEER\GINTWAPROJECTS\3045_006.GPJ Report Template: FUGRO 440 Output Date: 9/17/02

EXPLORATORY BORING LOG

LAKEVILLE HIGHWAY WRF PROJECT

L L —
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_— 3045.006 May 2002 NO. i




J _Report Template: FUGRO 440 Output Date: 9/17/02

File Name: GA\ENGINEER\GINTVWAPROJECTS\3045_006.GP

DRILL RIG Mobile B-61, HSA SURFACE ELEVATION  19.0 Feet LOGGED BY JCH

DEPTH TO GROUND WATER 15 feet BORING DIAMETER 8-inch DATE DRILLED 5/2/02
Z m—~ & > a E
DESCRIPTION AND CLASSIFICATION DEPTH | & gg; S| 5 [E5E OTHER
S |352 g | 2o |Ea0a
S|8a3| 58 | 58 gEed
SOIL | (FEET) B2l B | = |O5E TESTS
DESCRIPTION AND REMARKS CONSIST TYPE « & gj a 3 % %8 n
EMBANKMENT FILL: CLAY (CL), Firm
brown, silty, some sand (fine- to coarse- 3 |
grained), damp
grading trace sand at 3% feet i i
13
— 5
grading dark brown, trace sand at 7 feet i l
i ) 14 | 23 | 100
grading with sand at 9% feet 10
" SAND (SC), brown, fine- to coarse- | Loose RN ’
grained, clayey, moist \Q_ ]
NN 13
\_ 15 A 4 Passing #200
\ Sieve = 34%
______________________ .
CLAY (CL), light brown, silty, trace sand Stiff
(fine- grained), trace gravel (coarse, 3 i
angular), damp / 9
/ ~ 20
i
grading sandy at 23 feet i i 25
_____________________ B 19
R

EXPLORATORY BORING LOG

:ri-l GEIROD 20 vEsT NG, LAKEVILLE HIGHWAY WRF PROJECT
- i

i E—N— {000 Broadway, Suite 200 Petaluma, California

— N Oakland, CA 94607 PROJECT NO. DATE BORING EB-21
_ 3045.006 May 2002 NO. -




.GPJ Report Template: FUGRO 440 Qutput Date: 8/17/02

(fine- grained), damp

grading gray brown, some silt at 29 feet

Grading blue-gray, pieces of wood (up to
1"), wet at 34 feet

grading brown, some clay, coarse- grained
at 39 feet

SAND (SP), brown, fine- to coarse-

43

/- 40

73

27

23

DRILL RIG Mobile B-61, HSA SURFACE ELEVATION  19.0 Feet LOGGED BY JCH
DEPTH TO GROUND WATER 15 feet BORING DIAMETER 8-inch DATE DRILLED 5/2/02
B sl |aF
DESCRIPTION AND CLASSIFICATION DEPTH | & B S g » s:_: E|2EE OTHER
2 l5cg| £ | &6 5825
2 |Eug| 2E | 28 [CEBY
DESCRIPTION AND REMARKS CONSIST SOIL | (FEET) <mt % é é g % E g EE TESTS
S TYPE eS| S| B |88~
SAND (SC), brown, fine- to coarse- Medium § Passing #200
grained, clayey, moist Dense Sieve = 34%,
LL=32, PI=18
" CLAY (CL), gray-brown, silty, trace sand | Firm to
Stiff

File Name: G\ENGINEER\GINTWAPROJECTS\3045_006.

EXPLORATORY BORING LOG

:F‘ GRO ., WEST, INC. LAKEVILLE HIGHWAY WRF PROJECT

o | ——— i

Y — N 1000 Broadway, Suite 200 Petaluma, California

M- N—_— Oakland, CA 94607 PROJECT NO. DATE BORING
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3045.006 May 2002 NO. EB-21




DRILL RIG Mobile B-61, HSA SURFACE ELEVATION ~ 19.0 Feet | LOGGED BY JCH
DEPTH TO GROUND WATER 15 feet BORING DIAMETER 8-inch DATE DRILLED 5/2/02
ESCRIPTION AND CLASSIFICATION 5 8ol € Eogs
D DEPTH | f |EZ&| & & 7 EQEA OTHER
E|ectEG |65 25928
2 Exg| 2= | 0L CE E )
SOIL | (FEET) | & |24 4 = Z > |93 TESTS
DESCRIPTION AND REMARKS CONSIST | o n G22 8|8 |85
grained, some gravel (fine, subrounded to Passing #200
subangular), wet i Sieve = 4%, #4
Sieve = 84%
" CLAY (CL), brown, silty, trace sand | Very Stiff] 'T 19
(fine- grained), moist
Hard / B |
grading with sand at 59 feet 80 1 17 | 114 | 3.0

Report Template: FUGRO 440 Output Date: 9/17/02

Bottom of Boring = 60 feet
Notes:

gradual.

1. The stratification lines represent the approximate boundaries between material types and the transition may be

2. For an explanation of the penetration resistance values, see the first page of Appendix A.
3. A 140-1b, down-hole, wire-line, safety hammer falling 30 inches was used to advance the sampler.
4. The boring was backfilled with neat cement grout immediately upon completion.

EXPLORATORY BORING LOG

GRO FUGRO WEST, INC.

LAKEVILLE HIGHWAY WRF PROJECT

File Name: GAENGINEER\GINTWAPROJECTS\3045_006.GPJ

e~
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— 3045.006 May 2002 No. i




File Name: GAENGINEER\GINTYWAPROJECTS\3045_006.GPJ R

eport Template: FUGRO 440 Output Date: 9/17/02

DRILL RIG Mobile B-61, HSA SURFACE ELEVATION  19.5 Feet LOGGED BY JCH
DEPTH TO GROUND WATER 14 feet BORING DIAMETER 8-inch DATE DRILLED 5/2/02
Eu~l |z ¥
DESCRIPTION AND CLASSIFICATION DEPTH | & 8%; » [g, E |25E OTHER
z|2s2| EG | &6 2825
S |Exd| <& | oe BEEgdl
TON AND REMARKS CONSIST SOIL | (FEET) g % & é ? % ; Ogg TESTS
DESCRIPT TYPE & 22l 8| %8
EMBANKMENT FILL: CLAY (CL), Firm
dark brown, silty, with sand (fine- grained), B i
damp
) i 12
— 5
grading dark gray-brown, moist i ) 8 27 | 92
— 10
. - y
__________________________________________ 8
CLAY (CL), light gray, silty, trace sand Firm L 15
(fine- to coarse- grained), some gravel
(coarse, angular), moist B ]
Stiff i i
/ 18 | 23|99 | 23
/ — 20
i
grading light brown, some sand (fine- to 3 i
coarse- grained), moist at 24%; feet 20 23 | o8

EXPLORATORY BORING LOG

.'_-.—i"ﬁl!n FUGRO WEST, INC. LAKEVILLE HIGHWAY WRF PROJECT

m ¥ mm—— 100 Broadway, Suite 200 Petaluma, California

I/ N O2kland, CA 94607 PROJECT NO. DATE BORING

A -
3045.006 May 2002 NO. EB-22




DRILL RIG Mobile B-61, HSA SURFACE ELEVATION  19.5 Feet LOGGED BY JCH
DEPTH TO GROUND WATER 14 feet BORING DIAMETER 8-inch DATE DRILLED 5/2/02
ION AND CLASSIFICATION uc| £|E 1BS:
DESCRIPT AND C DEPTH | & [ESE| S 3 E@‘"A OTHER
s |S52| BB | 45 5525
S |Ecd| <E | B (5852
SOIL | (FEETD) | & %551 3% EV ozgv TESTS
DESCRIPTION AND REMARKS CONSIST TYPE E ‘é o o | %8 %)
SILT (ML), light gray-brown, clayey, Stiff
trace sand, moist B |
~ 30
[ SAND (SC), light brown, fine- to coarse- | Medium R \_ )
grained, clayey, wet Dense \ 11 Passing #200
x_ 35 Sieve = 32%
__________________________________________ \ S
CLAY (CL), light brown, silty, some sand  |Very Stiff 19
(fine- to coarse- grained), damp / 40
/ 341 19 | 109
/ L 45
grading sandy at 47" feet 3 ]
i ’ 34

File Name: GAENGINEER\GINTWAPROJECTS\3045_006.GPJ Report Template: FUGRO 440 Output Date: 9/17/02

EXPLORATORY BORING LOG
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pr— ] t ife i
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DRILL RIG Mobile B-61, HSA SURFACE ELEVATION 19.5 Feet LOGGED BY JCH
DEPTH TO GROUND WATER 14 feet BORING DIAMETER 8-inch DATE DRILLED 5/2/02
Z o~ & > (o) g
DESCRIPTION AND CLASSIFICATION DEPTH | & §%E » E, E g OTHER
=|35%| £z | 25 2525
> |Eusl 2B | A& [OEYNM
CRIPTION AND REMARKS consist | SOL | FEED) | & | 2 A 2E |z Uzg TESTS
DES TYPE Bl S |& |53
grading trace sand (fine- grained), trace silt / i ]
at 53 feet 38
~ 55
/ i i 40
66

J_Report Template: FUGRO 440 Output Date: 9/17/02

Bottom of Boring = 60 feet

Notes:

1. The stratification lines represent the approximate boundaries between material types and the transition may be

gradual.

2. For an explanation of the penetration resistance values, see the first page of Appendix A.
3. A 140-1b, down-hole, wire-line, safety hammer falling 30 inches was used to advance the sampler.
4. The boring was backfilled with neat cement grout immediately upon completion.

File Name: GAENGINEER\GINTWAPROJECTS\3045_006.GP

EXPLORATORY BORING LOG
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put Date: 9/17/02

DRILL RIG Mobile B-61, HSA SURFACE ELEVATION  24.6 Feet LOGGED BY JCH
DEPTH TO GROUND WATER 18.5 feet BORING DIAMETER 8-inch DATE DRILLED 5/2/02
Em~l ol [OF
DESCRIPTION AND CLASSIFICATION DEPTH | & S0 £l » S| e |EaE OTHER
2524 B2 | 25 [Edog
0N
DESCRIPTION AND REMARKS CONSIST SOIL | (FEET) | 3 E &i a 8 : %gw TESTS
TYPE e a 3
SLUDGE: CLAY (CL), gray, silty, moist
inclusion of gravel (GP), light brown, Medium i | 24
coarse, angular, sandy (fine- to coarse- Dense 5
grained), damp from 4 to 6 feet
grading CL/CH, dark gray, sandy (fine- to Firm i ]
coarse- grained), moist at 6 feet B |
[ ’ 11
— 10
grading blue-gray, silty, trace sand (fine- i ]
grained), damp 8 i
i i 11 Consolidation
— 15 Test Performed
at 14 feet
" CLAY (CL), dark brown, silty, trace sand | =~ i }
(fine- grained), moist \ 4
Stiff B ] B
16 21 | 107 | 2.7
. / — 20
grading sandy at 20 feet /
" SILT (ML), light brown, sandy (fine-to | ~Stiff | |
coarse- grained), some clay, wet
15 29

File Name: G\ENGINEER\GINTWAPROJECTS\3045_006.GPJ Report Template: FUGRO 440 Out

EXPLORATORY BORING LOG
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J_Report Template: FUGRO 440 Output Date: 9/17/02

grained, trace clay, moist

CLAY (CL), light brown, silty, trace sand Firm
(fine- grained), moist

SAND (SC), brown, black specks, fine-to | Medium
coarse- grained, trace clay, trace silt, damp Dense

A\

44

45

T ’s

DRILL RIG Mobile B-61, HSA SURFACE ELEVATION  24.6 Feet | LOGGED BY JCH
DEPTH TO GROUND WATER 18.5 feet BORING DIAMETER 8-inch DATE DRILLED 5/2/02
DESCRIPTION AND CLASSIFICATION +188e| £|E |BE:
DEPTH | @ |EZ & ®E A _. E?SA OTHER
& é§§ Ef | &5 BEZ5
2 |Eug| £ | 2L |OEEY
DESCRIPTION AND REMARKS consisT | SOI | GEED | 5 |\ 282 % |z 285 TESTS
TYPE B2l S| & |58
i | 13
2 .
30 8 P'assmg #200
Sieve = 54%,
- . LL=32, PI=19
__________________________________________ Nir
SAND (SC), gray-brown, fine- to coarese- Loose Passing #200

Sieve = 36%

Passing #200
Sieve = 48%

EXPLORATORY BORING LOG

GRO FUGRO WEST, INC.

LAKEVILLE HIGHWAY WRF PROJECT

File Name: G:\ENGINEER\GINTWAPROJECTS\3045_006.GP

I .
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m Oakland, CA 94607 PROJECT NO. DATE BORING EB-23
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DRILL RIG Mobile B-61, HSA SURFACE ELEVATION  24.6 Feet LOGGED BY JCH
DEPTH TO GROUND WATER 18.5 feet BORING DIAMETER 8-inch DATE DRILLED 5/2/02
Z L~ & > [@)] [;]
DESCRIPTION AND CLASSIFICATION DEPTH | & glzﬂg_ o 9[} = |EEE OTHER
=|SS2 Eg | &5 BE2E
2 |5eg| £ | 0% |BEBY
DESCRIPTION AND REMARKS consist | SO | FEED | 512 £ 8z 1228 TESTS
TYPE G=®| o |E |58
grading clayey at 497 feet Medium {
Dense
grading some gravel (fine to coarse,
subangular) at 54 feet
[ CLAY (CL), light brown, silty, some sand |[Very Stiff]
(fine- to coarse- grained), wet
31 | 26 | 110
grading sandy at 61% feet
23
Passing #200
Sieve = 51%
/' i 46
4—79

Bottom of Boring = 70 feet
Notes:

gradual.

1. The stratification lines represent the approximate boundaries between material types and the transition may be

2. For an explanation of the penetration resistance values, see the first page of Appendix A.
3. A 140-Ib, down-hole, wire-line, safety hammer falling 30 inches was used to advance the sampler.
4. The boring was backfilled with neat cement grout immediately upon completion.

EXPLORATORY BORING LOG
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J_Report Template: FUGRO 440 Output Date: 9/17/02

DRILL RIG Mobile B-61, HSA SURFACE ELEVATION  16.2 Feet LOGGED BY JCH
DEPTH TO GROUND WATER 13.5 feet BORING DIAMETER 8-inch DATE DRILLED 5/3/02
Z o~ & s @) E
DESCRIPTION AND CLASSIFICATION oerm | % 296 LS| & [B5E OTHER
Jl<<s| 7 | ZE R0
S |ESE| 52 AR |zEg
SOIL | (FEET) | S |B@2| 35 | » ~ |93 TESTS
DESCRIPTION AND REMARKS CONSIST | ' o ax8 3| % |58~
CLAY (CH), dark gray-brown, silty, trace Firm 7
sand (fine- grained), moist /_ ]
/ i | 13| ® Passing #200
- 5 Sieve = 95%,
/ LL=53, PI=32
20
grading dark gray at 9% feet /_ 10
grading trace sand (fine- grained) at 13 feet %- ) 4
/ i | 18 | 30 Passing #200
/_. 15 Sieve = 91%,
/ LL=45, PI=30
__________________________________________ 7.
SAND (SC), light gray, fine- to coarse- Medium R \Q
grained, some clay, wet Dense \_ i Passing #200
\ Sieve = 24%,
NNE 4 #4 Sieve =
\ 21 20 100%
\— 20 Passing #200
\ Sieve = 41%,
\‘ ’ LL=29, PI=16
________________________________________ i \\\\ ]
CLAY (CL), light brown, silty, trace to Very Stiff i i
some sand, damp 27
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Report Template: FUGRO 440 Output Date: 9/17/02

DRILL RIG Mobile B-61, HSA SURFACE ELEVATION 16.2 Feet LOGGED BY JCH
DEPTH TO GROUND WATER 13.5 feet BORING DIAMETER 8-inch DATE DRILLED 5/3/02
DESCRIPTION AND CLASSIFICATION > 5 8l & c 8%
DEPTH | & |EZ&| =& | & - |£95 OTHER
= é?—‘ SIEA | @b 2825
2 |E2gl S | AL |CEBY
1 AND REMARKS CONSIST SOIL | (FEET) | &5 % g E ® % E UEE TESTS
DESCRIPTION TYPE & 22| 3|4 %8
grading sandy at 28Y feet Stiff / i | 21 | 100 | 34
22 )
— 30
" SAND (SC), brown, fine- to coarse- |1 Medium R 1
grained, with clay, some gravel (fine to Dense - i
coarse, subrounded to subangular), wet 40 Passing #200
- 35 Sieve = 34%
Dense - _
.......................................... 3 2 1 8
CLAY (CL), light brown, sandy (fine-to  [Very Stiff] 40
coarse- grained), moist
grading silty, some sand, some gravel (fine i ﬁT 19 23
to coarse, subrounded to subangular) at 44 45
feet
| CLAY (CL), brown, silty, some sand =~ | Stiff i ]
(fine- grained), wet
L - Passing #200
13 Sieve = 80%
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DRILL RIG Mobile B-61, HSA SURFACE ELEVATION  16.2 Feet LOGGED BY JCH
DEPTH TO GROUND WATER 13.5 feet BORING DIAMETER 8-inch DATE DRILLED 5/3/02
Z o~ & > Q g
DESCRIPTION AND CLASSIFICATION DEPTH | & gLZJ E » é, E %EE OTHER
2 |232|E2 | 5 Bigg
S levp| SE | QL D gﬂ%
SCRIPTION AND REMARKS consist | SO | FEED | 31 28| Z 8 | = S3E TESTS
DE TYPE G== S| & |58
grading light brown, no sand at 52 feet % i
Hard / B
36
%-— 55
Very Stiff] / B
36 27 96 3.0
60

port Template: FUGRO 440 Output Date: 9/17/02

Bottom of Boring = 60 feet

Notes:

1. The stratification lines represent the approximate boundaries between material types and the transition may be

gradual.

2. For an explanation of the penetration resistance values, see the first page of Appendix A.
3. A 140-1b, down-hole, wire-line, safety hammer falling 30 inches was used to advance the sampler.
4. The boring was backfilled with neat cement grout immediately upon completion.
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DRILL RIG Mobile B-61, HSA SURFACE ELEVATION 18.5 Feet LOGGED BY JCH
DEPTH TO GROUND WATER 13.5 feet BORING DIAMETER 8-inch DATE DRILLED 5/3/02
& sl g%
DESCRIPTION AND CLASSIFICATION DEPTH | & gcz)g » [g, £ |25E OTHER
SOIL | FEET) | 5 |83 5% | > o%é" TESTS
DESCRIPTION AND REMARKS CONSIST | .. op ax8l 3| % B3~
EMBANKMENT FILL: CLAY (CL), Stift
brown, silty, some sand (fine- grained), B i
damp
i i 15
— 5
T Y] 14 | %
" CLAY (CH), brown, silty, trace sand | Stiff 7 10
(fine- grained), trace organics, moist /
. / | 4
Very Stiff] / i i
34
| lens of gravelly clay (coarse, subrounded to | A 15 21 | 100 | 1.6
‘subangular) at 14’2 feet /[Very Stiff]
CLAY (CL), brown, mottled blue-gray, R ] 21
silty, some sand (fine- to coarse-grained),
moist /, .
__________________________________________ / X 49 g
SAND (SC), brown, mottled black, fine- Medium g ‘\\\_ 20
to coarse- grained, clayey, moist Dense §
§_ _T ’s Passing #200
N Sieve = 34%
N
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Filo Name: GAENGINEER\GINTWAPROJECTS\3045_006.GPJ Report Template: FUGRO 440 OQutput Date: 9/17/02

EXPLORATORY BORING LOG

LAKEVILLE HIGHWAY WRF PROJECT

m | e~

- ﬁ i i

m mmm—ZN— 1000 Broadway, Suite 200 Petaluma, California
m- N 0land, CA 94607 PROJECT NO. DATE BORING  pp 95
—_— 3045.006 May 2002 NO. )




DRILL RIG Mobile B-61, HSA SURFACE ELEVATION  18.5 Feet LOGGED BY JCH
DEPTH TO GROUND WATER 13.5 feet BORING DIAMETER 8-inch DATE DRILLED 5/3/02
Z sl |gE
DESCRIPTION AND CLASSIFICATION DEPTH | & e SE| o SlE |HEE OTHER
H15%a] & g Z2x Egoa
E |3 Ex| =W | B0 ZHZ9
eem) |2 |B29] 52 | 25 |952% TESTS
w2
DESCRIPTION AND REMARKS CONSIST (FEED) | & é‘;ﬂ a8 E %ém
" CLAY (CL), light brown, sandy (fine-to~ [Very Stiff] i
coarse- grained), moist
— 30
grading silty, some sand at 32%; feet ]
- 33 21 [ 105 ] 4.2
— 35
/ i i 35

Bottom of Boring = 40 feet
Notes:

gradual.

1. The stratification lines represent the approximate boundaries between material types and the transition may be

2. For an explanation of the penetration resistance values, see the first page of Appendix A.
3. A 140-1b, down-hole, wire-line, safety hammer falling 30 inches was used to advance the sampler.

4. The boring was backfilled with neat cement grout immediately upon completion.
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DRILL RIG Mobile B-61, HSA SURFACE ELEVATION  12.9 Feet LOGGED BY JCH
DEPTH TO GROUND WATER Not Encountered | BORING DIAMETER 8-inch DATE DRILLED 5/2/02
DESCRIPTION AND CLASSIFICATION 5 el SIE a8
ES DEPTH | & |E2&| x& | g [225 |  OTHER
ZIE0E(5E g zae
2}3) & |0
SOIL | (FEED) | S |B22| B & | » ~ |O3E TESTS
DESCRIPTION AND REMARKS CONSIST | - op “ & g2l 8 & %8"’
CLAY (CL), brown, with sand (fine- to Stiff to
coarse- grained), trace silt, trace gravel (fine [Very Stiff] B i
to coarse, subrounded to subangular), damp /
/ ] 1X] 27
/ -
) Very Stiff/ 3 i
grading gravelly, with sand at 9 feet 35 15 11221 73
~ 10
_______________________________________ / XL 36 | 16 | 11s
SAND (SC), brown, fine- to coarse- Medium { \_ 15
grained, some clay, moist Dense §
grading clayey, some gravel at 17 feet §_ )
\\\~ . 15 | 120
N 38

J _Report Template: FUGRO 440 Output Date: 9/17/02

Notes:

gradual.

Bottom of Boring = 20 feet

2. For an explanation of the penetration resistance values, see the first page of Appendix A.
3. A 140-Ib, down-hole, wire-line, safety hammer falling 30 inches was used to advance the sampler.
4, The boring was backfilled with neat cement grout immediately upon completion.

1. The stratification lines represent the approximate boundaries between material types and the transition may be
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Project No. 3045.022

APPENDIX B
LABORATORY TEST RESULTS - OXIDATION PONDS

The laboratory testing program was directed toward a quantitative and qualitative
evaluation of the physical and mechanical properties of the soils around the Oxidation Ponds.

The natural water content was determined on 77 samples of the materials recovered
from the borings in accordance with ASTM Test Designation D-2216. These water contents are
recorded on the boring logs at the appropriate sample depths.

Dry density determinations were performed on 58 samples of the subsurface soils to
evaluate their physical properties. The resulits of these tests are shown on the boring logs at the
appropriate sample depths.

Atterberg Limit determinations were performed on nine samples of the subsurface soils
to determine the range of water content over which these materials exhibit plasticity. The
Atterberg Limits were determined in accordance with ASTM Test Designations D-428 and
D-424. These values are used to classify the soil in accordance with the Unified Soil
Classification System and to indicate the soil's compressibility and expansion potentials. The
results of these tests are presented on Figures B-1 and B-2, and on the logs of the borings at
the appropriate sample depths.

The percent passing the #200 sieve was determined on 28 samples of the subsurface
soils to aid in the classification of these soils. These tests were performed in accordance with
ASTM Designation D-1140. The results of these tests are shown on the boring logs at the
appropriate sample depths.

Gradation tests were performed on six samples of the subsurface soils in accordance
with California Test Method No. 202. These tests were performed to assist in the classification
of the soils and to determine their grain size distribution. The results of these tests are

presented on Figure B-3.

Hydrometer tests were performed on two samples of the subsurface soils in accordance
with ASTM Test Method No. D422. These tests were performed to assist in the classification of
the soils and to determine their grain size distribution. The results of these tests are presented

on Figure B-3.

Unconfined compression tests were performed on 38 undisturbed samples of the clayey
subsurface soils to evaluate the undrained shear strengths of these materials. The unconfined
tests were performed in accordance with ASTM Test Designation D-2166 on samples having a
diameter of 2.4 inches and a height-to-diameter ratio of at least two. Failure was taken as the
peak normal stress. The results of these tests are presented in Figures B-4 through B-6, and on
the boring logs at the appropriate sample depths.

Five unconsolidated, undrained, triaxial compression tests were performed on
undisturbed samples of the subsurface soils to evaluate the strength of these materials. The
tests were performed on samples having a diameter of 12 inches, and height-to-diameter ratio
of at least two. Failure was taken as the peak normal stress. The results of these tests are
presented on the boring logs at the appropriate sample depths.
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Two consolidation tests were performed on relatively undisturbed samples of the soft
Bay Mud near Pond Nos. 1 and 10 to assist in evaluating the compressibility characteristics of
these materials. The consolidation test was performed in accordance with ASTM Test
Designation D-2438-70. The result of the consolidation test is presented graphically on Figures
B-7 through B-11.

Laboratory compaction tests were performed on the bulk samples collected from depths
up to 5 feet at potential borrow site Parcel B to determine the maximum dry density and
optimum moisture content of these materials for use as backfill. The compaction test was
performed in accordance with ASTM Test Designation D1557-91. The results of the tests are
presented on Figure B-12.

Additionally, one constant head permeability test was performed on a representative
sample of these soils to determine the permeability constant, k, of these materials. The test
was performed in accordance with ASTM Test Designation D-4186 on a sample having a dry
density of 94 psf and a water content of 28 percent. Using an applied pressure of 35 psi, the
test indicated a permeability constant of 3 x 10 cm/second.

A resistance R- value test was performed on a representative sample of the surface soils
on-site to provide data for pavement design. The test was performed in accordance with
California Test Method 301-F and indicated an R-value of 13 at an exudation pressure of
300 pounds per square inch. The results of the test are presented below:

RESULTS OF R-VALUE TEST
Dry Water Exudation Expansion
Description Density Content Pressure Pressure
of Material (pcf) (%) (psi) (psf) R-Value
Gray Brown 82.6 34.4 215 74 8
Silty Clay
(CL-CH) 85.2 33.2 255 135 11
85.7 32.0 382 144 14
R-Value = 13 at Exudation pressure of 300 psi
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0
0 20 40 60 80 100 120
LIQUID LIMIT
. PR Plasticity Liquidity |Water Content] % Passing
Key Symbol | Boring No. | Depth (Feet) | Liquid Limit Index Index %) £200 Sieve USCS
o EB-10 4.0 43 30 0.2 20 74 CL
X EB-13 3.5 59 34 0.5 41 85 CH
A EB-6 14.5 64 47 0.7 48 92 CH
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CL-ML, e @ @
0
0 20 40 60 80 100 120
LIQUID LIMIT
. U Plasticity Liquidity |Water Content| % Passing
Key Symbol | Boring No. | Depth (Feet) | Liquid Limit Index Index %) 4200 Sieve USCS
® 20 14.5 46 32 0.7 35 86 CL
X 21 24.5 32 18 0.5 22 34 SC
A 23 29.5 32 19 0.8 28 54 ML
* 24 4.0 53 32 0.1 25 95 CH
® 24 14.0 45 30 0.5 30 91 CL
o] 24 19.5 29 16 04 20 41 CL
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U.S. SIEVE OPENING IN INCHES |
6 43 215 13412383 4 6

U.S.

SIEVE NUMBERS |

HYDROMETER

\élo 1416 59 30 49 50 70100749200
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. 3
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RV
10 f |
DAL
0 f s
100 10 1 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
Gravel Sand .
Cobbles Coarse | Fine Coarsel Medium l Fine Silt and Clay
K. Bori Depth | % Passing No. | % Passing No. .
Syn?l}:,ol I%r(l)x‘)g (Fe%t) ZSSSSIIilégve ° fs Ssilél\ge ° Sample Descsription USsCs
[ 20 54.5 12 75 Gray brown SAND, some gravel, trace clay SW/SC
X 21 24.5 39 Light brown SAND, some clay and silt SC
A 21 49.5 4 84 Gray brown SAND, some gravel SP
* 23 29.5 57 Light brown sandy SILT, some clay ML
® 24 19.0 24 100 Brown SAND, some clay SC
Lo 24 49.0 80 Light Brown Silty CLAY, some sand CL/ML
e FIGURE
GRO | GRADATION TEST DATA
- —— ' B-3
] ”. P s LAKEVILLE HIGHWAY WRF PROJECT
M. ST Petaluma, California PROJECT No.
3045_006.GPJ 3045.006
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/'/a"/.:——*i/j__.—*-——*
l/*,__-*—o‘*-——"
&2,500 A ‘/‘?’nﬁ 2
2
/ ]

1,500 ///f

1,000 / /
= 500 /
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Z
3 STRAIN (%)
p
g
=~
&l . Depth - Dry Density| Water Unconfined o
f Key Symbol| Boring (Feet) Sample Description (USCS) (pch) Content (%) | Strength (psf) Strain (%)
é @ 20 44.0 Very Light Brown Silty CLAY Some Sand (CL 112 19 4,195 14.1
g X 21 59.5 | Light brown silty CLAY, trace sand (CL) 114 17 3,006 15.2
g A 22 19.0 Gray Brown Silty CLAY, trace sand (CL) 99 23 2,274 15.0
é * 23 19.0 Dark Brown CLAY (CH/CL) 107 21 2,696 15.0
:
@ TPREFD BY:
i FIGURE
g UNCONFINED COMPRESSION TEST DATA
% APPD BY: B-4
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2 3045_006.GP) 3045.006




File Name: G\ENGINEER\GINTWIPROJECTS\3045 006.GP.J Report Template: UNCONFINED OQutput Date: 9/17/02

4,500
4,000 -
3,500 -
3,000
£2,500 a -/‘/
" /
[22]
[7.9]
2 /
= 2,000
” /
/ .
1,500 / s
k/k_“,___‘/"/*—/*/k‘i
500 /
0
0 2 4 6 8 10 12 14 16
STRAIN (%)
. Depth L. Dry Density;  Water Unconfined o
Key Symbol| Boring (Feet) Sample Description (USCS) (pch) Content (%) | Strength (psf) Strain (%)
® 24 29.0 Light Brown Silty CLAY (CL) 109 21 3,381 15.0
X 24 59.0 | Light Brown Silty CLAY (CL) 96 27 2,992 7.0
A 25 14.5 Gray Silty CLAY Trace Sand (CL) 100 21 1,597 15.0
* 25 34.0 Br & Gry Silty CLAY with Trace Sand (CL-MIL| 104 21 4,151 15.0
" JUNCONFINED COMPRESSION TEST DATA |_FIGURE
| B-5
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Key | Boring | Depth | Water Content (%) | Dry Density (pcf) Void Ratio Saturation (%) l\lé‘lf'léis-siragd Compr. [Recompr.
Symbol | No. | (Feet) | Initial | Final | Initidl | Final | Initial | Final | Initial | Final | (psf) [Index,Ceclindex,Cer|
® EB-2 | 18.0 | 924 | 56.2 | 47.6 | 67.0 | 2.541 | 1.516 | 98.2 | 100.1 ‘
o FIGURE
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Key | Boring | Depth | Water Content (%) | Dry Density (pcf) Void Ratio Saturation (%) [Max. Past! Compr. {Recompr.
- . Pressure
Symbol | No. | (Feet) | Initial | Final | Initial | Final | Initial | Final | Initial | Final | (psf) [Index,Ceclndex,Cer
o 23 14.0 | 292 | 24.0 | 86.5 | 102.3 | 0.949 | 0.648 | 83.1 | 100.1
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(%)
() BS-1&2 0.5 Gray brown silty CLAY, trace sand (CL-CH) 105 19 ASTM D1557 (B)
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Revised Geotechnical Investigation Report BSK Project No. GOO000075
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Site-Specific Ground Motion Hazard Analysis



Robert Pyke, Consulting Engineer

June 7, 2023

Cristiano Melo, PE, GE
BSK Associates

399 Lindbergh Avenue,
Livermore, CA 94551

Re: ECWRF Oxidation Ponds
Petaluma, CA

Site-Specific Ground Motions

Dear Cristiano,

At your request, | have developed site-specific ground motions for this site in accordance
with the provisions of Chapter 21 of ASCE 7-16. Based on the shear wave velocity
measurements made at the site using seismic cone penetration tests, the site is classified
as Site Class D.

The site is located in Sonoma County, CA with representative co-ordinates being latitude
38.2221 and longitude -122.5681. The site lies in an area of active seismicity and is close
to the Rogers Creek — Healdsburg fault.

In order to obtain site-specific ground motions for this site, | compared the appropriate
probabilistic and deterministic response spectra for Site Class D. | obtained the 2475-
year return period probabilistic spectrum using the USGS web site
https://earthquake.usgs.gov/hazards/interactive/. Details of the results for this
location are reproduced in Appendix A. The deterministic spectra were obtained using a
magnitude 7.22 earthquake on the Rogers Creek — Healdsburg fault at a distance of 5.16
km. This magnitude and distance were obtained from the de-aggregation of the seismic
hazard on the USGS site. | applied equal weighting of four of the five ground motion
prediction equations (GMPESs) (excluding that of Idriss) using the NGAWest2
spreadsheet which is downloadable from https://peer.berkeley.edu/peer-nga-west2-
research-program-releases-excel-file-five-horizontal-ground-motion-prediction. Risk
adjustment factors were obtained from the SEA/OSHPD web site
https://seismicmaps.org/ and the adjustment to “maximum direction” spectra was
made using the factors suggested by Shahi and Baker (2014). The results are shown in
Figure 1.

1310 Alma Avenue, No. W201, Walnut Creek, CA 94596
Telephone 925.323.7338 E-mail bobpyke@attglobal.net Web http://rpce.us
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Figure 1 — MCERr Ground Surface Response Spectra

As expected, the Rogers Creek - Healdsburg fault deterministic spectrum falls below the
probabilistic spectrum, and therefore governs.

Parameters for the standard code spectra for this site, obtained from the SEA/OSHPD
web site, are shown in the Appendix. The code minimum spectrum, which is 80% of the
standard code spectrum, is also shown in Figure 1. In accordance with Section 21.3 and
21.4 of ASCE 7-16, the site-specific design spectrum has a flat top with a spectral
acceleration that is 90% of the peak spectral acceleration of the governing site-specific
spectrum. The longer period arm of the design spectrum would normally be based the
spectral acceleration at a period of 1 second or greater, but in this case these values fall
below the code minimum values, so that the recommended design spectrum follows the
code minimum spectrum at longer periods. Figure 1 and Table 1 show only the MCEr
values, but the design values are simply two-thirds of these values.

The values of the parameters Sws and Smiare 1.69 g and 1.41 g and the values for Sps and
Spiarel.13gand 0.94 q.




PERIOD Sa
seconds [g]

0.01 0.68
0.02 0.84
0.03 0.91
0.05 1.07
0.08 1.30
0.1 1.46
0.13 1.69
0.2 1.69
0.35 1.69
0.5 1.69
0.6 1.69
0.75 1.69
0.83 1.69
1 1.41
1.5 0.94
2 0.70

3 0.47
4 0.35
5 0.28
7.5 0.19
10 0.14

Table 1 — Recommended MCERr Spectrum
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I would be happy to address any questions that you or the structural engineer might have.

Sincerely,

QDLM/L

Robert Pyke Ph.D., G.E.

e
|

Attachments:
Appendix — Outputs from SEA/OSHPD and USGS

Reference:

Shahi, S.K. and Baker, J.W., “NGA-West 2 Models for Ground Motion Directionality”,
Earthquake Spectra, Volume 30, No. 3, August 2014



Appendix

Outputs from SEA/OSHPD web site for Site Class D

and from USGS Seismic Hazard Tool



Petaluma Oxidation Ponds
Latitude, Longitude: 38.222148, -122.568094

Google

Date

Design Code Reference Document

Risk Category

Site Class

Type Value

Ss 1.847

S, 0.704

Sus 1.847

Sw1 null -See Section 11.4.8
Sps 1.231

Sp1 null -See Section 11.4.8
Type Value

SDC null -See Section 11.4.8
Fa 1

Fy null -See Section 11.4.8
PGA 0.777

Froa 1.1

PGAy, 0.854

T 8

SsRT 212

SsUH 2.361

SsD 1.847

S1RT 0.816

S1UH 0.913

S1D 0.704

PGAd 0.777

PGAyH 0.918

Cgrs 0.898

(9
‘e
Y,
4

>
>
<
&
A

6/6/2023, 3:14:17 PM
ASCE7-16
1l
D - Stiff Soil
Description
MCER ground motion. (for 0.2 second period)
MCER ground motion. (for 1.0s period)
Site-modified spectral acceleration value
Site-modified spectral acceleration value
Numeric seismic design value at 0.2 second SA
Numeric seismic design value at 1.0 second SA
Description
Seismic design category
Site amplification factor at 0.2 second
Site amplification factor at 1.0 second
MCEg peak ground acceleration
Site amplification factor at PGA
Site modified peak ground acceleration
Long-period transition period in seconds
Probabilistic risk-targeted ground motion. (0.2 second)
Factored uniform-hazard (2% probability of exceedance in 50 years) spectral acceleration
Factored deterministic acceleration value. (0.2 second)
Probabilistic risk-targeted ground motion. (1.0 second)
Factored uniform-hazard (2% probability of exceedance in 50 years) spectral acceleration.
Factored deterministic acceleration value. (1.0 second)
Factored deterministic acceleration value. (Peak Ground Acceleration)
Uniform-hazard (2% probability of exceedance in 50 years) Peak Ground Acceleration

Mapped value of the risk coefficient at short periods

Map data ©2023



Type Value Description

CR1 0.893 Mapped value of the risk coefficient at a period of 1 s

Cy 1.469 Vertical coefficient



U.S. Geological Survey - Earthquake Hazards Program

Unified Hazard Tool

Please do not use this tool to obtain ground motion parameter values for the design code
reference documents covered by the U.S. Seismic Design Maps web tools (e.g., the

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

applications are not identical.

Please also see the new USGS Earthquake Hazard Toolbox for access to the most recent NSHMs

for the conterminous U.S. and Hawaii.

A~ Input

Edition

Spectral Period

Dynamic: Conterminous U.S. 2014 (u...

Peak Ground Acceleration

Latitude Time Horizon

Decimal degrees Return period in years
38.2221 2475

Longitude

Decimal degrees, negative values for western longitudes

-122.5681

Site Class

259 m/s (Site class D)



https://earthquake.usgs.gov/hazards/designmaps/
https://earthquake.usgs.gov/nshmp/
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https://earthquake.usgs.gov/nshmp-haz-ws/hazard/E2014B/WUS/-122.5681/38.2221/any/259

~ Deaggregation

Component

Total
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Summary statistics for, Deaggregation: Total

Deaggregation targets

Return period: 2475 yrs
Exceedance rate: 0.0004040404 yr~'
PGA ground motion: 0.90464882 g

Totals

Binned: 100 %
Residual: 0%
Trace: 0.16 %

Mode (largest m-r bin)

m: 7.11

r: 5.39km

€: 1430
Contribution: 19.33 %

Discretization

r: min=0.0, max=1000.0, A=20.0 km
m: min=4.4,max=9.4,A=0.2
€ min=-3.0,max=3.0,A=0.50

Recovered targets

Return period: 3134.8346 yrs
Exceedance rate: 0.00031899609 yr'

Mean (over all sources)

m: 7.1
r: 7.46 km
€: 1550

Mode (largest m-r-z bin)

m: 7.51

r: 5.17 km

€: 1.230
Contribution: 17.69 %

Epsilon keys

€0:
€l:
€2:
€3:
€4:
€5:
€6:
€T:

0, -2.5)
2.5..-2.0)
2.0..-1.5)
1.5..-1.0)
1.0..-0.5)
0.5..0.0)
0.0..0.5)
0.5..1.0)
€8: [1.0..1.5)
€9: [1.5..2.0)
€10: [2.0..2.5)
€ll: [2.5.. +]

[
[
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[
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Deaggregation Contributors

Source Set L, Source

UC33brAvg_FM32
Rodgers Creek - Healdsburg [2]
Bennett Valley [0]
San Andreas (North Coast) [4]
Rodgers Creek - Healdsburg [1]

UC33brAvg_FM31
Rodgers Creek - Healdsburg [2]
San Andreas (North Coast) [4]
Bennett Valley [0]
Rodgers Creek - Healdsburg [1]

UC33brAvg_FM31 (opt)

UC33brAvg_FM32 (opt)

Type

System

System

Grid

Grid

5.16
7.07
27.84
5.30

5.16
27.84
7.07
5.30

7.22
6.49
7.94
7.04

7.23
7.94
6.48
7.05

€

1.37
1.85
2.33
1.45

1.37
2.33
1.85
1.45

lon

122.522°W
122.503°W
122.817°W
122.522°W

122.522°W
122.817°W
122.503°W
122.522°W

lat

38.250°N
38.259°N
38.066°N
38.251°N

38.250°N
38.066°N
38.259°N
38.251°N

az

52.08
54.15
231.55
52.11

52.08
231.55
54.15
52.11

%

46.98
35.64
341
3.08
1.89

46.11
35.54
3.07
3.06
1.79

3.44

3.44
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Important Information About This
Geotechnical-Engineering Report



Important nfoPmation ahou This
Geotechnical-Engineering Report

Subsurface problems are a principal cause of construction delays, cost overruns, claims, and disputes.

While you cannot eliminate all such risks, you can manage them. The following information is provided to help.

The Geoprofessional Business Association (GBA)
has prepared this advisory to help you —assumedly
aclient representative — interpret and apply this
geotechnical-engineering report as effectively as
possible. In that way, you can benefit from a lowered
exposure to problems associated with subsurface
conditions at project sites and development of

them that, for decades, have been a principal cause
of construction delays, cost overruns, claims,

and disputes. If you have questions or want more
information about any of the issues discussed herein,
contact your GBA-member geotechnical engineer.
Active engagement in GBA exposes geotechnical
engineers to a wide array of risk-confrontation
techniques that can be of genuine benefit for
everyone involved with a construction project.

Understand the Geotechnical-Engineering Services
Provided for this Report

Geotechnical-engineering services typically include the planning,
collection, interpretation, and analysis of exploratory data from

widely spaced borings and/or test pits. Field data are combined

with results from laboratory tests of soil and rock samples obtained
from field exploration (if applicable), observations made during site
reconnaissance, and historical information to form one or more models
of the expected subsurface conditions beneath the site. Local geology
and alterations of the site surface and subsurface by previous and
proposed construction are also important considerations. Geotechnical
engineers apply their engineering training, experience, and judgment
to adapt the requirements of the prospective project to the subsurface
model(s). Estimates are made of the subsurface conditions that

will likely be exposed during construction as well as the expected
performance of foundations and other structures being planned and/or
affected by construction activities.

The culmination of these geotechnical-engineering services is typically a
geotechnical-engineering report providing the data obtained, a discussion
of the subsurface model(s), the engineering and geologic engineering
assessments and analyses made, and the recommendations developed

to satisfy the given requirements of the project. These reports may be
titled investigations, explorations, studies, assessments, or evaluations.
Regardless of the title used, the geotechnical-engineering report is an
engineering interpretation of the subsurface conditions within the context
of the project and does not represent a close examination, systematic
inquiry, or thorough investigation of all site and subsurface conditions.

Geotechnical-Engineering Services are Performed
for Specific Purposes, Persons, and Projects,

and At Specific Times

Geotechnical engineers structure their services to meet the specific
needs, goals, and risk management preferences of their clients. A
geotechnical-engineering study conducted for a given civil engineer

N

will not likely meet the needs of a civil-works constructor or even a
different civil engineer. Because each geotechnical-engineering study
is unique, each geotechnical-engineering report is unique, prepared
solely for the client.

Likewise, geotechnical-engineering services are performed for a specific
project and purpose. For example, it is unlikely that a geotechnical-
engineering study for a refrigerated warehouse will be the same as

one prepared for a parking garage; and a few borings drilled during

a preliminary study to evaluate site feasibility will not be adequate to
develop geotechnical design recommendations for the project.

Do not rely on this report if your geotechnical engineer prepared it:

« for a different client;

o for a different project or purpose;

« for a different site (that may or may not include all or a portion of
the original site); or

o before important events occurred at the site or adjacent to it;
e.g., man-made events like construction or environmental
remediation, or natural events like floods, droughts, earthquakes,
or groundwater fluctuations.

Note, too, the reliability of a geotechnical-engineering report can

be affected by the passage of time, because of factors like changed
subsurface conditions; new or modified codes, standards, or
regulations; or new techniques or tools. If you are the least bit uncertain
about the continued reliability of this report, contact your geotechnical
engineer before applying the recommendations in it. A minor amount
of additional testing or analysis after the passage of time - if any is
required at all - could prevent major problems.

Read this Report in Full

Costly problems have occurred because those relying on a geotechnical-
engineering report did not read the report in its entirety. Do_not rely on
an executive summary. Do not read selective elements only. Read and
refer to the report in full.

You Need to Inform Your Geotechnical Engineer
About Change
Your geotechnical engineer considered unique, project-specific factors
when developing the scope of study behind this report and developing
the confirmation-dependent recommendations the report conveys.
Typical changes that could erode the reliability of this report include
those that affect:
o the site’s size or shape;
« the elevation, configuration, location, orientation,
function or weight of the proposed structure and
the desired performance criteria;
« the composition of the design team; or
o project ownership.

As a general rule, always inform your geotechnical engineer of project
or site changes — even minor ones — and request an assessment of their
impact. The geotechnical engineer who prepared this report cannot accept/




responsibility or liability for problems that arise because the geotechnical
engineer was not informed about developments the engineer otherwise
would have considered.

Most of the “Findings” Related in This Report

Are Professional Opinions

Before construction begins, geotechnical engineers explore a site’s
subsurface using various sampling and testing procedures. Geotechnical
engineers can observe actual subsurface conditions only at those specific
locations where sampling and testing is performed. The data derived from
that sampling and testing were reviewed by your geotechnical engineer,
who then applied professional judgement to form opinions about
subsurface conditions throughout the site. Actual sitewide-subsurface
conditions may differ — maybe significantly - from those indicated in
this report. Confront that risk by retaining your geotechnical engineer
to serve on the design team through project completion to obtain
informed guidance quickly, whenever needed.

This Report’s Recommendations Are
Confirmation-Dependent

The recommendations included in this report - including any options or
alternatives — are confirmation-dependent. In other words, they are not
final, because the geotechnical engineer who developed them relied heavily
on judgement and opinion to do so. Your geotechnical engineer can finalize
the recommendations only after observing actual subsurface conditions
exposed during construction. If through observation your geotechnical
engineer confirms that the conditions assumed to exist actually do exist,
the recommendations can be relied upon, assuming no other changes have
occurred. The geotechnical engineer who prepared this report cannot assume
responsibility or liability for confirmation-dependent recommendations if you
fail to retain that engineer to perform construction observation.

This Report Could Be Misinterpreted
Other design professionals’ misinterpretation of geotechnical-
engineering reports has resulted in costly problems. Confront that risk
by having your geotechnical engineer serve as a continuing member of
the design team, to:

« confer with other design-team members;

o help develop specifications;

o review pertinent elements of other design professionals’ plans and

specifications; and
o be available whenever geotechnical-engineering guidance is needed.

You should also confront the risk of constructors misinterpreting this
report. Do so by retaining your geotechnical engineer to participate in
prebid and preconstruction conferences and to perform construction-
phase observations.

Give Constructors a Complete Report and Guidance
Some owners and design professionals mistakenly believe they can shift
unanticipated-subsurface-conditions liability to constructors by limiting
the information they provide for bid preparation. To help prevent

the costly, contentious problems this practice has caused, include the
complete geotechnical-engineering report, along with any attachments
or appendices, with your contract documents, but be certain to note

GET.

conspicuously that you've included the material for information purposes
only. To avoid misunderstanding, you may also want to note that
“informational purposes” means constructors have no right to rely on
the interpretations, opinions, conclusions, or recommendations in the
report. Be certain that constructors know they may learn about specific
project requirements, including options selected from the report, only
from the design drawings and specifications. Remind constructors
that they may perform their own studies if they want to, and be sure to
allow enough time to permit them to do so. Only then might you be in
a position to give constructors the information available to you, while
requiring them to at least share some of the financial responsibilities
stemming from unanticipated conditions. Conducting prebid and
preconstruction conferences can also be valuable in this respect.

Read Responsibility Provisions Closely

Some client representatives, design professionals, and constructors do
not realize that geotechnical engineering is far less exact than other
engineering disciplines. This happens in part because soil and rock on
project sites are typically heterogeneous and not manufactured materials
with well-defined engineering properties like steel and concrete. That
lack of understanding has nurtured unrealistic expectations that have
resulted in disappointments, delays, cost overruns, claims, and disputes.
To confront that risk, geotechnical engineers commonly include
explanatory provisions in their reports. Sometimes labeled “limitations,”
many of these provisions indicate where geotechnical engineers’
responsibilities begin and end, to help others recognize their own
responsibilities and risks. Read these provisions closely. Ask questions.
Your geotechnical engineer should respond fully and frankly.

Geoenvironmental Concerns Are Not Covered

The personnel, equipment, and techniques used to perform an
environmental study - e.g., a “phase-one” or “phase-two” environmental
site assessment — differ significantly from those used to perform a
geotechnical-engineering study. For that reason, a geotechnical-engineering
report does not usually provide environmental findings, conclusions, or
recommendations; e.g., about the likelihood of encountering underground
storage tanks or regulated contaminants. Unanticipated subsurface
environmental problems have led to project failures. If you have not
obtained your own environmental information about the project site,

ask your geotechnical consultant for a recommendation on how to find
environmental risk-management guidance.

Obtain Professional Assistance to Deal with

Moisture Infiltration and Mold

While your geotechnical engineer may have addressed groundwater,
water infiltration, or similar issues in this report, the engineer’s
services were not designed, conducted, or intended to prevent
migration of moisture - including water vapor - from the soil
through building slabs and walls and into the building interior, where
it can cause mold growth and material-performance deficiencies.
Accordingly, proper implementation of the geotechnical engineer’s
recommendations will not of itself be sufficient to prevent

moisture infiltration. Confront the risk of moisture infiltration by
including building-envelope or mold specialists on the design team.
Geotechnical engineers are not building-envelope or mold specialists.
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Conceptual Grading Plans for
New Sodium Hypochlorite Storage Tanks
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APPENDIX C

Important Information About This
Geotechnical-Engineering Report



Important nfoPmation ahou This
Geotechnical-Engineering Report

Subsurface problems are a principal cause of construction delays, cost overruns, claims, and disputes.

While you cannot eliminate all such risks, you can manage them. The following information is provided to help.

The Geoprofessional Business Association (GBA)
has prepared this advisory to help you —assumedly
aclient representative — interpret and apply this
geotechnical-engineering report as effectively as
possible. In that way, you can benefit from a lowered
exposure to problems associated with subsurface
conditions at project sites and development of

them that, for decades, have been a principal cause
of construction delays, cost overruns, claims,

and disputes. If you have questions or want more
information about any of the issues discussed herein,
contact your GBA-member geotechnical engineer.
Active engagement in GBA exposes geotechnical
engineers to a wide array of risk-confrontation
techniques that can be of genuine benefit for
everyone involved with a construction project.

Understand the Geotechnical-Engineering Services
Provided for this Report

Geotechnical-engineering services typically include the planning,
collection, interpretation, and analysis of exploratory data from

widely spaced borings and/or test pits. Field data are combined

with results from laboratory tests of soil and rock samples obtained
from field exploration (if applicable), observations made during site
reconnaissance, and historical information to form one or more models
of the expected subsurface conditions beneath the site. Local geology
and alterations of the site surface and subsurface by previous and
proposed construction are also important considerations. Geotechnical
engineers apply their engineering training, experience, and judgment
to adapt the requirements of the prospective project to the subsurface
model(s). Estimates are made of the subsurface conditions that

will likely be exposed during construction as well as the expected
performance of foundations and other structures being planned and/or
affected by construction activities.

The culmination of these geotechnical-engineering services is typically a
geotechnical-engineering report providing the data obtained, a discussion
of the subsurface model(s), the engineering and geologic engineering
assessments and analyses made, and the recommendations developed

to satisfy the given requirements of the project. These reports may be
titled investigations, explorations, studies, assessments, or evaluations.
Regardless of the title used, the geotechnical-engineering report is an
engineering interpretation of the subsurface conditions within the context
of the project and does not represent a close examination, systematic
inquiry, or thorough investigation of all site and subsurface conditions.

Geotechnical-Engineering Services are Performed
for Specific Purposes, Persons, and Projects,

and At Specific Times

Geotechnical engineers structure their services to meet the specific
needs, goals, and risk management preferences of their clients. A
geotechnical-engineering study conducted for a given civil engineer

N

will not likely meet the needs of a civil-works constructor or even a
different civil engineer. Because each geotechnical-engineering study
is unique, each geotechnical-engineering report is unique, prepared
solely for the client.

Likewise, geotechnical-engineering services are performed for a specific
project and purpose. For example, it is unlikely that a geotechnical-
engineering study for a refrigerated warehouse will be the same as

one prepared for a parking garage; and a few borings drilled during

a preliminary study to evaluate site feasibility will not be adequate to
develop geotechnical design recommendations for the project.

Do not rely on this report if your geotechnical engineer prepared it:

« for a different client;

o for a different project or purpose;

« for a different site (that may or may not include all or a portion of
the original site); or

o before important events occurred at the site or adjacent to it;
e.g., man-made events like construction or environmental
remediation, or natural events like floods, droughts, earthquakes,
or groundwater fluctuations.

Note, too, the reliability of a geotechnical-engineering report can

be affected by the passage of time, because of factors like changed
subsurface conditions; new or modified codes, standards, or
regulations; or new techniques or tools. If you are the least bit uncertain
about the continued reliability of this report, contact your geotechnical
engineer before applying the recommendations in it. A minor amount
of additional testing or analysis after the passage of time - if any is
required at all - could prevent major problems.

Read this Report in Full

Costly problems have occurred because those relying on a geotechnical-
engineering report did not read the report in its entirety. Do_not rely on
an executive summary. Do not read selective elements only. Read and
refer to the report in full.

You Need to Inform Your Geotechnical Engineer
About Change
Your geotechnical engineer considered unique, project-specific factors
when developing the scope of study behind this report and developing
the confirmation-dependent recommendations the report conveys.
Typical changes that could erode the reliability of this report include
those that affect:
o the site’s size or shape;
« the elevation, configuration, location, orientation,
function or weight of the proposed structure and
the desired performance criteria;
« the composition of the design team; or
o project ownership.

As a general rule, always inform your geotechnical engineer of project
or site changes — even minor ones — and request an assessment of their
impact. The geotechnical engineer who prepared this report cannot accept/




responsibility or liability for problems that arise because the geotechnical
engineer was not informed about developments the engineer otherwise
would have considered.

Most of the “Findings” Related in This Report

Are Professional Opinions

Before construction begins, geotechnical engineers explore a site’s
subsurface using various sampling and testing procedures. Geotechnical
engineers can observe actual subsurface conditions only at those specific
locations where sampling and testing is performed. The data derived from
that sampling and testing were reviewed by your geotechnical engineer,
who then applied professional judgement to form opinions about
subsurface conditions throughout the site. Actual sitewide-subsurface
conditions may differ — maybe significantly - from those indicated in
this report. Confront that risk by retaining your geotechnical engineer
to serve on the design team through project completion to obtain
informed guidance quickly, whenever needed.

This Report’s Recommendations Are
Confirmation-Dependent

The recommendations included in this report - including any options or
alternatives — are confirmation-dependent. In other words, they are not
final, because the geotechnical engineer who developed them relied heavily
on judgement and opinion to do so. Your geotechnical engineer can finalize
the recommendations only after observing actual subsurface conditions
exposed during construction. If through observation your geotechnical
engineer confirms that the conditions assumed to exist actually do exist,
the recommendations can be relied upon, assuming no other changes have
occurred. The geotechnical engineer who prepared this report cannot assume
responsibility or liability for confirmation-dependent recommendations if you
fail to retain that engineer to perform construction observation.

This Report Could Be Misinterpreted
Other design professionals’ misinterpretation of geotechnical-
engineering reports has resulted in costly problems. Confront that risk
by having your geotechnical engineer serve as a continuing member of
the design team, to:

« confer with other design-team members;

o help develop specifications;

o review pertinent elements of other design professionals’ plans and

specifications; and
o be available whenever geotechnical-engineering guidance is needed.

You should also confront the risk of constructors misinterpreting this
report. Do so by retaining your geotechnical engineer to participate in
prebid and preconstruction conferences and to perform construction-
phase observations.

Give Constructors a Complete Report and Guidance
Some owners and design professionals mistakenly believe they can shift
unanticipated-subsurface-conditions liability to constructors by limiting
the information they provide for bid preparation. To help prevent

the costly, contentious problems this practice has caused, include the
complete geotechnical-engineering report, along with any attachments
or appendices, with your contract documents, but be certain to note

GET.

conspicuously that you've included the material for information purposes
only. To avoid misunderstanding, you may also want to note that
“informational purposes” means constructors have no right to rely on
the interpretations, opinions, conclusions, or recommendations in the
report. Be certain that constructors know they may learn about specific
project requirements, including options selected from the report, only
from the design drawings and specifications. Remind constructors
that they may perform their own studies if they want to, and be sure to
allow enough time to permit them to do so. Only then might you be in
a position to give constructors the information available to you, while
requiring them to at least share some of the financial responsibilities
stemming from unanticipated conditions. Conducting prebid and
preconstruction conferences can also be valuable in this respect.

Read Responsibility Provisions Closely

Some client representatives, design professionals, and constructors do
not realize that geotechnical engineering is far less exact than other
engineering disciplines. This happens in part because soil and rock on
project sites are typically heterogeneous and not manufactured materials
with well-defined engineering properties like steel and concrete. That
lack of understanding has nurtured unrealistic expectations that have
resulted in disappointments, delays, cost overruns, claims, and disputes.
To confront that risk, geotechnical engineers commonly include
explanatory provisions in their reports. Sometimes labeled “limitations,”
many of these provisions indicate where geotechnical engineers’
responsibilities begin and end, to help others recognize their own
responsibilities and risks. Read these provisions closely. Ask questions.
Your geotechnical engineer should respond fully and frankly.

Geoenvironmental Concerns Are Not Covered

The personnel, equipment, and techniques used to perform an
environmental study - e.g., a “phase-one” or “phase-two” environmental
site assessment — differ significantly from those used to perform a
geotechnical-engineering study. For that reason, a geotechnical-engineering
report does not usually provide environmental findings, conclusions, or
recommendations; e.g., about the likelihood of encountering underground
storage tanks or regulated contaminants. Unanticipated subsurface
environmental problems have led to project failures. If you have not
obtained your own environmental information about the project site,

ask your geotechnical consultant for a recommendation on how to find
environmental risk-management guidance.

Obtain Professional Assistance to Deal with

Moisture Infiltration and Mold

While your geotechnical engineer may have addressed groundwater,
water infiltration, or similar issues in this report, the engineer’s
services were not designed, conducted, or intended to prevent
migration of moisture - including water vapor - from the soil
through building slabs and walls and into the building interior, where
it can cause mold growth and material-performance deficiencies.
Accordingly, proper implementation of the geotechnical engineer’s
recommendations will not of itself be sufficient to prevent

moisture infiltration. Confront the risk of moisture infiltration by
including building-envelope or mold specialists on the design team.
Geotechnical engineers are not building-envelope or mold specialists.
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ELLIS CREEK CHEMICAL SYSTEM UPGRADE PROJECT — PHASE 1
CITY PROJECT NO: C66501840

PRE-BID MEETING SIGN IN SHEET

Date: June 20, 2024 Time: 10:00am
Ir ~ Name l _Ofgéni_ié'tion ]_ ‘Role ] ‘ContactNo. |  Email _l Signature =
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