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Recap of Requests from BCDC for ECRB

— Conduct site specific borings / cone penetration tests and associated analysis of the P2-12/
P2-13 berms

— Provide site-specific surveys and cross-sections of the berms
— History of P2-12 and P2-13 berm maintenance
— Static and seismic stability analysis

— Ecological and human development risk analysis based on expected performance of berms
during various earthquake scenarios

— Updated sea level rise assessment
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Background

« Cargill prepared a SLR Assessment in 2020/2021 to support its long-term
operations and BCDC 10-year O&M permit renewal

* Assessment included:
« Mapping of shoreline and inland berms and assets
« Evaluation of SLR impacts through 2100
* |dentification of berm segments vulnerable to storm tide overtopping

* Vulnerability and risk assessment for Cargill assets, operations, and
environment

« Conceptual phased SLR adaptation approach and adaptation considerations

 December 2022 — BCDC requested that Cargill evaluate impacts of wave runup
and overtopping with SLR on bayfront berms based on request from ECRB

E)\ aecom.com



Purpose of Wave Runup and Overtopping Assessment

* Prior SLR assessment focused on impacts of high tide and “storm tide”
overtopping of berms

« Evaluate effects of wave runup and overtopping on Cargill’'s berms for existing
and future conditions with SLR

« Wave runup and overtopping metrics evaluated and mapped spatially for each
SLR scenario:

« Duration of berm toe exceedance & wave height >1 ft (average hours per
year)

* Frequency of berm crest overtopping (return period storm event)

» Results will help Cargill identify berm segments that may experience increased
exposure to wave impacts due to SLR

E)\ aecom.com



Approach Overview

[ | |
Berm

profile

(1) Wave analysis (2) Topo/bathy profile (3) Assign representative

transect layout extraction & feature 1D transect to each berm
segment
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(4) Compile water level (5) Calculate TWL (6) Tabulate berm
& wave model output data hindcast & perform exposure metrics &

statistical analysis map the results @ aecom.com
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Transect Layout
Newark Ponds

| Coyéte Hills
9Regiona| Park

Transect placement
considers:

Shoreline
orientation

Wave exposure
Marsh width

Armored VS. m — Transects
Armored shoreline

unarmored

shoreline

DHI Model Output Points

Berm Category

Bayfront
Inland
Sheltered

Each transect paired
with model output
point.

500 1,000
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Transect Layout
Redwood City Ponds

e Wave &
Transect placement Y — X |

A / points

considers:

« Shoreline
orientation

 Wave exposure

« Marsh width
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Transect
Assignment to
Berm Segments

Shoreline subdivided
Into segments

Average crest
elevation calculated
for each transect

— Transects

EaCh Seg m e nt & . Armored shoreline

1 / : > Unarmored shoreline
aSS|g ned a . ——— Crest segments division
representative wave
analysis transect

(0] 500 1,000
A Feet
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Transect
Assignment to
Berm Segments

Shoreline subdivided
Into segments

Average crest
elevation calculated
for each transect

— Transects

Each segment A —

assigned a S5 s
representative wave -
analysis transect o gl
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@ aecom.com



Calculating Wave Runup (Total Water Level) on Cargill Berms

Astronomical tide (predicted tide): +6 to 8 ft

Surge components: atmospheric pressure, wind setup, El Nifo effects: +1 to 3 ft
Wave components: wave setup + wave runup: +2 to 5 ft

Extreme TWL events: +10 to 15 ft NAVDS88

Terminology

Stillwater Level: SWL = Tide + surge

Dynamic Water Level: DWL = SWL + setup
Total Water Level: TWL = SWL + setup + runup

Overtopping

Total WaterLeve| - ————«——+—-—+—+-"—+""o oo o - — — — — — — — — — — — — —— — — Pttt
/
/

Wave /

Pond

Berm Toe
e I/ s Future Conditions:
— SWLg .= SWL + SLR

Mud Flat

Note: Conceptual schematic. Berm and marsh not shown to scale.
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Bayfront Berm
Typical Section

DRAWING IS PRESENTED TO SCALE, BUT HAS BEEN “STRETCHED” VERTICALLY FOR CLARITY OF DETAIL

20 20
—a+——— POND (MSS 3) ADJACENT AREAS *—
15 BAY TIDAL WATERS
BERM CREST (ACCESS ROAD) I MEAN HIGHER HIGH WATER
ELEV. 114 TO 123 FT _\ SR . HIGE':I"\';'V"/LV_;’ER- 8.20FT
?; MSS SURFACE SIDE SLAPES = 7 SIDE SLQPES (MHW) = 757 FT
i ELEV. RANGE 8.6 TO 9.1 FT — )
£ (SEE NOTE 6) (SEE NOTE 6)
< 10 DENSIFIED FILL 10
S / \
©
E MIXED SEA SALTS 4 ,
(NN}
\\
5— —5
EXISTING GRADE YOUNG BAY MUD (10-15 FT THICK)
OLD BAY MUD
0 0
0 20 40 60 80 100 120 140 160 180 200 220 240
Horizontal Distance in Feet
5x Vertical Exaggeration
NOTES:
1. Horizontal datum: California state plane, Zone Ill, North 3. MSS = Mixed Sea Salts
American Datum of 1983 (NAD83), U.S. survey feet 4. Adjacent areas include San Francisco Bay waters, marshlands, Plummer Creek, and related tributary creeks
2. Vertical datum: National Geodetic Vertical Datum of 1929 5. MHH = Mean Higher High Water
(NGVD29) 6. Berm side slopes range from 2H:1V to 2.5H:1V
Publish Date: 2023/06/23 9:32 AM | User: psciaba
Filepath: K:\Projects\2168-Cargill Salt\Brine Ditch Improvements\2168-RP-003 Conceptual Cross Section.dwg Figure 1
ANCHOR Figure 1
QEA EEE Representative Cross-Section of Typical Berm
Cargill Salt
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Total Water Level Hindcast

TWL Hindcast and Annual Maxima at Transect 2

54_year SWL& 16 — 1 T T T T T T T T T T T T T T T 1 —
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TWL =SWL +
wave setup +
runup

Total Water Level (ft NAVD88)

TWL analysis
repeated for
each SLR )
scenario:
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Total Water Level Hindcast Perform statistical analysis of annual max

events to estimate extreme TW.Ls (i.e., return
period storm) at each transect.

» TWL return period storms estimated from 1-yr
to 500-yr event.

» Estimate return period TWL that would result
in berm crest overtopping for each segment.

Tabulate average annual hours of berm toe
exceedance with wave height > 1ft for each
transect.

Example results for 10-yr TWL event (ft NAVD8S8):

m

2= PRGN 10.4 11.8 13.1 16.7
fo N SO | 4 NN 16 12.7 13.2 13.7 15.7

vl P ) 23 1.1 11.9 12.5 13.7

i Nglio 500 1,000
A [ —
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A
&4 Cargill Sea Level Rise Study

; Wave Runup Analysis

Frequency of berm
Frequent (< 2-yr RP) crest ove rtoppi ng

- Moderate (2 to 10-yr RP)

Rare (10 to 100-yr RP) Newark Ponds

Very Rare (> 100-yr RP)

Not modeled P I a nt 1

£ Armored shoreline

/L .
Cargill Return period TWL
we: s et excecaionce wceted 55 ve | @VENT that would

return period total water level event that would
overtop each berm segment crest (approximately

& & -
o e e o e s el FAGUIE TN berm crest

statistical analysis of a 54-year hindcast of total

water level conditions at 48 wave analysis -
transects placed along Cargill's Newark and Ove rtopplng.

204 Redwood City shorelines.

}N\ 0 1,250 2,500 5,000

I T oot

Projection: N'/:AI% 51323 3State Plane California III C h a ra Cte ri Zed
MAP INDEX qualitatively as “very
rare” (>100-yr) to

“frequent” (<2-yr).

&

Redwood C'ﬁy

F’?Ié—;&lio‘
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Cargill Sea Level Rise Study
Wave Runup Analysis

Berm Crest Exceedance
Frequent (< 2-yr RP)

Moderate (2 to 10-yr RP)
Rare (10 to 100-yr RP)
- Very Rare (> 100-yr RP)

Not modeled
£ Armored shoreline

Cargill

Note: Berm crest exceedance calculated as the
return period total water level event that would
overtop each berm segment crest (approximately
300 feet in length) for each sea level rise
scenario. Berm crest exceedance based on
statistical analysis of a 54-year hindcast of total
water level conditions at 48 wave analysis
transects placed along Cargill's Newark and
Redwood City shorelines.

)N\ 0 2,000 4,000 8,000

I T oot

| Projection: NAD 1983 State Plane California III

FIPS 0403

N

MAP INDEX
v Frem
‘0

/

ateo

Redwood-City.

P§|6-Alto

Frequency of berm
crest overtopping
Newark Ponds
Plant 2

Return period TWL
event that would
result in berm crest
overtopping.

Characterized
qualitatively as “very
rare” (>100-yr) to
“frequent” (<2-yr).

@ aecom.com



Grecol/sland,

Grecol/sland,

Grecoylsland;

Grecoylsland;

Cargill Sea Level Rise Study
Wave Runup Analysis

Berm Crest Exceedance
Frequent (< 2-yr RP)
Moderate (2 to 10-yr RP)
Rare (10 to 100-yr RP)
Very Rare (> 100-yr RP)

Not modeled
£ Armored shoreline

Cargill

Note: Berm crest exceedance calculated as the
return period total water level event that would
overtop each berm segment crest (approximately
300 feet in length) for each sea level rise

_ | scenario. Berm crest exceedance based on

statistical analysis of a 54-year hindcast of total
water level conditions at 46 wave analysis
transects placed along Cargill's Newark and
Redwood City shorelines.

iy 0 5001,000 2,000

I T Fcct

Projection: NAD 1983 State Plane California IIT
FIPS 0403

N
MAP INDEX

ateo

1 Redwood* C|ty$/ﬁ

Palo Alto

........

FE®©

Frequency of berm
crest overtopping
Redwood City
Ponds

Return period TWL
event that would
result in berm crest
overtopping.

Characterized
qualitatively as “very
rare” (>100-yr) to
“frequent” (<2-yr).
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: A
e, Cargill Sea Level Rise Study
3 : Wave Runup Analysis

'| Berm Toe Exceedance

Pae

Very Frequent (> 365 hr/yr)
Frequent (52 to 365 hr/yr)

- Moderate (12 to 52 hr/yr)
Rare (1 to 12 hr/yr)
Very Rare (< 1 hr/yr)

Not modeled
XXX] Armored shoreline

Cargill

Note: Berm toe exceedance calculated for each
berm segment (approximately 300 feet in length)
as the average annual hours of water level
exceedance of the berm toe with wave height
greater than 1 foot for each sea level rise
scenario. Berm toe exceedance calculated based
on analysis of a 54-year hindcast of water level
and wave conditions at 48 wave analysis
transects placed along Cargill's Newark and

48 Redwood City shorelines.

N 0 1,250 2,500 5,000
A I T Fcct

Projection: NAD 1983 State Plane California III
FIPS 0403

MAP INDEX

&

Redwood C'ﬁy

F’?Ié—;&lio‘

Frequency of berm
toe exceedance
Newark Ponds
Plant 1

Average annual
number of hours
where TWL exceeds
berm toe and wave
height >1 ft.

Characterized
qualitatively as “very
rare” (<1 hr/yr) to
“very frequent” (>365
hr/yr).
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Cargill Sea Level Rise Study
Wave Runup Analysis

Berm Toe Exceedance
Very Frequent (> 365 hr/yr)

Frequent (52 to 365 hr/yr)
Moderate (12 to 52 hr/yr)
Rare (1 to 12 hr/yr)

Very Rare (< 1 hr/yr)

Not modeled
XXX] Armored shoreline

Cargill

Note: Berm toe exceedance calculated for each
berm segment (approximately 300 feet in length)
as the average annual hours of water level
exceedance of the berm toe with wave height
greater than 1 foot for each sea level rise

on analysis of a 54-year hindcast of water level
and wave conditions at 48 wave analysis
transects placed along Cargill's Newark and
Redwood City shorelines.

- )\i 0 2,000 4,000 8,000

I T oot

| Projection: NAD 1983 State Plane California III
FIPS 0403

N
MAP INDEX

/

ateo

Redwood-City.

P§|6-Alto

Frequency of berm
toe exceedance
Newark Ponds
Plant 2

Average annual
number of hours
where TWL exceeds
berm toe and wave
height >1 ft.

Characterized
qualitatively as “very
rare” (<1 hr/yr) to
“very frequent” (>365
hr/yr).
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Grecol/sland,

Grecol/sland,

Cargill Sea Level Rise Study
Overtopping Analysis

4 e Berm Toe Exceedance
A Grecoylsland;
Very Frequent (> 365 hr/yr)

Frequent (52 to 365 hr/yr)
Moderate (12 to 52 hr/yr)
Rare (1 to 12 hr/yr)

Very Rare (< 1 hr/yr)

Not modeled
XXX] Armored shoreline

Cargill

Note: Berm toe exceedance calculated for each
berm segment (approximately 300 feet in length)
as the average annual hours of water level
exceedance of the berm toe with wave height
greater than 1 foot for each sea level rise
scenario. Berm toe exceedance calculated based
on analysis of a 54-year hindcast of water level
and wave conditions at 48 wave analysis
transects placed along Cargill's Newark and
Redwood City shorelines.

N 0 5001000 2,000

N T et

Projection: NAD 1983 State Plane California IIT
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N
MAP INDEX
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1 Redwood* C|ty$/ﬁ

P§|o Alto

........

FE®©

Frequency of berm
toe exceedance
Redwood City
Ponds

Average annual
number of hours
where TWL exceeds
berm toe and wave
height >1 ft.

Characterized
qualitatively as “very
rare” (<1 hr/yr) to
“very frequent” (>365
hr/yr).

@ aecom.com
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Static and Seismic

Stability Evaluation of ~ FSSS .
Berms P2-12 and P2-13, Eaaa
Cargill Salt Ponds

Presented to BCDC ECRB, San
Francisco

Presented by Michael Whelan, PE;
Andrew Barrett;: and Cole Bales

August 30, 2023
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Overview of Berm Stability Analysis Presentation

e Site overview, Ponds P2-12 and P2-13
 Available site and subsurface information
* Berm cross-sectional geometry
 Subsurface conditions and water levels

o Static stability results

 Selection of “design-level” seismic event
 Seismic stability results

* Proposed additional explorations

ANCHOR
QEA =S
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P2-12 and P2-13 Area of Analysis

- Sy ~N . LA e e

ANCHOR
QEA =S
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verview of
xisting
eotechnical
ata in
Region
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Legend

B
@
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Pumps
Locks

Redwood City Maintenance Pond
Multipurpose Ditch Intake
Stockpile Location

Berms

Brine Pipeling

Siphon

Pipeling

System Ponds

Existing geotechnical information - refer to
indicated Appendices



Berm Characteristics

« Berms originally constructed
using adjoining soils,
compacted (densified berm
fill)

« Wider than they are tall

 Flat upper surface

« Berms are graded for vehicle
access

« Qutboard side adjoined by
marsh or tidal water areas

28
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Key Geotechnical Conditions

* Berms at ponds P2-12 and P2-13 were analyzed per BCDC request
* December 20, 2022 letter from BCDC ECRB

« Item 4a: Conduct a static condition assessment of the berms to analyze the influence of daily
operations, routine tides, and seepage on berm stabllity.

« Item 5a: Conduct a seismic risk assessment to analyze and describe performance of the berms
under a range of earthquake scenarios, including smaller earthquakes up to a maximum
credible earthquake. Analyze any expected damage that may occur, and any expected
associated release of MSS [Mixed Sea Salt] material into the environment. For each earthquake
scenario, please also analyze that earthquake occurring simultaneously with a Base Flood
Event (BFE). We understand this would be unlikely, but it is important to understand a full
range of scenarios, including the worst-case scenarios, particularly given the potential
ecological risks associated with a substantial breach and release of MSS material into the Bay.

ANCHOR
QEA =S
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Key Geotechnical Conditions

« Numerous geotechnical investigations have been performed over the last
20 years around South San Francisco Bay area and Cargill facilities

— Provide understanding of conditions and berm performance and stability implications

 Salt pond berms at Cargill have demonstrated long term integrity and
stability for over a century
— Berms at P2-12 and P2-13 have withstood over 50 years’ worth of seismic events

 Carqill performs routine maintenance, which includes keying, rip rap, and
grading
— Minimum amount and extents needed to maintain berm protectiveness against
natural erosion

ANCHOR
QEA =S
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Available Geotechnical Information at Ponds

* 24 borings to depths
of 11 to 16 feet

« 2 borings at NE corner
to depths of over 80
feet

* 43 cone penetration
tests (CPTs), many
with hydraulic
profiling tool

ANCHOR
QEA =S
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Subsurface Conditions

Three basic soil units underlie the ponds
» Densified Fill (composes the berms)

» Represents original reuse of trenched bay muds to create
berms

* Young Bay Mud overlying Old Bay Mud which are prevalent
throughout the region

ANCHOR
QEA =S
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Elevation in Feet

20

15

10

Berm Cross Section

DRAWING IS PRESENTED TO SCALE, BUT HAS BEEN “STRETCHED” VERTICALLY FOR CLARITY OF DETAIL

~—— POND (MSS°) ADJACENT AREAS &+ — e
BAY TIDAL WATERS
BERM CREST (ACCESS ROAD) i MEAN HIGHER HIGH WATER
ELEV. 114 TO 12.3 FT _\ SUG“;:“é'E‘G MEAN HIéh"‘t‘q‘L“T"g; 8.20FT
MSS SURFACE SIDE SLAPES —~ = SIDE SLQPES (MHW) = 7.57 FT
ELEV. RANGE 8.6 TO 9.1 FT -
] (SEE NOTE 6) (SEE NOTE 6) | |
i ~ 7~ DENSIFIEDFILL \
MIXED SEA SALTS -
\—— EXISTING GRADE YOUNG BAY MUD (10-15 FT THICK)
OLD BAY MUD
20 40 60 80 100 120 140 160 180 200 220 240

Horizontal Distance in Feet
5x Vertical Exaggeration
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Elevation in Feet

20

15

10

Berm Cross Section with “Keyed” Interior

DRAWING IS PRESENTED TO SCALE, BUT HAS BEEN “STRETCHED” VERTICALLY FOR CLARITY OF DETAIL

- POND (MSS°)

MIXED SEA SALTS

SIDE SLd
(SEE NO

PES
TE 6)

ADJACENT AREAS - M.

BAY TIDAL WATERS

MEAN HIGHER HIGH WATER
(MHHW) = 8.20 FT

MEAN HIGH WATER

(MHW) = 7.57 FT

BERM CREST (ACCESS ROAD) I

ELEV. 114 TO 123 FT \ SUG“;: é’:G
MSS SURFACE SIDE SLOPES i, ——
ELEV. RANGE 8.6 TO 9.1 FT —] SEE KEIE

AN

“KEYING" F
EXCAVATED
COMPA

ERFORMED IN BERM —
AND BACKFILLED WITH
CTED IMPORTED FILL

\—— EXISTING GRADE

YOUNG BAY

MUD (10-15 FT THICK)

OoLD

BAY MUD

20 40

60 80 100 120

140

Horizontal Distance in Feet
5x Vertical Exaggeration
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Examples of Relevant Subsurface Logs

Note the
continuous
presence of silt
and clay
materials in
these example
logs

No distinct sand
layers noted

BORING NUMBER B-9

Berlogar Stevens & Associates
PAGE 1 OF 1

5587 Sunol Boulevard
Pleasanton, CA 94566

CLIENT Cargil 2alt “PRIVILEGED AND CONFIDENTIAL DOCLUIMENT* PROJECT NAME Levan Study

PROJECT MUMBER _1509.400 PROJECT LOCATION _Nawark, CA

DATE STARTED _10017/17 COMPLETED 1001717 GROUND ELEVATION _12 ft
DRILLING CONTRACTOR EGI GROUNDWATER: Mo Groundwater Encountered

DRILLING METHOD _Hollow Stam Auger 2 8”10, Shelby Tube
LOGGEDBY ROV Eummm Calttomia E Stelby Tubre

BERLDCAR N3 CROUNDWATER - GINT 5TD US.GOT - 24018 9058 - SAPAOJEC TESE.A00 CARGLL [PETIE]I50 400 BORNGE.CRY

BORING LOG B-g

JOB NUMBER: 2g45.700 DATE DRILLED: 61307
JOB MAME: Cargill Sittern Pond 12 SURFACE ELEYATIDM: 8112 Faat
DRILL RIG: Halw-stem Augsr PATUM: WEVD 1828

MPLER TYPE: DRIYE YWEIGHT - LB HEIGHT OF FALL - IN

2.5 Ingh |.D. Splil Barral 140 30

E 2.8 inch L0 Shelby Tubs Sampts

WOTES CRTMPT-24 Samgler
— =
£ 3
z . = " 2
E_|E ¥ zE 22|35 QES
WATERIAL DESCRIPTION =g 55 CEREE HAEE 52
) i n§m3>223“§5m
4 =
o . E 8 T |2z
T | SILTY SAND, Iigh gray. brown, moet, memwm erss, eI medi i grained sand
= trce firerAn coarse graved (fil)
SILTY CLAY, fpht brown-gray, malst, 58, trace crganic matter (fil) . "
w |
0

| GL |~ SICTY LAY, dark ray to black, wat. soft

[=N BILTY CLAY, Npht orown-gray, wet, soff, race organic matter

Baottom of borehoks at 11.0 fast.

JwB = = L=
o t [ =4 == g Lo ; m?.:.\_‘g
- EE S B DESCRIPTION
maloBEF |Ew| °F _
3 oL |ORGANIT CLAYEY SILT, light gray-brown, moist, medium st (fill)
2
oL ORGEAMNIC CLAYEY SILT, motied gray and black, wat 1o satusated,
-4 soft
belwean 2-1/2 to & fest, trace peat
1 5
1
balow T-1/2 fest, light fo medium gray, vary soflt, salurated
1
1
10
below 12 fost, gray wilh bleck mattllng
15 4+
20 —

35 c-8
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Berlogar Stevens & Associates
5587 Sunol Boulevard
Pleasanton, CA 94566

PROJECT NUMBER 3809 400
DATE STARTED 10115017 COMPLETED _10/19/17
DRILLING CONTRACTOR _EGI
DRILLING METHOD _Haollow Stem Auger 2 8”10, Shelby Tube

CLIENT _Cargil Salt_**PRIWILEGED AND CONFIDENTIAL DOCUMENT " PROJECT NAME _Lrwen Study
PROJECT LOCATION _Mawark, CO

GROUND ELEVATION _11
GROUNDWATER: Mo Groundwater Encountared

BORING NUMBER B-7
PAG

E 1 OF 1

8GR

BERLOGAR %0 CROUNDWATER - GINT ETD US.GOT - 2018 1008 - SAPANUECTEIAR0ADD CARGILL [FPATOE/IEI0 400 BORIN

LOGGED BY ROV i
g::llllﬁ Califomia Shalby Tube
NOTES _CPT-15 2
. [
= [=]
= o Y Jus# E e
=] . L = =]
E_|E- 8| 22 |=2|25 B )&j 0
MATERIAL DESCRIPTION SE|SERISZ 128 aE (32 Bz
2 5| BTl =8 27|65 |35 (32| 52
@ | [F8] |B|eE
0
L SANLIY CLAY, VONL ity Do, maist, ST, Frie-[o coarse-graned sand, facs et
coarse gravel and =i (Al "
CL SILTY CLAY, ight srown-gray, molst, medium st#f, Imonits stains {fil) 14
1
[ CC |7 SICTY CLAY, ipht grey, wel i sabirated, ot i
| 3
Ls
below B-1/2 feat. heavy back molfing, trace fo some arganic matber
| 10
Botiom of borehols at 11.0 fast,
C-7

36

ther Examples of Relevant Subsurface Logs

BORING LOG B-2
JOB MUMBER: 2895 700 D&TE DRILLED: 5-12.07
JOB HAME: Cargill Bittarn Pond 12 SURFACE ELEVATIOMN: 8 Feat
DRILL RIG: Hollow-siern Augee DATUM: __ NGVD 1929
SAMPLER TYPE: DRI¥E WEIGHT - LB HEIGHT OF FALL - IN
2.5 inch |.D. Splil Barrel 140 30
@ 2.8Inch LD, Shelby Tuba Sample
B = [
SxlBEZEL |5 Egg DESCRIPTION
=
Bef253 k=S W fT0=
19 0L JORBAMIC SLAYEY SILT, light brown-gray, maist, soft 1o mediuim siif,
1race organic matter black matiling Jfill)
2 lvoe) s2 OLset [ORGANIC CLAYEY SILT with PEAT, mottiad brown gray and black,
saturated, soft
1
| s oL |CRBANIC CLAYEY SILT, iighl gray, saiuratad, sofl, race paal
1 PHiC | PEAT with ORGAMNIC CLAYEY SILT
oL |OAGANIC CLAYEY SILT, light gray, saturated, soft to very soft
2 PHOL|PEAT with ORGANIC CLAYEY SILT
2
10 oL |ORGANIC CLAYEY SILT, Fght gray, saturated, soft to very soft, frace
pest light gray, salurated, very soft, strong smell
121.5] 38
1137 40
below 14-1/2 fael, lass peat
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Development of Geotechnical Engineering Properties

Summary of Undrained’ Soil Properties Used for Analyses

Cohesion increase Cohesion, base
Unit Weight | Cohesion, top with depth of unit
Soil Units (Ibs/ft?) of unit (psf?) (psf per ft) (psf)
Densified Berm Fill 115 700 12 1,250
Young Bay Mud (YBM) 105 300 8 1,000
Old Bay Mud (OBM) 115 1,500 12 4,000

Notes:
1.  Undrained properties are most appropriate for the soil types encountered at this Site, as discussed in text.

2.  psf = Pounds of force per square foot

ANCHOR

QEA =2
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Selection of Geotechnical
Parameters for Bay Muds

Old Bay Mud shows shear strength
values between 1,600 and 2,500 psf
(80 to 120kPa) through material
strength testing (undrained
compression testing)

Young Bay Mud composite data
from available boring logs suggest

compressive strengths between 300
and 700 psf

38

Exrezs Pore Pressume
(kPa)

W Shear Stress (kPa),

Intemal LVDT
# Shear Stress (kPa),

External LVDT

0 0.2 0.4 0.6 0.8

Axial Strain (%)

L 1.2 1.4 L&

Integration of numerous strength tests for Old Bay Mud
throughout surrounding area. Red lines indicate selected

strength ranges
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Development of Geotechnical Engineering Properties

Summary of Undrained’ Soil Properties Used for Analyses

Cohesion increase Cohesion, base
Unit Weight | Cohesion, top with depth of unit
Soil Units (Ibs/ft?) of unit (psf?) (psf per ft) (psf)
Densified Berm Fill 115 700 12 1,250
Young Bay Mud (YBM) 105 300 8 1,000
Old Bay Mud (OBM) 115 1,500 12 4,000

Notes:
1.  Undrained properties are most appropriate for the soil types encountered at this Site, as discussed in text.

2.  psf = Pounds of force per square foot

ANCHOR

QEA =2
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Development of Geotechnical Engineering Properties

Summary of Undrained’ Soil Properties Used for Analyses

Cohesion increase Cohesion, base
Unit Weight | Cohesion, top with depth of unit
Soil Units (Ibs/ft?) of unit (psf?) (psf per ft) (psf)
Densified Berm Fill 115 700 12 1,250
Young Bay Mud (YBM) 105 300 8 1,000
Old Bay Mud (OBM) 115 1,500 12 4,000

Notes:
1.  Undrained properties are most appropriate for the soil types encountered at this Site, as discussed in text.

2.  psf = Pounds of force per square foot

ANCHOR
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"Design-Level” Seismic Event



Probabilistic Earthquake Evaluation

« The goal was to determine

W c=(-=2..-25)
Bc=[-25..-2)
B e=[-2.-15)
We=[-15.-1)
[Oe=[-1..-0.5)
[ e=[-0.5..0)
J
O
O
o
|m}
|

peak ground accelerations
(PGAs) corresponding to two |+
return periods at the Site:

€=[0..0.5)
£=[05..1)
€=[1..1.5)
£=[15..2)
£=[2..2.5)
£=[2.5..+=)

* 50-year return period (“50-
year event”; Operating-
Level Earthquake [OLE])

« 475-year return period
("475-year event’;
Contingency-Level
Earthquake [CLE])

 Site Class “E" (soft deposits)

ANCHOR
QEA =S
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Selection of Peak Ground Acceleration Values

« Base peak ground Uniform Hazard Response Spectrum
acceleration (PGA)
obtainable for site using 501
USGS Unified Hazard Tool .5

2.0

* Integrates information on
overall risk from existing 151
faults throughout the L0- [\
region -

* The 475-year earthquake o] [Croundation @) 0.54ss
for Newark results in a PGA 0005 M0 IS 20 25 50 3540 a5 ao

Of 05484 g (055 g) Spectral Period (s)

Ground Motion (g)

ANCHOR
QEA =S
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Site Amplification

Consistent with AASTHO (2020)
guidance

Combining the base PGA from the
probabilistic analysis yields PGA
to be used in analysis

A factor of 0.9 is appropriate for
short period acceleration and Site
Class E, resulting in a PGA of 0.9 x
055g=05g¢g

For the smaller OLE event, the
PGA is estimated as 1.6 x 0.21 g
0.34 g

44

Table 3.10.3.2-1—Values of Site Factor, Fpeq, at Zero-
Period on Acceleration Spectrum

Peak Ground Acceleration Coefficient (PGA)'
Site PGA< | PGA= | PGA= | PGA= | PGA>
Class 0.10 0.20 0.30 0.40 0.50
A 0.8 0.8 0.8 0.8 0.8
B 1.0 1.0 1.0 1.0 1.0
C 1.2 1.2 1.1 1.0 1.0
D 1.6 1.4 1.2 1.1 1.0
E 2.5 1.7 1.2 0.9 0.9
F2 £ # # e £
Notes:

IUse straight-line interpolation for intermediate values of PGA.

2Site-specific geotechnical investigation and dynamic site
response analysis should be performed for all sites in Site
Class F.

ANCHOR
QEA =S



Cross Sections and Stability Analysis



SOURCE: Survey, Aerial and/or CAD file provided by..
HORIZONTAL DATUM: California State Planes Zone |II, US
Foot MADE3

VERTICAL DATUM: MAVDES

MOTES:

1. Mate,

2, Motes.
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Factor of Safety (FOS) Criteria

« AASHTO standards were used
 Resistance factor design

* For static conditions, AASHTO recommends resistance factors of 0.75
and 0.65 for long and short term durations, respectively

 This resistance factor is equivalent to FOS of 1.5 and 1.33, respectively
— Analyses presented here used a FOS criteria of 1.5 (worse of the two cases)

e For seismic conditions AASHTO recommends a FOS of 1.1
— Analyses presented here used a FOS criteria of 1.1

ANCHOR
QEA =S
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Summary of Analysis Resu

Its

Seismic FOS? — Seismic FOS? —
Bay/Slough OLE (50-year CLE (475-year
Cross-Section Pond water level water level Static FOS? event) event)

Flood (11 ft") 19 1.3
A-A' 9 ft' High tide (7 ft') >2.5 19 13
Low tide (2 ft) 1.8 1.3
Flood (11 ft') > 1.9 1.6
B-B’ 9 ft' High tide (7 ft') >2.5 1.9 1.3
Low tide (2 ft) 1.93 1.3
Flood (11 ft") > 18 14
c-C 9 ft' High tide (7 ft') >2.5 1.8 1.2
Low tide (2 ft') 1.7 1.2
Flood (11 ft") >1.8 14
D-D’ 9 ft' High tide (7 ft') >2.5 1.8 13
Low tide (2 ft) 1.8 1.2
Flood (11 ft') > 1.7 1.6°
E-E’ 9 ft' High tide (7 ft') >2.5 > 1.7 1.5
Low tide (2 ft) >1.7 1.5

48
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Stability under Static Conditions

4| Safety Factor
l 0.000

50
)

i 0.500
l 1.000
] 1.500

] 2.000

2.300

) 3.000

i 3.500

] 4,000

S‘I:I

] 4.500

| 5.000

5.500

©.000+

20
)

T —

K
il

No. 1 of 9. Section C-C' in static conditions
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Seismic Stability: Effect of Water Level

N » 05

100 ' 120 ‘ 140

160 ' 180 ' 200 ‘ 220

No. 2 of 9. Section A-A’: low tide

50
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Seismic Stability: Effect of Water Level

N > 05

No. 3 of 9. Section A-A’; water at flood elevation

ANCHOR
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Seismic Stability: Effect of Water Level

. 730
Q00+

Lol in in s s s
-

a4

No. 4 of 9. Section E-E"; low tide
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Seismic Stability: Effect of Water Level

T T T T T T T T T T T
150 160 170 180 190 200

No. 5 of 9. Section E-E"; water at flood elevation ANCHOR

QEA EE&
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Seismic Stability: Effect of Earthquake Size

4 Safety Factor

N 405

LA L L B R WL R AL B
300 320

L L D DL L B |
340 0 3 400 4.
1

No. 6 of 9. Section A-A’" in CLE (475-year return interval)

54

ANCHOR
QEA =S



Seismic Stability: Effect of Earthquake Size

7] Safety Factor
] 0.000
1 0.250
] 0.500
= 0.750
] 1.000
1 1.250
] 1.500
g 1.750
] 2.000
2.250
2.500

“ 4034

000000

T T T T T T T T T T T T T T T T T T T
300 310 320 330 340 350 360 370 380 390
T

No. 7 of 9. Section A-A’"in OLE (50-year return interval)
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Seismic Stability: Effect of Earthquake Size

| Safety Factor

N 405

No. 8 of 9. Section B-B' in CLE (475-year return interval)
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Seismic Stability: Effect of Earthquake Size

-| Safety Factor
] 0.000
b 0.250
1 0.500
] 0.750
b 1.000
] 1.250
] 1.500
b 1.750
1 2.000
2.250
2.500

000000

Y R RS D DS D D" " R " D" RS "R

No. 9 of 9. Section B-B' in OLE (50-year return interval)
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Conclusions

« There is a great deal of subsurface information available for
the Pond P2-12 and P2-13 berms, allowing for a robust
analysis of their stability.

« The berms appear sufficiently stable under static and
conservatively selected seismic scenarios (475-year
earthquake)

« Based on expected performance of berms during various
conservative earthquake scenarios, the risk of a berm breach
and MSS release is unlikely. Ecological or human development
Impacts are thus unlikely as well.

ANCHOR
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58



Proposed Additional Explorations



® Boring AQ-B-1

° B.ormg AQ-B-2

AQ-CPT-2
(intentionally co-located
with AQ-B-2)

Boring AQ-B-3

Boring AQ-B-4
° oring AQ

60

Proposed Additional Explorations

PREVIOUS EXPLORATIONS
® 2018 Boring

PTET 2018 CPT and HPT
“T 2018 CPT
o5
® 2007 Boring

"$° 1986 Boring

PROPOSED NEW EXPLORATIONS

O Boring location
O Co-located CPT location




Additional Explorations

» Reaching deeper layers will improve estimation of seismic conditions,
stability (including soil liquefaction potential), and other parameters

— Propose: four 100-foot explorations, spread across ponds P2-12 and P2-13
— Samples (with blow counts) every 5 feet from the surface to full depth
 Shelby tubes at selected intervals, targeting expected clay layers

— Laboratory tests: strength tests, plasticity (Atterberg limits), grain size,
specific gravity, moisture content

— One co-located CPT

ANCHOR
QEA =S
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Questions and Discussion
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