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1. Disclaimer

Moffatt & Nichol devoted effort consistent with (i) the level of diligence ordinarily exercised by
competent professionals practicing in the area under the same or similar circumstances, and (ii) the
time and budget available for its work, to ensure that the data contained in this report is accurate as
of the date of its preparation. This study is based on estimates, assumptions and other information
developed by Moffatt & Nichol from its independent research effort, general knowledge of the industry,
and information provided by and consultations with the Client and the Client’s representatives. The
Client is defined as Marathon. No responsibility is assumed for inaccuracies in reporting by the Client,
the Client's agents and representatives, or any third-party data source used in preparing or presenting
this study. Moffatt & Nichol assumes no duty to update the information contained herein unless it is
separately retained to do so pursuant to a written agreement signed by Moffatt & Nichol and the Client.

Moffatt & Nichol's findings represent its professional judgment. Neither Moffatt & Nichol nor its
respective affiliates makes any warranty, expressed or implied, with respect to any information or
methods disclosed in this document. Any recipient of this document other than the Client, by their
acceptance or use of this document, releases Moffatt & Nichol and its affiliates from any liability for
direct, indirect, consequential, or special loss or damage whether arising in contract, warranty (express
or implied), tort or otherwise, and irrespective of fault, negligence, and strict liability.

This report is confidential and may not be disclosed to any party other than the Client. Further, this
report may not to be used in conjunction with any public or private offering of securities, debt, equity,
or other similar purpose where it may be relied upon to any degree by any person other than the Client.
This study may not be used for purposes other than those for which it was prepared or for which prior
written consent has been obtained from Moffatt & Nichol. Any reuse of this study shall be at the sole
risk of the party making such changes or adopting such use.

This document was prepared solely for the use by the Client. No party may rely on this report except
the Client, or a party so authorized by Moffatt & Nichol in writing (including, without limitation, in the
form of a reliance letter).

This document may include “forward-looking statements”. These statements relate to Moffaft &
Nichol's expectations, beliefs, intentions, or strategies regarding the future. These statements may be
identified by the use of words like “anticipate,” “believe,” “estimate,” “expect,” “intend,” “may,” “plan,”
“project,” “will,” “should,” “seek,” and similar expressions. The forward-tooking statements reflect
Moffatt & Nichol's views and assumptions with respect to future events as of the date of this study and
are subject to future economic conditions, and other risks and uncertainties. Actual and future resuits
and trends could differ materially from those set forth in such statements due to various factors,
including, without limitation, those discussed in this study. These factors are beyond Moffait & Nichol's
ability to control or predict. Accordingly, Moffatt & Nichol makes no warranty or representation that any
of the projected values or results contained in this study will actually be achieved.

This study is qualified in its entirety by, and should be considered in light of, these limitations,
conditions, and considerations.

Moffatt & Nichol | Attachments
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2. Executive Summary

The purpose of this study is to perform an independent review of the concepts, engineering and costs
for Capture and Control (C&C) barge based solutions done to date by Marathon. In addition, this study
includes the development of a conceptual report for C&C options specific to the Martinez-Avon Berth
1A.

The C&C application is one of the alternatives to meet the California Air Resources Board (CARB) at
berth emissions regulation. This new regulation extends the at berth emission control requirements to
marine oil terminals and tankers in California. This work includes the design criteria for a barge based
C&C system to operate at Berth 1A and conceptual analysis for two main alternative options for barge
position keeping, a system relying solely on spuds, or a system moored to fixed piles. In addition, this
report contains a Class 4 (accuracy -30%/+50%) Cost Estimate, Exhibits for the options, and the
Passing Vessel Analysis.

Based on a previous study performed by M&N, the CARB Approved Emission Control Strategy
(CAECS) in Martinez must accommodate tankers at berth ranging from 400 ft to 812 ft length overall
all (LOA). Based on assumptions given by Marathon for that study, it is estimated that the terminal will
require a CAECS at berth approximately li% of the time.

During this stage of the project, two main options were considered. The first option analyzes
serviceability and strength parameters for the safe operation of a C&C barge on spuds considering
metocean conditions, passing vessel effects and operation requirements at the facility. The second
option considers the installation of fixed mooring piles to provide the required stability for the C&C
barge under the same conditions as option 1.

This study includes input from three (3) construction companies in the Bay Area (N
) on their typical
barge construction practices in the area.

M&N also engaged with [Jil] to include a technical memorandum with geotechnical information for the
Martinez area in order to perform the structural and geotechnical assessment for the spuds and
mooring piles. [l also included geotechnical information regarding soil deterioration under repetitive
spudding in the area.

A Passing Vessel analysis was performed and is included in this report as an attachment to analyze
the impacts a passing vessel causes on the C&C barge and the tanker while at berth.

Cost estimates were developed for the two options mentioned above. The implementation cost for
installation of a barge based C&C system for Option 1 is [l while for Option 2 is |-
The annual operational cost is approximately [l for Options 1 and 2. Furthermore, this study
does not capture the cost or feasibility of the necessary vessel improvements that might be required.

Moffatt & Nichol | Attachments
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3. Preliminary Findings

The next sections of this study detail the approximation process undertaken by M&N to predict the
static movement of the Capture and Control Barge's hood and the tanker stack. The analysis aims to
estimate how the barge and tanker respond to environmental forces, such as waves, wind, passing
vessel and currents. The analysis is based on a set of assumptions developed by M&N, which are
detailed throughout this document. This section summarizes the key findings in the analysis:

Loads Considered: Wind, Wave, Current, and Passing Vessel

Based on the nearest NOAA station, located at the Union Pacific Railroad Bridge, the wind
speed in the area is below 20 knots at approximately 97% of the time (2-min winds), and 90%
of the time (gust). The STOLs show a maximum allowable wind speed of 50 knots.

The analysis considers both 20 knots and 50 knots for the wind speed. It is important to mention
that the wind speed also impacts the wave loads.

The analysis considers that the tanker stack movement plus the barge hood movement has to
be less than 3 FT.

Tanker Stack Movement while at berth with Polyester Lines:

0]

o]

o]

v}

Wind Speed of 20 knots — Movement = 1 FT
Wind Speed of 50 knots — Movement = 18 FT
Movement due to Passing Vessel =7 FT

Tanker movement does not meet the design criteria of 3FT

Barge Hood Movement whiie at berth:

c

e}

e}

30in spuds with 20 knot winds = 8.5 FT

30in spuds with 50 knot winds =12 FT

48in spuds with 20 knot winds = 5 FT

48in spuds with 50 knot winds = 6.5 FT

60in fixed piles with 20 knot winds =1 FT

60in fixed piles with 50 knot winds = 2.5 FT

Barge movement on spuds do not meet the design criteria of 3 FT

Barge movement on fixed piles do not meet the design criteria of 3FT since it has to be
combined with the tanker movement

Pile Capacity Strength Analysis

C

30in spuds do not meet the strength design criteria nor the minimum recommended
embedment requirements

48in spuds do not meet the minimum recommended embedment requirements

60in fixed piles meet the strength design criteria and the recommended embedment
requirements, but do not meet the movement design criteria of 3 FT

Moffatt & Nichol | Attachments
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4. Existing Site Conditions
4.1. Topography

Topographic survey data is not required at this phase of the project. The next phases of engineering
will require the topographic survey data.

4,2. Bathymetry

Marathon furnished the Avon Wharf Martinez bathymetric survey (.pdf file) of Berth 1A dated March
16, 2022 (Attachment 1). The next phase of engineering will require the most recent survey, if
available.

4.3. Berth Structural Drawings

Structural Drawings for Berth 1A are not required for this phase of the project. The next phases of
engineering will require the Berth Structural Drawings.

4.4. Demolition Project at Berth 1A

A demolition project recently took place at Berth 1A. The current layout is being considered for this
study. Any additional required demolition should be included in the scope of the CARB At-Berth
Project.

Figure 1 shows the current layout (after the demolition project).

BERTH A
APPROXMATE

USPHL LTS
\ CL BERTH 1A MANFOLD
[
_______________________________________________________ _i__..-..m..._._....._.
B e T S . W et o, W

BN —-—
. —

POINT, TYP

BERTH 14

Figure 1: Current Layout of Berth 1A (after demolition project)

Moffatt & Nichol | Attachments
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5. Basis of Design
5.1. Environmental Criteria

5.1.1. Tidal Elevations

Tidal elevations are provided in Table 1 based on NOAA Martinez-Amorco Pier, CA Station.
Table 1: Tidal Elevations (Epoch 1983-2001) per NOAA Station 9415102

Description Abbreviation | Elevation (ft, MLLW)
Highest Observed Water Level — +7.68
Mean Higher High Water MHHW +5.36
Mean High Water MHW +4.84
Mean Sea Level MSL +2.86
Mean Low Water MLW +0.88
Mean Lower Low Water MLLW 0.00
North American Vertical Datum of 1988 NAVDS8 -0.57
Lowest Observed Water Level — -1.05

5.1.2. Wind

Wind speed limits for operating the capture and control equipment will follow the STOLs.

5.1.3. Wave

Based on the Subsequent MOTEMS Audit Report by [l the significant wave period is less than 4
seconds, the MOT is not prone to penetration of ocean waves, and a seiche analysis is not deemed
necessary. The Audit Report also considered the passing vessel effect from a 75k DWT Bulk Carrier

passing by the center of the East Bulls Head Channel at 7 knots. The analysis concluded that the
STOLS will be controlled by the governing wind which includes passing vessel effects.

5.1.4. Current
Current velocities will follow the STOLs.
5.1.5. Sea Level Rise

A maximum value of 0.22 feet over a 30-year horizon should be considered based on the Subsequent
MOTEMS Audit Report by SGH.

5.1.6. Base Flood Elevation

The Base Flood Elevation (BFE) is 10 feet per FEMA Flood Insurance Rate Map (FIRM) No.
06013C0087G, dated September 30, 2015.

5.2. Design Vessels

5.2.1. Design Vessels

CARB regulated tankers are ocean going vessels. The CARB regulation, page 10, states:

Moffatt & Nichol | Attachments
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“Ocean-going vessel” means a commercial, government, or military vessel, excluding articulated fug
barges, meeting any of these criteria:

e A vessel greater than or equal to 400 ft in length overall as defined in 50 CFR § 679.2, as
adopted June 19,1996.

e A vessel greater than or equal to 10,000 gross tons under the convention measurement
(international system) as defined in 46 CFR § 69.51-.61, as adopted September 12, 1989; or

o A vessel propelled by a marine compression ignition engine with a per-cyfinder displacement
of greater than or equal to 30 liters.

Only tanker vessels calling at the terminal will be regulated by CARB. ATBs are explicitly excluded,
and all other non-ATBs are not “ocean-going” so, therefore, are excluded from this regulation. Based
on the STOLs (Attachment 2) and additional information provided by Marathon, the design vessels for
this project are defined in Table 2.

Table 2: Berth 1A Design Vessels

LOA | Beam Fully Laden Maximum Arrival

iseagnCiass D ) | @) Draft (f) | Displacement (f
MR 20,001 to 53,000 | 611.6 | 105.8 227 62.514
MR 10.001 to 20,000 | 477.5 | 77.9 31.9 24.891
Smallest Tanker 10,000 401 | 63 23.0 12,931

5.2.2. Mooring Arrangements

Mooring arrangements are based upon STOLs furnished by Marathon and consider both starboard-
side-to wharf and port side-to wharf configurations for Berth 1A.

5.2.3. Draft Change

Tanker draft change at each berth is less than 7 feet per the STOLs.

5.2.4. Berth Utilization

Marathon provided assumptions for the number of tanker calls per year and the average duration of
each call. These assumptions need to be revised in the next phases of engineering. These
assumptions consists in expect approximately Il of total utilization. Vessel calls at this point
are going to be assumed to have an average duration of [l hrs. This results in a calculated number
of il calls/yr. Of those [l vessel calls, a majority will be ATBs, which are not included in the CARB
At-Berth regulation, therefore a [l assumption (Il ATBs/Hlll MRs) will be considered, which
resufts in il MR vessel calls per year.

Table 3 summarizes the number of calls and hours that an At-Berth regulated vessel is at the Avon
dock. An At-Berth-regulated vessel is a vessel that requires a CARB Approved Emission Control
Strategy (CAECS) when at berth.

Table 3: Berth Utilization

Regulated Vessel at Berth

Berth CARB Regulated Vessel Calls at Berth hours — % per year

1A [

Moffatt & Nichol | Attachments
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5.2.5. Design Vessel Movement

The tanker allowable movement considered for this study is 3ft horizontally and vertically. This is
related to the spacing between the tanker funnel/stack and the barge hood. See Section 5.3.

5.3. Barge Based Capture and Control Criteria

This section includes the criteria for the capture and control barge used in this analysis. This
information comes either from the previous capture and control work done by Marathon and included
on Attachment 3 — C&C Review Memorandum, or according to M&N and Marathon’s understanding
and knowledge of the current industry practices.

5.3.1. Barge Size

The capture and control barge footprint will follow Marathon’s study for the Long Beach Terminal which

used a [N

The barge tower height is based on existing capture and control barges operating in California. They

have a [ vith a boom that spams .

For information, the existing barges have the approximate foliowing dimensions:
. TR TR R A VTR T
S G R i S e R S

5.3.2, Spud Size

Capture and Control barges are typically equipped with 30in spuds, this also matches with typica
construction barges practice in the Bay Area, therefore, M&N is using a 30in spud for this analysis.

in addition, due to expected high currents in Martinez, a 48in spud is also included in the analysis for
comparison.

5.3.3. Hood Size

The CFD analysis performed by Marathon and summarized on Attachment 3 recommends a [l

B hood with a . | addition, the analysis recommends a | to reduce

exhaust gas leakage and ambient air absorption by the system.
5.3.4. Hood Weight

The existing hood developed by [l and in testing phase weighs | NG
For Martinez, the hood will have to be . therefore M&N assumes a weight of |
for this analysis.

5.3.5. Allowed Hood Movement

Based on the CFD analysis performed by Marathon, the recommended hood size is |l than
the considered tanker stack (Il which resuits in a 3-8" gap in all directions assuming the
hood and the stack are centered. Therefore, for this study, M&N assumes that a 3'-0" lateral movement
is allowed for the hood.

Moffatt & Nichol | Attachments





Contains Confidential Business Information »
CARB Capture and Control Study Revision B

Martinez Terminal, Berth 1A November 27, 2024
Conceptual Report

5.4. Marine Structures Design Criteria

This chapter covers design criteria for marine structures. M&N assumes at this stage that California
State Lands Commission will have jurisdiction over new infrastructure on the waterside of the shore
isolation valve. Therefore, marine structural design will comply with the 2022 California Building Code,
Chapter 31 F Marine Oil Terminals, otherwise known as MOTEMS.

5.4.1. Risk Category

The marine structures shall be designed to Risk Category |V per ASCE 7-16 Table 1.5-1 and CBC
2022 Table 1604.5.

5.4.2. Design Life

The design life of the marine structures shall be 50 years. Design life represents the physical condition
of the marine facility and its ability to perform its function as originally designed assuming regular
inspection and maintenance activities are carried out. The design life of equipment will be per the
manufacturer.

5.4.3. Top of Deck Elevation
New marine structures will match the top of the existing paving elevations, which is +20.00 MLLW.

5.4.4. Loads

» Dead Load (D): dead load shall include the self-weight of the structure including any permanent
attachments.

o Steel: 490pcf
o Congcrete: 150 pcf

« Buoyance Load (B): buoyancy load shall be considered using a seawater unit weight of 64.1
pcf.

¢ Live Load (L): the following live loads shall be considered
o Uniform live load of 100 psf
o Current Load (C): Current loads should be calculated using a magnitude of 3.1 knots.

¢ Wave Load (Wa): wave loads at the terminal are considered negligible and are not considered
at this stage of design.

¢ Wind Loads (W): wind loads should be calculated using a magnitude of 50 knots. For
performance purposes, results for 20 knot winds are also included.

« Earthquake Load (E): Earthquake loads shall comply with MOTEMS Section 3103F 4.

5.4,5. Load Combination

Load combinations shall comply with MOTEMS Section 3103F.8.

Moffatt & Nichol | Attachments
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5.4.6. Serviceability and Deflection

Concrete exposed to seawater or seawater spray shall be designed for a maximum crack width of
0.01 inches under service loads. Calculation of crack width shall comply with ACI 224R.

M&N assumes an 18-in maximum displacement is acceptable for topside equipment, conduit
connections, and catwalks. Deflection limits shall be checked for all load combinations. These
displacement limits will be further defined in the next phase of engineering.

5.4.7. Materials and Corrosion Protection

All materials shall conform to ASTM specifications. Concrete shall be normal-weight marine grade
concrete with a minimum 3” clear cover to reinforcing steel. Steel piles shall be protected using a
minimum of two of the following strategies:

+ Marine grade coating applied with strict conformance to specifications including inspection and
repair of all coating defects and damages

» Cathodic protection anodes
¢ Additional “sacrificial” wall thickness

All bolis, nuts and washers shall be hot dip galvanized per ASTM A153. Dissimilar metals shall be
isolated by appropriate means to avoid creation of galvanic cells.

5.4.8. Seismic Criteria

Seismic design criteria for new structures will comply with MOTEMS Section 3101F.3.2. M&N will
perform detailed seismic analysis in the next phase of design. M&N will not perform seismic analysis
for existing infrastructure.

CBC 2022 Risk Category (Table 1604.5): Category IV

ASCE 7-16 Risk Category (Table 1.5-1). Category IV

ASCE 7-16 Importance Factor (Table 1.5-2): le = 1.5 (Category IV Structure)
MOTEMS Seismic Performance Criteria (Table 31F-4-1, High Spill Classification):

Level 1: 50% probability of exceedance in 50 years (72-year return period) ground shaking with full
elastic response.

Level 2: 10% probability of exceedance in 50 years (475-year return period) ground shaking with
controlled inelastic behavior, repairable damage, and no collapse.

Seismic parameters are provided in Table 4.

Table 4: Summary of Design Earthquake Parameters

Earthquake Event Probability of Exceedance in 50 Year | Peak Ground
(Return Period) Acceleration (PGA)
Level 1 (OLE) 50% (72 years) - 0.31g B
Level 2 (OLE) 10% (475 years) 0.47 g |
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6. Input by Marine Contractors in the Bay Area

M&N has contacted three (3) construction companies with experience in spudding in the Bay Area for
consideration in this study. It is important to mention that serviceability (deflection) requirements for a
construction barge are different than the ones for a C&C barge. A construction barge can typically
plan operations to avoid adverse weather conditions, avoid work at night, and avoid operations when
a tanker is at berth, therefore, the allowable movement and deflection for a construction barge is higher
than the expected allowable movement for the C&C barge.

6.1. BRI

M&N engaged with | regarding their typical practices in the Bay Area, the
following input was provided:

I b:rocs do not rely solely on spuds for position keeping

Anchors lines are added for position keeping at all times

Due to high currents, construction barge is not left unattended on site overnight, and it is not
uncommon to have a tug nearby for assistance

emphasized that strong current is present, and that severe scour is
typically seen in the area

6.2. LN Y SR
M&N engaged with |GGG r<garding their typical practices in the Bay Area,

the following input was provided:

barges are equipped with 80ft long spuds with size ranging
from 28" to 34" in diameter. They can comfortably spud in 35 feet of water and are approaching
the pipe bending limit on the spuds in 50 feet of water

rely solely on spuds for position keeping when in shallow
waters/enclosed bay conditions for long term mooring

For deeper waters, when they use spuds, it is only for temporary conditions until they can set
anchors or tie to existing structures. In most cases, they do not use spuds and rely solely on
anchors

Once positioned by tug, they allow 15 minutes for a 4 person crew to deploy down two spuds
and confirm position. Once two spuds are set, the remaining 1-2 spuds take an additional 5 to
10 minutes to set in position for a total of 20 fo 25 crew minutes

Pulling spuds for basic repositioning takes approximately the same amount of time as the initial
setting of spuds. Time increases on pulling spuds if the spuds need to be “dogged off” for
transport or a large amount of mud needs to be cleared from the spud/spud well/ deck

They do not use spuds to moor in deep waters or during storm events for fear of bending the
spud poles and binding them in the spud well. When in doubt, they prefer to anchor the barges

Based on their experience with the Derrick Crane Booms, which can behave similarly to the

C&C Barge due to its height, [INNRNRNGTNEEEEEEEEEEEEE scc - potential for a contact

between the barge boom and the tanker vessel
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The winches lifting the spuds will need the ability to freely spool or slack - similar to their
conventional crane hoist drums. Hydraulic spud winches that both power-up and power-down
would not be appropriate for the C&C application as they are unable to freefall during initial
spud setting. Also, hydraulic winches require monitoring and adjustment through the tide cycle
to avoid hanging up the barge on spud wires or dragging of spuds; a free fall drum can be
released without further monitoring

They've found that 3-4 spuds on a barge provides a stable work platform through a range of
tides. Having more spuds sounds better, but in their experience the more spuds you have, the
higher your chances of hanging the barge up on a spud are. Those chances would increase
with a flexible spud at a long cantilever. Also, more spuds require a more expensive winch
system, additional replacement parts, wire maintenance, and add to above-deck congestion.
If redundancy is required, consider designing the barge to be adequate when moored with 3
spuds, with a fourth well and spud available to substitute in for maintenance.

6.3. I

M&N engaged with |G rcoarding their typical practices in the Bay Area, the
following input was provided:

I - ges rely solely on spuds for position keeping in water depths under
45ft

In deeper waters, they add anchor lines for position keeping

A suggestion given was to berth the barge alongside the tanker with pneumatic fenders and
add anchor lines for position keeping
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7. Geotechnical Input by Il

I crformed a geotechnical assessment for the spuds considering the
following cases:

s Case 1: this analysis is focused on finding the lateral load that causes a 12in deflection at the
top of the spud considering typical embedment depths based on the soil profile for Berth 1A

» (Case 2: this analysis is focused on finding the required embedment depth below the mudiine
to limit the lateral deflection to 12in for a 75kip lateral load

Both cases consider a 30in x 0.625in spud and a 48in x 1in spud, in addition, two different spud fixity
conditions at the top are considered, fixed head, and free head. The 30in spud is a typical spud size
for barges where the 48in was selected if barges decide to increase their spud sizes.

For case 1, the embedment depth is [imited to 20ft in the West Barge Position (Starboard) and to 25ft
in the East Barge Position (Port). This is the typical embedment length for spuds in the Bay Area and
also where the soil characteristics become strong making it difficult for spuds to penetrate. For case
2, the lateral load of 75kips come from the M&N lateral load analysis.

The mudline elevation is considered to be -70ft MLLW for the West locations and -50ft for the East
locations. The il analysis is based on the geotechnical repori prepared by | I 2007 ).
Attachment 4 contains the geotechnical input developed by [ NN This section
summarizes their findings:

Table 5: Lateral Spud Analysis — Case 1

Spud . . Maximum Lateral Load to Cause 12in Deflection
Locztion Spudibimension — Fixed Condition
West 30in x 0.625in 15 kips
West 48in x 1in 45 Kkips
East 30in x 0.625in 12 kips
East 48in x 1in 51 Kips
Table 6: Lateral Spud Analysis — Case 2
Spud $pud Dimension Required Embedment depth below mudline to
Location limit lateral deflection to 12in under 75kip load
West 30in x 0.625in No solution found
West 48in x 1in 37 ft
East 30in x 0.625in No solution found
East 48in x 1in 30 ft*

*Spud embedment depth may be difficult to achieve due to very dense sand layer at the
depth of 25ft
** Spud embedment depth may be difficult to achieve due to very dense sand layer at the
depth of 20ft

In summary, the analysis shows the following:

e With typical embedment of the spuds, Case 1, and a deflection limit of 12in, the maximum
allowable lateral load should be 51kips

« With higher loads, in the magnitude of 75kips, the required embedment depth will be larger
than what is typically achieved by spuds under the soil conditions shown in Martinez
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The analysis performed by M&N will include the 12in movement of the spud and a limitation of 51kips
for the lateral capacity of the piles.

In addition, based on ] experience, the soil properties in the area tend to deferiorate under
repetitive spudding, the soil strength in the upper 5 to 10 feet will probably decrease with spudding at
the same location over time resulting in lower lateral resistance capacity of spuds in the long term.
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8. Environmental Loads on Barge

This chapter discusses environmental foads on the capture and conirol barge, including current, wind,
and wave loads. Table 7 lists the barge dimensions used in the load calculations.

Table 7: Summary of Barge Dimensions

Barge Parameter Dimensions in feet
Length -
Width R B
Draft BN
Freeboard [ ]

8.1. Current Loads

Static current forces and moments on stationary moored barge in the surge and sway directions and
yaw moment are calculated following the Unified Facilities Criteria (UFC) 4-159-03 guidance
(USACE/NAVFAC/AFCEC, 2020). The peak current velocity is 3.1 knots based on the STOLs for the

Martinez-Avon Berth 1A.

The transverse and longitudinal current force are defined as the component of force acting
perpendicular (i.e., beam-on) and paraliel (i.e., side-on) to the centerline of the barge, respectively.
Figure 2 shows that the maximum transverse current load is 12 kips, and the maximum longitudinal
current load is 7 kips. In addition, the current yaw moment is defined as the product of the associated
transverse current force and its distance from the barge's center of gravity. The maximum current yaw
moment is approximately 155 kip-ft.

=@=Transverse Force +4—Longitudinal Force |
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[+ {+]

Current Load (kip)

Figure 2: Current Loads by Direction
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8.2. Wind Loads

Static wind forces and moments have the same definitions as the current forces and are also
calculated following the UFC 4-158-03 guidance. Based on the STOLs, the design vessels can remain
at berth up to wind velocity of 50 knots (i.e., 30-second gust} from the west to northeast direction.
Therefore, the maximum wind velocity under the terminal’s operational condition is 50 knots. Since
most of the time the wind is under 20 knots, this scenario is also included in the analysis.

It should be noted that the UFC guidance was developed for the Navy's vessels, with quite different
hull types and superstructures as the capture and control barge. Therefore, the wind drag coefficients
were modified per a German publication (TUHH, 1993).

Figure 3 shows that the maximum transverse wind [oad is 46 kips, and the maximum longitudinal wind
load is 51 kips. In addition, the maximum wind yaw moment would occur when the barge's bonnet
hood is extended away from the barge’s center of gravity. The maximum wind yaw moment is
estimated to be approximately 974 kip-ft.

=@=Transverse Force Longitudinal Force

60
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Wind Load (kip)

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180
Angle in degree (0, 180 deg = Side-on; 90 deg = Beam-on)
Figure 3: Wind Loads by Direction
8.3. Wave Loads

Wind-generated waves were estimated using the Automated Coastal Engineering System (ACES)
program (Veri-Tech inc., 2013). The over-water fetch exposure at the berth is illustrated in Figure 4.
Although fetch can come from other directions, their fetch distances are shorter.
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The longest fetch (i.e., Fetch No. 9) results in the largest significant wave height of 3.4 ft and was used
for the transverse wave load calculation. Feich No. 3 was used for the longitudinal wave load
calculation.

Table 8: Estimated Wave Height and Period for Wave Load Calculation

Fetch Significant Peak Period
Fetch Number | Wave Load Case (miles) Wave Height (ft) (s)
3 Longitudinal 2.1 1.8 2.6
9 Transverse 7.7 3.4 3.7
1
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Figure 4: lllustration of Over-Water Fetch to the Berth

The method described by Goda in the Coastal Engineering Manual (USACE, 2011) was used to
calculate the transverse and longitudinal wave load. The Goda method was developed from laboratory
tests of vertical breakwaters subject to random waves. It provides three discrete horizontal wave
pressures (p1, p2 and p3) at three distinct locations on the front of the structure to represent the overall
pressure distribution: p1 at the siill water level, p2 at either the wave crest elevation or the top of
structure whichever is lower, and p3 at the base of the structure. Total wave load is then integrated
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over the vertical structure. Figure 5 presents the wave pressure profile acting on the structure and
relevant variables.

Although Figure 5 shows a vertical structure placed above a rubble mound layer, the Goda method is
also applicable to structures without a rubble foundation (Walton et al., 1989), in which case it is a
floating structure. In addition, the figure shows water on both sides, such that the hydrostatic pressure
on the structure cancels out. Therefore, the Goda method is applicable to a barge.

Using the Goda method, the maximum transverse wave load is 300 Kips, and the maximum
longitudinal wave load is 66 kips. Typically, roil motion {i.e., side-to-side rotation} due to incident waves
is of particular significance in floating structure design. The maximum wave roll moment is estimated
to be approximately 159 kip-ft.
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Figure 5: Wave Pressure Profile Obtained with Goda Method (Source: USACE, 2011)

8.4. Passing Vessel Loads

To calculate the passing vessel loads, the following passing vessel was used:
+ Name = Panamax Class
s Length Overall = 728 ft
» Length Between Perpendicuiars = 702.8 ft
s Beam =105.91t
¢ Loaded Draft = 34 ft

e Velocity through water = 7 knots

The analysis considers that the passing vessel is navigating at the center of the east bulls head
channel and considers a distance of 313 ft from hull to the capture and control barge. The distance
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from the centerline of the passing vessel to a tanker at the berth is 419 ft. The passing vessel loads
were calculated when the vessel is moving inbound and outbound of the channel.

Figure 6 summarizes the passing vessel parameters.

Figure 6: Passing Vessel Parameters

8.5. Berthing Loads

A berthing analysis was performed using the [N unit as a reference. This analysis
considers different scenarios and tug assistance. The maximum berthing energy calculated is 23.5

kip-ft.

Assuming a foam fender system is installed (Shibata Ocean Guard Fenders 1000mm x 2000mm), the
berthing load at each pile is approximately 36 kips.

The berthing loads should be applied only to the fixed pile scenario and for calculation of the lateral
capacity of the pile. The spudding alternative does not include berthing loads, and berthing loads are
not applied in the deflection calculations since it does not happen during operations.

8.6. Summary of Environmental Loads on Barge

Table @ summarizes environmental loads on barge.

Table 9: Summary of Environmental Loads on Barge

Parameter Current Wind Wave Passing Vessel | Berthing
Max. Transverse Load (kips) 12 46 300 1.1 36
Max. Longitudinai Load (kips) 7 51 66 1.1 36
Max. Yaw Moment {kip-ft} 155 974 N/A 3.2 N/A
Max. Roll Moment (kip-ft) N/A N/A 159 93.6 N/A
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9. Barge Analysis

This section outlines the approximation process undertaken by M&N to predict the static movement
of the Capture and Control Barge's hood and the lateral forces acting on each spud. The analysis aims
to estimate how the barge responds to environmental forces, such as waves, wind, and currents, when
operating at the Martinez Refinery. The analysis is based on a set of assumptions developed by M&N,
which are detailed throughout this section.

While dynamic analysis generally provides a more accurate prediction of barge movement, it is time-
intensive and requires extensive data input and precision. Due to limited data on the capture and
control barges and the level of precision required for this study, a static analysis was adopted.
Depending on the outcomes of this conceptual study, a dynamic analysis may be necessary to fully
assess the feasibility of the capture and control application.

The analysis was done using the SAP2000 software. The sections below describe the barge geometry,
the components used in the analysis and how the loads were applied.

9.1. Barge Geometry

The barge geometry follows the dimensions described in Section 5.3.1. See Figure 7 for the 3D view
of the models developed.

Figure 7: 3D View of the SAP2000 Model ~ Spuds (Left) and Fixed Piles {Right)
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9.2, Barge Tower and Arm Elements

The [l of the barge (gray elements in SAP) was developed with a height of [l and as a [l
B The capture arm (green elements in SAP) was developed with [f segments and following the
dimensions of the [, for this analysis the arm is considered a fiexible frame with [l of
the rigidity of the [l 8. The arm's reach considered in the analysis is I

9.3. Dead Load
The weight of the barge is considered in the model while the weight of the capture hood was applied

at the tip of the barge arm as a point load. The figure below shows the Il weight of the hood (li]
) applied to the model. The dead load is included in all load combinations.

Figure 8: Capture Hood Weight (Dead Load)
9.4. Wind Loads

Two wind loads are considered in the analysis, the transversal wind and the longitudinal wind. In each
of these cases, the following loads are applied:

« Wind applied at the barge base as a point load calculated based on the freeboard height and
barge width/length

e Wind applied at the [l as a distributed load calculated based on the width of the [l
» Wind applied at the boom arm as a distributed load calculated based on the width of the arm

e Wind applied at the capture hood as point load calculated based on the surface area of the
hood

+ Wind Yaw moment applied at the center of the barge.
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Figure 9 shows the transversal wind loads assuming 50knot winds, the 20knot wind case is also
considered.

Wind Transversal Loads at the Hood (left) and at the Barge Base (right)

Wind Transversal Loads at the | NN (\<ft) and Wind Yaw Moment (right)
Figure 9: Wind Loads
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9.5. Current Load

The current loads are also applied in the two directions (transversal and longitudinal). In each of these
cases, the following loads are applied:

» Current Load applied at the barge base
¢ Current Load applied at the piles
¢ Current Yaw Moment applier at the center of the barge

Figure 10 shows the transversal current loads.

Current Transversal Loads at the Piles (left), Barge Base {center), and Current Yaw Moment (right)

Figure 10: Current Loads

9.6. Wave Load

The wave loads are also applied in the two directions (transversal and longitudinal) and considering
50knot and 20knot winds. In each of these cases, the following loads are applied:

+ Wave Load applied at the barge base
+  Wave Roll Moment applied at the center of the barge

Figure 11 shows the transversal wave loads.
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Wave Transversal loads at the Barge Base (left), and Wave Roll Moment (right)

Figure 11: Wave Loads

9.7. Passing Vessel Loads

The passing vessel loads are also applied in two directions {transversal and longitudinal). In each of
these cases, the following loads are applied:

¢ Passing Vessel Load applied at the barge base
» Passing Vessel Roll Moment applied at the center of the barge
+ Passing Vessel Yaw Moment applied at the center of the barge

The passing vessel loads were included in the analysis for all wave load scenarios.

9.8. Berthing Loads

The berthing loads should be applied only to the fixed pile scenario and for strength parameters. The
spudding alternative does not include berthing loads, and the berthing load should not be considered
for the hood movement analysis since it does not happen during typical operations.

Therefore, only the LRFD loading combinations for the fixed piles should include the berthing loads, it
should not be included in the ASD analysis and the spudding analysis.

9.9. Load Combinations

Allowable Stress Design (ASD) in accordance with the United Facilities Criteria Manual (UFC 4-152-
01) is used to check serviceability. Load Resistance Factor Design (LRFD) in accordance with ASCE
7-16 is used for strength.
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9.9.1. ASD Combinations

The following combinations are used:

S2 = 1.0 Dead Load + 1.0 Current Load

S4 = 1.0 Dead Load + 1.0 Current Load + 0.6 Wind
S9 = 1.0 Dead Load + 1.0 Current Load + 0.6 Wave

9.9.2. LRFD Combinations

The following combinations are used:

U2 = 1.2 Dead Load + 1.2 Current Load + 1.6 Berthing Load
U4 = 1.2 Dead Load + 1.2 Current Load + 1.0 Wind

U9 = 1.2 Dead Load + 1.2 Current Load + 1.0 Wave

9.10. Spuds / Mooring Piles
Three spud/pile configurations cases are considered in the analysis as described below:
¢ Configuration 1 = four {4) 30in x 0.625in spuds

s Configuration 2 = four (4) 48in x 1in spuds

e Configuration 3 = three (3) 60in x 1in piles
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0. Tanker Movement

M&N conducted an analysis to determine the tanker stack movement while at berth. This analysis was
performed under the following conditions:

¢ Water level gradient of 7.5ft
» Winds varying from 5 knots to 50 knots
¢ Current loads as described in this document
* Waves are excluded from the analysis since it does not govern tanker movement
¢ MR tanker mooring arrangement based on the STOL
s Two different mooring line types:
o Steel wire with polyester tails
o Polyester lines (typical)
» Ballast and Loaded Conditions
¢ Movement under passing vessel

The following table summarizes the tanker movement and Attachment 8 contains the results for all the
different scenarios considered. Surge movement is parallel to the berth, while sway movement is
perpendicular to the berth.

Table 10: Tanker Stack Movement

Condition Wi?kc:] gge)ed Surge I\(ﬂfgvement Sway l\;lfc:;rement
Ballast with Steel Lines 2 s o
Loaded with Steel Lines gg {1)1 {1);
Ballast with Polyester Lines gg 10121 115;?1
Loaded with Polyester Lines gg gji %

Polyester lines are typically used by tankers currently, therefore, a stack movement of approximately
1ft should be expected under 20 knot winds and of approximately 18ft under 50 knot winds.

In addition, the analysis concludes that a passing vesse! will cause approximately 7ft of movement at
the tanker stack.
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11.Barge Based C&C on Spuds

Figure 12 shows a potential location for the capture and control barge to operate while supported by
spuds. In this scenario, the barge's placement is not an issue as it can be positioned close to the
tanker, and the |l reach is more than sufficient to access the tanker stack. Refer to Attachment
5 for the full exhibits.

Figure 12: Barge on Spuds

The spuds were modeled as frame elements with a total length of 80FT. The unbraced length of the
spud is 55FT (approximate water depth), therefore, the analysis considers that 25FT of the spud is
embedded in the s0il. The 25FT embedment aligns with typical spudding applications in the Bay Area
and is also based on the geotechnical recommendations by [l

The analysis considers that with this embedment depth the spuds are able to rotate but are not allowed
to move in any direction (X, Y, or Z).

To simulate the soil behavior, M&N added typical soil springs to the embedded length of the spuds.

The tables below summarizes the results from the SAP model. The ASD load combinations are used
fo estimate the movement at the hood, while the LFRD combinations are used to calculate the force
at the spud head.

Table 11: Summary of Results — ASD

Spud Size Wind Speed Movement at Hood (ft) Load Combination
30in x 0.625in 20 knots 8.5 S9 - Transversal
) 50 knots 12.0 S9/54 - Transversal
48in x 1in 20 knots 5.0 89 - Transversal
50 knots 6.5 S9/54 - Transversal
Table 12: Summary of Results — LRFD
Wind Speed Shear at Spud Head (kip) Load Combination
20 knots 55 U9 - Transversal
50 knots 79 U9 - Transversal .
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With the 79kip load at the head of the spud, an LPile model was created to calculate the pile demand
for shear and moment. The pile length requirements come from the geotechnical analysis performed
by [l The table below shows the requirements for the 48in x 1in spud, the analysis did not find a
solution for the 30in x 0.625in spud.

Table 13: Pile Demands

Spud Size Shear (kips) l Moment (kip*ft) | Required Length (ft)
30in x 0.625in Solution not found
48in x 1in 250 ] 4700 | 110

The following table summarizes the preliminary structural and geotechnical capacities of a 48in x 1in
spud. The structural values (moment and shear capacities) are calculated foliowing [l while the
geotechnical value (achievable length) is based on the input given by [l The calculation assumes
Yield Strength of steel to be 60ksi.

Table 14: Pile Capacities

Spud Size Shear Capacity (kips) | Moment Capacity (kip*ft} { Achievable Length (ft)
48in x 1in 750 3000 70

Both spud alternatives considered in the analysis do not meet the strength design criteria. A solution
was not found for the 30in spud lateral analysis and the 48in spud does not have the structural strength
to resist the moment demand calculated by the lateral analysis performed.

In addition, the minimal length required to achieve the geotechnical capacity required is not achievable
by only dropping the spuds into place.

Furthermore, the estimated movement at the hood of 6.7ft is higher than the allowed movement of 3ft,
and this is without considering the tanker movement.

This analysis concludes that the spuds do not meet the design criteria.
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12.Barge Based C&C moored on Fixed Piles

Another solution considered in this study is to install fixed mooring piles so the capture and control
barge can be moored against it. To avoid conflicts with the mooring lines, these fixed piles need to be
installed South of the berth.

The analysis conducted by M&N focuses on estimating the movement of the barge hood and the
lateral loads on the piles under environmental loading conditions, including wind, waves, currents, and
passing vessels, assuming the barge is fixed to the piles using a pneumatic fender system. Future
phases of engineering should involve coordination with a barge provider to determine the appropriate
berthing and mooring arrangements for this scenario. it is likely that additional secondary structures
will be required to facilitate the barge's berthing to the fixed piles. The following options can be
considered:

+ Installation of cleats and fenders
» |Installation of a ficating pier

¢ Installation of a camel

Figure 13 shows the proposed location for the barge to connect to the tankers berthed starboard-side-
to. In this scenario, partial demolition of the existing berth is required. In order to maintain a distance
between the barge and adjacent structures, the area to be demolished is 5500 SF. For this case, the
Il reach of the capture and control barge is able to access the estimate tanker stack locations.

Figure 14 shows the proposed location for the barge to connect to the tankers berthed port-side-to.
This scenario also contains a spacing between the barge and the adjacent structures. For this case,
the typical [JJlllreach of the barge does not access all tanker stack locations required. Refer to

Attachment 5 for the full exhibits.

Figure 13: Barge on Fixed Piles — Starboard-Side-To
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Figure 14: Barge on Fixed Piles — Port-Side-To

The piles were modeled as frame elements with a total length of 85FT. The unbraced length of the
pile is 55FT (approximate water depth), and the analysis considers that the pile will achieve its fixity
point at 6 Diameters below the mudline (30FT). The next phases of engineering should include a full
analysis of the pile length and fixity requirements.

Since the pile can be driven into the soil fo achieve fixity, this analysis considers that the piles are
fixed at the base.

To simulate the soil behavior, M&N added typical soil springs to the embedded length of the piles.

The tables below summarizes the results from the SAP model. The ASD load combinations are used
to estimate the movement at the hood, while the LFRD combinations are used to calculate the force

at the pile head.
Table 15: Summary of Results — ASD

e Wind Speed Movement at Hood Load Combination
Pile Size (ft)
80in x 1in 20 knots 1.0 89 - Transversal
50 knots 25 84 - Transversal
Table 16: Summary of Results — LRFD
Wind Speed Shear at Pile Head (kip) Load Combination
20 knots 73 U9 - Transversal
50 knots 105 U9 - Transversal

With the 105kip load at the head of the spud, an LPile model was created to calculate the pile demand
for shear and moment. The table below shows the requirements for the 80in x 1in pile. The analysis
considers the mudline at elevation -35 MLLW.
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Table 17: Pile Demands

Spud Size Shear (kips) Moment (kip*ft) Required Length (ft)
60in x 1in 180 4500 120

The following table summarizes the preliminary structural and geotechnical capacities of a 60in x 1in
spud. The structural values (moment and shear capacities) are calculated following [l while the
geotechnical value (achievable length) is based on the input given by [l The calculation assumes
Yield Strength of steel to be 60ksi. The next phases of engineering should include a full analysis of
the pile strength considering seismic design and coordination with a barge vendor in order to
determine the berthing and mooring arrangements for this location.

Table 18: Pile Capacities

Pile Size Shear Capacity Moment Capacity
{kips) (kip™ft)
60in x 1in 720 4522

This analysis shows that three (3) fixed piles (60in x 1in} meet the strength requirements to berth a
capture and control barge. On the other hand, a navigation, mooring and berthing assessment needs
to be performed to determine the feasibility of maneuvering the barge in the proposed tight locations.
A solution might include the addition of guide piles to avoid unexpected barge movements while
maneuvering of hitting existing structures at the berth.

The movement assessment for the hood on this scenario encountered the following values for the
50knot wind:

e Barge Hood Movement = 2.5 ft
¢ Tanker Stack Movement = 18 ft (ballast condition)
s Stack Movement due to Passing Vessel = 7 ft
if the wind speed is reduced to 20 knots, the following results are encountered:
+ Barge Hood Movement = 1 ft (wave load governs) and 0.75 ft (wind load)
« Tanker Stack Movement = 1 ft (ballast condition)
e Stack Movement due to Passing Vessel = 7 ft

This analysis shows that even with the 20knot wind speed, the barge hood to tanker stack movement
is not within the operating range of 3ft established in this document. On the other hand, the
approximate 8ft of relative movement can be reduced if some assumptions are refined and a dynamic
analysis is performed.
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13.Alternative Options

One alternative option that can be considered in the next phases of engineering is to moor the capture
and control barge alongside the tanker with mooring lines or aiternative berthing methods. For this
option, the following should be considered:

The capture and control barge would have to be retrofitted to be able to berth alongside the
tanker

One solution can be the use of vacuum mooring units like the [ EG_EE - the

Faor cost estimating purposes, M&N has considered the use of four
{4) units. Due to the curved hull that tankers typically have, the barge would have to be placed
on the side of the tanker, and not at the stern. This can create additional hazards on the
placement and retrieval of the boom. M&N has reached out to [l and they do not
recommend the use of their technology for this type of application.

The barge would have to be placed outside of the hazardous zones or be hazardous classified
to work inside the hazardous zones.

Passing vessel effects will be more severe since the barge will be closer to the navigation
channel.

in an emergency scenario, the tanker needs to be able to evacuate the berth in 30 minutes. If
the barge is attached to the tanker, it will, most likely, delay this process.

Due to the 6 degrees of freedom that need to be analyzed (surge, sway, heave, yaw, roll, and pitch —
See Figure 15) for both the barge and the tanker operating together, a static model is not a good way
to calculate the relative movement between the tanker and the barge. The analysis will have to
consider some scenarios such as:

Roll movement of barge and tanker in the same and opposite directions
Pitch movement of barge and tanker in the same and opposite directions

Wave interaction and loads between the barge and tanker. For example, a wave hitting the
tanker and then hitting the barge

Therefore, a dynamic movement assessment is recommended to understand how the barge and
tanker would move together.

P
x_ surge

Figure 15: Degrees of Freedom (Barge Movement)
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14.Cost Estimate

14.1. Summary

A cost estimate was developed based on the capture and control scope for each of the compliance
options included in the study. Due to the high-level nature of the study, the cost estimate was
developed to an AACE International Class 4 level with an accuracy range of -30% / +50%. These
levels of estimate are typical for conceptual planning and budgetary purposes.

The costs have been developed based on historical and current data using in-house sources,
information from previous studies, as well as budget quotations solicited from suppliers, vendors, and
contractors. Costs for the marine structures were based on other similar projects at marine oil
terminals in the Bay Area. Refer to Table 19 for a summary of the cost estimate and Attachment 6 for
the detailed cost estimate back-up including assumptions. Note that the options present an upfront
capital cost and an estimated annual operationai cost.

Table 19: Cost Estimate Summary

Total Upfront Approx. Annual l

No | ltem Cost Operation Cost

Option 1 — Spuds
Option 2 - Fixed Piles
Option 3 — Vacuum Mooring

14.2. Limitations

The cost estimate is an ‘Opinion of Probable Cost' (OPC) made by a consultant. In providing opinions
of construction cost, it is recognized that the consultant has no control over the cost of labor,
equipment, and materials or over the vendor or contractor's means and methods of determining
constructability, pricing, or schedule. The opinion of construction cost is based on the consultant’s
reasonable professional judgement and experience and does not constitute a warranty, expressed or
implied, that the coniractor’s bids, negotiated prices, or actual execution of the work will not vary from
the OPC.

This report was prepared by Moffatt & Nichol for Marathon, for a specific purpose and specific project
using the standard of care prevailing at the time the work was done and is provided for information
only. The material contained within it reflects Moffatt & Nichol's best judgment in light of the information
available to it at the time of preparation. Any use which a third party makes of this report, or any
reliance on or decisions to be made based on it, are the responsibility of such third parties. Moffatt &
Nichol accepts no responsibility for damages, if any, suffered by any third party as a result of decisions
made or acttons based on this report.
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Tesoro Refining and Marketing Company LLC (TRMC)
Avon Wharf
At Berth Terminal Plan

This terminal plan has been prepared pursuant Section 93130.14(a}(3) of the Airborne Toxic Control
Measure for Auxiliary Diesel Engines Operated on Ocean-Going Vessels At Berth in a California Port.

1. GENERAL INFORMATION

Terminal Contact Name: Anne Partmann -k
Phone Number: 925-372-3006 | Email: APartmann@Marathonpetroleum.com
Berths Included in this Plan:

Name: Approximate Geographic Boundary Coordinates:”
1. Avon Wharf 1. 38.049165,-122.090473

*The number of berths on a terminal and the spatial positioning of berths are dependent on vessel size; thus, the
geographic boundary coordinates are approximates only.

2. STRATEGY DETAILS

Strategies used to comply with the requirements for ocean-going vessels at berth:

Provided technology is sufficiently developed to operate with an acceptable level of personal and
process safety risk, TRMC plans to employ the following strategy:

1. Vendor-Provided and CARB-Approved Barge-Based Capture and Control (C&C) System as a
CARB-Approved Emission Control Strategy (CAECS)

2.1 Strategy 1: Vendor-Provided and CARB-Approved Barge-Based Capture and Control System
Identification and description of all necessary equipment:

Equipment: Location:
1. Vendor-Provided and CARB-Approved 1. Avon Wharf

Barge-Based Capture and Control System
a. Fully contained barge system
including collection system and
treatment system
Number of vessels expectéd to use this strategy {annual): 25

Number of vessel visits expected to use this strategy (annual); 100

Berths where equipment will be used:
1. Avon Wharf
Schedule for instalfing equipment:

Project: Estimated Completion Date:

Vendor-Provided and CARB- As of the date of this plan, a Vendor-Provided and CARB-Approved
Approved Barge-Based Capture  barge-based capture and control system does not exist for the
and Control (C&C) System majority of tankers docking at Aven Wharf. The estimated

completion date is projected based on current knowledge and
development status of the systems being proposed.
e 1/1/2032*
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C&C estimate assumes technology is proven safe,
controls all emission sources required in the
Regulation, and the CARB Executive Officer has
approved a minimum of two independent vendors
by the end of 2030.

®Any unmitigated risks detailed below may result in a change to the
Estimated Completion Date stated above.

Full resolution of considerations identified in the Safety
Study under the CARB grant for C&C Systems for Oif Tanker
Project awarded to SCAGMD where TRMC resources are
actively supporting advancement as a demonstration
partner.

Full resolution of considerations from future safety studies
and hazard assessments which TRMC anticipates and views
as necessary to ensure safe operations on tanker vessels
Stack connection/collection design demonstrates:

o}

Ability to capture emissions from a variable set of
stack configurations without impacting or damaging
the terminal or vessel.

Ability to capture emissions without introducing
backpressure in the vessels exhaust systems.

Ability to capture emissions without creating sparks
{electrical continuity)

Ability to capture emissions without impacting
normal operations or offload/load rates of the vessel
and terminal

Ability to capture emissions while accommodating
vessel draft, pitch, etc. changes due to cargo
operations

Ability of connection/collection system to
adequately transport a wide range of flow rates
from multiple stacks

Ability to capture emissions without placing an
individual in harm’s way or requiring them to work
in an unintended location

Ability to safely and reliably operate in the metocean
and environmental conditions experienced at the
Avon Wharf

Barge congestion and siting around vessels

O

C&C barges must not interfere with adjacent vessel
traffic

C&C barges must stay clear of mooring lines of the
vessel at berth

C&C barges must not interfere with containment
boom

June 2026
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o C&C barge mooring systems must not impact
submerged utilities crossing navigational channels

o C&C barge must not hinder the vessel from being
able to meet California State Lands 30-minute
departure requirements

o C&C barge must be permitted by applicable agencies
or governing bodies to use spuds at any point
throughout a given calendar year

e Ability to safely maintain positioning through the use of
spuds.

e Barge personnel should be sufficiently trained and qualified
to safely operate the barge.

e Implementation of adequate emergency preparedness to
ensure safety of barge-based system operators near
hazardous carge

¢ Treatment system performance meets or exceeds emission
reduction requirements for all emissions sources that are
required to be controlled on tankers

» To prevent monopolization of services, a minimum of two
vendors needs to be approved as a CAECS and have
equipment available in the market.

Physical or Operational Constraints

Project: Constraints:

Vendor-Provided and CARB- As of the date of this plan, a Vendor-Provided and CARB-Approved
Approved Barge-Based barge-based capture and control system does not exist for the
Capture and Control (C&C) majority of tanker vessels docking at Avon Wharf. Until systems are
System effectively developed and safely demonstrated, a complete list of

constraints cannot be fully assessed and finalized. The following list
is based on current knowledge of the systems heing proposed and
may be amended once a system has been demonstrated and
approved.
» Physical Constraints
o Impedance or blockage of traffic in the channel
o Inability to spud due to environmental restrictions
e Operational Constraints
o Lack of safe and/or readily available CARB-approved
barge-based capture and control systems
o Lack of tug availability to move CARB-approved
barge-based capture and control systems around the
channel(s}/port(s)/terminal(s)
o Lack of adequate safeguards of the CARB-approved
barge-based capture and control system
o Incompatibility between the design of the CARB-
approved capture and control barge and the
terminal/vessel. This includes, but is not limited to:
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= Undersized C&C treatment system, leading to
an inability to treat all the vessel’s emissions
required by the Regulation.
» Connection/collection design incompatible with
the vessel’s stacks
*  Undersized spuds that prevent the barge from
being able to spud alongside the vessel
= |nability to safely operate the C&C barge due to
lack of visibility or access to the vessel
»  Exposing individuals to a harmful or unsafe
work environment
o Inability to safely maintain positioning due to
metocean or environmental conditions
o Insufficient barge operability or employee
qualifications — barge hinderance of vessel's ability
to meet California State Lands 30-minute departure |
requirements !

TRMC participated in a technology assessment led by the DNV to
evaluate emissions control strategies that could be used to meet the

requirements of the Regulation. The physical and operational |
constraints listed above are included as additional constraints to |
what was identified by the DNV study. A copy of the DNV study is |
provided as an attachment to this plan.

2.4 Feasibility Studies

Section 93130.14(a)(3)(H) states ‘A terminal operator claiming that a physical and/or operational
constraint will delay its ability to implement its preferred CARB approved control strategy to achieve
emission reductions from vessels at berth according to the requirements of section 93130 et seq., must
also include with its terminal plan a technical feasibility study evaluating if there are any other emission
control options that could be implemented more quickly at the terminal’.

As of the date of this plan, the only CARB approved control strategy for all tanker vessels is shore
power. TRMC has elected to invest in the implementation of a shore power system at its Avon Wharf.
Within this Terminal Plan, TRMC has identified the operational and physical constraints which will delay
the implementation of a shore power system according to the requirements of section 93130 et seq.

Due to the physical and operational constraints identified and to support CARB’s request to evaluate if
any other emission control options could be implemented more quickly at the terminal, TRMC assessed
the implementation of alternative technology. To TRMC’s best knowledge, the oniy other technology
which may be capable of meeting the requirements of section 93130 and not already being
implemented by TRMC is a land-based capture and control system. However, based on the results of
the feasibility study completed in Long Beach, the estimated completion date to install a {and-based
shore power system at Avon would surpass that of a shore power system. Additionally, a physical
constraint exists with the land-based capture and control infrastructure due to the separate
infrastructure required for a shore power system. Operational constraints, reflecting those identified for
a barge-based system, also exist due to the need to design a connection/collection system capable of
safely capturing emissions from a variable set of stack configurations.
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tn summary, TRMC believes all efforts have been exhausted to identify technologies capable of meeting
the requirements of section 93130 which are not already being pursued through barge-based capture
and control, a terminal shore power system, and innovative concepts. An industry study from the DNV,
(attached), also did not identify alternative technologies which may be able to meet the requirements

of section 93130.

3. TERMINAL OPERATOR/PORT BERTHING RESTRICTIONS
Are there any terminal or port specific berthing restrictions? If yes, please describe.

1. Future dock enhancements necessary to accommodate barge-based capture and control system
could necessitate additional berthing restrictions.
2. Underwater utilities located near the vessel berthing locations could restrict capture and

control mooring (spudding) systems,
3. Metocean conditions (i.e., tides) can necessitate certain berthing restrictions

4. DIVISION OF ROLES AND RESPONSIBILITIES
Division of responsibilities:

Not applicable at this terminal as there is no Port authority for the Avon Wharf.

Port Terminal |

Submission of terminal plan Vs |

Submission of port plan N/A |'

5. SIGNATURE OF TERMINAL OPERATOR

By signing below, the Terminal Operator’s responsible official confirms under penalty of perjury that
he/she has reviewed this At Berth Terminal Plan and is submitting this At Berth Terminal Plan as TRMC's ‘
compliance strategy for the At Berth Regulation. TRMC understands this plan is subject to verification by

CARB staff.

Name: Chris Staats Title: VP, Refining

®

Signature: o Date: 6/9‘?/39529 ‘

June 2026 Page 5 of 5






wos wnajonaduoyiesew@sieeysop SSOIPPY W] TE0E-2LE-G26 HoquinN asuoydaja

ccepg diz V) Zounaep -21e15/41D

Aep OUB[OS OGT
'ssauppy Buljen

Qw&ﬁ\mQQ :81e(] I\?“Eﬂﬁmc@m
gurugay JA L T/ siemys S (OWEN paluld

"aunsopasip oljignd woiy yons se pardslold aq M 1eyl sisenbal pue ‘uoieulioul 19109 Bpell, $91NMISUCD
|euapyuod se payiuspl pue uejd jeuiwsal Jo Lod e el gyyD) O} PelILIGNS UOIRBULIOLUI PaX3JRW 8L} Jeyl saiedep sy

1T Aueduio?) sUnNsyIejy pue suiulay 01053 ],
:aweN Auedwon) usiug

¢ abey








