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EXECUTIVE SUMMARY

Background

The Red Hill Underground Bulk Fuel Storage Tank Facility (the Facility) is located on the Island
of Oahu, Hawaii. The Facility is part of the broader Joint Base Pearl Harbor Hickam (JBPHH)
Defense Fuel Support Point (DFSP), which supports military operations in the Pacific. The
Facility consists of twenty steel-lined concrete tanks encased in concrete and built into cavities
mined inside Red Hill. Each of the twenty tanks at Red Hill generally measures 100 ft in
diameter and is approximately 250 ft in height. The cavity in which the tanks are built lies under
a minimum 100 ft of rock. Each tank can store up to 12.5 million gallons of fuel. Presently,
eighteen tanks are operational, and two are not in service (since 2007). The tanks are
connected to three pipelines that run (B)3)A) through a tunnel to an underground pump house
that distributes fuel via pipelines to above-ground storage tanks, fueling piers at Pearl Harbor,
the flight line on Hickam Airfield, and receives fuel from a transfer point to PAR Hawaii

Refinery.

Fuel releases from the Facility, following a series of related events starting 6 May 2021 through
28 November 2021, led to contamination of the water supply to JBPHH. Afterward, the Hawaii
Department of Health (DOH) issued an Executive Order (EO). To comply with Orders 3 and 5,
the Navy engaged Simpson Gumpertz & Heger Inc. (SGH) to perform an independent review of
the Facility and JBPHH fueling systems which include Hotel Pier, Kilo Pier, Sierra Pier, Mike
Pier, and Bravo Pier. Our objectives in this regard were to assess the design and integrity of the
fuel system and the operations at JBPHH, including the Red Hill underground storage tanks, in
order to safely defuel the Red Hill underground storage tanks and to safely operate the balance

of JBPHH.

Our independent assessment included the following tasks: 1) Facility Walk Down; 2) Document
Review; 3) Process Hazard Analysis (PHA) and Operational Readiness Assessment (performed

by our subcontractor and teaming partner, Risktec); 4) Structural Integrity Assessment; 5)
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Mechanical Integrity Assessment; and 6) Development of Conceptual Repair Schemes and Cost

Estimates.

Recommendations — Process Safety Management and Operational Readiness

A Hazard and Operability (HAZOP) Study was performed to assess the operational risks
associated with both defueling Red Hill and ongoing operations at Red Hill and JBPHH. The
reviews resulted in evaluations of systems integrity and potential impacts on the environment,
health and safety, the public, and mission readiness. The HAZOP report documents a PHA for
the facility. The PHA team identified 120 recommendations for reducing the likelihood and/or
severity of potential consequences associated with the Pearl Harbor and Red Hill Fuel Facility.
The HAZOP report was created by our subcontractor and teaming partner, Risktec. Table 8-1
contains thirteen recommendations and their associated risk rankings made during the PHA
(HAZOP) to be specifically considered by Navy leadership prior to commencing defueling the
Red Hill Tanks. Table 8-2 contains those recommendations and associated risk rankings to be
considered for ongoing operations specific to the Pearl Harbor DFSP, and Table 8-3 contains
those recommendations and associated risk rankings to be considered if operations at Red Hill

are resumed in the future.

It is not expected that all recommendations made as a result of the PHA or Operational
Readiness Assessment will be implemented. Priority should be established by Navy leadership,
taking into consideration, among other things, the assigned risk ranking associated with the
recommendation, the anticipated schedule for defueling Red Hill, the expected future use of the
Facility, the technical feasibility of the recommendation, the financial impact of the
recommendation and other efforts underway or planned to address the risk. A preliminary

implementation plan (Table 8-4) is provided for those recommendations considered critical.

Recommendations — Structural and Mechanical Integrity

Our recommendations are provided in detail in Appendix A and its five sub-appendices as
follows:

. Appendix A.1 - Site Visit Observations and Recommendations (Sorted by Location)

[MARKING REMOVED



AR REMOVELY

Appendix A.2 - Site Visit Observations and Recommendations (Sorted by Priority)
Appendix A.3 — Conceptual Retrofit Drawings in Lower Access Tunnel

Appendix A.4 — Repair Sketches and Photographs in Lower Access Tunnel
Appendix A.5 - Valve Equalization By-Pass Line Concept

Our most significant recommendations (and which are all required prior to defueling) are in the

lower access tunnel (LAT) adjacent to the Red Hill tanks. Our structural and mechanical

integrity and design improvement recommendations are summarized as follows:

Performance of a surge analysis for the three fuel pipelines to determine whether a larger load
than we evaluated could occur during defueling, considering the existing piping configurations
and the expected sequence of valve openings associated with defueling. Based on the computed
surge loads, any Dresser couplings subject to tension should be evaluated to determine whether
they have sufficient capacity, with consideration to replace or strengthen the Dresser couplings.

Protection of Dresser couplings by ensuring cross-tunnel lateral piping is connected at tanks or
provision of axial restraints at tank piping laterals. If cross-tunnel piping cannot be connected or
supported with axial restraints, we recommend that any in-line Dresser couplings that could be
subject to tension (e.g., if the adjacent lateral is disconnected), be evaluated to determine
whether the coupling has sufficient strength to resist the tensile loads from a detailed surge
analysis.

Provision of lateral restraint to all three main pipelines at a select number of pipe supports in the
LAT and re-establishment of effective, integral cross-tunnel lateral piping at odd-numbered
tanks. This includes reconnection of piping laterals to Tanks 1 and 19. This recommendation will
help restrain the pipes from significant lateral movement (and the resulting damage to the piping
laterals and Dresser couplings) in the event of a high-pressure surge event, similar to that which
happened in May 2021. We understand that reconnection of Tank 19 was in process during this
study, but our pipe stress analysis indicates that the work that is being currently performed may
still not be adequate and that additional system strengthening (axial and lateral restraints) may
also be required in order to resist transient surge loads.

Permanent connections of the lateral piping between the odd-numbered tanks and main
pipelines. If this condition changes and odd-numbered tanks are disconnected, then additional
axial and/or lateral restraints and line stops are required to restrain the pipeline movement due to
the disconnected piping. The proposed lateral restraints and stops shown in Appendix A.3 are
based on the assumption that piping laterals at Tanks 1 and 19 are being reinstated and that no
odd-numbered tanks will be disconnected from the system while there is fuel in any of the tanks.

Provision of lateral restraints (guides) at approximately 20 locations in the LAT that can ensure
the stability of the F-24 pipeline. The F-24 pipeline is presently inadequately supported and
could fall from its pipe supports in the event of a high-pressure surge event or an earthquake.

Consideration for providing pressure equalization across both the inboard (skin) valve and the
outboard valve at tanks. This recommendation can reduce the risk of future high-pressure surge
events in the event that vacuum conditions in the three main fuel pipelines occur. In terms of
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defueling, not all of the tanks will require pressure equalization across the valves if the Navy can
plan the order in which the tanks are defueled.

We have many other recommendations, including a host of maintenance issues and repair of
corroded piping, damaged coating, damaged/reconfigured pipe supports, missing bracing,
corroded pipe supports, overconstrained piping and stairways at several aboveground storage
tanks, degraded pier structures, follow-up on items previously identified as being in need of
repair from past inspection reports, and others. See Appendices A.1 and A.2 for a complete
description. Our recommendations (over 200) are sorted by location and priority in Table 8-5. A
number of these will require repair prior to defueling (designated as priority D1) whereas some
will only be performed as part of ongoing JBPHH operations [with designated priorities as P1

(high), P2 (lower), and P3 (maintenance)].

The tables in Appendix A.1 provide our recommendations ordered by location, while those in
Appendix A.2 provide the same information ordered by recommendation priority. Both
appendices provide our cost estimates for performing repairs, broken down by priorities for the
same items. Costs are further broken down into our recommendations that we believe are not
part of existing planned/funded projects (the first column of numbers in Table 8-7) and those
that are part of such projects (the second column of nhumbers in Table 8-7). The additional
projects that we are identifying are in the first column of numbers in the table and add to

approximately [{S)€)

Several comments regarding the cost estimates should be noted:

—
i
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In terms of completion schedule, the tables in Appendices A.1 and A.2 nominally assign the

following implementation schedules:

D1 - as soon as practicable.

P1 - twelve to twenty-four months.

P2 - twenty-four to forty-eight months.

P3 - ongoing as part of maintenance activities.

Finally, our recommendations related to maintenance of coatings and corrosion control are also

provided in Section 8.2.

General

Our general recommendations for safe defueling also include the following:

Any modifications that affect the loading or structural response of tanks, structures or
piping systems should be engineered in a coordinated manner.

Independent third-party verification of design changes, repairs and modifications
currently being planned and implemented should be employed.

A more robust facility specific integrity management program and anomaly tracking
system should be implemented.

A risk-based process safety management system should be adopted.
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1. INTRODUCTION

The Red Hill Underground Bulk Fuel Storage Tank Facility (the Facility) is located on the Island
of Oahu, Hawaii. The Facility is part of the broader Joint Base Pearl Harbor Hickam (JBPHH)
Defense Fuel Support Point (DFSP), which supports military operations in the Pacific. The
Facility consists of twenty steel-lined concrete tanks encased in concrete and built into cavities
mined inside Red Hill. Each of the twenty tanks at Red Hill generally measures 100 ftin
diameter and is approximately 250 ft in height. The cavity in which the tanks are built lies under
a minimum 100 ft of rock. Each tank can store up to 12.5 million gallons of fuel. Presently,
eighteen tanks are operational, and two are not in service (since 2007). The tanks are
connected to three pipelines that run 2.5 mi through a tunnel to an underground pump house
that distributes fuel via pipelines to above-ground storage tanks, fueling piers at Pearl Harbor,
the flight line on Hickam Airfield, and receives fuel from a transfer point to PAR Hawaii
Refinery. See Figure 1-1 to Figure 1-3 for the Pearl Harbor fuel facility layout and product
storage locations. The Facility tanks are represented in the lower right with a black color

denoting tanks that are out of service (Figure 1-3).

0)(3)(A

Figure 1-1 — Aerial Schematic of JBPHH Fuel Facilities (NAVSUP, 2022)
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0)(3)(A

Figure 1-2 - Schematic of Red Hill Tanks and Tunnels to Pumphouse (Pond, 2018)

0)(3)(A

Figure 1-3 — Pearl Harbor Fuel Facility (Hickam Air Force Base not shown), Tank Status
19 January 2022 (picture from operator’s screen)

Fuel releases from the Facility following a series of events starting 6 May 2021 through
28 November 2021 led to contamination of the water supply to JBPHH. Afterward, the Hawaii

Department of Health (DOH) issued an emergency order (EO):
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1. Immediately suspend operations including, but not limited to, fuel transfers at the Bulk Fuel
Storage Tanks at the Facility. Respondent shall, however, maintain environmental controls,
release detection and release response protocols, and compliance with applicable
regulations.

2. Take immediate steps to install a drinking water treatment system or systems at Red Hill
Shaft to ensure the distribution of drinking water conforms to the standards prescribed by
the Safe Drinking Water Act and applicable regulations and to minimize the movement of
the contaminant plume(s). The treatment system(s) shall be reviewed and approved by the
Department (of Health) prior to installation and shall be installed as expeditiously as
practicable.

3. Within thirty days of receipt of this EO, submit a work plan and implementation schedule,
prepared by a qualified independent third party approved by the Department (of Health), to
assess the Facility operations and system integrity to safely defuel the Bulk Fuel Storage
Tanks. Upon the Department’s (of Health) approval of the assessment, work plan, and
implementation schedule, conduct necessary repairs and make necessary changes in
operations to address any deficiencies identified in the assessment and work plan.
Corrective actions shall be performed as expeditiously as possible.

4. Within thirty days of completion of required corrective actions under Item 3, defuel the Bulk
Fuel Storage Tanks at the Facility. Any refueling shall be subject to a determination by the
Department (of Health) that it is protective of human health and the environment.

5. Within thirty days of receipt of this EO, submit a work plan and implementation schedule
prepared by a qualified independent third party approved by the Department (of Health) to
assess operations and system integrity of the Facility to determine design and operational
deficiencies that may impact the environment and develop recommendations for corrective
action. Submit the assessment, proposed work, and recommendations for corrective action
to the Department (of Health) with an implementation schedule. Upon the Department’s (of
Health) approval, perform work and implement corrective actions. Corrective actions shall
be performed as expeditiously as possible.

To comply with Orders 3 and 5, the Navy engaged Simpson Gumpertz & Heger Inc. (SGH) to
perform an independent review of the Facility and JBPHH fueling systems which include Hotel

Pier, Kilo Pier, Sierra Pier, Mike Pier, and Bravo Pier.

Stated concisely, our objectives were to assess the design, integrity, and operations of the fuel
system at JBPHH, including the Red Hill Underground Bulk Fuel Storage (UBFS) tanks, in order
to safely defuel the Red Hill UBFS tanks and to safely operate the balance of JBPHH.
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Our independent assessment includes the following tasks 1) Facility Walk Down, 2) Document
Review, 3) Process Hazard Analysis (PHA) and Operational Readiness Assessment (performed
by our subcontractor and teaming partner, Risktec), 4) Structural Integrity Assessment,

5) Mechanical Integrity Assessment, and 6) Development of Conceptual Repair Schemes and

Cost Estimates. Our Plan of Actions and Milestones (POAM) lists these principal tasks.

During our walk downs and interviews with the Facility personnel, we identified operational,
mechanical, and structural vulnerabilities. We reviewed past inspections, remedial work plans,
and work orders that historically impacted the Facility. We also analyzed pipelines, pipe
supports and components, above-ground storage tanks, and the Red Hill UBFS tanks to
ascertain margins, residual capacities, and sensitivities to potential damage mechanisms and

deterioration.

Though not currently used for fueling and defueling operations, Kilo and Sierra Piers and Mike
and Bravo Piers were recently used for such operations; therefore, SGH also performed topside
and below deck inspections of the associated and accessible fueling and defueling systems to

inform our structural and mechanical integrity assessments.

1.1 Background

Defense Logistics Agency (DLA), as the Department of Defense Executive Agent for Bulk
Petroleum, is responsible for funding centrally managed programs, sustainment, restoration,
modernization, maintenance, and operations of the JBPHH DFSP. Naval Supply Systems
Command (NAVSUP) Fleet Logistics Center Pearl Harbor (FLCPH) is responsible for the
day-to-day operations of the fuel facilities. The U.S. Army Corps of Engineers provides for the
execution of preventative maintenance and minor repairs. The Naval Facilities Engineering
Systems Command (NAVFAC) Hawaii is responsible for Red Hill's execution of sustainment,
repairs, and modernization, the water well, and environmental compliance on behalf of

Commander, Navy Installation Command Region Hawaii.

oy« =
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Additional background information can be found in the 2017 U.S. Environmental Protection
Agency, Underground Storage Tank System Evaluation Report for the Red Hill Bulk Fuel

Storage Facility Joint Base Pearl Harbor Hickam.

On 21 December 2021, the Commanding Officer of NAVSUP Fleet Logistics Center, Pearl
Harbor, Hawaii, Captain Albert Hornyak, issued Standing Orders for no fuel to be moved to,
from, or between Red Hill Tanks 1 — 20 (Hornyak, 21 December 2021).

The Department of the Navy contracted SGH as a qualified independent third party to assess
operations and system integrity of the Facility to determine design and operational deficiencies.
Our assessment aims to deliver a framework to inform the Navy about necessary repairs and

recommended changes in the operations of the Facility.

1.2 Facility Description

The Facility was built by contractor Pacific Naval Air Bases in the early 1940s to relocate and
make safe fuel stored in above-ground storage tanks at Pearl Harbor. It is formally owned and
operated by the Department of The Navy, locally operated by the Navy Supply Systems
Command Fleet Logistics Center, Pearl Harbor, Hawaii. The Facility is comprised of eighteen
operational and two out-of-service, 12.5-million-gallon underground fuel storage tanks, every
100 ft in diameter and 250 ft tall. The JBPHH fuel facility additionally comprises 1) six
above-ground storage tanks that pre-date the Facility, 2) four above-ground storage tanks at
Hickam Air Force Base, 3) truck fill stands at Pearl Harbor and Hickam Air Force Base,

4) pumphouses at Pearl Harbor and Hickam Air Force Base, 5) four underground surge tanks,
6) five piers, and 7) a network of piping systems, valve stations, and valve chambers. The
Facility and JBPHH also have a fuel oil reclamation (FOR) system within the Facility and on

Hotel Pier to process waste fuel and contaminated water.

The Facility is the primary bulk fuel storage facility for JBPHH. The lower dome of each
underground fuel storage tank is approximately 100 — 130 ft above the basal aquifer
[approximately 20 ft MSL (AECOM, 2019)] that supplies water to JBPHH and the surrounding

community. An upper and lower tunnel connects each tank at two elevations. Fueling and
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defueling piping enter the tanks only at the lower dome. Three fuel types are stored in the
Facility: Tanks 15 and 16 nominally hold Marine Diesel F-76 (transferred through
pipeline), Tanks 7 — 14, 17, 18, and 20 nominally hold Jet Fuel Propellent JP-5 (transferred
through pipeline), and Tanks 2 — 6 nominally hold NATO Grade Jet Fuel F-24 (transferred
through pipeline). Tanks 1 and 19 have been out of service for several years and hold no

fuel. The head at the Facility feeds fuel (b)(3)(A) and facilitates pushing fuel

throughout JBPHH and to PAR Hawaii, although fuel might be rarely transferred to PAR.

Access to the tanks is provided by an upper access tunnel (UAT) RO hove the tank bottoms
and a lower access tunnel (LAT) below the tank bottoms. Both upper and lower access
tunnels are located between the two rows of ten tanks. The lower tunnel extends J{e)I&)IVAY;

_ and contains three distinct fuel lines (JP-5, F-24, and F-76). The

main fuel piping in the LAT tank gallery runs approximately (b)(3)(A)
from Tank 20 to Tank 1 (Y&D Drawing No. 294196). Piping from Tank 1 (b)(3)(A)

Within the LAT at the tank gallery, fuel piping is elevated and is typically supported on
wide-flange beam and column pipe supports that vary in height, span, and lateral connectivity.
This pipe also supports conduit, cable trays, HVAC ducting, other piping and electrical
equipment, and fire suppression system piping. Downstream of the tank gallery, [{S)I€3[(a)
_, the fuel pipelines transition to a stacked configuration, with the (R F-76 line
supported on concrete cradle type supports on the tunnel floor, while the R |P-5 line is
offset above the F-76 line and supported on double angle pipe supports and the et F-24

line is offset above the JP-5 line and supported on dual angle pipe supports.

(b)(3)(A) , piping extends to 1) Hotel Pier, Kilo Pier, Sierra Pier, Mike Pier,

and Bravo Pier, 2) Hickam Air Force Base via above and below-ground piping, 3) PAR Hawaii,

4) four underground surge tanks (b)(3)(A) , 5) six above-ground storage tanks at the
Upper Tank Farm (UTF), or 6) other Red Hill tanks.
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[MARKING REMOVED)



Hotel Pier is currently used to receive and send [{{S){€)AVN via vessels. (b)(3)(A)

_. Other than Hotel Pier, the only other pier in use is

Sierra Pier for the FOR transfer to and from vessels. However, until recently:

° Kilo Pier was used as a backup for Hotel Pier for theF!:IEIﬂ_
° Mike Pier was used to transfer
° Bravo Pier was used to transfer

NATO Grade Jet Fuel F-24 is pushed to Hickam Air Force Base from the underground
pumphouse through valve stations (b)(3)(A)
-. Alternately, the pumphouse pushes NATO Grade Jet Fuel F-24 to the UTF Tanks 46

and 53 for storage, and then Hickam Air Force Base can receive fuel from these tanks through

(b)(3)(A) &

PAR Hawaii can issue and receive all fuel types via SUSUQY multi-purpose pipe which is

directed through valve stations (b)(3)(A) before the fuel is pushed

throughout JBPHH.

Four underground surge tanks (b)(3)(A) are used as “atmospheric buffer tanks during

receipt pumping operations” (Enterprise Engineering, Inc., 2019) and temporary storage.

The UTF is the legacy bulk fuel storage facility that predates the Red Hill Underground Bulk
Fuel Storage Tanks. The tanks are nearing 100 years old, having been constructed in the
1920s. Each of the six tanks holds 6.3 million gallons of fuel. Tanks 46 and 53 store NATO
Grade Jet Fuel F-24. Tanks 47, 48, and 54 store Marine Grade Diesel Fuel F-76. Tank 55 stores
Jet Fuel Propellent JP-5. All tanks, except Tank 55, were once riveted, single bottom tanks.
These were retrofitted by welding around each individual rivet, as well as around the rivets
along the tank shell plate seams and by adding a double bottom to the tank to prevent leakage.
Tank 55 is a relatively newer, fully-welded tank, as are the four tanks at Hickam. These UTF

tanks can be filled by the Facility tanks, PAR Hawaii, or issuing vessels at Hotel Pier.
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13 Scope of Work

The Department of the Navy requested SGH to perform an assessment of the operations and
system integrity of the Facility to allow hydrocarbons within the Facility to be contained in tanks
and pipelines to eliminate a potential future release of hydrocarbons into the environment. This
assessment recommended safeguards for hardware and human actions to prevent or mitigate
incidents and provided the the Navy with an assessment of Red Hill operations and system

integrity identifying design and operational deficiencies.

SGH and our subcontractors evaluated and determined design and operational deficiencies to
meet the project objectives. Design deficiencies were determined through a structural integrity
assessment of the critical components at the Facility. Our study aims to provide the Navy with
an understanding of the system integrity of the Facility. The operations and safety evaluation
identified the deficiencies in process safety management, risk management, and integrity of the
operations. We also developed recommendations to mitigate deficiencies in operations of the
Facility and integrity of equipment and structures. The overall objective of this project was to

improve the safety of the Facility and reduce process safety risks.

We performed structural and mechanical integrity evaluations to ensure that the degradation of
critical components or design deficiencies will likely not cause failures. This effort involved the
assessment of the hydrocarbon-containing systems during normal operations to ensure that

hydrocarbons are contained and future hydrocarbon releases are likely prevented.

The assessment of operations and system integrity of the Facility is to determine design and
operational deficiencies that may impact the environment focused on the major components of
the DFSP. These components include the underground storage tanks and piping in the tunnels,
the pumphouse and surge tanks, the aboveground storage tanks, the fuel piers, and the piping
that connects these components up to the custody transfer point for the pipeline to the PAR

Hawaii Refinery.

After completing the assessment, we developed recommendations for critical components to

mitigate the identified structural integrity deficiencies. Conceptual structural mitigation

o,
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recommendations were prepared to develop Class 4 cost estimates [as per the Association for
the Advancement of Cost Engineering (AACE) Recommended Practice No. 18R-97 cost
estimate classification system]. Cost estimates for recommendations were provided, as
necessary, to the extent that those repairs do not fall under the recurring maintenance and
minor repair (RMMR) program currently utilized at the Facility. Correction of identified

deficiencies is expected to increase the safety of the Facility, i.e., reduce the risk at the facility.

14 Project Team

Our project team, organization chart (Figure 1-4), and roles and responsibilities of our team

members are presented in this section.

O
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Figure 1-4 - Project Organization Chart
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Roles and Responsibilities

Project Director — The project director has ultimate responsibility for the quality, conduct,
contractual obligations, staffing, scheduling, and client relationships. The project director
identifies the staff assigned to the project as appropriate, coordinates staff scheduling
within the firm, and establishes the overall project quality program with the project
manager. The project director is responsible for overall performance, delivery excellence,
and quality of the work.

Project Manager — Working with the project director, the project manager is responsible
for the day-to-day conduct of the project, establishing and controlling budgets,
controlling schedules, and meeting deadlines. The project manager directs staff and
maintains the project files. The project manager may assign certain tasks to additional
staff members as needed. No technical staff may be assigned to the project without the
approval of the project manager. The project manager maintains principal client contact
and answers directly to the project director.

Independent Reviewer — Provides technical assurance to the project team through
quality reviews of reports, other work products, coaching and consultation, and a
general overview of the work progress.

Safety Officer — The project safety officer provides guidance on overall company safety
policy and execution for safe day-to-day project execution. This includes briefing staff
on safety protocols for site visits and confirming staff has obtained the necessary
project-specific safety training.

Security Officer — Ensures that the work is executed in compliance with applicable
project security and export control requirements.

Project Engineer — Project Engineer has the on-site liaison responsibilities and
represents the project manager at the Facility. The project engineer is responsible for
on-site coordination with the client, coordination with the home office, data review and
transmittals, preparing requests for information (RFl), responding to client questions and
comments, attending on-site project meetings with the client team, and communicating
project progress and concerns.

Operations SME - Responsible for identifying operational deficiencies and developing
improvement plans.

Process Safety and Risk SME — Responsible for identifying hazards, gaps, and
deficiencies that may affect the safety of the Facility and developing improvement plans
to mitigate safety risks.

Health, Safety, and Environmental (HSE) Manager — Responsible for evaluating
regulatory requirements and assessment of environmental impacts.
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Geotechnical SME - Responsible for reviewing geotechnical reports and interpretation
of data to provide inputs for foundation evaluations that are part of the structural
assessments.

Materials/Metallurgical Engineering SME - Identification of the material damage
mechanisms, establishment of corrosion/ erosion rates, determination of material
properties including strength parameters and cracklike flaw growth parameters,
development of suitable remediation methods and monitoring programs, and
documentation. Also, this SME will support the analysis and interpretation of inspection
data.

Mechanical and Structural Engineers — Analysis and evaluation of structures and
components, development of loading criteria, computations of the minimum required
thickness for a component, performance of any required thermal and stress analysis,
and knowledge in the design of and the practices relating to the pressure containing
equipment including pressure vessel, piping, and tankage codes and standards.

Biographies of Key Team Members

(b)(6) . P.E., SE., CPEng, F.ASCE, Senior Principal, SGH. Jl{9)I(S) Il has

forty years of experience in the analysis and design of industrial structures, buildings,
tanks, and pipelines subjected to both static and dynamic loads, including those from
extreme events such as blasts, explosions, earthquakes, high wind, fire, and flood. He is
a registered professional and structural engineer. He has served on several committees
charged with developing design and evaluation criteria for both new and existing
industrial facilities, including being the present Chairman of the American Society of
Civil Engineers (ASCE) committees responsible for developing the guidelines, “Wind
Loads for Petrochemical and Other Industrial Facilities” and “Seismic Evaluation and
Design of Petrochemical and Other Industrial Facilities,” co-authoring the section on
tanks in the latter document. [(JI(S); is an ASCE Fellow and is SGH’s Structural
Engineering Division Head and Office Manager in Houston. He has been the structural
engineer of record for the design of more than 150 buildings at petrochemical and
industrial facilities throughout the U.S. and overseas. (b)(6) led the seismic
hazard assessment and mitigation project at Chevron USA's major petrochemical
facilities in seismically active areas, including the Richmond and El Segundo, California
oil refineries, during which over 1,500 tanks and all major pipe racks and process
equipment in the refineries were assessed. JI(I®) has provided expert witness
services in disputes and litigation related to construction, leakage, collapse, settlement,
wind, blast, fire, hail, and earthquake loadings.

(QIEM. Ph.D., P.E., Staff Consultant, SGH. (SN specializes in the design and

assessment of structures, piping, and equipment at oil and gas facilities against internal
and external loads. He previously worked as the owner’s engineer for several onshore
LNG and offshore projects. He has experience in structural integrity management of
production and storage facilities. He performed inspections and led fitness for service



(FFS) studies for plant structures, foundations, tanks, piping, and equipment at oil and
gas facilities. He is an expert in advanced analytics applications and has a qualification
in safety-critical elements against extreme loads due to hydrocarbon accidents and
natural hazards. J{)I(S) MM recent work includes the management of a PHMSA
research project where the SGH team is developing performance criteria for external
loading factors on external steel shell tanks. He is currently chairing the ASCE Energy
Division — Task Force on Performance-Based Structural Fire Design for Petrochemical
Facilities. He has published research and presented papers on a range of topics,
including fire integrity analysis and passive fire protection (PFP) optimization, design of
rotating equipment foundations, seismic design of offshore platforms, soil-pipeline
interaction, impact load analysis of nuclear power plant structures and load distribution
characteristics of highway bridges.

(b)(6) , P.E., Senior Principal, SGH. J{)I(S)Jl has more than forty years of

experience as a project engineer, project manager, and engineering manager with
strong expertise in seismic engineering, especially in the oil and gas and marine
industries. In addition to project experience, he is active in code writing activities and
criteria development and was the Committee Chairman and primary editor for the first
edition of ASCE’s “Guidelines for Seismic Evaluation and Design of Petrochemical
Facilities,” and is current Chairman of ASCE 61, the Standards Committee on Seismic
Design of Piers and Wharves. SO is also the U.S. delegate to PIANC Working
Group 153 on the Design of Marine Qil Terminals. He has investigated the performance
of industrial facilities in more than twenty earthquakes and other events throughout the
world.

(b)(6) , Ph.D., P.E., Senior Consulting Engineer, SGH. () is 2

licensed professional engineer with experience in structural engineering analysis,
investigation, and design. She has industrial, commercial, and marine expertise,
governed by domestic and international codes. She was recently the SGH on-site liaison
for the assessment of the New Zealand International Convention Center, a $400M
structure in Auckland, New Zealand, that was heavily damaged during a significant fire.

()M has collaborated on new design, investigation, and rehabilitation projects
of structures subjected to natural hazards, high winds, blast loads, fire events, and
operating loading conditions. She also has experience in fragility modeling, cost-benefit
analysis, and component testing and modeling for material characterization. is the
incoming 2022 President of the Structural Engineers Association of Texas (SEAoT),
having served as its local Houston chapter president for 2019-2020. She was born in
Hawaii and has lived in Oahu.

(QIEM. Ph.D.. P.E., SE., P.Eng., Senior Project Engineer, SGH. [{I(8) is a licensed

professional and structural engineer with more than twenty years of experience in
structural engineering analysis, design, investigation, and rehabilitation, as well as
project management. He is a licensed Structural Engineer in Hawaii. J{QU&) experience
highlights include serving as the responsible structural engineer for steel and concrete



design in petrochemical and refinery facilities. Having worked for Bechtel in the past, he
has extensive expertise associated with the design, analysis, and evaluation of both
new and existing industrial structures, tanks, pipe racks, and piping systems in
petrochemical facilities. He is familiar with current building codes and the specifications
of API, AISC, ACI, ASCE, IBC, AASHTO, and State requirements.

(b)(6) , Americas Regional Director, Risktec. Jl{s)I(S) Bl is the Americas

Regional Director for Risktec. He is a chemical engineer registered in the UK, Europe,
Australia, and Canada, with thirty years of varied safety engineering, risk, reliability, and
availability analysis experience in a range of industries, including oil and gas, process,
and transport sectors. The work has entailed hazard analysis, identification of
safety-critical elements and development of performance standards, reliability analysis,
quantitative risk analysis, safety case production, safety reviews/Hazard and Operability
(HAZOP) studies, and hazard identification (HAZID), fire protection, and safety
engineering.

(J(M. P.E.. Technical Director, Risktec. f{&}I{8})] is a licensed professional
engineer (chemical) with more than forty years of practical experience in chemical plants
and refineries’ process safety, process optimization, and technical support. She joined
Risktec Solutions after working for nine years in process safety consulting and nineteen
years directly in the petrochemical industry, including process engineering, operations,
maintenance, and marine terminal site management. She has extensive experience in
many aspects of process safety and risk management, but of particular note, J{9)I{S))
has conducted more than 200 qualitative hazard assessments, such as Hazard and
Operability (HAZOP) studies, hazard identification (HAZID)s, What-ifs, and LOPAs, has
led or participated in numerous process safety compliance audits, and trained new, and
current facilitators and scribes for PHA/LOPA.

(b)(6) , Consultant, Risktec. l{)[{& is a chemical and environmental
engineer with more than thirty years of broad EHS experience for global chemical
companies. She has managed environmental, personal safety, process safety
compliance, training, and management system development and implementation. This
has included the integration of a new EHS Management System, programs, standards,
and systems within a large chemical corporation. (M is skilled in environmental
and process safety management (PSM) compliance auditing.

(V@M. PE., Consultant, Risktec. JK(QIEM is a chemical and environmental

engineer with over thirty years of experience in process safety, environmental safety,
risk assessment, and risk management within refining and chemical manufacturing
companies. &M is a skilled Lead Auditor for PSM and environmental audits.

(b)(6) . Principal Consultant, Risktec. (IO is a chemical engineer with
more than thirty years of experience in the oil and gas industry. J{QIB experience
includes various managerial positions within multiple refinery facilities across the U.S.
and Europe, with the majority of her career being with an oil and gas company as
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Health, Environment, Safety, and Operations Manager. With certifications in Process
Safety and Management System Audits, Source Incident Investigation Qualified Leader,
and Hazard and Operability Studies Leader, she has led training on Hazard
Identification (HAZID) and Hazard and Operability (HAZOP) studies; developed life-
critical standards and training, implemented learning management systems for chemical
companies; and led efforts to write life-critical standards, process safety standards, and
training for a major oil company.

()I(S)MM. CEng, Independent Consultant (Subcontractor). JE{e)I(S)Jll is a Chartered

Engineer with more than thirty-eight years of experience in the oil and gas industry and
currently is an independent consultant providing services on an international basis to
the industry, specializing in operations, audits, assurance, and reviews. {&48) worked for
BG Group, latterly Shell, for thirty-four years. His experience included maintenance,
operations, projects, and commissioning for gas and liquids production, processing, and
storage, both on and offshore. His most recent position was LNG Operations Manager,
and as Operations Group Technical Authority (GTA) and Subject Matter Expert (SME)
for BG’s global LNG assets, he had the responsibility for the operational assurance of all
BG operated and joint venture LNG assets and projects. During this time,
performed a range of functional and peer reviews as wel+| as operational audits and
shared best practices across the group. is a proficient incident investigator and has
led significant investigations to the conclusion.

(b)(G) , Ph.D., Independent Consultant (Subcontractor). (b)(G) is the

Principal at Walter Consulting Services with more than twenty years of experience
specializing in static and rotating equipment risk assessment, equipment selection,
testing evaluation, installation, commissioning, and operations. Prior to starting his
consulting company in 2011, l{()M was a Senior Associate at ExxonMobil and was
part of a team that developed the mechanical technology for the world’s largest LNG
plants located in Qatar and specific technologies to optimize onshore, offshore, and
subsea facilities. JE{S)(S)M has provided mechanical expertise to multiple onshore and
offshore facilities where safety and integrity are foremost in equipment selection and
implementation to meet operational requirements. He is currently providing
commissioning expertise for gas turbines, steam turbines, generators, steam systems,
and fuel gas systems for a 300 MW Combined Cycle Power Plant that provides
electricity for the Ichthys LNG plant in Australia.[{8)I{8)] experience has proven effective
in mature facility equipment assessments to develop maintenance and operational
recommendations. is a Hawaii resident and lives on Oahu, not far from the Red Hill
facility. Walter Consulting Services is registered as an LLC in Hawaii.

(b)(6) . Independent Consultant (Subcontractor). JK(9I6)] is a

mechanical engineer with over forty years of experience as an engineering specialist in
industrial facilities in the U.S. and internationally. His experience has included working
for Chevron Phillips Chemical Company, Caltex Petroleum Company, and Sun
Refining & Marketing Company (Sunoco). He has had overall responsibility for solving



technical and operational problems in an operating petroleum refinery, including
addressing environmental issues to be corrected to meet new governmental regulations
at petroleum storage tank and transfer facilities such as storage tank farms, marine
custody transfer, and tank truck loading. During his first twenty years, he worked as
Manager of Engineering at the Sunoco Philadelphia Refinery, a 100-year-old facility
with many historical design and quality issues.

(b)(6) , Ph.D., P.E., CWI, Staff Consultant, SGH. (b)(6) isa

metallurgist, corrosion specialist, and certified weld inspector with over twenty years of
experience in materials engineering. He specializes in the failure analysis and structural
assessment of materials systems that have been degraded by mechanisms such as
corrosion, fracture/fatigue, or wear. &l has an extensive technical background in
laboratory testing and analysis of ASTM/NACE/API standards, including the design of
fitness for purpose experimentation. He has investigated petroleum storage tank
leakage due to coating failure and subsequent corrosion.

(b)(6) , Ph.D., Staff Consultant, SGH. JE{()I(S)IM is a chemist with over

twenty-five years of experience in polymers, chemical formulations, product
development, laboratory management, and problem-solving in the chemical and
construction industries. His diverse background includes the design of chemical
admixtures for concrete, management of a quality-control laboratory, and oversight of
commercial testing laboratories in construction, metallurgy, and microbiology. His
laboratory skills include chemical analysis, optical and electron microscopy, thermal
analysis, and physical testing. He has investigated paint and coating failures at
petroleum storage tanks, floor finish failures, trace contaminant analysis, thermal
modeling, mechanical failures, concrete mix designs, metal corrosion, and moisture
ingress.

(b)(6) , P.E., Associate Principal, SGH. (b)(6) has

been with SGH since 2003. She is experienced in geotechnical engineering, providing
planning, design, and construction support services in shallow and deep foundation
systems, earth retention systems, seepage and stability issues, and groundwater
monitoring for buildings, dams, industrial facilities, power stations, and substations. She
has also participated in several investigations into causes of structural settlement,
seepage, and stability issues, retaining wall failures, earth embankment and slope
failures, and adjacent construction claims and has provided litigation support for various
projects.

(b)(6) . P.E., Senior Consulting Engineer, SGH. QI has more than

twenty years of experience as a mechanical engineer, with the last sixteen years being
primarily for marine oil terminals while employed with SGH, Halcrow, and the Port of
Oakland. His engineering experience includes design, pipe stress analysis and
inspection of process piping and fire protection systems, fire water protection system
analysis and design, fire plan and fire hazard risk assessments for marine oil terminals,
and hydraulic analysis of piping systems.
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()W Ph.D.. P.E., SE., Staff Consultant, SGH.{@IG) is a registered civil and

structural engineer with over twenty-five years of experience in structural analysis and
design. He has been involved in the analysis, design, and evaluation of both new and
existing blast-resistant structures in petrochemical facilities and the design and
evaluation of onshore and offshore structures subjected to wind, wave, current,
earthquake, and blast Ioads. has recently served on the American Society of Civil
Engineers (ASCE) Task Committees for Wind Load Design at Petrochemical Facilities
and Blast-Resistant Design at Petrochemical Facilities. has expert knowledge
about structural design code and design specifications such as API AISC 360,
AISC 341, ACI 318, IBC, ASCE 7, NFPA 59A, Eurocode, etc.

(J(OBM. Ph.D., P.E., S.E., Senior Consulting Engineer, SGH. l{JI(O N is 2

registered professional and structural engineer with experience in structural engineering
analysis and design. J{9)[(&l has collaborated on new design, investigation, and
rehabilitation projects of structures subjected to natural hazards, high winds, seismic,
fire, blast loads, and typical loading conditions. J{)[{}ll serves on the American
Society of Civil Engineers (ASCE) Task Committees of the Energy Division on
Wind-Induced Forces, Blast-Resistant Design, Structural Fire Engineering, and Onshore
Heavy Industrial Modularization Guidelines.

(b)(6) , P.E., Consulting Engineer, SGH. J{)I(M is a licensed professional civil

engineer with eight years of structural engineering experience. He has worked on
several domestic as well as international oil and gas EPC projects. JK(I(O)M has
designed various steel and concrete structures, including pipe racks, cableracks, process
structures, heater structures, reformer structures, and steel-clad buildings for plant
modifications and new facilities, including high wind and high seismic regions. In recent
years, he has worked on wind and seismic evaluation of existing structures,
rehabilitation and repair design of the structures, and investigation and failure analysis
of elements and connections.

()[(MM. Project Consultant, SGH. J{)I(S)R is a Project Consultant in our

Structural Engineering division. He has over nine years of experience providing
structural analysis, planning, design, detailing, inspection, and construction support of
buildings, steel structures, concrete structures, and waterfront structures.

(OB P.E.. Project Consultant, SGH. J{S)I{&) M joined SGH in 2016. He is a

registered Professional Engineer with six years of experience aiding in the design,
assessments, and retrofits of marine, refinery, and building structures. JKQIE N also
has several years of experience performing operational and seismic pipe stress analysis
in accordance with ASME B31.4 and ASME B3 1E for pipelines at marine oil terminals in
California as required by California Building Code Chapter 31F and abroad in Panama.

(b)(6) , Associate Project Consultant, SGH. (I joined SGH in

2022 after graduating from The University of Texas Austin with her Master’s in Civil
Engineering. She has experience managing the construction administration process of
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civil and structural engineering projects while working with contractors, architects, and
other engineers overseeing the construction and engineering processes. Jl{9)I(s))
performs pipe stress analysis using Triflex for fuel terminals, considering operating and
hydrostatic test pressures, thermal effects, seismic demands, dead loads, and variable
geometries and valve configurations. She has experience using structural analysis
platforms and other programs, including ({)I&3I(AY] SPColumn, RAM Structural
Systems, and Revit.

. ()I(MM. P-E.. SE., Senior Project Manager, SGH. J{8)I(S) [ joined SGH in 2008.
Since then, J{Q)I{&] has focused on using structural mechanics and computational

1.5

modeling to serve the energy, defense, water resources, rail transportation, and
aerospace industries. J{)[(S)M specializes in nonlinear dynamic finite element analysis
and has extensive experience with impact loading; seismic design; fatigue and fracture
mechanics; and design/analysis of concrete, steel, aluminum, and advanced composite
structures.

Report Organization

The report is organized as follows:

Sections 2, 3, and 4 contain summaries of information we rely upon, provided to us from
a variety of sources. Section 2 contains the results of our review of documents on the
JBPHH fuel system. Over 3,600 documents were provided to us by the Navy within
120 transmittals in response to our requests for information (RFls). These documents
include drawings, specifications, reports, calculations, letters and photographs, and
other material. The information we have relied upon is summarized in Section 2.
Section 3 contains summaries of information we received in conversation or directly
from others, and Section 4 contains the results of our literature review of industry
standards and other publicly available material.

Section 5 contains the findings from our more than seventy walk downs of the JBPHH
facility fuel systems. Photographs and field observations are provided for critical items,
and Appendix A contains details in tables.

In Section 6, we introduce the Process Safety Management (PSM) activities performed
by our subcontractor, Risktec. Key documents that contain the results of the Process
Hazards Analysis (PHA) Report and Operational Readiness Assessment Report are

provided in Appendices B and C, respectively.

®.
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Our structural and mechanical integrity assessment is presented in Section 7 for the
various components of the JBPHH fuel system. This section contains the details of the
various analytical assessments that we undertook.

Finally, recommendations are provided in Section 8, along with cost estimates and an

implementation schedule. Additional details are given in Appendices A, B, and C.

O
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2. DOCUMENT REVIEW

For our independent assessment, it is critical to understand the design premise for integrity
management studies and process hazard studies. To that end, we requested the design
documents of the Facility, including design bases, specifications, drawings, data sheets,
process and instrumentation diagrams (P&IDs), process flow diagrams, piping isometrics, and
material certification reports from the Navy. Our requests for information (RFls) additionally
included inspection, repair, and operation documentation authored by NAVSUP, the
Environmental Protection Agency (EPA), the Defense Logistics Agency (DLA), NAVFAC, the
Engineering and Expeditionary Warfare Center (EXWC), the Department of Health (DOH),
State of Hawaii, other stakeholders, or engineering and inspection companies employed
throughout the life of the Facility. All these documents improve our understanding and

independent assessment of the Facility.

Documents pertaining to previous repairs, inspection reports, and desktop studies evaluating
the as-is condition of the Facility contain information used as inputs for our studies. In the
absence of critical data or inconsistencies, we issued additional requests for information (RFls).
If the requested data was unavailable, we made assumptions based on our experience and

engineering judgment. These assumptions are documented in this report.

The Navy engaged a third-party contractor, Pond Company, to facilitate data gathering and
respond to our requests for information (RFls). We issued over 120 requests for documents
and received over 3,660 files for review. If the information existed, SGH was provided with

documentation that allowed us to understand and evaluate the Facility.

Pertinent documents that provide relied-upon information for our structural and mechanical
integrity assessments are grouped and listed in this section, and the key inputs obtained from

these documents are presented.

2.1 Red Hill Underground Bulk Fuel Storage Tanks

The Red Hill Underground Bulk Fuel Storage Tanks were constructed by Contractor, Pacific

Naval Air Bases, between 1940 and 1943. When in operation, they are subject to clean,
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inspect, and repair (CIR) periodically to maintain defense readiness and structural and
mechanical integrity and to prevent leakage to the environment. Since the original construction,
multiple instances of fuel leakage at the steel liner and stakeholders' concerns have motivated

evolutions in the CIR process.

Physical stamps on the upper access tunnel tank entrances show the following CIR dates for
each Red Hill tank, along with a contractor name (Tanks 3, 4, and 11 do not have completion

stamps on the tanks):

Table 2-1 - Year of Last CIR Completion at Red Hill Underground Bulk Fuel Storage Tanks

Tank # Contractor for Clean, Inspect, Repair Date of Last CIR
1 N/A 2007 permanently closed
2 Dunken and Bush, Inc. 2009
3 N/A N/A
4 N/A N/A
5 APTIM 2019
6 Dunken and Bush, Inc. 2007
7 Dames & Moore 1998
8 Dames & Moore 1998
9 Aman Environmental Construction Inc. 1996
10 Dames & Moore 1998
11 N/A N/A
12 Aman Environmental Construction Inc. 1995
13 APTIM 2021
14 APTIM Ongoing
15 Dunken and Bush, Inc. 2006
16 Dunken and Bush, Inc. 2006
17 APTIM 2021
18 APTIM Ongoing
19 ABHE & SVOBODA, Inc. 1999 (2007 permanently closed)
20 Dunken and Bush, Inc. 2009

According to Navy records, since 1997 (The Navy, 2022), there have been three releases from
the Red Hill tanks:

6. 13 January 2014, Tank 5, Jet Fuel 27,000 gal.

7. 7 May 2021 LAT Tank 20, Jet Fuel 1,000 gal (commonly known as the 6 May 2021 event).

8. 20 November 2021, ADIT 3 AFFF low point drain, fuel oil reclamation (FOR) 14,000 gal (this
release was tied to the 6 May Event).
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In addition, we were informed about a release at the FOR line to Tank 14 on 1 April 2022. At
that time Tank 14 was under CIR, and the incident happened during the dewatering of

Tank 15. This incident was under review during this study, and the details were not known.

Historical records for the Red Hill tanks show that concerns about tank leakage of varying
quantities go back to the late 1940s. The following is a broad, though not exhaustive, history of

tank repair and cleaning from our literature review.

Mid Atlantic Environmental, Inc. records that in 1948 Tank 16 was suspected of a leak which
resulted in the contractor and the Navy progressing through multiple iterations of emptying and
refilling the tank for inspection and repair. Tank 16 was recommissioned in January 1951

(Mid Atlantic Environmental, Inc., 1998a).

In 1949, QIQI (NAVSUP, 1972 - 1986), who was an observer throughout the
original construction, sent a memorandum to the District Public Works Officer noting
construction deficiencies in some tank upper domes leading to a concern that leaks could ensue
without appropriate mitigation. He provided suggestions on accurately determining leakage

from the Red Hill tanks.

Mid Atlantic Environmental, Inc. records that Tanks 6, 7, and 8 were first cleaned and repaired
in 1952 (Mid Atlantic Environmental, Inc., 1998b), while Tank 10 was first cleaned and repaired
in 1963 (Mid Atlantic Environmental, Inc., 1998c) and then again in 1972.

Between 1960 and 1964, four of the Red Hill storage tanks (Tanks 17 to 20) were modified to
accommodate volatile fuels. Modifications included tank repairs, lining alterations, and fire
protection variations. The Navy required a proprietary urethane coating for these tanks, which
was discovered to blister when immersed in water (a condition that is possible at the bottom of
each tank when water settles). To mitigate coating blistering, aluminizing the bottom of the

tanks was recommended.

In 1966, the Navy initiated rehabilitation planning (to varying degrees) of the remaining sixteen

tanks. Tanks 5, 6, and 12 were ultimately selected for repair and rehabilitation in 1970.
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A follow-up design project was established to address potential deficiencies in the remaining
thirteen tanks. This project included weld repairs and the application of a coating to the steel
lining, which aimed to mitigate the potential for leaks. Tanks 5, 6, and 12 (previously CIR in
1970) would have a new coating applied within this new work scope as their welds were

repaired during the 1970s.

Repairs on the first three tanks of the 1976 contract, which included the application of a tank

liner coating, were successful to varying degrees.

In September 1980 NAVSUP emptied Tank 11 to facilitate repair work, with the direction that
following completion of Tank 11 repairs, Tank 7, and then 9 and 10 would undergo follow up
work. At the same time as repair work was ongoing on Tank 11, Tanks 12, 13, 14, and 15 were
also undergoing CIR work; while Tanks 16, 8, 6, 5, 4, 3, 2, and 1 were scheduled for CIR
through October 1983.

In 1984, Naval Supply Center Pearl Harbor tracked variations in product elevations in Tanks 2,
5, 6, and 8, all of which were accepted as serviceable after repairs in the early 1980s (NAVSUP,
1979 - 1985). Volumetric changes of less than 5 gal a day were considered acceptable and
were attributed to potential thermal changes, which both Tanks 2 and 8 demonstrated in their
steady-state. Tanks 5 and 6 exhibited volumetric changes greater than 5 gal per day,
necessitating further investigation to ascertain if the changes indicated leakage. The product

fluctuations stabilized to acceptable levels, except for Tanks 5 and 6.

From March 1982 to December 1984, multiple repair efforts were perormed on Tank 6. After
the fourth entry and repair effort, Tank 6 was considered fuel tight. Tank 5 was not re-entered;
rather, it was monitored through June 1984; volume changes stabilized to 5.5 gal per day,

which was acceptable.

Throughout this first major repair regime for the Red Hill fuel storage tanks, multiple instances
of repeat repair work were demonstrated, necessitating iterations of defueling and refueling
tanks over several years (NAVSUP, 1979 - 1985) before acceptable tank tightness was

achieved.
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For repairs in the 1970s and 1980s, Red Hill Tank Repair specifications (Section 15007)
required conformance to API 650 for Welded Steel Tanks for Oil Storage (NAVFAC, 1978).
Tank piping required 1-hr 250 psig testing according to ANSI B31.3 (1975) Para. 337 and
modified by Testing of Tank Piping specification Section 15009 (NAVFAC, 1978).

In January 1977 (NFC, 1977) Naval Facilities Engineering Command noted that since
construction, no inspections of the external surface of the tank liners were undertaken, i.e., the
face against the cast concrete. Following this, Tank 10 underwent CIR with destructive testing
at the lower tank dome and around the tank barrel to evaluate the extent of corrosion on the
concrete-facing steel liner. In April 1977, the documentation states that the three coupon

samples revealed no backside steel corrosion.

In 1996 Mid Atlantic Environmental, Inc. performed emergency repairs on Tanks 6, 7, 8, 10,
and 16. They refer to 1) APl 653 for Tank Inspection, Repair, Alteration, and Reconstruction
(API, 2014), 2) API 650 for Welded Steel Tanks for Qil Storage, and 3) National Association of
Corrosion Engineers (NACE) Recommended Practice, PR0288-94, Inspection of Linings on

Steel and Concrete, as controlling documents for their Red Hill tank inspection and repair work.

After the December 2013/January 2014 Tank 5 JP-8 fuel release, The Navy investigated the
cause of the release. They directed Willbros Government Services, LLC, the contractor who
performed the clean, inspect, and repair work for Tank 5 from 2010 to 2013, to re-enter the
tank and assess leakage points. The investigation revealed that the contractors’ quality control
procedures did not discover defective welds in the tank liner, leading to JP-8 fuel release.
Further, the investigation determined the clean, inspect, and repair procedures (modified API
653) were not at fault, nor was corrosion a contributor to the fuel leakage. Human error was
attributed to being the sole source of leakage for this event. This report summarizes 1) the
events leading to the Tank 5 release, 2) the work performed to mitigate the Tank 5 release and
recommission the tank, 3) the lessons learned, and 4) planned improvements to the TIRM

process (NAVFAC, 2016).
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2.1.1 Leak Detection

In 2009, the Defense Logistics Agency implemented a leak detection process in all operational
underground storage tanks at Red Hill. This was subsequently updated in 2014 following the
Tank 5 JP-8 fuel release. Current tank tightness testing is performed bi-annually on all tanks
with the product. The results of these tests, from 2016 through 2021, show that during the
tests, product elevation fluctuated less than 0.5 gal per hour (Michael Baker International, 2017;
Michael Baker International, 2018; Michael Baker International, 2019; Michael Baker

International, 2020a; Michael Baker International, 2020b; Michael Baker International, 2021).

In summary, we understand that since the 2014 Tank 5 JP-8 fuel release, the Navy has
recorded only two leaks in the vicinity of the Red Hill tanks, both of which were related to the

same surge event and were from the piping and not from the tanks themselves.

2.1.2 CIR Reports

We reviewed numerous CIR reports and related documents. These include the details for

out-of-service inspections and repairs conducted according to APl 653.

API 653 inspections are typically conducted on a tank every twenty years. Since approximately
2000, Non-Destructive Testing (NDT) of each tank has been conducted by TesTex, covering
100% of the floor, lower dome, barrel, and upper dome steel surfaces, using a Low-Frequency
Electromagnetic Technique (LFET). This scan was then backed up by ultrasonic testing (UT)

inspections to verify the location and depth of locally thinned areas.

The inspection reports calculate corrosion rates based on the minimum detected wall thickness
extrapolated through the service life of the tank. This corrosion rate is then used to determine
the minimum acceptable current wall thickness to prevent any thinning of the tank wall to less
than 0.1 in. thickness (minimum wall thickness permitting by APl 653) over the time to the next
APl inspection (twenty years).

The key reports for each tank are summarized below:

° Tanks 1 and 19: These tanks have been decommissioned, so we have not reviewed the
CIR reports for these tanks.

e
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Tank 2: Clean, Inspect, and Repair Red Hill Storage, Shaw Environmental Inc.
November 2009. The API 653 evaluation in the Appendix of this report stated that the
tank is suitable for service after repairs to weld defects discovered in the lower dome
and barrel, localized corrosion pitting on the topside of the lower dome, and a bulge in
the lower dome. The report confirmed that these repairs had been conducted, and the
lower dome was recoated.

Tanks 3, 4, and 11: We have not been provided with APl 653 Inspection Reports for
these tanks. We note that CIR completion stamps were not present at the upper access
tunnel entrance of Tanks 3, 4, and 11.

Tank 5: API 653 Out of Service Inspection Report, Enterprise Engineering Inc.

January 2018. This APl 653 evaluation lists mandatory repairs, including weld and
patch plate repair to weld defects and backside corrosion in the barrel and upper dome
and local repair to the lower dome coatings. We have not been provided with the repair
completion report for this tank.

Tank 6: Final APl 653 Inspection Report, Weston Solutions, January 2007. This API 653
Evaluation lists requirements for weld and patch plate repairs in the lower dome, upper
dome, and barrel. The report states that these repairs were completed.

Tank 7: Emergency Repairs for Red Hills Tanks, Mid Atlantic Environmental Inc. 1998,
This report documented the inspection and repairs of Tank 7 in 1998. Although the
report is signed by an API 653-certified inspection, the report does not mention that the
tank was inspected according to this standard. Recommended repairs were for weld
defects and locally thinned areas throughout the tank. Repair reports are included in the
CIR final report.

Tank 8: Emergency Repairs for Red Hills Tanks, Mid Atlantic Environmental Inc. 1998,
This report, which is similar to that of Tank 7, documents the inspection and repairs of
Tank 8 in 1998. Although the report is signed by an API| 653-certified inspection, the
report does not mention that the tank was inspected according to this standard.
Recommended repairs included weld defects and locally thinned areas throughout the
tank. Repair reports are included in the CIR final report.

Tank 9: Inspection reports have not been provided for this tank. Details of patch plate
and weld repairs dated 1995 are provided, as well as documentation of a fluoropolymer
coating. There is a detailed discussion regarding contamination and sludge
accumulation at the bottom of several tanks.

Tank 10: Emergency Repairs for Red Hills Tanks, Mid Atlantic Environmental Inc. 1998,
This report, which is similar to that of Tank 7, documents the inspection and repairs of
Tank 10 in 1998. Although the report is signed by an API 653-certified inspection, the
report does not mention that the tank was inspected according to this standard.

- D -
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Recommended repairs included weld defects and locally thinned areas throughout the
tank. Repair reports are included in the CIR final report.

Tank 12: No CIR documents for this tank have been provided.

Tank 13: APl 653 Out of Service Inspection and Suitability for Service Evaluation
Pre-Repair Report, Enterprise Engineering Inc. May 2020. This APl 653 Inspection
discovered weld defects in the lower dome, barrel, and shell and localized external
pitting corrosion in the top shell. We have not been provided with the repair
confirmation report for this tank.

Tanks 14 and 18: CIR process is ongoing in these tanks, so we did not review CIR
reports.

Tank 15: Final API 653 Inspection Report, Weston January 2007. Weld defects and
localized corrosion were discovered throughout the tank. Weld and patch plate repairs
were conducted.

Tank 16: Final APl 653 Inspection Report, Weston January 2007. Weld defects and
localized corrosion were discovered throughout the tank. Weld and patch plate repairs
were conducted.

Tank 17: Clean, Inspect, and Repair Red Hill Tank 17, Enterprise Engineering Inc.

April 2018. This report stated that the majority of weld defects were in the upper dome
and extension ring plates. Localized backside corrosion was discovered in the upper
dome, extension ring, and barrel, and patch plate repairs were conducted based on API
653 thickness requirements.

Tank 20: Engineering Review and Suitability for Service Evaluation, Shaw
Environmental Inc. January 2009. Weld defects and localized backside corrosion were
discovered throughout the tank and repaired appropriately. Several voids were detected
in the grout behind the lower dome, and these were repaired by grout injection. The
lower dome was re-coated.

Structural Drawings

We reviewed a series of original structural and mechanical drawings titled Underground Fuel

Storage with various dates (from 1941 to 1943) and multiple revisions. For the evaluation of

the underground storage tanks, we obtained the pertinent data (such as tank dimensions, steel

liner plate, and reinforced concrete details) from the drawings listed below:

Drawing No. 293965 — General Plan & Profile of Pipe Line Tunnel.

Drawing No. 294296 — Special Horizontal Steel for Upper Dome #1 to #4.
Drawing No. 294297 — Dome Steel — Liner Plate Details.

Drawing No. 294298 — Special Horizontal Steel for Upper Dome #5 to #20.
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° Drawing No. 294302 — Reinforcement Steel in Tanks — Lower Dome and Barrel.

. Drawing No. 294303 - Prestressing Grout Detail.

. Drawing No. 294305 — General Design and Construction Details.
. Drawing No. 294307 — Bottom Domes - Typical Section and Plan.
° Drawing No. 294309 - Typical Liner Plates in Lower Dome.

. Drawing No. 294318 — Gen Plan & Gauging Platform.

. Drawing No. 294321 — Upper and Lower Dome Details.

The interior diameter for each tank is 100 ft based on the drawings. Each tank consists of a
bottom dome, a barrel section in the middle, and an upper dome. The overall interior height is
approximately 250 ft for Tanks 5 to 20. The barrel section for Tanks 5 to 20 is approximately
150 ft tall, while the upper and lower domes are approximately 50 ft tall. The barrel section for
Tanks 1 to 4, which were built before the other tanks, is 12 ft shorter than that for Tanks 5

to 20, resulting in an overall interior height of about 238 ft for Tanks 1 to 4. The elevations of
the tanks (extracted from Drawing No. 294318) are shown in Figure 2-1. The top of the tanks
(top of the upper dome) is a minimum 100 ft below ground, as shown in Figure 2-2 (extracted

from Drawing No. 293965).
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Figure 2-2 — The Top of the Tanks is a Minimum 100 ft below Ground
(Extracted from Drawing No. 293965)

The construction of each tank consists of minimum 2.5 ft thick reinforced concrete (2.5 ft
minimum at the top of a barrel section and 4 ft minimum at the bottom of a barrel section) with
1/4 in. thick interior steel liner plate (1/2 in. thick steel plate at the floor of the bottom dome).
Each tank was constructed by excavating the lava rock formation of Red Hill. Therefore, the
reinforced concrete shell of each tank was surrounded and laterally supported either by basalt
(sound rock) or clinker (a softer, less stiff layer), as shown in Figure 2-3. The clinker layer was

pretreated with gunite (dry-gun concrete) before reinforced concrete was placed. Figure 2-4

shows the gunite plug detail.

O
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Figure 2-3 - Partial Section of UST (Extracted from Drawing No. 294305)
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Figure 2-4 - Typical Detail Through Soft Strata for Barrel Section of UST
(Extracted from Drawing No. 294305)

The reinforcement details for the barrel section concrete (extracted from Drawing No. 294302)
are shown in Figure 2-5. The steel liner plates on the barrel section are arranged as 5 ft tall
horizontal courses. The liner plates are connected by 3 in. x 2-1/2 in. x 5/16 in. horizontal steel
angles welded to the backside of the steel liner plates at the top and bottom of the plates, and

the angles are embedded or anchored into the reinforced concrete using 3/4 in. diameter steel
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rods. Figure 2-6 shows a typical section of barrel liner plate anchorage details (extracted from

Drawing No. 294321).

0)(3)(A

Figure 2-5 - Typical UST Barrel Section Reinforcement Details
(Extracted from Drawing No. 294302)
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Figure 2-6 — Typical Liner Plate Anchorage Details of UST Barrel Section
(Extracted from Drawing No. 294321)

After the construction of the tank wall, prestressing grout was injected through the grout pipes
between the tank wall and the surrounding strata (basalt or gunite plug at softer soil layers). This
prestressing grout puts concrete in the tank wall under compression. The minimum thickness of
this grout or gunite lining specified in the drawings is 6 in for the upper portion of the barrel.
Figure 2-7 shows the vertical section through the tank with locations of the grout grooves along
tank height. A typical horizontal section through the tank barrel at a grout groove is shown in
Figure 2-8. Eight grout pipes and four strain gauges are used along the perimeter of each grout

groove. Figure 2-9 shows a typical grout groove detail in the cross section.
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Figure 2-7 - Typical Vertical Section Through UST with Grout Grooves
(Extracted from Drawing No. 294303)
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2.14 Borehole Information and Log of Formation in Tank Excavation Areas

We reviewed the following drawings containing the borehole information and log of formation

observed during tank excavation:

. Drawing No. 293906 — Pearl Harbor Fuel Storage Log of Diamond Drill Holes 1940.

. Drawing No. 293962 to Drawing No. 293979 - Log of Formations in Tank Excavation
from Tank 1 to Tank 18.
. Drawing No. 293981 - Log of Formations in Tank Excavation for Tank 20.

Borehole No. 2B contained in Drawing No. 293906 is located adjacent to Tanks 9 and 10, and
this borehole shown in Drawing No. 293906 is relevant for the evaluation of underground
storage tanks. However, Bole Hole No. 2B only contains the information from El. 244.5 ft, while

the base elevation of the bottom domes of Tanks 9 and 10 is 131.45 ft.

As an example, Figure 2-10 shows the log of formation recorded during Tank 6 excavation

(extracted from Drawing No. 293967).
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Figure 2-10 — Tank 6 Log of Formation During Excavation for Construction of USTs




2.15 Other Documents Reviewed

We reviewed the following document to determine the steel liner plate material properties and
current conditions:

. Red Hill Bulk Fuel Storage Facility Destructive Testing Report, AOC/SOW 5.3.3,
SSR-NAVFAC EXWC-CI-1941, July 7, 2019.

This report presents data on ten steel liner coupon samples from Tank 14. Eight of these
samples were taken from the tank barrel, one was taken from the lower part of the upper dome,
and the other was taken from the upper part of the lower dome of Tank 14. This report
indicated that the steel tank liner was made from steel that generally conformed to

ASTM A36 specifications based on testing the ten coupons (with dimensions of 12 in. x

12 in. for each coupon) in 2018. This report also indicated that the remaining liner plate
thickness at the thinnest location for Coupon 3 (top course of steel liner in the barrel) was
about 53% of the original liner plate thickness of 1/4 in. Figure 2-11 shows a cross section

of Coupon 3 at the location of maximum wall loss.
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Figure 2-11 - Cross Section of Coupon 3 at Area of Maximum Wall Loss (Tank 14)
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2.2 Piping Systems

We reviewed the following documents as part of our piping assessment.

2.2.1 Underground Fuel Storage — 1941 As-Built Structural and
Mechanical Drawings

These are the original as-built drawings of the Red Hill facility. These drawings detail the
physical layout of the primary fuel pipelines in the Facility. The drawings also detail typical
support conditions throughout the lower tank gallery and underground harbor tunnel. Pipeline
properties such as wall thickness and diameter are specified. The nominal strength of the pipe

material was not found in the reviewed documents.

SU& |P-5 header includes a cradle

The drawings indicate that typically the supports for the &
that is welded to the support after installing the pipeline. As shown in Figure 2-12, the detail

does not indicate a weld size, length, or grade.
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Figure 2-12 - Cradle Support Details for Pipeline
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2.2.2 Dresser Manufacturing Division — Test Report No. C2613 - 23 August 1966

This test report details the test of a Style 38 Dresser coupling on a 48-3/4-in. outside diameter
pipe. The report also explains the procedure under which the Dresser coupling was tested for
vacuum and provides the results from the test. The coupling was tested to a temperature of
130°F and a vacuum of 20 in. of mercury. The dresser was moved axially inward and outward
3/16-in. and the vacuum of 20-in. of mercury was maintained. The test report is shown in

Figure 2-13.

Proprietary Information

Figure 2-13 — Dresser Manufacturing — |[EISICERARNINEIY
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2.23 Seismic Pipe Stress Analysis CR NO 00537 - 21 April 1994

This analysis detailed a seismic assessment performed in 1994 for the cross-tunnel lateral
piping from the main header to the tanks. The report determined that the cross-tunnel piping is
adequate for the required operational loads in combination with seismic loading. This report
corroborated established parameters such as pipeline wall thicknesses and diameters. The

report also established the following criteria and parameters for checking the pipe stresses:

. ASME B31.4 is the applicable code for evaluating pipeline stresses.

. A fuel-specific gravity of approximately 0.76.

. Material Strength Sy = 35,000 psi for the cross-tunnel pipelines.

2.2.4 DFSP Pearl Harbor Hydraulic Surge Analysis Study k& DFM

(SPAWAR, 2000)

We reviewed the 2000 Hydraulic Surge Analysis Study, which determined that the safe

Maximum Allowable Working Pressure for the different pipe sizes should be reduced due to

pipeline deterioration and mismatched ratings between the pipe and fitting elements.

Additionally, this report noted that the flow within the pipe is controlled not by the capacity of
DXINA)

the pipe within the LAT and HT but rather at the transfer points, i.e., the 8l hoses to and from

the ships at Hotel Pier.

2.25 Surge Engineering Study (SPAWAR, 2002)

We reviewed the 2002 Surge Engineering Study, which evaluated the effect of installing
automatic control valves, as recommended by the DFSP Pearl Harbor Hydraulic Surge Analysis

Study, DFM, Report (SPAWAR, 2000), to eliminate or reduce overpressure hammer events

and thus minimize the risk of physical damage and protect the safety of personnel. The surge
event is described as the result of a pump trip and subsequent check valve slamming shut. The
report notes that the greater the valve closure velocity and the greater the product velocity, the
greater the surge pressure. They note that “there are no other active elements in the piping

system that would produce the observed results.”
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This report additionally documents that in 1998 the nearly sixty-year-old pumps, with 600 hp
motors, were replaced with 500 hp motors based on information by Winzler & Kelly, who noted
500 hp motors were sufficient to meet the pump performance curves. The 2002 Surge
Engineering Study highlights, however, that due to the downgrade, special procedures are

followed by operators to prevent the pumps from tripping their circuits.

They state that the valves are highly sensitive to valve opening and closing rates,

mismanagement of which could lead to piping failures.

They also conclude that the surge can be avoided by replacing the simple swing check valves

with no-slam check valves that close at a controlled speed.

2.26 Final Project Summary Report — Emergent Ball Valve and Dresser Coupling
Repair — February 2005

This report summarized repairs performed at the Red Hill facility, which included verification of
Dresser coupling gaps and repairs to the Dresser couplings, which exceeded the specified gap
of 0.5 in. page 10 of the report states that “The Dresser coupling is a friction-fit sleeve and
gasket...” and goes on to state, “MIL-HDBK-1022 (Para. 9.2.3) prohibits the use of friction-fits
and other non-fire resistant expansion devices.” The report also states that “NFPA 30 prohibits

the indoor use of friction joints or joints that rely on a resilient or combustible material to seal.”

The excerpt from the report is shown in Figure 2-14.

This document reports that Dresser couplings installed between 2000 and 2003 for
even-numbered Tanks 1 to Tank 16 were not built and installed to the original design
specifications (Figure 2-15) and were in need of rehabilitation. A total of sixteen Dresser

couplings (eight and eight components) were repaired.

Appendix A of the document includes a drawing with the Dresser coupling details for Tanks 1
to Tank 16. The drawing is marked as “As-Built Conditions 18DEC04.” The drawing calls out
three 3/4 in. diameter round bars for each 12 in. Style 38 Dresser coupling, and eight 3/4 in.

diameter bars for each Style 38 Dresser coupling (Note: we refer to these round bars as

“retention rods” throughout this report). The retention rods are held in place by harness lugs.
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The harness lug plate thickness is 3/4 in. with 1/2 in. thick stiffeners. Figure 2-15 shows

excerpts from that drawing.

Fire Safety, Codes and Criteria

o |he Dresser couplimg 15 o fnction<d shéeve and gaskel with compression rmgs used 10 join
sections of sealght pipe.  Pomary applicatons are underground iron pipe m water oF sewer
service. Since the resthent msterml (gasket) s subjeet 1o degmdaton from clevated temperstures,
the couplings arc mberently al nsk 31 used i a fuel application, where the potential of un

cxposure fire cvent cxists

« MIL-HDBR-1022 (Par. 9.2.3) prohibits the use of friction-fits ad other non-fice resistant
cxpanvion devices

o NFPA 30 (Par. 3.4.3) prohibns the indoor use of 1iction ioints or Joints that rely on o resilicnt or

combustible matenal to seal

Figure 2-14 - Excerpt from Final Project Summary Report (February 2005) — Emergent Ball
Valve and Dresser Coupling Repair Addressing Fire Safety, Codes, and Criteria

b)(3)(A

Figure 2-15 — Excerpt from As-Built Drawing Showing Dresser Coupling Details
(Even-Numbered Tanks 1 to 16) (February 2005)

Section 4 of this report also indicates that the terminal can receive cargo from colder climates

and at lower temperatures than the pipeline ambient temperatures inside the tunnel. The cargo
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was reported to be as much as 20° colder than the ambient pipeline installation temperature,

Figure 2-16.

Thermal expansion and contraction is the primary cause of pipe movement and stresses at the Red Hill
Facility. The ambient temperature within the mountain stays relatively constant, however product receipt
from mainland facilities located in colder climates can introduce product into the piping system that is as
much as 20 degrees colder than the pipe system’s ambient temperature. To determine if the pipe has
sufficient flexibility to withstand such events, a flexibility and stress analysis was conducted. The
analysis uses the Caesar 11 software program and data gathered during the site investigation.

Figure 2-16 — Excerpt from Final Project Summary Report (February 2005) — Addressing
Thermal Loads on Piping and Flexibility Analysis

2.2.7 Hydraulic Analysis and Dynamic Transient Surge Evaluation (NAVFAC, 2009)

Enterprise Engineering, Inc. performed a hydraulic study of the Facility piping to determine the
risk of physical damage and harm to personnel due to steady-state and dynamic transient
surge events. They aimed to establish a safe operating pressure to limit these risks. They
concluded that operating at the full flow potential posed a substantial risk of surges which
could damage the system. They note that operators limit the flow rate, generally based on the

receipt/transfer point capacity, which reduces the risk of damaging surge events.

The report highlights that potential surge pressures exceed code-allowable pressures in nearly
all cases analyzed, which they state is due to a lack of records demonstrating the piping was
qualified for pressures above the static/operational pressures. In their assessment, they qualify

the pipe using the static head of full Red Hill tanks as the basis for the pressure rating.

To mitigate future surge events, they recommend continuing to control maximum operational
flow rates and upgrading operational procedures and control system safety features. They
additionally recommend using “the butterfly valves in the underground pumphouse as the
primary means of throttling and stopping flow during issue and transfer operations in order to
greatly reduce the risk of surges during normal operations.” Enterprise Engineering stated that
the use of the butterfly valve in the underground pumphouse eliminated surge pressures in all
their analyses. Previous to this report, Enterprise Engineering notes that the operators used to

control the flow rate at the pier riser valves.
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They additionally state that the maximum allowable operating pressure (MAOP) should be no
greater than 285 psig for all piping in FISC Pearl Harbor. MAOP represents the maximum code
based allowable pressure that the pipeline may be subjected to. MAOP is established by

hydrostatic testing of the pipeline in question.

Within their report, Enterprise Engineering notes that the F-76 product pumps at the
underground pumphouse are rated at 500hp, while the JP-8 (no longer in use) and JP-5 pumps

are rated at 300 hp.

This report also lists limited mechanical test data conducted by EDG Inc. and Dmitrijev &
Associates in August 2001 to determine the yield strength of the fuel pipes. The locations of
these pipes are not stated. This test data is presented in Figure 2-17.
Pipeline Yield Strength
BE-76 30,420 psi

JP-5 40,090 psi
JP-8 38.940 psi

Figure 2-17 - Tensile Test Results for Red Hill Fuel Pipes (NAVFAC, 2009)

2.2.8 Final 2015 Annual Pressure Testing Report of Seven Sections (36,626 ft) of
Petroleum Pier Pipelines — 5 May 2015

This report discusses the procedures utilized during the testing of seven sections of pier
pipelines at JBPHH in 2015 and the results of the testing. It also establishes a Maximum
Allowable Working Pressure (MAWP) of 200 psi and hydrotest pressure of 300 psi

(1.5 x MAWP) for the petroleum pier pipelines. MAWP is the maximum pressure, as
established by calculations and codes that the pipeline may be subjected to during normal

operations. The Maximum Allowable Operating Pressure (MAOP) cannot exceed MAWP.

2.2.9 Quantitative Risk and Vulnerability Assessment (Phase 1) Report —
12 November 2018

This report documents a risk assessment of the Red Hill facility performed by ABS Consulting

(ABS). ABS evaluated the level of risk the Facility might pose to the surrounding groundwater
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due to internal events, excluding internal fire and flooding. This includes but is not limited to

equipment or structural failures in both frontline and support systems, human errors, etc.

It was noted that “potential fuel releases from the tank nozzles (the main fuel flow piping
leading into and out of the main storage tanks up to the upstream flange connections for the

tank skin valves) are important to risk.”

2.2.10 Root Cause Analysis of the JP-5 Pipeline Damage — 7 September 2021

This report discusses the root cause of the piping failure on the JP-5 pipeline during the 6 May
2021 incident. The report used field data and discussions with personnel at the Red Hill facility
to determine that a transient surge had occurred due to a vacuum in the JP-5 pipeline. The
report detailed a hydraulic and surge analysis that calculated a surge pressure of 357 psi at the
end of the JP-5 main header. The report corroborated this surge pressure by performing a pipe
stress analysis. A force was applied at the end of the JP-5 lateral towards Tank 19 until the
lateral displacement at the end of the JP-5 header matched the 16 in. displacement observed in
the field by the contractor. This force was determined to be 78,000 Ibf which back-calculated
to a surge pressure of 320 psi based on the area of an pipe blind flange. Figure 2-18
shows an excerpt from the root cause report, which depicts the supports assumed and

boundary conditions used for the model to determine the force necessary to move the pipe.
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Tank 19

,,_+Dresser Coupling ]

(D)3

B ateral To/From
/ [Tank 19

%lind Flange of

| |Gallery Piping

Lateral To/From)
/" [Tank 20

A

\__|Piping Penetration
[Through Bulkhead

Figure 2-18 — Root Cause Analysis Report Showing Model and Support Conditions

The model from the root cause report specified a full fixity restraint at the pipe penetration
through the firewall (Node 10) and sliding supports at Pipe Supports 1 and 2 (Nodes 20

and 50, respectively).

2.2.11 Pipeline In-line Inspections

Pipeline inspections are based on APl 570 and were performed by certified inspectors
employed by third-party contractors. We reviewed the in-line inspection (ILI) reports to gather

information about the current condition of the pipelines and observed defects.

During the 2004 multi-product construction project (NAVFAC, 2004), valve station (ISl was

built to provide an above-ground pigging station for parts of the JBPHH fuel pipe. Piping

_, which is the distribution valve station between PAR and

JBPHH.

- 46 -
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2.2.12 Inspection and Repair of Red Hill Pipelines (Enterprise Engineering, Inc.,
2016)

Between October 2014 and January 2016, Enterprise Engineering, Inc. (EEl) performed

API 570 inspections on each of the three pipelines in the Red Hill bulk fuel storage facility
and EEl lists 350 repair locations, seventeen of which are considered
“urgent.” They note that alterations to assessment methodologies, such as using a lower
maximum operating pressure (MOP) and Level lll APl 579 assessments of marginal defects,
could reduce the overall number of repairs and the economic and operational impact of the
repairs. They recommend that “urgent” repairs be conducted within three months and that the
Navy monitor the repair locations until the repairs are completed. They also suggest follow-up

reinspection once the repairs are completed and an assessment of the MOPs.

Urgent repairs are those defined as failing an ASME API 579 Level |l Fithess-for-service

evaluation. EEIl considers these critical to the hydraulic and structural integrity of the piping.

Further to the three-month “urgent” repairs, EEIl lists 203 short-term repairs to be completed

within six months.

Given the observed conditions, EEl performed calculations evaluating the pipe capacity under
internal operating pressures to determine safe MOPs for each of the three pipelines: 202 psig
for pipe, 111 psig for pipe, and 168 psig for pipe. Each of these calculated
MOPs is less than the required MOP (275 psig). The report states that the required MOP can be
reestablished through the implementation of the mandatory repairs (urgent and short term).
MOP is defined as the highest pressure that a pipeline system may be normally operated and

cannot exceed the Maximum Allowable Operating Pressure (MAOP).

EElI employed a variety of inspection techniques to assess the piping, including in-line
inspection (ILI), long-range ultrasonic testing (LRUT), external visual examinations, and

hands-on API 570 inspections.

- =
[MARKING REMOVED



MATING HEMOVETS

This report contains an appendix presenting data from the tests conducted by Finlay in
May 2001. They took ten coupons from each pipe size to determine the tensile properties and
ten weld coupons from each pipe size for flattening tests:

° Pipe — Average Yield Strength 48.7ksi, Average Tensile Strength 69.4ksi.
. Pipe — Average Yield Strength 50.1ksi, Average Tensile Strength 74.3ksi.
. Pipe — Average Yield Strength 38.0ksi, Average Tensile Strength 58.9ksi.

The locations from which these test samples were retrieved are not known, but all weld

coupons passed the flattening test.

2.2.13 Inspection and Repair of Red Hill Pipelines (APTIM, 2019)

APTIM carried out forty-nine repairs, seven of which represent the “urgent” repairs listed in the
EEI 2016 engineering report. The scope of work (SOW) for the NAVFAC contract included
twenty-three repairs, which were expanded to forty-nine repairs based on the findings of the

engineering assessment.

They report that the 2014-2016 Red Hill pipeline inspections were as follows:

. All three fuel pipelines from the Tank Gallery to the underground pumphouse were
externally visually inspected.

. Within the Tank Gallery, only the pipe received a hands-on API 570 inspection.

° From ADIT 3 to the Tank Gallery, both the and pipelines were in-line
inspected via smart pigging. In this same length, all three pipelines received hands-on
API 570 inspection, while the pipeline additionally received long-range ultrasonic
testing.

° From ADIT 2 to ADIT 3, the and pipelines were in-line inspected via smart
pigging and received follow-up hands-on API 570 inspections.

. From the underground pumphouse to ADIT 2, the and pipelines received
long-range ultrasonic testing and follow-up hands-on API 570 inspection.

The report states that alternate assessment methods were used to reduce the number of
required repairs, such as through the reduction of the MOP. Thus, the 350 total repair count
was reduced; the report does not expand on other alternate methods nor what the final repair

count was after the reduction of the MOP.
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APTIM notes that all welds are 100% visually and radiography inspected in accordance with
ASME B31.3. Successful radiography inspection meant the repaired pipeline sections did not
require hydrostatic testing, in accordance with ASME B31.3 Clause 345.2.3.

2.2.14 FY21 Emergent Design-Build Repair Red Hill Piping (NAVSUP FLC Pearl
Harbor, 2021)

This project program describes the design for the JP-5 repairs in the Red Hill fuel storage
facility. NAVSUP states the design-build project should “project services to design restraint
sufficient to withstand the effects of dead load, seismic forces, and hydraulic operations of the
piping system. At Tank 1 for F-24 and F-76 piping, design restraint which will limit movement
due to cross-tunnel spools which have been removed. Design in accordance with

UFC 3-460-01, UFC 3-301-01, and ASCE 7-16. Intent is to restore structural stability which

was present in the original design.”

This design-build project additionally stipulates those predictive repairs shall be validated

during the design phase.

Grouped with this scope of work is resetting pipe supports where the pipe is not supported at

the cradles or adding low friction sliding pads where the pipe is inappropriately supported

directly on the pipe supports.

2.2.15 FY21 Emergent Pipeline Repair Red Hill (January 2022)

This document serves as the basis of design for repairs to the fuel pipelines at the Red Hill
facility. The report contains drawings that detail anticipated repairs and support conditions for
the JP-5 pipelines near Tanks 19 and 20. We used information from these drawings to model
boundary conditions for our piping evaluation as part of defueling operations. Pipeline material
and schedule are specified for the repairs in the technical specifications, and the layout is
shown in the drawing isometrics. However, we were unable to find dimensions for the piping

repairs at Tanks 19 and 20, nor were surge loads discussed in the document. See Figure 2-19
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and Figure 2-20 for isometric drawings showing bends in the lateral JP-5 pipe to Tanks 19 and

20, respectively.

0)(3)(A

Figure 2-19 — Enterprise Engineering Isometric Drawings Reconnecting Tank 19 Lateral Pipe

b)(3

Figure 2-20 - Enterprise Engineering Isometric Drawings Reconnecting Tank 20 Lateral Pipe
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2.3 Pipe Supports and Pipe Racks

23.1 Existing Structural Drawings

We reviewed the available structural drawings to gather technical information for the modeling

and analysis of the pipe supports in the harbor and lower access tunnels. The drawings detail

typical support conditions and configurations. Table 2-2 lists the drawings that contained

critical information for our analyses. We supplemented this information with observations made

during our site visits (Section 5.3).

The available drawings provided to us mainly in response to our RFls cover the original design

of the pipe supports in the harbor and the lower access tunnels.

Table 2-2 - List of Lower Access Tunnel and the Harbor Tunnel Pipe Support Drawings

Drawing Number Drawing Title Information
Lower Access Tunnel Longitudinal bracing details and
294160 Tanks 1, 2,3,and 4 typical pipe support configurations
Overhead Pipe Supports
Harbor and Lower Access Tunnels Geometry, configuration, and
294161 Typical Sections, Pipe Supports, and member sizes for pipe supports
Anchors
Lower Access Tunnel Geometry, spacing, configuration,
294162 Tanks 5-20 and member sizes for pipe
Overhead Pipe Supports supports
Piping — Lower Access Tunnel Geometry, configuration, and
294263
Sta. 24+90 to Sta. 26+40 member sizes for pipe supports
. From Drawing 294160, we extracted typical structural design details for Pipe

Supports 15 to 17 and 55 to 96 (Figure 2-21), Pipe Supports 97 and 98 (Figure 2-22),

and details for longitudinal braces (Figure 2-23).
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Figure 2-23 — Details for Longitudinal Braces

From Drawing 294161, we extracted the typical configuration for the pipe supports in
the harbor tunnel (Figure 2-24).
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Figure 2-24 — Typical Pipe Supports in the Harbor Tunnel

. From Drawing 294162, we extracted a table (Figure 2-25) with geometry, spacing, and
member size information for Pipe Supports 3 to 73. We also extracted the typical
configuration for Pipe Supports 1 to 54 (Figure 2-26) and details for the longitudinal

bracing.
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Figure 2-25 — Lower Access Tunnel Pipe Support Data

[MARKING REMOVED



AR REMOVELY

-
ITEEL EIPE CRADLES(IEE DETAUIN
N N
5530 \\'}__C.',/"
Lo o 00 1G58
v,
: 5%
e 2lOT oo T
L' .
N e e 5
L | A l i g8 ENCERT A SHOWN -
U [ ] - = e 1T ey
N} | s 2N ARIE < L2 iy
3 | [ P | A
g 2o || ¥ e |
N 727 N WaXp xt L TIE WELDED 70
Ltd . || Bdr g zor i conTiNvous |
L : |R - BETWEEN SUEPPORTS 7l
g N H |
h¢ S Al
2 N | O
S sl Dharates X .
) T | " Lok of Piens
| %N
} ‘ &7,7
Al TUNNEL /Aooa,.
s T ASow A Al ,‘,;‘ TR, X v N
: T 7 BN R $ %4 Base B
4 b A = /2*/2 CONCRETE PEDES
10X/0° % BASE £ e
= =Ty O SOL/D Ax,.

A=

X107 2 "v’ BOLT__
RS 1" Berew Tl Freor. FECTION. /4/4 SCALE ‘__,5 =,
Yo GRoVTIUNDRR TARse

Lrrecas)

Figure 2-26 - Typical Configuration for Pipe Supports 1 to 54
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Figure 2-27 — Details for Longitudinal Braces

. In the drawings, we observed some pipe supports that consist of two columns having
one column embedded in the tunnel wall. Additionally, the same section shows an angle

tie (strut) running longitudinally connecting the pipe supports.
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From Drawing 294263, we extracted the typical configuration for the Pipe
Supports 99 to 103 in the lower access tunnel (Figure 2-28).

We could not find any information in the drawings regarding the steel material
properties.

SECT/ON C-¢

Figure 2-28 - Typical Configuration for Pipe Supports 99 to 103
2.3.2 Inspection and Repair of Red Hill Pipelines (2016)

During the October 2014 to January 2016 pipeline inspection, in which EEl documented
350 repair locations, they additionally made observations about deficient pipe support

conditions. They specifically noted four locations of pipe support failure, although they note

[MARKING REMOVED)



there are numerous deficient pipe supports. These instances include corroded pipe support
column bases (Pipe Supports 47/48), missing cradles between the pipe and the pipe support

resulting in the unsupported pipe (Pipe Support 74), corroded cradles with adjacent pipe

coating damage (Pipe Support 75/76), as well as a one-sided pipe support cradle (Pipe Support

0)(3)(A

6).

(b)(‘?’)(A) » lifted off Ih( n l' su ) mrl in the Tank
Gallery

B)3)(A)

Corrosion .m(l lhn)ugh holes at the slul
for thelll ) |m in the Tank (Jnlltr\

Missing guide on the pipe support on (b)(3)(A)
line in the Tank Gallery.{{e)[()[FaN)

Corrosion on the pipe support gk ] (b)(3 Iinc
OO the Tank Coners ISTEONES!

Figure 2-29 - Deficient Pipe Supports in Tank Gallery from EEI 2016 Report
(Enterprise Engineering, Inc., 2016)

2.3.3 Other Documents

We reviewed the report “Conceptual Site Model, Investigation and Remediation of Releases

and Groundwater Protection and Evaluation, Red Hill Bulk Fuel Storage Facility Joint Base Pearl
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Harbor Hickam, Oahu, Hawaii,” dated 30 June 2019, to extract a table with fuel densities,

specifically those values shown in Attachment B.7.1. to the document.

24 Pumphouse

Hardcopies of pumphouse drawings were reviewed during a visit to the document library at the
Facility.
25 Surge Tanks

We reviewed the original structural drawings dated 1941 for the four surge tanks located

adjacent to the pumphouse, as listed below:

. Drawing No. 294125 — General Layout.
° Drawing No. 294127 — Steel Bottoms.
. Drawing No. 294128 — Steel Details.

. Drawing Nos. 294130 and 294131- Concrete Shell & Access Shaft.

. Drawing No. 294132 - Top Slab Concrete & Reinforcing Steel.
. Drawing No. 294133 - Top Slab Reinforcing Steel Bottom Layers.
. Drawing No. 294134 — Top Slab Reinforcing Steel Top Layers.

The interior dimensions for each surge tank are 60 ft in diameter by 21 ft in height, as shown in
Figure 2-30 (extracted from Drawing No. 294125). The construction of each surge tank
consists of a minimum 12 in. thick reinforced concrete shell with a 1/4 in. thick interior steel
liner plate. Similar to the underground storage tanks, each surge tank was constructed by
excavating the volcanic rock formation. The four surge tanks share one integral reinforced

concrete roof slab with a minimum slab thickness of 6 ft.

O
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Figure 2-30 — Surge Tank Layout and Dimensions

In addition, we reviewed the following CIR and API 653 inspection reports for the four surge
tanks:

. Weston Solutions, Inc, Clean, Inspect, and Repair Surge Tank 1, Final Project Summary
Report, November 2006.

. Weston Solutions, Inc, Clean, Inspect, and Repair Surge Tank 2, Final Project Summary
Report, December 2006.

. Weston Solutions, Inc, Clean, Inspect, and Repair Surge Tank 3, Final Project Summary
Report, December 2006.

. NAVSUP FLC Pearl Harbor, Surge Tank 4 — Return to Service Closeout Documents
(including Suitability for Service Evaluation and Inspection Reports by EEI), July 2019.

2.6 Aboveground Storage Tanks
2.6.1 CIR and API 653 Inspection Reports

We reviewed the CIR and API 653 inspection reports and tank drawings for the following

above-ground storage tanks:

° Tanks 46, 47, 58, 53, 54, and 55.
° Tanks B1 and B2.
° Tanks 301 and 311.

° Tanks 11-1, 11-2,11-3, and 11-4 (at Hickam Field).



Specifically, we reviewed the following CIR and API| 653 inspection reports or other evaluation

reports to gather information about the tanks:

. Weston Solutions, Inc, Clean, Inspect, and Repair Storage Tank Facility S754 (Tank 46),
Draft Repair Certification Report, October 2016.

° Enterprise Engineering, Inc, Tank 47 APl 653 Out-of-Service Inspection and Suitability
for Service Evaluation, Final Report, March 2015.

. Pond and Company, Tank 48 (Facility S-756) INSPECTION REPORT/API 653 In-Service
(External) Inspection, August 2015.

. Technical Scanning System, APl 653 Out-of-Service Inspection of Aboveground
Storage Tank 48 (1403), 8 August 2007.

. Austin Brockenbrough & Associates, LLP, Tank Facility UTF 53 API 653 In-Service
Inspection Report, October 2018.

. Weston Solutions, Inc, Clean, Inspect, and Repair Storage Tank Facility S761 (Tank 53),
Draft Repair Certification Report, September 2013.

. Powers Engineering and Inspection, Inc. (PEl), APl 653 Out-of-Service Inspection
Report (Tank 54), Inspection date of 28 June 2018.

. Enterprise Engineering, Inc, Tank 54 (Facility No. S762) API 653 In-Service Inspection
and Suitability for Service Evaluation, May 2015.

. Enterprise Engineering, Inc, Tank 55 (Facility No. 1751) APl 653 In-Service Inspection
and Suitability for Service Evaluation, January 2015.

. Cape — Burns & McDonnell JV, Tank 55 API Standard 653 Inspection Report/
Out-of-Service Inspection, 15 February 2019.

. Engineering & Inspections Hawaii, Inc, Tank No. B-1 Inspection, 25 September 2008.

° Enterprise Engineering, Inc, Tank B-1 Engineering Review and Suitability for Service
Evaluation, July 2008.

. Engineering & Inspections Hawaii, Inc, APl 653 Out-of-Service Inspection (Tank B2),
22 January 2009.
° Enterprise Engineering, Inc, Tank B-2 Engineering Review and Suitability for Service

Evaluation, March 2009.

° Pond and Company, TANK 301 API 653 Out-of-Service Inspection Report,
29 August 2018.

i




° Enterprise Engineering, Inc, Tank 301 (Facility No. S9251) API 653 In-Service Inspection
and Suitability for Service Evaluation, Draft Report, February 2015.

. Enterprise Engineering, Inc, Tank 311 (Facility No. 311) APl 653 In-Service Inspection
and Suitability for Service Evaluation, Draft Report, January 2015.

° Enterprise Engineering, Inc, Tank 11-1 (Facility No. 41053) API 653 In-Service
Inspection and Suitability for Service Evaluation, Pre-Final Report, December 2016.

. Powers Engineering & Inspection, Inc, Tank 11-1 API Inspection Report/
Out-of-Service with External Checklist, 19 April 2011.

° Enterprise Engineering, Inc, Tank 11-2 (Facility No. 41054) API 653 In-Service
Inspection and Suitability for Service Evaluation, Pre-Final Report, December 2016.

. Powers Engineering & Inspection, Inc, Tank 11-2 API Inspection Report/
Out-of-Service with External Checklist, 19 April 2011.

° Pond and Company, TANK 11-3 (25K BBL) Inspection Report/AP| 653 Out-of-Service
Inspection, September 2014.

. Enterprise Engineering, Inc, Tank 11-4 (Facility No. 41056H) API 653 In-Service
Inspection and Suitability for Service Evaluation, Draft Report, February 2015.

° Engineering & Inspections Hawaii, Inc, Tank 11-4 API 653 Out-of-Service Inspection,
August 2016.
2.6.2 ASCE Seismic Evaluation and Design of Petrochemical and Other Industrial
Facilities

We reviewed the ASCE Task Committee on Seismic Evaluation and Design of Petrochemical
Facilities, “Seismic Evaluation and Design of Petrochemical and Other Industrial Facilities,” Third
Edition, 2020. The ASCE guidelines are intended to provide practical recommendations in
several areas that affect the safety of a petrochemical facility during and following an
earthquake. The guidelines provide evaluation methodologies that rely heavily on experience
from past earthquakes, coupled with focused analyses of existing facilities. The guidelines
emphasize methods to address seismic vulnerabilities that building codes do not cover but that

experienced engineers can identify.

The following discussion regarding the evaluation of aboveground storage tanks is extracted

from Chapter 7 of the ASCE (2020) guidelines.
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Flat-bottomed vertical liquid storage tanks have sometimes failed with the loss of contents
during strong earthquake shaking. In some instances, the failure of storage tanks had
disastrous consequences. The response of unanchored tanks, in particular, during earthquakes
is highly nonlinear and much more complex than implied in available design standards. The
effect of seismic ground shaking is to generate an overturning force on the tank. This, in turn,
causes a portion of the tank baseplate to lift from the foundation. The weight of the fluid resting
on the uplifted portion of the baseplate, together with the weight of the tank shell and roof,
provides the restraining moment against further uplift. While uplift, in and of itself, may not
cause serious damage, it can be accompanied by large deformations and major changes in the
tank wall stresses. This is especially apparent when the seismic loading reverses and the
(formerly) uplifted segment moves down, impacting the ground and introducing high

compression stresses into the tank shell.

In general, tanks, especially unanchored tanks, are particularly susceptible to damage during
earthquakes. This is because all of the mass contributes to the overturning moment, but only a
small portion of the mass contributes to the overturning resistance (the reason for this is that
the contained fluid and the relatively flexible tank shell and bottom plate cannot transfer the
lateral shear induced by the earthquake to the foundation). Some examples of unanchored tank
damage that has occurred in past earthquakes include:

. Buckling of the tank wall, known as “elephant foot” buckling. Essentially, this occurs
because the vertical compressive stresses in the portion of the tank wall remaining in
contact with the ground (i.e., diametrically opposite the uplifted portion) greatly increase
when uplift occurs. More precisely, that portion of the tank shell is subjected to a biaxial
state of stress, consisting of hoop tension and axial compression. In addition, the
baseplate prevents the radial deformation that would normally occur under internal
pressure. As a result, bending stresses are introduced into the shell wall, further
increasing the tendency to buckle. See Figure 2-31 as an example (reproduced from
Figure 7-1 of the ASCE guidelines).
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Figure 2-31 - Elephant Foot Buckling and Failure of Rigid Piping

Seismic shaking causes the surface of the tank fluid to slosh. If insufficient freeboard is
provided to accommodate this sloshing, damage to the tank’s floating roof or fixed roof,
followed by spillage of fluid over the tank walls, may result. This type of damage is
usually considered only minor but may be important for some stored products.

Breakage of piping connected to the tank as a result of relative movement between the
tank and the nearest pipe support. This is one of the most prevalent causes of loss of
contents from storage tanks during earthquakes. Failures of this type are typically due to
inadequate flexibility in the piping system (termed “overconstrained piping”) between
the nozzle location at the tank shell and the adjacent pipe support. See Figure 2-31 as
an example.

Tearing of tank wall or tank bottom due to overconstrained stairways anchored at the
foundation and tank shell.

Tearing of tank wall at overconstrained walkways connecting the two tanks — Figure
2-32 [adapted from Figure 7.7 of ASCE guidelines (ASCE, 2020)].
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Proprietary Information

Figure 2-32 — Examples of Overconstrained Piping Stairway and Walkway Connections at

Proprietary Inft ti
Aboveground Storage Tanks

When performing walkthrough inspections, experienced engineers familiar with the seismic
design and the effects of earthquakes should be consulted to answer questions regarding “how
much flexibility is sufficient.” The assumed value of tank uplift is critical to answering this
question. Values of 6 to 8 in. have been common in the past. The first version of these
guidelines recommended using values on the order of 6 to 12 in. of vertical displacement and

4 to 8 in. of horizontal displacement in the zones of highest seismicity.

2.7 Valves and Pumps

The documents reviewed related to the valves and pumps are:

° Operation, Maintenance, Environmental, And Safety Plan (OMES) (Trinity Bhate and
Pond, 2018):
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This document provides the overarching guidance for the operation and maintenance of
the facility. The operability and maintainability intent within this document is guidance
to develop specific operating and maintenance procedures for the pumps and valves.

Commissioning Summary Report - P1551 Upgrade Fire Suppression and Ventilation
Systems (Coffman Engineers, 25 January 2018).

This document provides an overview of the commissioning plan and results of the
commissioning verification for the Aqueous Film Forming Foam (AFFF) system. The
commissioning plan outlines the steps to ensure the AFFF components and the
complete system function as designed. The document also contains the results of the
component commissioning tests and any issues that require correction before the
system is put into service.

RH Root Cause Analysis Memo and Report dated 7 September 2021 (Austin
Brockenbrough, September 7, 2021).

This document provided the analysis by Austin Brockenbrough regarding the 6 May
2021 event.

Equipment Information.

The following data are provided in spreadsheet form and are focused on providing the location

of the equipment, service type, manufacturer, model number, and capacity/rating.

PRL Pump data.
PRL Motor data.
RHL Pump data.
RHL Motor data.
PRL Static Equipment data.
RHL Static Equipment data.

Pump Curves (QISIGY

An example of the type of pump data is illustrated in Figure 2-33. The main fuel pump curves

that were used are the original pump curves from the manufacturer, Byron Jackson, and are

dated 1941. The pump curves depict the performance of the pump for various flow rates. One

of the pump curves is illustrated in Figure 2-34 and predicts the pump head, power, and

efficiency for various flow rates of fuel.
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Figure 2-33 - Typical Pump Data

0)(3)(A

Figure 2-34 - Typical Main Fuel Pump Curve



Maintenance

1

o

The following maintenance-related documents are specific equipment
maintenance procedures and records of some recent recurring maintenance
activities.

Unified Facilities Criteria (UFC) — Petroleum Fuel Systems Maintenance
(Department of Defense, 2021).

RHL - Facility Maintenance Plan (Department of Defense, 2021).
2020_03_16 N6_RHL_0OY2_Q4 (Pond Recurring Maintenance and Minor
Repair).

2020_06_10 N6_RHL_OY3_Q1_SA1 (Pond Recurring Maintenance and Minor
Repair).

2020_09_04 N6_RHL_0Y3_Q2 (Pond Recurring Maintenance and Minor
Repair).

2020_12_10 N6_RHL_OY3_Q3_SA2_A (Pond Recurring Maintenance and
Minor Repair).

2021_03_16 N6_RHL_0OY3_Q4 (Pond Recurring Maintenance and Minor
Repair).

Aqueous Film Forming Foam (AFFF) System

1.

ol BRI 2

The following are operational and maintenance documents for the AFFF
system. These documents describe how the AFFF was designed to operate,
and the maintenance documents provide data on the recent status of the sump
pumps.

Fire Protection O&M (In Synergy Engineering, October 2014).

ADIT 1 21152 Semi-Annual Sump Pump.

ADIT 2 21152 Semi-Annual Sump Pump.

ADIT 3 21152 Semi-Annual Sump Pump.

Fire Alarm O&M (In Synergy Engineering, October 2014).

Fire Pumps O&M (In Synergy Engineering, October 2014).

Nitrogen O&M (In Synergy Engineering, October 2014).

Plumbing O&M (In Synergy Engineering, October 2014).

PRV O&M (In Synergy Engineering, October 2014).

Lower Tunnel OPD 21152 Semi-Annual Sump Pump.

Lower Tunnel Zone 1 21152 Semi-Annual Sump Pump.

Lower Tunnel Zone 2 21152 Semi-Annual Sump Pump.

Lower Tunnel Zone 3 21152 Semi-Annual Sump Pump.

Lower Tunnel Zone 4 21152 Semi-Annual Sump Pump.

Lower Tunnel Zone 5 21152 Semi-Annual Sump Pump.

P1551 Red Hill BOD - excerpt (In Synergy Engineering, October 2014).
P-1551 Retention Line Point Paper — final draft.

Red Hill Fire Suppression System Isometric Diagram_000D2160
Submersible Pump Testing.
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21 Sump Pump findings.
° Process hazard analysis documents relating to pumps and valves are:

1. Pump Deadhead Findings (spreadsheet of the maximum pressure that a pump
can discharge and be used to verify pipe/hose rating).

22 Red Hill storage tank Venting (1964 to present) (drawing from 1964 of the RH
tank vents).

3 DFSP Pearl Harbor Specific Operations Order — F-76 Fuel Issue to Hotel Pier
(an example of the fuel movement operations order that provided the level of
detail in the typical operations orders).

4. Piping Diagrams/Drawings — HNCJV14.0019 M-001 to M-124 (diagrams did
not include instrumentation used during the PHA to identify pipe dimensions,
pipe connections, valve locations, pump locations, tank locations, and how fuel
is routed to the various locations within the fuel system).

The following documents relating to valves and pumps were requested, but were not available:

. Pump data sheets.
. Motor data sheets.
° Valve data sheets.
° Maintenance history of valves and pumps.

Data sheets are a listing of the design and operational data from the manufacturer. The
manufacturers’ data include pump/valve material selection, pump/valve casing pressure
limits, pump seal selection, valve internal design details, pump shaft/impeller design,
valve internal and stem design, pump fluid flow capacity, valve flow capacity, valve
pressure drop, and specific data for the pumped fluid.

The maintenance history of the pumps and valves from the time of installation to the
present could provide insight into the historical timing of major maintenance
interventions and what repairs were made. This data may also identify recurring issues
that may require further engineering review of the equipment and how it is operated.

2.8 Marine Facilities
2.8.1 Pier Inspection Report

Marine Solutions, Inc. performed an inspection of fueling and defueling piers in 2018
(Kilo QUSAQY Mike GUSIGY and Brave (@USIQY) assessing their structural condition above and

below water (Marine Solutions, Inc., 2018). In their inspection report, they cite that the
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inspection and assessment were conducted in accordance with NAVFAC EXWC contract

requirements.

The report cites that through the Navy’s Infrastructure Condition Assessment Program (ICAP),
Engineering Management System (EMS) software was used to assess the general condition of
the piers and individual structural components. For the piers and components, the software
generates a Condition Index (Cl) based on analysis and inspection data. Marine Solutions, Inc.
notes that the EMS software is not officially deployed; therefore, they correlate their
assessment rating with the Cl and provide definitions of each rating level. The assessment
ratings range from “good” to “critical,” with the Cl rating of 84-100 associated with “good” and

the Cl rating of 0-25 associated with “critical.”

Bravo Pier[{S)ENQY (Figure 2-35) is rated as “satisfactory,” having moderate to minor defects
and deterioration observed but no significant reduction in structural capacity. The associated

Cl ratings range between 74 and 78, and repair costs are estimated at approximately [{S)[&).

According to the report, Bravo Pier was last modified in 2013.

0)(3)(A

Figure 2-35 - Bravo Pier Berthing Locations

Mike Pier is comprised of (b)(3)(A) (Figure 2-36). (b)(3)(A)
_, all of which correspond to “fair” condition defined

as “all primary structural elements are sound, but minor to moderate defects and deterioration
observed. Localized areas of moderate to advanced deterioration may be present but do not
significantly reduce the structural capacity.” Repair costs are estimated at approximately

(9)[®)]. According to the report, Mike Pier was last modified in 2013.
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Figure 2-36 — Mike Pier Berthing Locations

Kilo Pier (b)(3)(A) (Figure 2-37) are rated “satisfactory” (Cl rating 67-78), are
rated “fair” (Cl rating 63), and is rated “serious” (Cl rating 34) as defined by “advanced
deterioration, overstressing or breakage may have significantly affected the load-bearing

capacity of primary structural components. Local failures are possible.” Repair costs are

estimated at approximately (b)(3) . According to the report, Kilo Pier was last modified in

2013.
Figure 2-37 — Kilo Pier Berthing Locations
2.8.2 Petroleum, Oil, Lubricant Integrity Management Plan

The 2019 Petroleum, Qil, Lubricant (POL) Integrity Management Plan (IMP) (Enterprise
Engineering, Inc., 2019) highlighted below Hotel Pier the use of a polyvinyl chloride (PVC) FOR
line, which is designed to hold up to 100% fuel. The report states that “the existing PVC drain-
pipe was installed with nitrile seals which the manufacturer stated are not rated for fuel

service”. Fuel concentration in waste stream can be 100% which may cause gaskets to break
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down over time. Should the gasket fail, the waste stream will drain into the harbor and lead to

possible fines and impact to mission critical operations.”

2.9 Coatings and Corrosion Control
Coating and corrosion documents are summarized in this section.

29.1 UFGS-09 97 13.27 Unified Facilities Guide Specification — High-Performance
Coating for Steel Structures — December 2021

This guide specification (Department of Defense, 2021) outlines the requirements for zinc-rich
epoxy, epoxy, and polyurethane coating systems for non-immersion environments where high
performance is required, such as those for piping and aboveground fuel tanks. The specification
is intended for both new construction and repairs. The document outlines the required quality
assurance procedure, such as test reports and qualification of contractors, the standards of the
coating products, and the execution of the coating process, including surface preparation,
environment, and product application. The required components of the coating system include

the following:

. Zinc-Rich Epoxy Primer Coat (Epoxy polyamide satisfying MIL-DTL-24441/19).

. Epoxy Intermediate Coat (Epoxy polyamide satisfying MIL-DTL-24441/31).
. Polyurethane Topcoat (Polyurethane satisfying MIL-PRF-85285).
2.9.2 UFGS-09 97 13.15 Epoxy/Fluoropolyurethane Interior Coating of Welded

Steel Petroleum Fuel Tanks- February 2010

This guide specification (Department of Defense, 2010) covers the requirements for
epoxy/fluoropolyurethane coating systems for interiors of newly constructed bulk fuel storage
tanks. Guidelines for maintenance (repair) coatings are included to avoid degrading the original
coating. The quality assurance and coating execution sections are similar to those on the Steel
Structures Guide Specification (Department of Defense, 2021). The required components of the

coating systems include the following:

. Epoxy Primer Coat (epoxy polyamide satisfying DTL-24441/29).

. Epoxy Intermediate Coat (epoxy polyamide satisfying MIL-DTL-24441/31).
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° Fluoropolyurethane Topcoat (composition requirements for this component are
provided).

2.9.3 UFGS-09 97 13.26 Coating of Steel Waterfront Structures, Zero VOC, Splash
Zone Coatings — February 2016

This guide specification (Department of Defense, 2016) covers the requirements for coating
new or existing steel-sheet piling and other steel waterfront structures. This coating system
may also be used for repairing and coating aged surfaces. The quality assurance and coating
execution sections are similar to those on the Steel Structures Guide Specification (Department
of Defense, 2021). The required components of the coating system include the following:

° Self-Priming Splash Zone Coating (SZC) Material (two coating layers).

. Chevron Phillips Chemical Co. TZ 904, PolySpec LPE 5100, or Premier Coating
Systems, Inc. PCS 1200 TA.

294 Coatings Guidance for Naval Facilities, Naval Facilities Engineering Service
Center, July 2000

This document (NAVFAC, 2000) contains guidance for coatings used by the Navy for facilities,
including surface preparation, coating guidance specifications, maintenance painting, present
coating work, and Navy coating needs. We note that although the Guide Specifications from

the date of this document have changed, their substance appears to be similar.

The Steel Structures Guide Specification (Department of Defense, 2021) states that “With
routine spot repair(s) of corroded surfaces and reapplication of topcoat every five to eight years,

approximate service life is 20+ years.”

The Tank Interior Guide Specification (Department of Defense, 2010) states that “by utilizing
the Fluoropolyurethane topcoat, performance generally exceeds that of three-coat epoxy

system. With routine spot repair(s) of corroded surfaces, approximate service life is 25+ years.”
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295 Coating Inspection and Completion Report, Abhe and Svoboda,
November 2015

This report outlined the surface preparation, coating application, and quality control for
recoating fuel pipes at Red Hill, using two coats of Sherwin Williams Macropoxy 646 Fast Cure

Urethane. It references a project specification, but we were not provided with this document.

2.9.6 Cathodic Protection of POL Systems Annual Surveys 2012 - 2021

These reports summarize the annual surveys of Cathodic Protection (CP) at the Joint Base Pearl
Harbor-Hickam conducted by Corrpro. The infrastructure protected by impressed current CP
includes the ASTs, buried fuel pipe including fuel pier supply pipes and the transfer piping to
Hickam, hydrant systems, and loading stands. The report references standard NACE and API
standards for CP protection and testing. Annual testing includes inspection of rectifiers for
physical and electrical damage, measurements of structure to electrolyte potentials in both
energized and depolarized conditions, grounded performance such as electrical resistance, and
electrical isolation from unprotected infrastructure. These reports provide annual
recommendations for maintenance and system upgrades, including a list of outstanding items

from previous reports.

2.9.7 Engineering Assessment of Fuel Pipelines at Hydrant Systems 1 — 4 Anderson
Air Force Base, Guam, Enterprise Engineering May 2020 (Enterprise
Engineering, 2020)

This report discusses stress corrosion cracking (SCC) discovered in hydrant fueling
pumphouses in Guam, which had caused numerous weeps of fuel through the stainless steel
pipe cracks. These cracks, which were due to chloride contamination on the pipes, occurred
only within the pumphouse, probably due to rain washing preventing significant build-up of
contamination on external pipes. Stress corrosion cracking occurs when certain contaminants
(chlorides) are present on susceptible metal surfaces (stainless steel) in the presence of tensile
stresses. The observed cracks were located adjacent to circumferential pipe welds in areas of

elevated residual stress.
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The report notes that regular visual examination of the pipes is recommended to detect
cracking, and surfaces should be regularly washed to prevent the build-up of chlorides. It states
that several other Air Force installations have similar environmental conditions with the

Andersen Airforce Base in Guam. Therefore, SCC is possible at these other facilities as well.

2.98 Coating Products

Pond provided us with two coatings systems that are used for repairs on fuel pipes by different
contractors:

. Sherwin Williams Three Part Coating System

1. Zinc-Clad Il HS 100 Organic Zinc Rich Epoxy Primer.
22 Macropoxy 646 Fast Cure Urethane.
3. Hi-Solids Polyurethane.

. PPG Two Part Coating System
1 Amerlock 2 Fast drying surface tolerant VOC compliant epoxy.
2. PSX 700 Two-component, engineered siloxane coating.

2.10 Facility-Wide Integrity Management

We understand that there are integrity management plans for specific elements of the Facility,
but no overarching facility-wide integrity management plan was provided, and facility

personnel referred to UFC 3-460-03 (Department of Defense, 2021) for general maintenance
requirements. We were provided with APl 570 and API 653 integrity management studies for

piping and tanks, respectively.

2.11 Operations and Process Safety Management

Operations and Process Safety Management (PSM) related documents are contained in

Appendices B and C. The review of documentation consisted of:

° Organizing all procedures, plans, and evidence provided by the client.
. Requesting additional procedures, plans, and documents.

. Reviewing each procedure and document and recording concerns.

. Generating recommendations.
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The assessment team reviewed information on each specific element against a standard
protocol. Additionally, Risktec personnel reviewed ergonomics, industrial hygiene, safety

culture, personal protective equipment, and other areas during the visit.
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INFORMATION BY OTHERS

Information provided by J{)I{()Ill (Supervisory General Engineer NAVSUP Fleet Logistics

Center Pearl Harbor, C701) includes:

On 21 March 2022, [{I(8)] stated that Hotel Pier and Sierra Pier currently have fuel in
the piping and that Hotel Pier transfers F-76, JP-5, F-24, FOR, and multi-purpose
products.

On 23 March 2022, [{8)I(8)] stated that during normal operations, the lower access
tunnel and harbor tunnel pipelines are fully packed and that operations do not regularly
drain lines or run partially full.

Information provided by J{e)I(S)Il (General Engineer NAVSUP Fleet Logistics Center Pearl

Harbor, C701) includes:

On 29 March 2022, l{)I(S)W shared his understanding of the last CIR on Tanks 3, 4,
and 11, i.e., tanks without a visual stamp on their upper access tunnel entrance, similar
to other tanks listed in Table 2-1. Tanks 3 and 4 were last inspected in 1982, Tank 11
was last inspected in 1983.

Information provided by JR(S)I(S)M (Deputy Director, Fuel and Facilities Management NAVSUP

Fleet Logistics Center Pearl Harbor) includes:

On 14 April 2022, H{I&R stated that Hotel Pier and Sierra Pier currently have fuel in
the piping and that Hotel Pier transfers (b)(3)(A)

On 14 April 2022, KSR stated that there arew facility locations that house fuel
pumps:

(b)(3)(A)
(b)(3)(A)

1
2

3. (b)(3)(A)
4. (b)(3)(A)
5

6

7

AR Sicrra Pier for FOR line.
(b)(3)(A)

ADIT 3 pumps for water only, not fuel or firefighting related.

On 14 April 2022, MR stated that a few years ago, an API 570 certified inspector
noted that the SS304 pipe in the Ewa and Diamond Head pumphouses at Hickam
looked similar to conditions he observed during an inspection in Guam, where chloride
stress cracking occurred. After a follow-up inspection of the Hickam pipe, no chloride
stress cracking was observed.
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During our site inspection of the Underground Bulk Fuel Storage Tanks in February 2022, we
met with TesTex personnel to discuss their NDT scanning techniques and quality control
process to detect weld defects and locally thinned areas in the tank liner. They confirmed that
any thinned areas detected during the eddy current scan are then re-examined using UT
inspections to confirm the extent of section loss. They showed us the steel calibration plates
being used for these inspections (they were scanning Tank 18 whilst we were on site), and we
noted that these were representative of the defects that could be expected in the tank steel

liner.

With respect to coatings, we had discussions with Pond (routine maintenance and minor repair
contractor) over the course of our assessment and were provided with the following
information related to the coatings:

. Contractor walks the facility quarterly to review pipe conditions, which includes
documenting coating and corrosion issues. If coating damage is discovered during these
quarterly inspections, then local repairs are conducted. However, these repairs are
intended for the short term, and typically no project specification for this repair coating
process is used.

° Long-term coating projects are conducted every five years according to areas identified
as a high priority. A coating inspector will review whole sections of the system and map
our lengths of pipe requiring repair and recoating. Project specifications are written
based on the guide specifications.

° The quality control process is the responsibility of the coating contractor.

o,
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Wrap coatings on the fuel pipes along the piers were intended to be a temporary repair,
not a permanent solution.

In the past twenty years, there has been an effort to remove the bituminous wrap
coatings on the fuel pipes along the tunnel and replace with a modern coating.
However, the wrap has been found to contain asbestos, and the original coating
contains lead, which complicates the removal process.

Pipe supports in the lower access tunnel require lead abatement for retrofit/remedial
works.
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4. INDUSTRY LITERATURE

Codes, standards, and industry guidelines applicable to structural and mechanical integrity

assessments and from which information was gathered are summarized in this section.

4.1 United Facilities Criteria

United Facilities Criteria (UFC) documents are the main standards governing the design,
construction, maintenance, inspection, and repairs of the Navy facilities. The UFC refers to
industry standards like those from API and provides additional provisions as required for the
military facilities. In the hierarchy of codes and standards, UFC is regarded as a high-level
overarching document. Some of the applicable UFC and their provisions pertaining to our

studies are noted in this section.

4.1.1 UFC 3-460-01 - Design: Petroleum Fuel Facilities

“The guidance contained in this UFC is intended for use by facility planners, engineers, and
architects for individual project planning and for preparing engineering and construction
documentation for all real property facilities used for storing, distributing, and dispensing fuels
for reciprocating and jet engine aircraft, automotive fuels, lubricating oils, and alternate fuels. In
addition, it is intended for use by operations and maintenance personnel as a guidance

document for facility design, modifications, and improvements.

This Unified Facilities Criteria, UFC 3-460-01 (Department of Defense, 2022), contains general
criteria and standard procedures for the design and construction of military land-based facilities

which receive, store, distribute, or dispense liquid fuels. We reviewed Change 2 version dated

12 January 2022 during this study. We note that UFC 3-460-01 replaced MIL-HDBK-1022.

UFC 3-460-01 lists the physical properties of fuels (such as densities) in Section 2-3. These

properties are used in self-weight and seismic inertial load calculations.

Section 2-13.7.1 of this UFC indicates that underground storage tanks are to be double wall
type, and single wall underground storage tanks are not allowed for environmental protection

purposes. This is consistent with modern standards applicable to new build projects.
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For the marine structures, such as berthing piers, it is recognized that permanent fuel piping
and system components may be installed on berthing piers, which were not primarily designed
for handling fuel (Section 5-3). This practice involves the addition of fuel pipes to existing piers,
which is considered to be the reason for vulnerable piping configurations for some of the piers

at JBPHH based on discussions with the Facility staff.

Section 9-3.2 provides pipe support requirements and typical configurations and notes that
rollers, hangers, and supports allowing the movement of pipe on a metal surface are not
acceptable for new designs. These types of pipe support configurations were observed at the

Facility (Section 5).

UFC 3-460-01 recommends that design avoid a lack of restraint in high seismic regions that
can lead to excessive pipe motion and failure. The Facility is not located in a high seismic region
but is in the area of moderate seismic risk, and it is considered a good practice to limit the
movement of piping due to transient loads in addition to seismic inertial loads. An arrangement
that provides in-line-restrained sliding (guided slide) pipe supports or another method of
maintaining alignment on each side of the expansion joint is recommended. It stated that
mitered bends for changes in direction should not be used. UFC 3-460-01 also states that for
complex systems, computerized code-compliant pipe stress analysis programs must be used to
assure proper pipe support selection for load conditions according to ASME B31.3 and/or

ASME B31.4.

Chapter 12 outlines the procedures for major rehabilitation projects. “It is recommended that a
Physical Condition Survey be conducted to survey the condition of the Facility with the goal of
identifying major deficiencies and prioritizing the work required.” Furthermore, for the pipe
support upgrades, “any changes to support type must be accompanied by a seismic and
thermal flexibility analysis.” For pipeline repairs, complete seismic and thermal flexibility
analysis must be performed to verify support type and location. Plates 015 and 017 of

UFC 3-460-01 presents examples of the guided sliding pipe support and U-bolt pipe supports,
respectively. These pipe support examples, which can be used for retrofitting purposes as well,

are shown in Figure 4-1 and Figure 4-2. It is worthwhile noting that the pipe shoes should be

Q
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welded to pipes, when provided, according to these standard details. The pipeline and pipe
support configurations observed at the Facility (Section 5) are compared with the best practices

and recommendations noted in UFC 3-460-01 to identify the deficiencies and required physical

changes to improve the design.

HOLD DOWN BRACKET
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Figure 4-1 - UFC 3-460-01 Piping Systems Sliding Pipe Support — Guided
(Department of Defense, 2022)
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et L SRS 06/18 o7

Figure 4-2 — UFC 3-460-01 Piping Systems U-Bolt Pipe Supports
(Department of Defense, 2022)
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4.1.2 Other UFC Standards

There are several UFC and MIL standards applicable to fuel facilities. The following criteria

documents are other applicable documents that helped inform our assessment.

. Unified Facilities Criteria (UFC 3-301-01), “Structural Engineering.”

. UFC 1-200-01 - DOD Building Code. This document represents the foundational
document of the UFC program in providing general building requirements and
overarching criteria, establishing the use of consensus building codes and standards,
establishing criteria implementation rules and protocols (including core UFC), and
identifying unique military criteria. It refers to 2018 IBC and 2018 IEBC as consensus
standards and provides additional provisions (Department of Defense, 2022).

° UFC 4-152-01 - Design. Piers and Wharves: This UFC contains descriptions and design
criteria for pier and wharf construction, including subsidiary, contiguous, and auxiliary
structures. Loading details, regulations, furnishings, appurtenances, and other
information are discussed when applicable (Department of Defense, 2017).

. UFC 3-460-03 - Petroleum Facilities Maintenance. This manual emphasizes inspection
and preventive maintenance to avoid system shutdowns, prevent fuel contamination,
and decrease fire, safety, and health hazards. It is not a design manual but provides the
Facility maintenance requirements (Department of Defense, 2021).

1l Section 2-10.3 states that available as-built information for petroleum fuel
systems must be preserved and protected, and as-built information must be
updated when there is a configuration change.

2. It covers pipe-visual inspections and API 570 inspections, stating that “each
petroleum fuel pipeline facility should have a Pipeline Integrity Management
Plan (PIMP) to assist with and guide pipeline integrity maintenance. PIMPs
improve the integrity management of piping systems and help prevent leaks or
pipeline failures.”

3 There are provisions for different valve types. UFC 3-460-01 does not allow
butterfly valves to be used as isolation valves in the construction of new
petroleum fuel systems, as they are not considered positive shut-off valves.

4. Pressure and vacuum instrumentation requirements are covered in Section 6
and the coating repair provisions.
57 Appendix G provides general requirements pertaining to pipe testing, pipe

properties, maximum operating and test pressures, dynamic surge, and system
components. It is also stated that “special consideration must be given to
systems having non-standard fittings such as mitered elbows, orange peel
reducers, stab-in connections, and similar. Note that under ASME B31.3, some
of these fittings are acceptable when operation pressure results in stress less
than 20% of SMYS.”

o T4
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The provisions in these UFC documents were reviewed and used to identify the design

deficiencies for the assessed structures, equipment, and piping systems.

4.2 Department of Defense Handbook — MIL-HDBK-1022 - 30 June 1997

This document provides basic guidance for designing petroleum fuel facilities and systems.
Section 9 refers to the guidance and design of the piping systems in these facilities.

Section 9.2.3 specifically refers to the arrangement of pipes for expansion and contraction. It is
noted that “expansion devices which employ packings, slip joints, friction fits, or other
non-fire-resistant arrangements” are prohibited per this section. Dresser couplings fall under

the categories mentioned above. The excerpt from the handbook is shown in Figure 4-3.

9.2.3  Arrangement, Arrange pipes 1o provide for expansion and contraction caused by
changes in ambient temperature. Where possible, accommaodate expansion and contraction by
changes in direction in piping runs, offsels, loops, or bends, Where this method is not practical,
use flexible ball joint offsets. Provide sliding pipe supports or other method of maintaining
alignment on each side of the expansion joml. Do not use expansion devices which employ
packings, slip joints, friction fits, or other non-fire resistant armangements.  Use ball-tvpe offset
Joints o accommodate possible settlement of heavy structures such us storage tanks, if piping
design cannot provide enough flexibility, Design expansion bends, loops, and offsets within stress
limitations in accordance with ANSIASME B31.3 and ANSI/ASME B31.4

Figure 4-3 — MIL-HDBK-1022 Section 9.2.3
4.3 Hawaii Administrative Rules, Title 11, Chapter 280.1 (HAR 11.280.1)

Hawaii regulation for underground storage tanks and auxiliary systems.

. Section 280.1-40 lists general requirements for all USTs. They state noncompliance
with this section requires facility updates to demonstrate compliance or closure. In
general, these requirements state that a leak detection method is in place to reliably
detect leaks in a timely manner and that the leak detection method is calibrated and
maintained by competent persons. They reference subsequent sections of the rules for
specific allowable thresholds and state that each method must have a 95% confidence
of positively capturing a leak. This section also stipulates reporting the occurrence of a
leak to the DOH.

. Section 280.1-41 is related to petroleum USTs and requires leak detection testing at
least every thirty-one days for tanks installed before 2013.

. Section 280.1-43 is related to methods of leak detection for tanks and states leak
detection must be capable of detecting leaks of 1% of flow-through plus 130 gal per
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month. For field-constructed tanks, one or a combination of the following leak detection
methods may be used:

1.

o

6.

Annual tank tightness tests must be performed to capture 0.5 gal per hour
leakage,

Automatic tank gauging with 1 gal per hour fidelity every thirty-one days must
be combined with tank tightness testing every three years that can capture
0.2 gal per hour leakage,

Automatic tank gauging with 2 gal per hour fidelity every thirty-one days must
be combined with tank tightness testing every two years that can capture

0.2 gal per hour leakage,

Vapor monitoring to detect 1 gal per hour fidelity every two years,

Inventory control to capture 0.5% flow-through loss must be combined with
tank tightness tests to capture 0.5 gal per hour leakage performed every two
years and vapor monitoring or groundwater testing, or

Another approved method.

Section 280.1-44 is related to methods of leak detection for piping and states:

1.
2

3

Automatic line leak detection,

Semi-annual or annual line tightness testing per Table 4-1 combined with
Table 4-2 if the semiannual test cannot meet a maximum 3 gal per hour leak
rate, perform vapor monitoring, perform inventory control, and

Tightness methods per 280.1-43.

Section 280.1-45 states that records of maintenance, testing, leakage occurrences, and
product specifications shall be kept for a minimum of three years.

Q
-0 -
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Table 4-1 — HAR Title 11 Chapter 280 Maximum Leak Detection Rate per Test

Semiannual Annual test—
lest—leak leak deteclion
Test seclion volume delection rate rale not to
{galions) not lo exceed exceed
{gallons per {gallons per
hour) hour)

- - + - -
s T 10 05
50,000 to <75.000 _........ 15 0.75
275,000 to <100,000 ....... 20 1.0
2100000 1 it i v eenare 30 1.5

Table 4-2 - HAR Title 11 Chapter 280 Phase in for Piping Segments

First test ................ Not later than July 15, 2021 {(may use up to 6.0
gph leak rate).

Second test ........... Between July 15, 2021 and July 15, 2024 {may
use up to 6.0 gph leak rate).

Thed test ..........-.. Between July 15, 2024 and July 15, 2025 (must
use 3.0 gph for leak rate).

Subsequent tests .. Not later than July 15, 2025 begin using

semiannual or annual line testing according to
the Maximum Leak Detection Rate Per Test
Section Volume table above.

4.4 Civil and Structural

Applicable industry codes and standards are listed below:

. American Concrete Institute (ACI, 2019) — Building Code Requirements for Reinforced
Concrete.”
. American Institute of Steel Construction:

AISC ANSI/AISC-360-10 Specification for Structural Steel Buildings
AISC Steel Construction Manual
AISC 341 — Seismic Provisions for Structural Steel Buildings.

. American Petroleum Institute (APl 650) — Welded Tanks for QOil Storage.
° American Society of Civil Engineers:

ASCE 7-16 — Minimum Design Loads for Buildings and Other Structures.
ASCE Task Committee on Seismic Evaluation and Design of Petrochemical Facilities —
Seismic Evaluation and Design of Petrochemical and Other Industrial Facilities.
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American Welding Society (AWS D1.1) — Structural Welding Code Steel.
International Code Council (IBC) — International Building Code (IBC).
Process Industry Practices (PIP STC01015) — Structural Design Criteria.

Piping

The following industry codes are applicable for the evaluation of the Red Hill facility pipelines.

4.6

American Society of Mechanical Engineers:

ASME B31.4 - Pipeline Transportation Systems for Liquids and Slurries.

ASME B31E - Standard for the Seismic Design and Retrofit of Above-Ground Piping
Systems.

ASME B16.5 - Pipe Flanges and Flanged Fittings.

ASME B16.9 - Factory-Made Wrought Buttwelding Fittings.

DNV-0S-F101 (DNV) - Offshore Standard — Submarine Pipeline Systems.
National Fire Protection Association:
NFPA 30 - Flammable and Combustible Liquids Code.

Marine Facilities

ASCE Manuals and Reports on Engineering Practice No. 130 on Waterfront Facilities

Inspection and Assessment:

4.7

The American Society of Civil Engineers (ASCE) Manuals and Reports on Engineering
Practice No. 130 on Waterfront Facilities Inspection and Assessment (ASCE, 2015)
provide guidance on the structural assessment of the reinforced concrete marine
structure. This industry-standard verbally and pictorially categorizes reinforced concrete
damage from minor to severe to standardize the assessment of these structures. Severe
damage is described by structural cracks wider than 0.25 in. or complete concrete
breakage or loss of coverage of reinforcing steel resulting in higher than 30% cross
section loss of main reinforcing bars. An overall assessment of a pier is then determined
considering the aggregate of element ratings and their importance in the system.

Integrity Management
American Petroleum Institute:

1. API 570 - Piping Inspection Code: In-service Inspection, Rating, Repair, and
Alteration of Piping Systems.

2. API 579-1/ASME FFS-1 - Fitness for Service.

3¢ API| 653 - Tank Inspection, Repair, Alteration, and Reconstruction.

,,
i
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5. SITE VISITS

From 19 January 2022 through 18 April 2022, SGH performed multiple site visits to the Facility
and JBPHH fuel system. Our subcontractor Risktec also performed several site visits. These site
visits focus on understanding 1) the current as-is conditions, 2) historic release events, and

3) opportunities for retrofit to safely operate and defuel the Facility. All our requests for access
to the Facility and the JBPHH fuel system were granted in a timely manner, and when required,
knowledgeable escorts familiar with the focus of our site walks provided real-time information
about the fuel systems. To date and cumulatively, SGH and Risktec personnel have performed

over seventy site walks of the Facility and JBPHH.

Our site visit observations are tabulated in Appendix A. Tables in Appendix A include
photographs of the observation, location, component type, description, observation type,
severity, priority, recommendation, status, and some discussion. Descriptions of the terms and

symbols used to document the site visit observations are presented in Table 5-1.

Table 5-1 - Site Visit Observation Terms and Categorization of Deficiencies

Component Pipe support beam, pipe cradle, pipe, valve, etc.

Description Brief description of the observed issue (corrosion loss, missing member, etc.)

CD - coating damage; CR - corrosion; DV - design variation; LI — lack of integrity;
MB — missing member; PD - physical damage; WD — weld defect; LP — load-path;

Observation . . s . . .
IR — improper restraint (missing pipe supports, etc.); IC — the interaction of

Type components (contact risk, over restrained pipes by the tanks, stress
concentration, etc.); OT - other
Severity H - high, M — medium, L — low (depending on the observed condition)

D1 - defuel, P1 - high, P2 — lower, P3 — maintenance (based on the importance
Priority of the component, severity of the condition, and its relevance to safe defueling
and operation of the Facility)

Actionable recommendations such as evaluate, repair, replace corroded member,
add brace, etc.

Recommendation

5.1 Red Hill Underground Bulk Fuel Storage Tanks
5.1.1 Tank 14 Interior

On 21 January 2022, a Certified Weld Inspector from SGH conducted an inspection of a portion

of the interior of Tank 14 (undergoing CIR) using a crane-suspended basket. We visually

: O
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inspected the welds and the surface condition of the coating and used an Ultrasonic Thickness

(UT) Gauge to verify the local plate thicknesses.

We inspected a vertical section of the tank at locations R2P13, R10P3, and R20P13 below the
central rim and A59, B58 above the rim (these location identifiers are written on each plate by

the contractor).

The plates are all butt welded rather than lap welded. All welds appear smooth with no visible
undercut, surface porosity, or other defects (Figure 5-1). This is in agreement with the previous
tank inspection reports, which indicated that the main weld defects identified by the eddy

current inspection were sub-surface lack of fusion.

Figure 5-1 — Tank 14 Liner Plate Welds

The surface coating is largely intact, with no cracks or delamination in the areas that we
inspected. There is some local blistering of the coating, indicating that it is starting to
deteriorate (Figure 5-2), but we were informed that the tank surface will be cleaned and

recoated during the ongoing CIR process.
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Figure 5-2 — Tank 14 Steel Liner Surface Coating

We ground local areas of the steel surface smooth using 120 grit silicon carbide paper and
measured the plate thickness using an Olympus 45MG Ultrasonic Thickness Gauge. The
surface preparation did not remove the coating, so our measurements included coating
thickness. Our measurements are listed in Table 5-2. Locations align with plate numbers

written on the plates by the CIR contractor (APTIM, 2018).

Table 5-2 — Ultrasonic Thickness Measurements from Tank 14

Steel Liner Location Identifiers Thickness (in.)

R2P13 0.297
R10P13 0.303
R20P13 0.285
R27P13 0.276

A59 0.264

B58 0.294

5.1.2 Access Above the Upper Tank Dome

We conducted a site visit to observe the conditions in accessible areas above the underground
storage tanks' upper dome. From the upper access tunnel, at each tank entry hatch, a ladder
allows access to a portion of the top of the dome. We observed gauging ports and ventilation

shafts that sometimes penetrate through the upper tank dome; we also observed the concrete

O
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and gunite surfaces around the tunnel walls, ceiling, and floors. We looked for concrete
cracking, leakage, spalls, and delamination conditions. We visited the tops of all the tanks

except for Tanks 1, 14, and 18, which were blocked off by contractors working in those areas.

The ventilation shafts for the tanks extend along the ladder access to the top of the tanks. For
Tanks 13 to 20, these shafts are diverted down into the tanks, while for Tanks 2 to 12, the
ventilation shafts are diverted up (Figure 5-3). This configuration is consistent with the
structural drawings Drawing No. 294322 (Contractors, Pacific Naval Air Bases, 1942). In some
instances, we observed gouges in the encasement around the ventilation pipe, which revealed
the underlying steel pipe (Figure 5-4). Occasionally we observed dents in this pipe. The tanks
with recent CIR dates (13 and 17, for example) had new ventilation piping without gunite

encasement (Figure 5-5).

We observed spider cracking and old indications of leakage through the cracks in the wall
around the access to the top of the upper tank dome at Tank 16. When hammer sounded, there
did not appear to be delaminated concrete or gunite around these cracks. There were no visible
signs of corrosion through the wall, nor were there signs of spalls or exposed reinforcing

(Figure 5-6). This wall is not the tank wall.

The top of the upper tank domes, notably for tanks not recently in CIR, have a gunite layer over
the concrete dome that occasionally is delaminated (when hammer sounded). Sound concrete
is inaccessible in these locations due to the presence of the gunite. The gunite layer over the
top of the upper tank domes has been removed for the tanks recently in CIR. No delaminated
areas were discovered when hammer sounding the revealed concrete tank dome (Figure 5-7).
We did not observe delaminations, spalls, cracking, or exposed reinforcing in any of the
concrete we observed on the top of the upper dome (i.e., all tanks exceptfor 1, 14, and 18

which were inaccessible).

O
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Figure 5-3 — Top of Upper Tank Dome 12 (left) and 13 (right)

D)(3)(A

Figure 5-4 — Ventilation Shaft with Missing Gunite Encasement — Tank 20

O
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Figure 5-5 - Ventilation Shaft after Clean, Inspect, Repair — Tank 13

(3)(A

Figure 5-6 — Spider Cracking in Wall above Tank Dome Access — Tank 16




Location of Old
Steel Column

gl Top of Upper
: Tank Dome

Figure 5-7 — Top of Tank Dome after Clean, Inspect, Repair — Tank 13
5.2 Piping

Appendix A presents significant site observations and deficiencies observed during our site

visit.

5.2.1 Ongoing Repairs to the JP-5 Pipeline in Red Hill

On 22 and 30 March 2022, we performed site visits to the tank gallery, specifically at Tanks 19
and 20, to observe the existing conditions and perform measurements for our pipe stress
analysis and retrofit recommendations. While at Tank 19, we observed APTIM performing
repairs on the JP-5 lateral pipeline, reconnecting the pipe to the tank via a bent configuration
due to the nonalignment between the lateral “T” and the tank penetration (see isometric

drawing in Figure 2-19 and confirming site observations in Figure 5-8 and Figure 5-9).




0)(3)(A

Figure 5-8 — 22 March 2022 Observation of JP-5 Lateral Pipe Reconnection at Tank 19

0)(3)(A

Figure 5-9 — 30 March 2022 Observation of JP-5 Completed Reconnection to Tank 19
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5.2.2 Internal Pipeline Condition

Starting in January 2022, APTIM was contracted to perform JP-5 emergent pipeline repairs in
the Red Hill fuel storage facility, according to the NAVSUP FY21 Design-Build Repair Red Hill
Piping project (NAVSUP FLC Pearl Harbor, 2021). These included reconnecting lateral lines to
Tanks 19, 20, and 1, in addition to repairing trunk line segments. While these segments were
being repaired, SGH observed the interior steel surface of the JP-5 pipeline. We observed small
pits uniformly distributed throughout the pipeline lateral to Tank 19 (Figure 5-10) and the trunk

line between Tanks 15 and 16.

Figure 5-10 - JP-5 Lateral Pipeline to Tank 19 at Repair Location

5.2.3 Failed Dresser Couplings

Failed Dresser coupling components were in place and on the ground during our initial January
2022 walk down. During the surge event on 6 May 2021, some of the Dresser coupling

retention lugs failed at Tank 18 and Tank 20. The appearance of the components indicated lug
plate tearing and weld failures. Figure 5-11 shows the retention lug failure at Tank 20 and our

on-site measurements.
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D)(3)(A

Figure 5-11 — Retention Lug Failure at Tank 20

Tank 19 was permanently out of service during our walk down, and the fuel pipe at Tank 19
was blind-flanged (Figure 5-12). This configuration does not provide lateral restraint to the
main JP-5 fuel line between Tanks 19 and 20, as was the case during the surge event, and no
other lateral restraints were observed. The maximum lateral displacement of the main JP-5 fuel
line towards Tank 19 was measured to be about 15 in. during the surge event, and the
permanent displacement was about 6 in. (Figure 5-13) based on the visible damage to nearby

ducting and the current position of the JP-5 pipeline.



During the surge event on 6 May 2021, lateral displacement of the main JP-5 fuel line caused
significant tension in the Dresser coupling retention rods at Tank 20, potentially resulting in the
retention lug failure. A similar retention lug failure was observed in the Dresser coupling at
Tank 18. Tank 17 was under CIR on 6 May 2021, and the pipe to Tank 17 was blind-flanged

during the surge event.

0)(3)(A

Figure 5-12 - Blind Flange at JP-5 Pipe toward Tank 19
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Figure 5-13 - Lateral Displacement of JP-5 Fuel Line (between Tanks 19 and 20)

5.2.4 Intact Dresser Couplings

For comparison, Figure 5-14 shows the and Dresser couplings at Tank 16 were
replaced in the early 2000s. The Dresser coupling consists of three 3/4 in. diameter

R Dresser coupling consists of eight 3/4 in. diameter retention rods.

retention rods and eachj
The retention lug plate thickness is 3/4 in. with 1/2 in. thick stiffeners (see Figure 2-15 for
details). Fire protection jackets that are wrapped over calcium silicate insulation blocks are also
visible in Figure 5-14. These passive fire protection elements are critical to maintaining the
integrity of Dresser couplings in case of a fire. They have some components that are not heat
resistant and can result in a fuel leak when subjected to high heat. During our visit, we

observed that a Dresser coupling at Tank 10 did not have the fire protection jacket installed

(Figure 5-15).
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Figure 5-14 - (b)(3)(A) Dresser Couplings by Tank 16 (Replaced in the Early 2000s)

0)(3)(A

Figure 5-15 — Tank 10 Dresser Coupling without Fire Protection

Additionally, we noted the incorrect installation of Dresser coupling harness lugs and deflection

rings (Figure 2-15, Figure 5-16, and Figure 5-17).



0)(3)(A

Figure 5-16 — Harness Lugs at Dresser Coupling Installed Backward — F-76 Pipe

Figure 5-17 — Apparent Washer at Location of Dresser Coupling Deflection Ring — Tank 2

=102~



5.25 F-24 Pipeline at Concrete Anchors in Lower Access Tunnel

We performed a site walk in the lower access tunnel to ascertain if high point vents exist in the
F-24 line at the downstream end of the two concrete anchor walls adjacent to Pipe
Supports 24 (Figure 5-18) and 62 (Figure 5-19). We did not observe any high point vents in

the F-24 line except at the end of the trunk line header adjacent to Tanks 15 and 16.

b)(3)(A)|(b)(3)(A

Figure 5-18 — F-24 Bend at Concrete Anchor Wall (left), No Visible High Point Vent in F-24
Line Downstream of Concrete Anchor Wall (right) — Pipe Support 24

0)(3)(A)|(0)(3)(A

Figure 5-19 - F-24 Bend at Concrete Anchor Wall (left), No Visible High Point Vent in F-24
Line Downstream of Concrete Anchor Wall (right) — Pipe Support 62

5.2.6 Mislabeled Piping and Tank 2 Product Contents

At Tanks 1 and 2, the JP-5 and F-24 lines are not tied together at the trunk line via a

T-connection, as is the condition at laterals upstream:; instead, they have individual laterals that

m—




extend to the Tank wall. Additionally, at Tanks 1 and 2, the F-76 line does not have a lateral
branch to the tanks. We observed that the painted naming convention indicates that the two
laterals to Tanks 1 and 2 are F-24 and F-76. We noted that the line named F-24 is tied to the
JP-5 trunk line, while the line called F-76 is actually tied to the F-24 trunk line. In the OMES
manual (Trinity Bhate and Pond, 2018), Tank 2 is documented as being full of F-24 (Figure
5-20), which would come via the pipe that is labeled F-76. From a site walk of the upper access

tunnel, we observed that the digital display on Tank 2 notes the product as JP-8 (Figure 5-21).

ORANB)(3)(A

Figure 5-20 — Tank 2 Pipe Laterals Labeled F-76 and F-24 (left); Looking towards Tank 1
JP-5 and F-24 T-Connection (right)
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Figure 5-21 - Digital Display of Tank 2 Contents Note JP-8 Product

53 Pipe Supports and Pipe Racks

We performed numerous walkthroughs to visually inspect the components of the pipe supports
located at the harbor (HT) and the lower access tunnels (LAT). We looked at different
components, including pipe supports, pipes, cradles, valves, etc. We summarized the observed
deficiencies and areas of concern in more detail in the tables that can be found in Appendix A
We conducted multiple site visits to document consistency with supports and dimensions as
laid out on the drawings and determine where site conditions and supports varied between

those originally present on the drawings and those in the current as-is condition

53.1 Pipe Supports at Harbor Tunnel

We found a variety of different issues, such as the following:

. Improper vertical supports bearing on the pipe: Figure 5-22 shows an example at Pipe

Support 138 where we noticed vertical support under the JP-5 pipeline bearing on the
F-76 pipeline. This condition is repeated through Pipe Support 141. These vertical

supports appear to replace the primary pipe supports as the horizontal leg of the
primary pipe supports does not align with the JP-5 pipeline elevation.
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Figure 5-22 — Vertical Support Bearing on Pipe

. Corrosion of columns and base plates at numerous locations. Examples at two different
locations are shown in Figure 5-23.

»

= (b)(3)(A

Figure 5-23 - Corrosion of Column Base Plate at Pipe Supports 510 (left) and 600 (right)



Ponding of water along several pipes supports potentially leads to corrosion problems.
We observed that water starts ponding near Pipe Support 550, and it stops near Pipe
Support 567, as shown in Figure 5-24.

PRANB)(3)(A

Figure 5-24 — Water Ponding at Base of Pipe Support 550 (left) and Transition to Dry
Region at Pipe Support 567 (right)

Missing cradles and/or friction pads. Figure 5-25 shows an example in Pipe
Support 651 where we noticed that the three pipes are bearing on the steel support
without any layer of protection underneath, such as a cradle or a friction pad.

D)(3)(A

Figure 5-25 — No Pipe Cradles at Pipe Support 651



Figure 5-26 — Corrosion of Pipe support: Base Plate and Column at No. 16 (a),
Beam at No. 23 (b), Bottom of Column at No. 48 (c), and Bracing Member at No. 52 (d)

5.3.2 Pipe Supports at Lower Access Tunnel

We found a variety of different integrity and design issues, such as the following:

. Corrosion of base plates, beams, columns, and bracing members at numerous locations.
Examples for each component with defects are shown in Figure 5-26.

. Missing braces at numerous locations: We noticed this condition at several locations,
especially at the start of the lower access tunnel, near the galleries of Tanks 17 to 20.
Figure 5-27 shows an example between Pipe Supports 3 and 8.
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Figure 5-27 — Missing Braces Between Pipe Supports 3 and 8

. At Pipe Support 4, the pipe cradle for the JP-5 pipeline is present on one side only. This
condition appears similar to that documented in the 2016 EEI report (Enterprise
Engineering, Inc., 2016).

° Damaged bracing members at different locations: We observed damage to bracing
members (excessive out-of-plane deformation) in some cases due to possible impacts.
Examples at two different locations are shown in Figure 5-28.

Figure 5-28 — Damaged Bracing Members: Between Pipe Supports 39 and 40 (left) and
between Pipe Supports 41 and 42 (right)

09 -
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Missing pipe cradles and supports: Examples of this condition are shown in Figure 5-29
and Figure 5-30. The unsupported pipe at Pipe Support 74, i.e. gap between the F-24
line and the pipe support beam in Figure 5-29, and the missing cradle condition at Pipe
Support 6 (shown in Figure 5-30) appear unchanged from the conditions documented
in the EEl 2016 inspection report (Enterprise Engineering, Inc., 2016) referenced in
Section 2.3.2.

0)(3)(A)]|(0)(3)(A

Figure 5-29 — Lack of Pipe and Support Contact Under JP-5 Pipeline at Pipe Support 11
(left) and Under F-24 Pipeline at Pipe Support 74 (right)

0)(3)(A

Figure 5-30 - Missing Cradle at JP-5 Pipeline at Pipe Support 6

Damage to existing ventilation ducts caused by the lateral movement of unrestrained
pipe dead-end is shown in Figure 5-31.

Changes to the original design such as modifications to typical support types, Figure
5-32 (a) and (b), removal or reconfiguration of braces, Figure 5-32 (c), and relocation of
columns, Figure 5-32 (d). Figure 5-32 (d) shows a clear example where we observed
that this reconfiguration left a heavy elevated valve for the pipe insufficiently
supported.
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Figure 5-31 — Damage to Existing Ventilation Ducts at Pipe Support 1

0)(3)(A)(L)(3)(A

Figure 5-32 — Reconfiguration of Pipe Supports 18 (a) and 19 (b), Removal of Braces
Between Pipe Supports 26 and 27 (c), and Relocation of Columns Between Pipe
Supports 47 and 48 (d)
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° Out-of-plumb columns are shown in Figure 5-33.

Figure 5-33 - Out-of-plumb Column at Pipe Support 6

. Cracking of protective encasement that appears to be gunite around columns shown in
Figure 5-34Figure 5-34 .

Pos)
Wl

Figure 5-34 — Encasement around Columns, Cracking by Tank 17
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° Improper supports for special conditions where the pipelines change the configuration.
Figure 5-35 shows an example where the JP-5 pipeline is rerouted under the concrete

s

Figure 5-35 — Improper Support of JP-5 Pipeline Between Pipe Supports 26 and No. 27

. The impact risk for existing overhead drain valves in AFFF retention piping is shown in
Figure 5-36.

Figure 5-36 — Overhead Drain Valves in AFFF Retention Piping Between Pipe Supports 14
and 15 (left) and Between Pipe Supports 31 and 32
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° Interference and clashing risk between components of different systems are shown in

B(0)(3)(A

Figure 5-37 — Interference Between Fuel Pipe Flange and Fire Suppression Valve Between
Pipe Supports 47 and 48

. Leakage through the tunnel wall is shown in Figure 5-38.

Figure 5-38 — Leakage Through Tunnel Wall Between Pipe Supports 78 and 79

- 4 -
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° We conducted a site walk of the lower access tunnel pipe supports where the pipe
support beam penetrates the tunnel wall to ascertain the presence of an embedded
steel column, as shown in Structural Drawing 294162 (Figure 2-26). We used ground
penetrating radar (GPR) and the NDT method to locate steel in the tunnel wall. GPR
sends a radar pulse through a substrate, in this case, a gunite layer overcoating a
reinforced concrete wall. We used the GPR to validate the structural drawings where
we understood an embedded steel column might exist. The GPR scans in Figure 5-39
confirm the presence of an embedded steel column at Pipe Support 57. In the left
image, the white horizontal portion of the scan represents the straight flange portion of
the exposed steel column; this scan was performed to establish a baseline reading for a
steel column flange. A similar resulting scan is seen in the right image, which was
scanned at the tunnel wall, i,e, no visible column.

ST s ::ﬁ-"‘* 1

: 7 Beam Flange Width |

Figure 5-39 — GPR Scan of Exposed (left) and Embedded (right) Steel Column Flange (Blue
Arrow Indicates Width of Steel)

5.33 Observations on Design Changes

We compared the existing drawings (Contractors, Pacific Naval Air Bases, 1942) to the current
as-is conditions we observed during our walk downs. We recorded the differences between
these conditions to incorporate them into our analysis. A summary of the inconsistencies is

listed below.

i
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° Drawings 294160 and 294163 do not show the pipe support configuration observed at
Pipe Supports 1, 2, 3, 4, 8, and 10 to 13, where we observed that the span between
columns is considerably larger than those of the other supports.

. Drawings 294160 and 294163 do not show the pipe support configuration observed
between Pipe Supports 46 to 48, where we observed a heavy elevated valve that is
potentially inadequately supported and anchored.

. Drawings 294160 and 294162 specify the member size of the bracing members as
L3 in. x4 in. x 1/4 in. for only two bays adjacent to each tank gallery. The as-is bracing
members are L2-1/2 in. x 2-1/2 in. x 5/16 in., and they extend to more than just two
bays.

. Drawing 294162 shows the spacing between Pipe Supports 46 and 47 as 22 ft.
Measurement of the as-is condition indicates that this spacing is only 16 ft.

° Drawing 294162 shows the spacing between Pipe Supports 47 and 48 as 21 ft. Survey
of the as-is condition indicates that this spacing is only 5 ft.

. Drawing 294162 shows the member size for the column and beam components of the
pipe support as W8 or W10 for all locations. However, we observed that most of the
pipe supports were built with W8 sections, with the exception of the last pipe support
right before each tank gallery, which was built using W10 sections.

° We observed that the cross-bracing members are connected at the midpoint by means
of welds.
. We performed ultrasonic thickness measurements at several locations to spot-check the

pipe thicknesses. The pipe (F-76) is nominally 0.375 in thick, the pipe (JP-5)
is nominally 0.25 in. thick, and the (F-24) is nominally 0.25 in. thick.

. Angle struts, as indicated in the design drawings connecting Pipe Supports 1 to 54 to
each other, were not present; rather, pipe supports were typically connected by pairs of
braces.

5.4 Ventilation System in the Red Hill Tunnels

An electrical classification study was carried out by Austin Brockenbrough in 2014. Based on
several code requirements, electrical equipment does not need to be designed for hazardous
areas if a certain quantity of ventilation/air volume changes per minute occurs. The ventilation
fans at the Facility are backed up, per facility personnel, with emergency generators at various

locations on Red Hill.
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It was observed that a transformer and other "main" switchgear are located inside of the LAT.
This equipment is inside a "drywall" enclosed room with ventilation into the room. During our
walk down, it was noticed that the ventilation does not provide positive pressure, and therefore,
there can be fire and explosion hazards within the rooms. A recommendation to move this
equipment out of the tunnel was discussed during the HAZOP (Appendix B), during which it

was noted that a study may already be underway to accomplish this (Table 8-3 Item 30).

5.5 Pumphouse

We visited the pumphouse to visually inspect the control room, pumps, valves, pipelines, pipe
supports, and other components. We summarized the important observations in the tabulated

format in Appendix A.

We observed a variety of different issues, such as the following:

. The existing interior window of the control room, which is facing the pump gallery, is
not blast-resistant (Figure 5-40). Operators should be protected against a blast event.
Also, control room staff would be at risk in the case of a hydrocarbon release from the
pumps, valves, or flanges in this area. There can also be fire risks in this area. Blast and
fire resistance of the wall and door facing the pump gallery can also be critical to
protecting the control room occupants and the functionality of the equipment.

Figure 5-40 - Interior Window, Wall, and Door at Control Room (Facing Pump Gallery)
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We found a cabinet with flammable materials that are unanchored (Figure 5-41). This
cabinet could overturn during an earthquake or if impacted. Cabinets throughout the
Facility storing flammable or toxic materials should be anchored or laterally restrained to
prevent overturning.

Figure 5-41 — Unanchored and Unrestrained Cabinet in Pumphouse

We observed some flanges with bolts that were not fully engaged (Figure 5-42).

0)(3)(A

Figure 5-42 - Flange with Short Bolts

0
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. The diesel tank that is part of the backup generator for the pumphouse [{)I&}IIAY)
- is likely unanchored. If it is unanchored, the backup generator may not function
following an earthquake due to a rupture of the attached diesel piping (Figure 5-43).

Figure 5-43 — Unanchored Diesel Tank for Emergency Generator

5.6 Surge Tanks

We conducted a site visit to the surge tank area adjacent to the pumphouse on 20 January
2022. The surge tanks were filled with fuel during our visit. Therefore, we were not able to see
the inside of the surge tanks. Figure 5-44 shows several photos taken from the surge tank

tunnel showing the outside of the tanks.

0)(3)(A

Figure 5-44 — Photos of the Surge Tank Tunnel
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5.7 Aboveground Storage Tanks
5.7.1 Site Visits

We conducted visited the following aboveground storage tanks (ASTs) on January 21 and
14 February 2022:
. Tanks 46, 47, 58, 53, 54, and 55 located at the Upper Tank Farm.

. Tanks B1 and B2 located at Fuel Oil Reclamation Facility (FORFAC).
. Horizontal Tanks 1811 and 1812 located at Lube Oil Facility.
° Tank 301 located near the Lube Oil Facility.

. Tanks 311 and AFFF Storage Tank located near the entrance to Red Hill tunnels at
ADIT 3.

o Tanks 11-1, 11-2, 11-3, and 11-4 located at Hickam Field.
° Horizontal Tanks 5-1, 5-2, 9-3, and 9-4 located at Hickam Field.

The locations of these aboveground storage tanks are shown in Figure 5-45, Figure 5-46,

and Figure 5-47.

0)(3)(A

Figure 5-45 — ASTs at Upper Tank Farm, FORFAC, Lube Oil Facility, and Tank 301



0)(3)(A

Figure 5-46 — Tank 311 and AFFF Tank near the Tunnel Entrance at ADIT 3

0)(3)(A

Figure 5-47 — ASTs Located at Hickam Field
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Table 5-3 and Table 5-4 present a tank data summary for the vertical above-ground storage
tanks (based on name plate data, inspection reports and drawings).

Table 5-3 — Above-Ground Storage Tanks — Design Data Summary

Location Upper Tank Farm FORFAC
Tank ID 46 47 48 53 54 55 B1 B2
Diameter 164'-0" | 164'-0" | 164'-0" | 164'-0" | 164'-0" | 160'-0" | 60'-0" 60'-0"
Height 38'-5" 40'-0" 40'-0" 39'-11" 40'-0" 42'-0" 21'-9" 21'-9"*
Anchored (A) /

U U ) U U U U U
Unanchored (U)
BiRRATS Yes Yes Yes Yes Yes No*e* Yes Yes**
Bottom

*

height for Tank B2 is similar to that for Tank B1 (21'-9").
** Tank B2 is currently under CIR, and the new double bottom is to be installed.
*** Original Tank 55 was replaced in 1978 with welded steel construction.

Tank drawings indicate a significantly larger height than 21'-9", but on-site observation indicates the

Table 5-4 — Aboveground Storage Tanks — Design Data Summary (cont’d)

Near Lube
Location Oil Facility Entrance of Adit 3 Hickam Field

Tank ID 301 311 AFFF 11-1 11-2 11-3 11-4
Diameter 42'-0" 21'-0" 33'-0" 93'-0" 93'-0" 63'-0" 63'-0"
Height 24'-0" 16'-0" 25'-0" 48'-0" 48'-0" 54'-0" 54'-0"
Anchored (A)/

A U U U A A
Unanchored(U)
NewrDanbie No No No No No No
Bottom

5.7.2 Observations

In the UTF, we noted that the original riveted Tank 55 was replaced with a welded steel tank

(Figure 5-48) in 1978. The remaining five tanks (Tanks 46, 47, 48, 53, and 54) in the UTF

consist of riveted steel construction from the original 1920s, but the rivets and shell plates are




now welded in place. We also observed a new double bottom was installed for these five tanks.
As an example, Figure 5-49 shows the riveted steel construction and new double bottom plate
for Tank 46. The new double bottom plate is about 14 in. from the grade level (see a close-up

view in Figure 5-49).

Figure 5-49 - Riveted Steel Construction and New Double Bottom (Tank 46)

=



We performed UT and DFT measurements of Tanks 47 and 55 (Table 5-5). At Tank 47, we
evaluated the steel tank wall and coating thicknesses in the vicinity of observed corrosion at the
double bottom rim plate. We additionally measured pit depths at the corroded tank wall. At
Tank 55, we evaluated the steel tank wall and coating thicknesses at an elevation
approximately equal to that of the Tank 47 measurement. There was no observed corrosion at

the Tank 55 steel tank wall.

Table 5-5 - UT and DFT Measurements from Tanks 47 and 55 at the UTF

Tank Measurement UT Measurement Steel DFT Measurement Pit Depth
No. Instance (in) (mil) (in)
1 0.956 4.8 -
47
2 0.98 0 0.04
1 0.834 2.07 -
2 0.811 0.212 -
55
3 0.802 0.529 -
4 0.806 1.659 -

In the Fuel Oil Reclamation Facility, Tank B1 has a new double bottom plate, while Tank B2 is

currently under CIR, and a new double bottom plate is under construction (Figure 5-50).

Figure 5-50 — New Double Bottom Plate under Construction (Tank B2, FORFAC)
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During the site visits, we made some observations regarding the performance of the
above-ground storage tanks during a potential earthquake event. Several examples are
described below. See Appendix A for our detailed observations of all the above-ground storage

tanks.

. Tank 55, Upper Tank Farm — Potential concern due to overconstrained piping. The first
pipe support adjacent to the tank shell constrains the uplift of the attached piping and is
bolted to the concrete (Figure 5-51). The overconstrained piping could cause potential
tank damage and loss of contents in the event of tank uplift during an earthquake event.

(0)(3)(A)

Figure 5-51 - Overconstrained Piping (Tank 55, Upper Tank Farm)

° Tank 47, Upper Tank Farm — Corrosion above the new tank double bottom (Figure
5-52). Corrosion damage could lead to failure and loss of product if not addressed.

Figure 5-52 — Corrosion of Shell at New Double Bottom (Tank 47, Upper Tank Farm)
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° Tanks 11-1 and 11-2, Hickam Field — Potential concern due to overconstrained piping.
The first pipe support adjacent to the tank constrains the uplift of the attached piping.
The guide observed during our visit would allow for longitudinal (but not vertical)
movement (Figure 5-53). The overconstrained piping could cause potential tank
damage and loss of product in the event of tank uplift during an earthquake event.

(0)(3)(A)(b)(3)(A

Figure 5-53 - Overconstrained Piping (Tanks 11-1 and 11-2, Hickam Field)

° All the horizontal tanks (Tanks 1811 and 1812 at the Lube Oil Facility, and Tanks 5-1,
5-2, 9-3, and 9-4 at Hickam Field) appeared to be adequately anchored, and there was
no evidence of significant corrosion in the attached piping. Figure 5-54 shows adequate
anchorage for Horizontal Tanks 1811 and 1812.

Figure 5-54 — Anchorage for Horizontal Tanks 1811 and 1812
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5.8 Pumps and Valves
5.8.1 Lower Access Tunnel Main Tank Valves

The critical valves on Red Hill are in the LAT adjacent to the tanks and are the main tank valves;
an inboard valve, sometimes referred to as the “skin” valve and an outboard valve. These valves
are in a double-block and bleed arrangement (Figure 5-55). The term “double block and bleed”
refers to an arrangement when the two valves are closed, the space between the valves is
drained, and any “leak-by” of the valves, which is routed to a closed drain system, is an
indication that the in-board valve or “skin” valve is not sealing. Leak-by would trigger an

investigation to determine the best course of action to repair the valve.

As shown in Figure 5-55, the valves are mounted in the overhead piping that is painted black,
and the valve stems extend downward for access to the local valve actuator controls. These
valves are also operated remotely from the control room adjacent to the underground

pumphouse.

0)(3)(A)|(B)(3)(A

Figure 5-55 - Valves Mounted in Overhead Piping, MTV-1 (left) and MTV-2 (right)

During the visit to the LAT, it was observed that the main tank valves were not equipped with
pressure equalization lines. In general, high-energy valves are recommended to be pressure

equalized prior to the opening, which is a common practice in the oil and gas and chemicals

industries.

[MARKING REMOVED)



Discussions during the site visit and the HAZOP regarding the 6 May 2021 incident seem to
indicate that a vacuum formed in the product line when line “sag” occurs may have been a
contributor to the 6 May 2021 event. Since the 6 May 2021 event, the Red Hill fuel team has
adopted a procedure to clear this vacuum by attaching a flexible hose to the high point vent of
the product line and the FOR-sump system (Figure 5-56). The high point vent valve is opened
to relieve the vacuum with ambient air. Once the vacuum is relieved, the outboard main tank
valve is slowly “cracked” open or “throttled” to allow fuel to enter the product line and displace
the air from the high point vent and into the FOR-sump system. Once fuel is observed through

a sight-glass in the vent line, the high point vent valve and the main fuel valve are closed.

0)(3)(A

Figure 5-56 — High Point Vent Connection (left) and Vent Connection to FOR Sump
System (right)

The main fuel valves (inboard and outboard) are not recommended to be used as throttling

valves as they are on-off isolation valves.

Q
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5.8.2 Lower Access Tunnel Sectional Valves

There are several “sectional” valves in the main product piping in the LAT and at the end of the
HT (Figure 5-57). Figure 5-57 shows a typical sectional valve, and all the sectional valves
appear to be in good condition as no visible leaks were observed during our visit. (Note: The

internal condition of these valves is not known.)

There are sectional valves for each product line, and there are three sectional valves in the F-76

product line, three sectional valves in the JP-5 product line, and two sectional valves in the F-24

0)(3)(A

product line.

Figure 5-57 — Sectional Valve in Harbor Tunnel
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5.8.3 Lower Access Tunnel Main Sump

The main sump in the lower access tunnel is equipped with two parallel operated positive
displacement pumps that discharge to the FOR storage tank (Figure 5-58). These main sump
pumps have been operating satisfactorily, according to the fuel team personnel's comments

during the site visit.

Figure 5-58 — Main Sump Pumps, MSP-1 (left) and MSP-2 (right)

5.8.4 Fire Suppression Systems

The LAT was retrofitted with an AFFF fire suppression system in 2019. There are five AFFF
riser stations in the LAT that supply the fire suppression foam in the event of a fire. At each
riser station, there is an AFFF sump for a total of five AFFF sumps (Figure 5-59). Each AFFF

sump is equipped with five AFFF sump pumps and one groundwater pump.

At the time of the site visit, the fuel team personnel indicated that the AFFF fire suppression
system was active, but the AFFF sump pumps were “locked out” because of technical problems

with the sump pump operation.

The UAT is supplied with a network of water sprinklers (no AFFF foam). The water supply for
the sprinkler system is from the main fire suppression pumphouse located outside of the Red

Hill tunnel system, where the main water pumps and AFFF pumps are located (Figure 5-60).
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Figure 5-59 — AFFF-1 Retention System (from AFFF O&M Manual with Annotation)

Figure 5-60 — AFFF Pumps in Main Fire Suppression Pumphouse

5.8.5 Underground Pumphouse Main Pumps

The underground pumphouse is the location for the main fuel pumps that are used to pump fuel

into the Red Hill storage tanks. There are pumps in total: (b)(3)(A)
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(b)(3)(A) Figure 5-61. The first pump in Figure 5-61 (left) is one of the F-76 main
pumps, and the first pump in Figure 5-61 (right) is one of the JP-5 main fuel pumps. The JP-5

main fuel pumps are between the F-76 and F-24 main fuel pumps.

The three products are delivered at different flow rates, and thus, the pumps are different for

each fuel product. The pump data for each fuel type is provided in Table 5-6.

Table 5-6 — Main Fuel Pump Data

0)(3)(A

The main fuel pumps appear to be in good condition. The pumps are the original pumps but

were refurbished in the 1980s, and new electric motors were installed at that time.

These pumps are planned to be replaced with new centrifugal pumps and motors in the near

future based on the feedback from facility personnel.

0)(3)(A)|(0)(3)(A

Figure 5-61 — Underground Pumphouse Pumps
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5.8.6 Underground Pumphouse Valves

The underground pumphouse is equipped with numerous valves to facilitate the movement of
fuel into and out of the Red Hill storage tanks (Figure 5-62). These valves appear to be in good

condition from an external visual inspection. Again, the internal condition of the valves is

0)(3)(A

unknown.

Figure 5-62 — Underground Pumphouse Valves

Of interest are the “T-Valves” that are located near (b)(3)(A)

I - Ficure 5-63

shows one of the T-valves on the F-76 product line.

During the HAZOP, the fuel team personnel commented that the “T-valves” are used to “hold”
the fuel in the product lines, and these valves are suspected of “leaking-by” and may therefore

be a contributor to the line sag that leads to the vacuum forming at the upper end of the

product lines.
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The fuel team personnel added that the level in the surge tanks is monitored, and at times, a

noticeable increase in surge tank level occurs because of the T-valve leak-by.

The T-valves are butterfly valves, which are recommended for flow control or throttling but not

for holding pressure in the main product lines.

D)(3)(A

Figure 5-63 — Underground Pumphouse Butterfly Valve (T-Valve)
5.9 Marine Facilities

While performing observations of the fueling and the defueling systems at JBPHH piers, we
observed structural conditions adjacent to the piping, pipe supports, and valves. These
observations do not constitute a 100% above-water inspection. Markings “By Others” on
structural elements, i.e., measurement notations and spray paint around discrete structural

areas, indicate previous inspections noted these conditions as well.

5.9.1 Hotel Pier

Some examples at Hotel Pier include delaminated bent caps Figure 5-64. We also observed a
yellow PVC line at multiple penetrations above the deck. This pipe is part of the collection

system for spills and fluid within the trough that contains the fuel pipe.
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Figure 5-65 — PVC FOR Pipe Under Hotel Pier
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5.9.2 Kilo Pier

While performing our below deck inspection of Kilo Pier, we observed an active leak at a
potable water pipe. The pipe leak was at an apparent repair clamp. Adjacent to the leak is
corroded sections of the water pipe. The plastic-wrapped fuel pipe is outboard of the potable

water pipe and is in the spray zone.

We additionally observed instances of concrete spalls and exposed reinforcing at square

concrete piles (Figure 5-67).

We were informed that a section of the Kilo Pier pipe was repaired after a leak. The clamp at

the repair location was re-wrapped and, therefore, not accessible for observation.

» ]

»
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Figure 5-66 — Leaking Water Pipe - Kilo Pier




Figure 5-67 — Spalled Concrete and Exposed Reinforcing at Pile — Kilo Pier
5.9.3 Sierra Pier

Sierra Pier is used as a FOR transfer pier. The pier is supported on square piles and reinforced
concrete bent caps. The FOR pipe is below deck and wrapped in a black and white striped
wrap and supported via suspension hangers tied back to the reinforced concrete bents. We
observed a few locations of cracking and delamination at the corners of piles Figure 5-68.
Previous pile repairs encased and enlarged the original piles, with the formwork remaining

post-repair (Figure 5-69).
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Figure 5-69 - Enlarged and Encased Square Pile — Sierra Pier
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594 Mike Pier

There are repeated instances of exposed rebar on beams (Figure 5-70 and Figure 5-72) and
the underside deck (Figure 5-71) at Mike Pier. We performed observations between piles
where ladder access from the topside of the deck allowed, where our kayak could enter
between the bents, and where topside penetrations facilitated below deck viewing. At multiple
locations, we noted spalled concrete and exposed reinforcing at the underside of the deck
(Figure 5-72). Delaminated concrete/gunite at the underside of the deck has been

spray-painted around its perimeter to highlight (by others) the deficiency; delaminated areas

“(0)(3)(A)

appear to be locations of previous repairs (Figure 5-73).

)

Figure 5-70 — Spalled Concrete and Exposed Reinforcing at Pipe Support Beam — Mike Pier




Figure 5-71 - Spalled Concrete and Exposed Reinforcing at Tie-Beam between Bents — Mike
Pier

Figure 5-72 — Spalled Concrete and Exposed Reinforcing at Deck Underside — Mike Pier
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Figure 5-73 — M2 Below Deck — Mike Pier
5.9.5 Bravo Pier

We performed a site walk along the underside of the deck at Bravo Pier (approximately along
B22 to B24) via the catwalk access. We observed previous repairs to the underside of the deck.
Blue coating over strips running parallel to shore, i.e., spanning between bents and around the
perimeter of the exposed deck face (Figure 5-74). We observed the fuel pipe resting on the
flange of another pipe, with the fuel pipe wrap disturbed (Figure 5-75). We also observed

corrosion and deterioration on the sheet pile wall behind the interior row of piles (Figure 5-76).




MATING HEMOVETS

Figure 5-74 — Previous Underside Deck Repair — Bravo Pier

Figure 5-75 — Fuel Pipe Resting on the Flange of a Lower Pipe — Bravo Pier
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Deteriorated Sheet Pile

Figure 5-76 — Deteriorated Sheet Pile Wall Behind Interior Piles — Bravo Pier
5.10 Corrosion and Coatings Maintenance

Between 19 January and 18 February 2022, a NACE-certified Corrosion Specialist from SGH
conducted a visual corrosion assessment of the exterior of the fuel pipes and associated
equipment between the lower tank gallery and the fuel piers, including the UTF. At areas of
significant coating degradation and localized pitting corrosion, we measured the section loss

using a pit depth gauge and/or a UT (ultrasonic thickness) gauge.

5.10.1 Above-Ground Storage Tanks

The coating of the above-ground storage tanks is generally in good condition with no
significant deterioration or corrosion loss. However, at Tank 47, the rim around the newly
installed tank double bottom is sloped towards the tank, resulting in standing water against the
tank wall. This is causing deterioration of the coating and pitting corrosion of the tank wall at

discrete locations around the tank circumference (Figure 5-77).
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Figure 5-77 - Pitting Corrosion above Tank Double Bottom Plate Rim at Tank 47
5.10.2 Pipes and Supports
5.10.2.1 Lower Tank Gallery

The pipes in the lower tank gallery appear to be in good condition, with limited visible pitting on
the external surfaces or coating degradation. However, we noticed that several of the pipe
supports in this area were corroded, particularly Pipe Supports 47 and 48 (Figure 5-78),
together with attached diagonal braces. We suspect this was due to a leaking hose in the past
(there is an adjacent drain line hose outlet) as no other supports in this area were corroded, and
there is no visible water infiltration at the ceiling of the tunnel. The corroded sections are
coated, suggesting that the corrosion has been mitigated in the past without renewing the
structural metal. This condition is similar to that documented in the EEl 2016 inspection report
(Enterprise Engineering, Inc., 2016) referenced in Section 2.3.2. This indicates that recent

corrosion has been suspended, although the pipe support remains unrepaired.
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Figure 5-78 — Corroded Section of Pipe Support and Diagonal Brace (Pipe Support 47)
5.10.2.2 Harbor Tunnel

We conducted several inspections of the (OY3NANX3)A) and fuel lines that run from i

RIOIGY The majority of the length

of these pipes is wrapped in a bituminous cloth, but there are several sections of what appears

to be an older black epoxy coating and a more recent white repair coating.

In the lower half of the Harbor Tunnel, we observed numerous locations of water infiltration
from the tunnel ceiling that drip water directly onto the pipes. Attempts have been made to
prevent the water from dripping onto the pipe using stainless steel sheets as water shields, but
it often appears that the water can bypass these shields. This water infiltration has resulted in
the complete loss of a section of several pipe wall brackets (e.g., Pipe Supports 304, 304,

and 310) and at the base of Pipe Supports 310, 313-317, 324, 326, 492, 493, 510, 560, 565,
and 600.

We observed deterioration of the wrap coating, particularly at locations of water infiltration to

the tunnel (Figure 5-79). We cleaned the corrosion products from the surface at these locations
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using a wire brush and observed the surface pitting of the steel (Figure 5-80). In general, the

depth of these pits is shallow, with a maximum pit depth of less than 0.0625 in.

(3)(A

Figure 5-79 - Failure of Pipe Wrap at Pipe Support 107

Figure 5-80 - Pitting at Pipe Surface at Pipe Support 308

We observed that a white coating had been applied to the pipes at areas of water infiltration.
There does not appear to be a primer applied beneath this coating. At multiple locations, this

repair coating is starting to crack and spall from the surface (Figure 5-81).
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Figure 5-81 - Failure of Repair Coating at Pipe Support 277

Along the harbor tunnel, we observed approximately twenty dents in the fuel pipes. (e.g.,
adjacent to Pipe Supports 166, 211, 229, 258, 370, 401, 414, and 533). These appear to have

been reported in the APl inspection reports discussed in the literature review but not repaired.

We noted several instances of coating failure at pipelines and pipe flanges; see an example in

Bl b)(3)(A

Figure 5-82 — Coating Failure at Pipe Flange Between Pipe Supports 92 and 93
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Detailed information, including specific locations, can be found in Appendix A.

We observed repetitive occurrences of leakage through the tunnel wall onto the fuel, oll,
reclamation (FOR) pipeline that runs close to the ground between Pipe Supports 102 to 200.
Wall brackets supporting conduit pipe are heavily corroded and direct leakage onto the FOR
pipe. The FOR pipe coating is damaged, and surface corrosion is evident on the surface of
many sections of pipe. In one instance, there appeared to be lamellar corrosion from their crown

(Figure 5-83).

Figure 5-83 - Coating Issues and Apparent Lamellar Corrosion at FOR Pipe
(Pipe Support 124)

We observed a similar instance at Pipe Support 146 (Figure 5-84).
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Figure 5-84 - Cracking in Exterior Surface of FOR Pipe — Pipe Support 146

We observed coating failure at different components, including pipes and pipe flanges.
Examples at two different locations are shown in Figure 5-85. We also observed dents on

pipelines at numerous locations. Examples at two different locations are shown in Figure 5-86.

0)(3)(AN(L)(3)A

Figure 5-85 - Coating Degradation on Pipeline at Pipe Supports 217 (left) and 543 (right)



0)(3)(A)(B)(3)(A

Figure 5-86 — Dents on Pipeline at Pipe Supports 221 (left) and 414 (right)

5.10.2.3 Pumphouse

We did not observe any deterioration of pipe coatings or pipe corrosion within the pumphouse.

5.10.2.4 Hickam Aboveground Pipes and Pumphouses (Ewa and Diamond Head)

The fuel pipes at the Hickam location are stainless steel, compared to the coated carbon steel
pipes at the rest of JBPHH. Manufacturers’ stamps on the pipe flanges indicated that the

material is Type 304L stainless steel. We did not observe a material stamp on the pipe sections.

We observed minor streaks of surface discoloration on the pipe surfaces both outdoors (Figure
5-87) and indoors (Figure 5-88) in the pumphouses. We note that this corrosion is more
advanced in the indoor environment. This discoloration is typical of Type 304 and 304L steel in
a marine environment, where local depassivation of the surface occurs due to the high chloride
environment from rainwater and dispersed aerosols from breaking waves. We observed that
this discoloration is particularly concentrated at weld locations (Figure 5-89). However, we did
not observe any of the deep pits or microcracks, which have been reported in stainless steel

fuel pipes in the Guam Anderson facility (reference), which is a similar marine environment.

=150
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Figure 5-87 — Surface Corrosion on Outdoor Stainless Steel Pipe — Hickam

D)(3)(A

Figure 5-88 — Surface Corrosion on Indoor (Pumphouse) Stainless Steel Pipe — Hickam
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Figure 5-89 — Corrosion Concentrated at Weld Seams on Outdoor Stainless Steel Pipe —
Hickam

5.10.2.5 Above-Ground Pipes

We inspected the piping sections from the pumphouse to the fuel piers. We note that much of
the piping in this downstream of the pumphouse is buried, which is discussed in the literature

review of the cathodic protection reports.

In general, the coating of the above-ground pipes is well maintained. There are occasional

areas difficult to reach where the coating is deteriorating, such as the slope [R{)I€)ITAY)

_ (Figure 5-90). There are several locations along the pipes

adjacent to [{)I®IIE2Y] wWhere corrosion pits are present on the surface, but these have been

covered by a coating (Figure 5-91).

We observed numerous locations where crevice corrosion is occurring between the pipe and

pipe supports (Figure 5-92 and Figure 5-93).

The design of pipe supports is inconsistent across the Facility. At some locations, the pipe
support is raised from its base and a curved plate seal welded around the pipe to eliminate

crevices, thus providing protection from crevice corrosion. At other locations, however, the pipe
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is sitting on curved support, which traps water between the support and pipe, causing

aggressive corrosion in this marine environment.

0)(3)(A

Figure 5-90 — Coating Failure on Fuel Pipe at Upper Tank Farm [{e)[€}IVA})

\1\\\\\1‘\\

TEMPERED £

R
= —
Empire” -

° el n\ixﬁuém\? | \\\g\\\l\l"‘\.“‘\“?‘\“‘\“

Figure 5-91 - Pitting Corrosion Covered by Repair Coating (b)(3)(A) .
Adjacent to Pipe Support 74
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Figure 5-92 - Crevice Corrosion and Pitting Between Pipe and Deteriorated Cradle
(Left Cradle Removed), (b)(3)(A)

At ADIT 3, the FOR line rises aboveground, runs uphill, and then downhill before reaching Tank
311. The pipe supports and surrounding vegetation facilitate the accumulation of debris around
the pipe which leads to significant crevice corrosion at multiple pipe supports. Previous

evidence of pitting is overcoated with a white coating. This coating failed at the bottom of FOR

pipes adjacent to many pipe supports (Figure 5-93).

In general, the pipe has a protective wrap applied at soil penetrations, providing physical
protection for the coating and additional corrosion protection. However, at many locations, this

wrap is either deteriorating or missing (Figure 5-94).
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Figure 5-93 - Pitting and Crevice Corrosion at FOR Line from ADIT 3 to Tank 311

0)(3)(A

Figure 5-94 - Deteriorating Wrap and Pipe Ground Penetration, JP-5 Line
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5.10.2.6 Valve Stations and Chambers

We conducted a site walk at JEM{)I@YEARUGY \\Ve observed significant coating failure and pipe
corrosion at the FORFAC yard adjacent to the B1/B2 tanks (Figure 5-95). The pipe coatings at

other above-ground valve stations are in good condition.

0)(3)(A

Figure 5-95 - Coating Failure and Pitting Corrosion of FOR Pipe

However, significant corrosion is occurring in the crevices of flange connections at valves and
other fittings (Figure 5-96). This is particularly common on flanges for vertical sections, where
the horizontal surface of the flange does not allow rainwater to drain. At some valve stations,
stainless steel bands with grease ports are installed at these flanges to protect against crevice
corrosion. We note that these protective bands are not uniformly installed at flanges across the

Facility.

O
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Figure 5-96 — Crevice Corrosion at Vertically Oriented Flanges,

The below-ground valve chambers have pipes and valves with deteriorating coatings and pipe

pitting corrosion, with the worst conditions occurring in the low point drain lines in SASAaY

B Fioure 5-97).

Figure 5-97 - Pitting of Low Point Drain, (bX3)A)
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Although the valve chamber at &AM has recently been renovated, the fuel pipe appears to be

corroding behind the wall penetration (Figure 5-98).

0)(3)(A

Figure 5-98 — Apparent Pipe Corrosion behind Wall Penetration, [iSlQY

5.10.2.7 Fuel Piers
Hotel Pier

Diesel and aviation fuel pipes run along either side of Hotel Pier in a concrete trough, supported
on concrete plinths with an embedded steel friction plate. Due to limited access, we were only

able to inspect one section of piping at the end of the pier.

We observed that the coating at the top of the pipes and valves appears to be in good
condition. However, the coating on the underside of the pipes and flanges is deteriorating at

several locations, and crevice corrosion is occurring at several pipe supports (Figure 5-99).



0)(3)(A

Figure 5-99 - Coating Failure and Corrosion at Pipe Support, F-76 — Hotel Pier

Kilo Pier

The diesel fuel pipe along Kilo Pier is supported by stainless steel hangers below the pier and is
located in the tidal zone. The pipe is wrapped along its length with a bituminous cloth in the
first section and a PVC wrap towards the end (Figure 5-100). Multiple sections of this wrap are

deteriorating. We could not visually inspect the pipe due to the wrap.

We observed several locations where the hanger-type pipe support bolts had corroded and

fractured, resulting in unsupported local sections of pipe.

O
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Figure 5-100 — Wrapped Fuel Pipe within Tidal Zone, F-76 - Kilo Pier

Sierra Pier

The diesel fuel pipe along Sierra Pier is supported by stainless steel hangers below the pier and
is in the tidal zone. These hangers are larger than those under Kilo Pier and are generally intact.
The pipe is wrapped along its length with a PVC wrap. Multiple sections of this wrap are

deteriorating (Figure 5-101). We could not visually inspect the pipe due to the wrap.



0)(3)(A

Figure 5-101 - Coating Failure, Multi-Purpose Fuel Pipe — Sierra Pier

Mike Pier

The diesel fuel pipe along Mike Pier is supported on rollers on top of pier beams and appears to
be above the high tide line. The pipe is coated along its length, but the coating is degrading at
multiple locations (Figure 5-102). There is also crevice corrosion at the pipe supports. There are

two low point drains along the pier, and the valves at these drains are severely corroded (Figure

5-103).

O
[MARKING REMOVED



M 'I-V 'Ii l'( ‘| i I‘i =M ’OI'li O

0)(3)(A

Figure 5-102 - Coating Failure, F-76 — Mike Pier

Figure 5-103 - Corrosion at Low Point Drain Valve, F-76 — Mike Pier
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Bravo Pier

The diesel fuel pipe along Bravo Pier is supported on rollers hanging below the pier and
appears to be above the high tide line. The pipe is wrapped along its length with a bituminous
cloth. Multiple sections of this wrap are deteriorating (Figure 5-104). We could not visually
inspect the pipe due to the wrap. Some of the fuel risers and low point drain lines are coated,
and these coatings are deteriorating (Figure 5-105). Deep corrosion pits are present in the

distressed areas (Figure 5-106).

0)(3)(A

Figure 5-104 - Bituminous Wrap Failure, F-76 — Bravo Pier
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Figure 5-105 - Coating Failure at Fuel Pipe Riser, F-76 — Bravo Pier

Figure 5-106 - Corrosion and Pitting at Low Point Drain, F-76 — Bravo Pier
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6. PROCESS SAFETY MANAGEMENT

The Risktec team conducted an operational readiness assessment and Hazard and Operability
Study (HAZOP) to identify facility systems integrity risks that may impact the environment and
identify corrective actions to address any deficiencies. Recognizing the proximity of the
underlying aquifer to the Red Hill Underground Bulk Fuel Storage (UBFS) tanks and the
conveyance piping in the tunnels, the approach we took to mitigate environmental and cultural
impacts was to develop recommendations that would minimize the risk of significant releases;
impacts to the environment and the public were assessed using the Navy’s risk matrix. Our
approach included the following:

. Assess the Facility operations and system integrity to safely defuel the UBFS tanks.

. Assess operations and system integrity of the Facility to determine design and
operational deficiencies that may impact the environment and develop
recommendations for corrective action.

The assessment was conducted on site. The methodology included completing the
Occupational Health and Safety Administration (OSHA) Process Safety Management of Highly
Hazardous Chemicals (29 CFR 1910.119) Audit Checklist (OSHA, 1992) and the
Environmental Protection Agency (EPA) Spill Prevention Countermeasures and Controls
(SPCC,40 CFR 112) Field Inspection and Plan Review Checklist. These checklists are used by
OSHA, EPA, and facilities to audit their PSM and SPCC programs against regulations and best

practices. The Operational Readiness Assessment is discussed further in Section 6.2 below.

PSM and SPCC are two U.S. regulatory programs commonly in place at large marine
petrochemical terminals. Regardless of regulatory applicability, these programs represent good
industry practices and are also applied outside the United States through Risk-Based Process

Safety (RBPS) programs and strong spill management and containment programs.

A HAZOP was also performed to assess the operational risks associated with both defueling
Red Hill and ongoing operations at Red Hill and Pearl Harbor. The HAZOP is a baseline
operational risk assessment for the Facility and can be used to manage operational risks within

a management system for continual improvement.

- O 2
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The reviews resulted in evaluations of systems integrity and potential impacts on the

environment, health and safety, the public, and mission readiness.

The recommendations from the HAZOP and the Operational Readiness Assessment are in
Section 8.1. The Process Hazard Analysis is discussed further in Section 6.1 below, and

Operational Readiness is discussed in Section 6.2.

6.1 Process Hazards Analysis (PHA)

The HAZOP report documents a Process Hazard Analysis (PHA) for Pearl Harbor and Red Hill
Fuel Terminal for NAVSUP FLCPH. The review was conducted using the Hazard and
Operability (HAZOP) and What-If methodologies. The methodologies employed in this study
meet the requirements of the Occupational Safety and Health Administration (OSHA) rule,
Process Safety Management of Highly Hazardous Chemicals (29 CFR 1910.119)

(OSHA, 1992), and the Environmental Protection Agency’s rule 40 CFR Part 68, Accidental
Release Prevention Requirements, Risk Management Program Under the Clean Air Act,

Section 112(r)(7) (EPA, 1994).

The PHA was conducted in person on dates 7 February 2022 through 11 and 21 February
2022 through 25 February 2022. The PHA Team met for a total of ten days. The PHA was
facilitated and documented by Risktec with key participation from Navy Supply Fleet Logistics
Center Pearl Harbor personnel and support personnel. The multidisciplinary team identified
process hazards associated with the Pearl Harbor and Red Hill Fuel Terminal. The team
focused on those process hazards that could lead to a significant impact on mission readiness,

safety or health, public, and/or the environment during routine and non-routine operations.

The PHA team identified 120 recommendations for reducing the likelihood and/or severity of
potential consequences associated with the Pearl Harbor and Red Hill Fuel Terminal. The
HAZOP report was created by our subcontractor and teaming partner, Risktec, with input from
Navy personnel who participated in the HAZOP. Please see Appendix B for process safety risks

and operational deficiencies.
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Table 8-1 contains those thirteen recommendations and their associated risk rankings made
during the PHA (HAZOP) to be specifically considered by Navy leadership prior to commencing
defueling the Red Hill Tanks.

Table 8-2 contains those recommendations and associated risk rankings made during the PHA

(HAZOP) to be considered for ongoing operations specific to the Pearl Harbor DFSP.

Table 8-3 contains those recommendations and associated risk rankings made during the PHA

(HAZOP) to be considered if operations at Red Hill are resumed in the future.

All PHA recommendations are also shown in the Process Hazard Analysis Report in

Appendix B.

6.2 Operational Readiness Summary

Risktec reviewed operational practices to assess the state of ongoing operations at Red Hill and
Pearl Harbor. Facility systems integrity was evaluated to determine potential impacts on the
environment, personnel health and safety, the public, and mission readiness. Assessments

were conducted for defueling Red Hill and ongoing operations at Pearl Harbor and Red Hill.

The assessment was conducted onsite. The methodology included completing the
Occupational Health and Safety Administration (OSHA) Process Safety Management of Highly
Hazardous Chemicals 29 CFR 1910.119 Audit Checklist (OSHA, 1992) and the Environmental
Protection Agency (EPA) Spill Prevention Countermeasures and Controls (SPCC, 40 CFR 112)
Field Inspection and Plan Review Checklist (EPA, 2002). These checklists are used by OSHA,
EPA, and facilities to audit their Process Safety Management (PSM) and SPCC programs

against regulations and best practices.

PSM and SPCC are two U.S. regulatory programs commonly in place at large marine bulk
terminals. Regardless of regulatory applicability, these programs represent good industry
practices and are also applied outside the United States through Risk-Based Process Safety

(RBPS) programs and through strong spill management and containment programs.

- O 2
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In addition to general recommendations, Risktec made recommendations for:

. Safely Defueling Red Hill (HAZOP).
. Ongoing Operations at Red Hill (HAZOP).
° Ongoing Operations (Not Including Red Hill) at Pearl Harbor DFSP (HAZOP).

Recommendations for Operational Readiness are shown in Table 8-1 (Defueling), and Table 8-2
(Ongoing Operations) and are also shown in the JBPHH Operational Readiness Assessment

report contained in Appendix C.

A proposed high-level implementation plan is shown in Table 8-4 and also in Section 5 of the

Operational Readiness Assessment Report (Appendix C).

.
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7. STRUCTURAL AND MECHANICAL INTEGRITY ASSESSMENT

Structural integrity is defined as the ability of a structure or equipment to perform its required
function effectively over a defined period while protecting health, safety, and the environment.
It is an ongoing process throughout the lifecycle of the Facility. Structural integrity management
(SIM) ensures that the systems and operational procedures that deliver integrity are in place
and will perform when required. This is especially critical for components that have exceeded
the normal design life or have deficiencies. Our team performed the following activities, as
needed, to put some of the HAZOP decisions into practice and develop effective actions to
mitigate future incidents:

. Information Management. Collect and review relevant maintenance and operational
history. This review will also include design documents, inspection reports, and previous
assessments to understand the current state of the Facility and its vulnerabilities.

. SIM Program Evaluation. Review Facility SIM system to potentially identify gaps in the
inspection program and structural evaluations.

° Structural Evaluation. Review the current condition of the structures and equipment
compared to when it was last assessed and changes in parameters that may affect
integrity and risk levels. Identify analysis, repair, and maintenance requirements for
structures and components to meet the acceptance criteria for structural integrity.

° Repair. Develop repair schemes to proactively improve the condition of safety-critical
elements, including equipment and structures, based on the structural evaluation.

Inspection and fitness-for-service studies are the main pillars of a successful integrity
management program. Based on our inspections and document reviews, we evaluated the risks
based on data and prioritized the repairs to mitigate future failures. This integrity management
study is expected to enable the Navy to make better-informed decisions. Additionally, it helps

the stakeholders to better understand the Facility-wide conditions.

Piping, tanks, and structures were grouped based on similarities in design and defects.
Selected representative and critical cases are assessed in detail, as discussed in this section.
We developed analytical models of the structures and performed structural assessments as

required to advise on planned modifications.
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The load cases for civil and structural elements, including dead, live, and operating loads, are
based on ASCE 7 and other structural design codes, as noted in Section O. For pipelines, we
followed ASME B31.3 and B31.4, as discussed in Section 4.5. APl 650 and 653 are used for an

assessment of storage tanks.

We performed hand calculations and finite element (FE) analyses, as necessary, to check the
response of structural elements for normal and abnormal loads. Static and dynamic (response
spectrum) analyses were performed. We used SAP2000 and TRIFLEX software packages for
structural and piping analyses, respectively. The ABAQUS software package was used for
nonlinear capacity analysis of the failed Dresser couplings. Also, the underground storage tank
was modeled using ABAQUS software to check the response against internal and external
pressures. ABAQUS is a general-purpose, nonlinear finite element analysis method software
developed by Dassault Systems. ABAQUS is widely used to perform complex civil, structural,
and mechanical systems analyses in critical applications, including the aerospace and nuclear

industries.

Analysis inputs were determined from reviewed documents and our measurements at the site.
Capacities of reinforced concrete and structural steel elements were determined using ACI 318
and AISC 360, respectively. Demand-to-capacity ratios (DCRs) were checked for the elements

to determine strengthening requirements.

The integrity of degrading pipe sections was evaluated using APl 579. APl 579 is widely used
to determine a component’s fitness-for-service (FFS). FFS assessments are quantitative
engineering evaluations that are performed to demonstrate the structural integrity of an in-
service component that may contain a flaw or damage, or that may be operating under a
specific condition that might cause a failure. This standard provides guidance for conducting

FFS assessments using methodologies specifically prepared for pressurized equipment.

These assessments allowed us to make run-repair-replace decisions to help determine if
components containing flaws identified by inspection can continue to operate safely for some

time and when it needs to be repaired to mitigate failures. This type of FFS assessment is
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recognized and referenced by the API codes and standards, including APl Recommended
Practices (RPs) 510, 570, and 653, as suitable means for evaluating the structural integrity of
pressure vessels, piping systems, and storage tanks where inspection has revealed degradation
and flaws in the equipment. The FFS assessment procedures in APl 579 cover the present

integrity of the component given a current state of damage.

The flaw types and damage conditions that were observed include general and localized
corrosion, widespread and localized pitting, laminations, dents, and gouges, and coating
failures. The FFS assessment involves the following steps:

° Flaw and Damage Mechanism Identification. Identify the flaw type and cause of damage
based on the original design and fabrication practices, the material of construction, and
the service history and environmental conditions.

. Data Requirements. Determine FFS analysis inputs from the original component design
data, maintenance and operational history, expected future service, flaw size, state of
stress in the component at the location of the flaw, and material properties.

. Select Assessment Techniques and Acceptance Criteria: Based on the damage
mechanism, select the most suitable options.

7.1 Material Specifications

Detailed material properties were not shown in the available drawings. Based on the time of
construction (above storage tanks in the upper tank farm in the 1920s; the underground

storage tanks in the 1940s), we have assumed the following material specifications in our

assessment:
. Concrete Compressive Strength and Steel Grades:
1. Concrete - Compressive strength at 28 days, fc'= 3,000 psi.
2 Reinforcing steel - ASTM A15 Gr. 40 (minimum vyield stress = 40 ksi).
3. Steel liner (underground storage tanks) — ASTM A36 (minimum yield stress =

36 ksi).

4. Steel pipes — ASTM A53 Gr. B (minimum vyield stress = 35 ksi).

5: Aboveground storage tank steel - ASTM A283 Gr. C (minimum yield stress =
30 ksi).

6. Structural steel for pipe racks (beams, columns, angles) - ASTM A36 (minimum
yield stress = 36 ksi).
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° Modulus of Elasticity:

1. Reinforcing bars and steel, modulus elasticity elastic Es = 29,000 ksi.
2. For concrete with f.'= 3,000 psi, per ACI 318, the modulus of elasticity:

E. = 57,000 Jf_c

1. Reinforcing bars and steel: 490 Ibs/ft>.
2. Reinforced concrete: 150 Ibs/ft>.

° Material Density:

In addition, we used the following specific gravity for fuels, extracted Tables 2-1 and 2-2 of
UFC 3-460-01 (Department of Defense, 2021):
. JP-5 Fuel — Specific gravity = 0.788 to 0.845.

. F-24 Fuel - Specific gravity = 0.775 to 0.840.
° F-76 Fuel - Specific gravity = 0.830 to 0.860.
7.2 Red Hill Underground Bulk Fuel Storage Tanks

We developed three FE models for a typical underground tank: a local FE model of the barrel, a
local FE model of a liner plate, and a global FE model of the tank using ABAQUS. The purpose

of our analyses is to check adequacy against the following postulated scenarios:

° Liner plate and concrete wall spanning between two basalt (rock) layers above and
below the intermediate softer soil layer (Section 7.2.1).

° Liner plate spanning over potential (assumed) concrete voids (Section 7.2.2).
. Tank and its components against seismic loads (Sections 7.2.3 and 7.2.3).
7.2.1 UST Barrel Section Local FE Model

The purpose of this analysis is to evaluate the adequacy of the concrete wall spanning between
two basalt (rock) layers above and below the intermediate softer soil layer under internal fuel
pressure. Note the typical detail through soft strata in Figure 2-4 shows a gunite plug for the
depth of the soft strata. We evaluated the concrete tank wall for a postulated scenario with this
gunite plug being deteriorated for certain assumed lengths resulting in no resistance or softer

resistance provided by the softer soil strata behind the deteriorated gunite plug.
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We developed two FE models, one to evaluate the tank wall with assumed deteriorated gunite
plug (for an assumed length) near the base of the barrel section with no resistance provided by
softer soil and the other model to evaluate the tank wall with assumed deteriorated gunite plug
(for the entire tank perimeter) near mid-height of the barrel section with lower resistance
provided by clinker layers. We selected representative areas with deteriorated gunite plugs

based on the areas of clinker layers around the tank from the log of formations drawings.

7.2.1.1 Local FE Model near Base of the Barrel

This section discusses our local FE model near the base of the barrel section in a typical

underground tank.

FE Model

In this local FE model, we represented a 30 ft tall portion of a typical underground tank located
near the base of the barrel section. Figure 7-1 shows our local FE model. We modeled the 4 ft
thick concrete wall using solid elements and a 1/8 in. thick liner plate using shell elements. The
liner plate thickness specified is % in. in the drawings. The Red Hill Bulk Fuel Storage Facility
Destructive Testing Results Report, AOC/SOW 5.3.3 (SSR-NAVFAC EXWC-CI01941) lists the
thinnest measured thickness of the coupon samples taken for the destructive testing from
Tank 14 in 2018. The thinnest thickness for coupons taken from the barrel section varies from
0.122 in. to 0.248 in., indicating the corrosion is nonuniform and scattered across the barrel
section. Conservatively, we assumed that half of the liner plate thickness is uniformly lost due
to corrosion in our analysis. We modeled the vertical reinforcement (1 in. diameter bars at

6 in. center to center) and inside hoop reinforcement (1 in. diameter bars at 12 in. center-to-
center spacing) per Drawing 294305 (Contractors, Pacific Naval Air Bases, 1942). Figure 7-2
shows a representation of reinforcement in our local FE model. We modeled the steel

reinforcement using beam elements and embedded them in concrete.
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Concrete Wall

Steel Liner

Hoop Reinforcement

Vertical Reinforcement

Figure 7-2 — Reinforcement in UST Barrel Section Local FE Model (Partial Plan)
Material Modeling

We assumed a characteristic compressive strength of 3,000 psi for concrete, yield strength of
36 ksi for liner plate, and 40 ksi for reinforcement. Our assumptions of the material properties
fall within the suggested ranges of the material properties to use based on the time of
construction of the Facility per ASCE 41-17. We used nonlinear material properties for both
steel (elastic-perfectly plastic, see Figure 7-3 and Figure 7-4) and concrete (damaged plasticity
models) in our FE model. The damaged plasticity model was initially developed by Lubliner et al.
(Lubliner, 1989) with modifications proposed by Lee and Fenves (Lee, 1998) to account for the

different behavior in tension and compression. This model is a continuum, plasticity-based
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MARKING REMOVE!



damage model. We used mean material properties for concrete. Concrete stress-strain curves

used in our material model are shown in Figure 7-5 and Figure 7-6.

Stress-Strain Curve for Liner Plate
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Figure 7-3 — Liner Plate Stress-Strain Curve

Stress-Strain Curve for Reinforcement
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Figure 7-4 — Reinforcement Stress-Strain Curve
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Compressive Stress-Strain Curve for 3000psi Concrete

3500

Compressive Stress (psi)

0 0.002 0.004 0.006 0.008 0.01
Compressive Strain

Figure 7-5 — Concrete Stress-Strain Curve in Compression

Tensile Stress-Strain Curve for 3000 psi Concrete

350

Tensile Stress (psi)
= v—_l N N w
8 &8 8 8 8

w
o

o

0 0.0005 0.001 0.0015 0.002 0.0025 0.003
Tensile Strain
Figure 7-6 — Concrete Stress-Strain Curve in Tension

Boundary Conditions and Loading

We used pinned boundary conditions in the radial direction on the exterior of the tank wall to
represent the resistance provided by the rock/soil sections and fixed boundary conditions at the
top and bottom of the ring to represent the continuity of the tank. We assumed no lateral

support to the tank wall for the (assumed) length of deteriorated gunite plug.
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We reviewed the log of formations drawings for USTs and considered the strata around
Tank 10 shown in Figure 7-7 below. The areas with dots are clinker sections. As can be seen,
the height of clinker sections varies along the tank perimeter. A gunite plug is constructed

across clinker sections spanning between sound rock layers.

Top of the Barrel
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Figure 7-7 — Partial Log of Formations, Tank #10 (Drawing 293971)

We assumed a case where the gunite plug is deteriorated or damaged for a 20 ft deep section
with a length approximately equal to 85 ft (a quarter of the perimeter of the tank) in the
red-colored box marked in Figure 7-8. We made a conservative assumption that the tank wall
is unsupported in the lateral direction over this entire assumed deteriorated gunite plug area, as

shown in Figure 7-8.

We applied internal fuel pressure on the tank. We calculated the pressure at the base of the
barrel section (51.3 psi) using a fuel density of 0.845 kg/L and applied that calculated pressure

as a uniform pressure to the 30 ft tall tank walls, as shown in Figure 7-9.




Figure 7-8 — Boundary Conditions in the Local FE Model, Highlighted (Red) Areas with Loss
of Lateral Support

Figure 7-9 - Internal Fuel Pressure on Tank (Pink Arrows)
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Analysis Results

Figure 7-10 shows a magnified deflected shape of the tank wall bulging out in the areas with
no lateral support (due to the assumed loss of and damage to the gunite plug). The maximum

displacement in the radial direction is on the order of 0.03 in.

Figure 7-10 - Deflected Shape of the Barrel Ring with Postulated Gunite Damage due to
Internal Pressure (Magnified by a Factor of 3,000)

The analysis predicted stresses in the reinforcement and the liner plate are well below the yield
stress. Figure 7-11 shows von Mises stresses in the liner plate; the maximum von Mises stress
is approximately 3 ksi. Analysis indicates the steel reinforcement and the liner plate remain

elastic.

The minimum principal stress in the concrete predicted by the analysis is well below the peak
compressive stress of the concrete material, so concrete elements in compression remain

elastic. Figure 7-12 the maximum principal stress in the concrete (positive values indicating

O
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tension). The maximum tensile stress is calculated as 334 psi. Some concrete elements on the
exterior of the wall in tension begin to experience permanent deformation. Figure 7-13 shows
the equivalent plastic tensile strains (PEEQT) in concrete. Blue areas in the figure indicate areas
with zero PEEQT. Areas with any other color indicate the concrete elements experiencing some
minor cracking in tension. Note that the maximum PEEQT is 1.22x10°, which is much smaller
than the value of the strain that corresponds to the onset of visible cracking (about 0.001 for
3,000 psi concrete), indicating only minor cracks. Note that the analysis predicts these minor
cracks just on the exterior surface of the tank wall and do not extend through the thickness of
the wall as shown in Figure 7-13. Also, note that we made a conservative assumption that the
tank wall areas with deteriorated gunite plugs are laterally unsupported, neglecting the
resistance provided by the clinker layers. The clinker layers provide significant lateral support,

as shown in Section 7.2.1.2.

Figure 7-11 —Von Mises Stress in Liner Plate (psi)
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Figure 7-12 — Maximum Principal Stress in Concrete (psi)
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Figure 7-13 - Equivalent Plastic Tensile Strains in Concrete

This FE analysis predicts that if the gunite plug has deteriorated in a local area such as

20 ft x 85 ft near the base of the barrel, which is very unlikely, would not cause any

Q
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overstresses in the liner plate and any associated fuel leakage from the tank under internal fuel
pressure. Since the fuel pressure is the maximum at the bottom of the barrel section, the
presence of the local deteriorated plug areas of similar size, if any, along the height of the barrel
section would not result in overstressing of the liner plate and any associated fuel leakage due

to internal fuel pressure.

7.2.1.2 Local FE Model near Mid-Height of the Barrel

This section presents our local FE model near the mid-height of the barrel section in a typical

underground tank.

FE Model

In this local FE model, we represented a 75 ft tall portion of a typical underground tank located
near the mid-height of the barrel section. Figure 7-14 shows our local FE model. We also
modeled the gunite plug. We considered the strata around Tank 2, shown in Figure 7-15. The
areas with dots are clinker sections. As can be seen, the height of the clinker sections varies

along the tank perimeter. A gunite plug is constructed across clinker sections spanning

between rocks layers.

Concrete Wall

Gunite
Plug

Figure 7-14 — UST Barrel Section Local FE Model near Mid Height of the Barrel
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Figure 7-15 - Partial Log of Formations, Tank #2 (Drawing 293963)

We modeled the 3.41 ft thick concrete wall using solid elements to represent the average
thickness of the concrete wall in the barrel section under consideration (section in the
red-colored box in Figure 7-15). Note that our model extends 15 ft above and below the height
of the red box in Figure 7-15. We modeled the gunite plug for the uniform height of the clinker
section (45 ft) using solid elements. We modeled a 1/8 in. thick liner plate using shell elements,
assuming 1/8 in. of section loss (50%) due to corrosion. We also assumed that the
reinforcement lost 1/8 in. of the section resulting in 7/8 in. diameter for 1 in. diameter bars
specified in the drawings. We modeled the vertical reinforcement (7/8 in. diameter bars at

12 in. center to center) and inside hoop reinforcement (7/8 in. diameter bars at 12 in. center-to-
center spacing) specified near the mid-height of the barrel in Drawing 294305 (Contractors,
Pacific Naval Air Bases, 1942). We modeled the steel reinforcement using beam elements and
embedded them in concrete. We used a characteristic compressive strength of 3,000 psi for

concrete and gunite, yield strength of 36 ksi for liner plate, and 40 ksi for reinforcement.
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We assumed a case where the gunite plug is deteriorated or damaged in the red-colored box
marked in Figure 7-15. It is 45 ft deep and extends for the whole perimeter of the tank. Note
that the clinker layer is not uniform in that 45 ft height, and we made a conservative
simplification to consider the clinker and gunite plug in the 45 ft height for the entire perimeter
of the tank wall. To represent the deterioration in the gunite plug, we used a modulus of
elasticity of cracked concrete (30% of nominal value) per ASCE 41-17 in the material model for
the plug. Instead of assuming no lateral support to this deteriorated gunite plug area, we used

soil springs to represent the resistance provided by the clinker sections.

Lateral Modulus of Subgrade Reaction for Clinker Layers

Based on our review of published literature (H.G. Brandes, 2011), and the soil test boring logs
included in the 30 June 2019 AECOM report, the clinker layers encountered around the
underground tanks likely consist of rubble-like material which tends to be similar to a silty to

clayey gravel in the upper portions of the strata, becoming more indurated with depth.

For evaluation purposes, we assumed the clinker consists of a medium dense to dense gravel

with the following engineering parameters:

° Unit Weight (g)— 125 pcf.
. Soil Friction Angle (@) — 33°.
. Cohesion (c) — O psf.

The above parameters are likely conservative. For modeling purposes to determine the
contribution of the clinker layers to laterally support the underground tanks, we performed
calculations to estimate the lateral modulus of subgrade reaction (kn) for the clinker. Our
calculation of k, generally follows the procedure outlined by Terzaghi (Terzaghi, 1955) for
vertical walls, as shown in Figure 7-16 of Terzaghi’s paper below, where the curve C (solid line)
is the actual relationship between the horizontal displacement y of the vertical wall with height
D buried in the sand. The coefficient of earth pressure K and straight lines 0-a-b are the

assumed relationship used in the analysis.

S
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Figure 7-16 — Hydrostatic Pressure Ratio vs. Horizontal Displacement Graph for Vertical
Walls, Recreated from Terzaghi (1955)

Where:
D = Vertical wall embedment into the soil. For purposes of our calculation, D is the thickness of
the clinker stratum.
Ko = Coefficient of earth pressure at rest, calculated as 1-sinf=0.5.
K’o = Coefficient of earth pressure corresponding to lateral displacement of a wall with
embedment D over a distance equal to 0.0002D. We used a value of K'o of 1 as representative
of a medium to dense sand soil. (Terzaghi recommends a K’o value of 0.8 for medium dense
sand and a value of 1.2 for dense sand).
Kp = Coefficient of passive earth pressure, calculated as tan? (45°+f/2) = 3.4.

For modeling purposes, we conservatively truncated the curve shown in Figure 7-16 at point a
since the lateral tank displacement is smaller than 0.0002D, as shown in the analysis results

section.
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Boundary Conditions and Loading

We used soil springs to represent the resistance provided by the clinker sections in this FE
model. We calculated the soil spring stiffness of 1.88 kip/in%in stiffness (stiffness,
k1=1.0*gz/0.0002D, where g=soil density=125pcf, z=depth of clinker layer from ground level
with Elevation of about 235 ft, D=thickness of clinker layer=45 ft), in the lateral direction. Figure

7-17 shows the soil springs in the deteriorated gunite plug area in FE model.

Figure 7-17 - Soil Springs (Pink Elements) in the Deteriorated Gunite Plug Area,
Tank Elevation View

We used pinned boundary conditions in the radial direction on the exterior of the tank wall
(except for the areas supported by soil springs) to represent the resistance provided by the rock
and fixed boundary conditions at the top and bottom of the ring to represent the continuity of

the tank similar to our previous local FE model discussed in Section 7.2.1.1.

We applied internal fuel pressure on the tank. We calculated the pressure (34.1 psi) at the

two-third of the height of the barrel considered (i.e., pressure at the two-third of the height in




W

the red box in Figure 7-15 (pressure at approximately 92.5 ft from the top of the barrel)) and

applied that calculated pressure as a uniform pressure to the tank walls in the model.

Analysis Results

Figure 7-18 shows a magnified deflected shape of the tank wall uniformly bulging out in the
areas with deteriorated gunite plugs supported by clinker layers. The maximum displacement in

the radial direction is on the order of 0.017 in.

Figure 7-18 — Deflected Shape of the Barrel Ring+Gunite Plug with Postulated Gunite
Damage near Barrel Mid-Height due to Internal Pressure (Magnified by a Factor of 3,000)

The analysis predicted stresses in the concrete are well below the compressive and tensile
strengths of the concrete material. Similarly, the stresses in the reinforcement and the liner
plate are well below the yield stress. Figure 7-19 shows von Mises stresses in the liner plate.

Analysis indicates that the concrete, steel reinforcement, and liner plate remain elastic.
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Figure 7-19 - Von Mises Stress in Liner Plate (psi)

This FE analysis predicts that the clinker sections offer sufficient stiffness to limit the
displacements and the stresses in the tank for the internal fuel pressure condition. The liner
plate would remain elastic even if the gunite plug has deteriorated for a longer length and any

associated fuel leakage from the tank under internal fuel pressure is highly unlikely.

7.2.2 Liner Plate Local FE Model for Internal Fuel Pressure

The purpose of this analysis is to evaluate the adequacy of the liner plate spanning over an
assumed void (if any) in the concrete wall under internal fuel pressure. Note the Red Hill Bulk
Fuel Storage Facility Destructive Testing Results Report, AOC/SOW 5.3.3 (SSR-NAVFAC
EXWC-CI01941) summarizes, “On-site testing and laboratory testing of concrete powder
samples indicated that the concrete behind the steel tank liner is in sound condition. No spalling
or cracks were detected in the concrete behind the coupons, and the concrete was found to be
in good condition.” regarding the destructive testing conducted in Tank 14 in 2018. We

understand that it is unlikely to have any large voids behind the liner plate. Conservatively, we

ﬁ.l
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are assuming a few concrete void sizes in our analysis to evaluate liner plate in case any voids

are present (highly unlikely).

FE Model

We prepared a local FE model of a liner plate spanning over a concrete void, as shown in Figure
7-20. We modeled the liner plate using shell elements and elastic-perfectly plastic steel
material with a yield strength of 36 ksi. We considered the thickness specified in the drawing
1/4 in. and assumed reduced thickness due to corrosion, 1/8 in. We used fixed boundary
conditions at the edge of the plate to simulate continuity of the liner plate and concrete wall in
vertical/longitudinal and tangential directions. We applied fuel pressure (51.3 psi) to the liner
plate, assuming the void is located closer to the base of the barrel section, where the internal
fuel pressure is the largest. We varied the size of the concrete void, i.e., unsupported lengths
and widths of the liner plate, to evaluate its adequacy. The local liner plate model, loading, and

deformed shape are presented in Figure 7-21.
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Figure 7-20 - Postulated Void in Concrete Wall
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Figure 7-21 - Local Liner Plate FE Model: a) Postulated Void in Concrete Wall, b) Internal
Fuel Pressure on Liner Plate, and c) Liner Plate Deformed Shape
(Magnified by a Factor of 25)

Analysis Results

Analysis results indicate that ¥4 in. thick plate remains elastic when the void size is

12 in. x 12 in. Figure 7-22 shows von Mises stresses in the liner plate, and the maximum stress
(27.1 ksi) is below the yield stress. Maximum displacement is on the order of 0.033 in.

(~1/32 in.). Results for voids larger than 12 in. x 12 in. show initiation of yielding of the liner

plate.

Analysis results indicate that the 1/8 in. thick plate (assumed corroded plate) remains elastic
when the void size is 6 in. x 6 in. Figure 7-23 shows von Mises stresses in the (assumed
corroded) liner plate and the maximum stresses (26.2 ksi) are below the yield stress. Maximum

displacement is on the order of 0.016 in. (~1/64 in.). Results for voids larger than 6 in. x 6 in.

show initiation of yielding of the liner plate.

This analysis predicts that the concrete voids (if any) of size 12 in. x12 in. or smaller for
uncorroded plate and 6 in. x 6 in. or smaller for heavily corroded plate located near the base of

the barrel would not cause yielding of the liner plate.
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Figure 7-23 —Von Mises Stress in Corroded Liner Plate (6 in. x 6 in.) Local Model (psi)
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7.23 UST Global FE Model for Seismic Analysis

The purpose of this global nonlinear analysis is to evaluate the structural response of the tank

due to seismic loads.

FE Model

In this FE model, we simulated a typical underground tank. Figure 7-24 shows our global FE
model. We modeled the concrete wall with varying thickness (4 ft at the base of the barrel
section and 2.5 ft at the top of the barrel section) and the 1/4 in. thick steel liner plate. We also
modeled the vertical and hoop reinforcement (both 1 in. diameter bars at 12 in.

center-to-center spacing) in the barrel section.

Concrete
Wall

Steel Liner

Figure 7-24 - Global FE Model of a Typical Underground Tank

We considered the strata around Tank 2, as shown in Figure 7-25. The areas with dots are
clinker sections. We conservatively assumed that all the soil layers around the tank perimeter
above the 20 ft. distance from the bottom of the barrel section (above the redline in Figure

7-25) are clinker layers. We modeled the gunite plug (2.5 ft. thick) at these clinker layers.

-
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Figure 7-25 - Log of Formations, Tank 2

We modeled the concrete walls and the gunite plug using solid elements. We modeled the liner
plate using shell elements. We modeled the steel reinforcement using beam elements and
embedded them in concrete. We used a characteristic compressive strength of 3,000 psi for

concrete and gunite, yield strength of 36 ksi for liner plate, and 40 ksi for reinforcement.

Boundary Conditions

We used compression-only soil springs to represent the resistance provided by the clinker
layers in the model. We calculated the soil spring stiffness of 0.63 kip/in%/in (stiffness,
k1=1.0*gz/0.0002D, where g=soil density=125 pcf, z=depth of clinker layer from ground level
with an elevation of about 210 ft, D=thickness of clinker layer=120 ft), in the lateral direction.
Note that our assumption of 120 ft deep clinker layer results in a softer spring stiffness than
that calculated in Section 7.2.1.2, representing conservatism in our assumption. Figure 7-26
shows the soil springs modeled in our FE model. We assume that the seismic waves do not
pass through the tank, and so the soil on the opposite side of the ground motion propagation

direction will resist the movement of the tank (modeled through compression-only springs),
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e.g., if the seismic waves propagate from north to south, we assume that the soil around the
tank on the south side will resist the movement of the tank based on the lateral stiffness

provided by the clinkers.

Figure 7-26 — Compression only Soil Springs (Pink Elements) at Clinker Layers,
Tank Elevation View

We used pinned boundary conditions in the radial direction on the exterior of the tank wall in
the bottom 20 ft of the barrel section to represent the resistance provided by the sound rock
layer and fixed boundary conditions at the exterior of the bottom dome to represent the bottom

dome being encased in mass concrete in Figure 7-27.

Figure 7-27 — Boundary Conditions in the Model, Tank Elevation View
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Estimation of Seismic Loads and Application of Loads

We used the simplified method outlined in Section 8.2.2 of ASCE 4-16 to calculate the soil
pressure on the tank due to a design-level earthquake event. This method is generally used for
estimating dynamic soil pressures for rigid embedded walls retaining a homogeneous linear
elastic soil and connected on a rigid base with rock or firm foundation. It is used when no
significant structure-to-structure interaction is present. Note that the tanks are relatively close
to each other at Red Hill (100 ft of the clear distance between the tanks), so there may be some
interaction between the tanks. A more detailed approach (such as soil-structure interaction)
may be required to better estimate the upper bound seismic loads and tank’s response. Also,
note that we made several conservative assumptions, such as 120 ft deep clinker layer,
corresponding to smaller soil spring stiffnesses, and neglecting friction between the soil and
the tank. In addition, we also assumed that the clinker layer is extended further from the top of
the barrel section to the ground level by adopting the simplified approach. Overall, it is judged

to be a reasonable and conservative approach with the conservative assumptions we made.

We calculated the soil pressure using the graph showing the variation of normal dynamic soil
pressure as shown in Figure 7-28. The Y-axis shows the ratio Y/H, and the X-axis shows the
dimensionless normal stress, ¢%/gH, where Y=distance of the section under consideration from
the base of the barrel section (varies along the height of the barrel, we used 20 ft intervals),
H=embedment height= depth at the base of the tank from ground level with an elevation of
340 ft., o%=lateral dynamic soil pressure against the tank for 1.0 g peak ground acceleration,
g=soil density=125 pcf, and v=Poisson’s ratio (assumed 0.3 for dense gravel/sand). The peak
ground acceleration for a design level earthquake was estimated based on a Risk Category lll,
Soil Class C, and the location of Red Hill (b)(3)(A)

_. We scaled the soil pressure calculated from Figure 7-28 to 0.194g peak

ground acceleration presented in Table 7-1.
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FIGURE 8-1. Variation of Normal Dynamic Soil Pressures for
the Simplified Elastic Solution
Note: H=embedment height; Y=distance from base of retaining
structure; 7 = soil unit weight; v =Poisson’s ratio; and ¢} = lateral
dynamic soil pressure against the retaining structure for 1.0g
peak ground acceleration.

Figure 7-28 — Soil Pressure Distribution for the Simplified Method, Recreated from
ASCE 4-16

Table 7-1 - Calculated Soil Pressure across the Height of the Clinker Layer

Distance from the Top of the Barrel
Section/Clinker Layer Calculated Soil Pressure, psi
10 ft 532
30 ft 498
50 ft 44.7
70 ft 40.7
90 ft 344
110 ft 26.9

We applied the calculated soil pressures presented in Table 7-1 in the horizontal direction
(across the height of the clinker layer) on one side of the tank (right half), as shown in Figure
7-29. We also applied the hydrostatic pressure of the fuel on the internal side, as discussed in
previous sections. We used a factor of 0.8 (i.e., 80%) on the hydrostatic pressure to consider

20% of the fuel acting out-of-phase with the tank during a seismic event (assumed).
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Figure 7-29 - Seismic Load Application, Elevation (Left), and Plan (Right)

Analysis Results

Figure 7-30 shows the deflection contours of the tank. The tank deflects towards the left due to
soil pressure applied at clinker layers on the right half of the tank. The displacement at the top
of the barrel on the left side is on the order of 0.15 in. The upper dome goes along for the ride
(no springs/boundary conditions modeled at the upper dome) with slightly larger
displacements. The vertical section cut shows the local bending of the tank on the right side of

the tank (blue areas) with a maximum displacement on the order of 0.6 in.
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Figure 7-30 — Deflection Contours of the Tank for Applied Soil Pressure

The analysis predicted that the reinforcement and the liner plate remain elastic. Figure 7-31
shows the von Mises stresses in the liner plate. The maximum stress is approximately 23 ksi at
the interface of the rock and clinker layer on the loading side, indicating stress concentration at
the interface. The analysis also predicted the concrete at the interface of the rock and clinker
layer on the loading side cracks, but this cracking is limited in a local area near the interface and
not widespread. This local cracking will not likely affect the tank performance after an

earthquake event.

The results of the analysis indicate that since the liner plate is not overstressed, the fuel inside

will be contained in a design-level seismic event, and any leakage is highly unlikely.
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Figure 7-31 — Von Mises Stress in Liner Plate (psi)
7.24 Discussion
7.24.1 Clean, Inspect, Repair Program

We reviewed the CIR documents provided to us, including numerous API 653 inspection
reports and recommendations. The complete CIR process implemented for these tanks is
comprehensive and includes tank cleaning, scanning of 100% of the tank liner surface,
calculations of tolerable corrosion according to APl 653, and mandatory repairs to the metal

plates, welds, and coatings, followed by a repair completion report.

The API 653 inspection program, which has a twenty-year inspection cycle, is the industry
standard for ensuring that storage tanks are fit for service. As well as inspecting for defects and
corrosion loss and listing mandatory repairs, the inspection standard provides a conservative
corrosion allowance for the twenty-year interim based on the worst-case corrosion of the tank

shell.
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As of our site inspections in April 2022, 13 tanks were in the current CIR inspection program,
two tanks were undergoing the CIR process, two tanks were permanently out of service, and
no documentation was provided for the remaining three tanks. We understand that prior to the
announcement of the defueling of the tanks, the remaining three tanks without inspection
status were due to undergo API 653 inspections once the current work on Tanks 14 and 18

was completed.

We note that the conditions observed in all tanks are similar. The scanning has revealed
numerous weld defects, including lack of fusion, porosity, and occasional cracking. Still, these
are not unusual on historical welds and are readily repaired during the CIR process. Occasional
localized internal corrosion pitting of the tanks has occurred, but the most severe corrosion
appears to be external corrosion at the upper tank dome, where failure will not produce leaking

from these tanks.

The current CIR is suitable for these tanks. Assuming that the tanks are going to be defueled
within one to two years, then no recommendations are necessary for these tanks. However, if
the tanks are to be used in the long term, the remaining three tanks should enter the CIR
process as soon as practicable, and all tanks should undergo API 653 inspections every twenty

years.

7.2.4.2 Finite Element Analysis

We performed nonlinear finite element analysis of the local ring sections near the base of the
barrel and near mid-height of the barrel in a typical underground tank to evaluate the adequacy
of the tank and its components to resist internal fuel pressure considering a postulated scenario
where the gunite plug is deteriorated for a certain length and is either laterally unsupported or
supported by clinker layers (softer than basalt layers). The primary objective is to check and
identify if these postulated scenarios would result in any environmental concerns, mainly fuel
leakage, under internal fuel pressure conditions. We made several conservative assumptions to
simplify our analysis, as discussed in previous sections. The results show that the liner plate
remains elastic (well below its yield stress) in both the cases (with unsupported tank wall case

and supported by clinker layers case in the (postulated) deteriorated gunite plug areas),
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indicating the possibility of any leakage is highly unlikely under the internal fuel pressure

condition.

We also performed a nonlinear finite element analysis of the local liner plate spanning over
assumed concrete voids located near the base of the barrel. Note that the presence of large
voids in concrete is highly unlikely. We considered the uncorroded and highly corroded
(assumed only half of the design thickness is effective) conditions. The results show that the
presence of concrete voids (if any) of size 12 in. x12 in. or smaller for uncorroded plates and

6 in. x 6 in. or smaller for heavily corroded plate located near the base of the barrel does not
cause vyielding of the liner plate. Any associated fuel leakage from the tank for the internal fuel

pressure condition is highly unlikely.

We performed a nonlinear finite element analysis of the entire tank to evaluate its adequacy for
a design-level seismic event. We conservatively assumed a 120 ft deep clinker layer. We
calculated the soil pressure due to earthquake using the simplified method for dynamic soil
pressure on embedded walls from ASCE 4-16 and used compression-only springs to represent
the restraints offered by the clinker layers. The analysis results demonstrate that when the soil
pressure from the clinker layers is applied to the tank, the displacements are small, and the
stresses in the liner plate remain well below the yield stress indicating the possibility of any fuel

leakage due to a design level earthquake event is highly unlikely.

73 Piping

We developed several pipeline stress analysis models to analyze conditions in The Facility. We
conducted all analyses in accordance with ASME B31.4, which is for pipeline transportation
systems. We used the commercially available pipe stress analysis software TRIFLEX by
PipingSolutions, Inc. to perform the analysis. We created the following models to evaluate the
impact of surge forces in the pipelines due to defueling:

. Red Hill - 6 May 2021 Event Models.
. Red Hill — JP-5 Defueling Model — Near Tanks 19 and 20.

° Red Hill - F-76 Defueling Model — Near Tanks 15 and 16.
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° Red Hill - JP-5/F-24 Defueling Model — Near Tanks 15 and 16.
. Red Hill — Defueling Model — Near Tanks 13 and 14.

Additionally, we created the following models to evaluate observations that were considered

potential deficiencies and typical conditions:

° Red Hill — Nozzle Tank Wall — Local Analysis.
. Harbor Tunnel — Straight Segment.
. Harbor Tunnel — Unsupported Valve Segment.

We considered the following material and section properties for the pipelines:

. Piping Material - ASTM A53 Gr. B (Fy = 35 ksi, all pipelines).
. JP-5, F-24 Pipelines Wall Thickness — 0.25-in.

° F-76 Pipeline Wall Thickness — 0.375-in.

. Repair Piping Wall Thickness — 0.375-in.

We considered the following operational loads for all the pipeline models:

. Operating Pressure of 200 psig (2015 Pressure Testing Report).
° Thermal Differential of +/-20°F (Emergent Ball Valve and Dresser Coupling Repairs).

. Self-Weight of Pipelines and Product (S.G. dependent on service, See UFC 3-460-01
Tables 2-1 and 2-2 (Department of Defense, 2021)).

The surge force analysis models also considered a point load equivalent to a pressure of

320 psi acting on an area that would stop the momentum of fluid rushing in to fill the vacuum
(e.g., blind flange, closed valve). We took this pressure from the 2021 Root Cause Analysis
Report. This pressure was used to corroborate the pressure determined using a hydraulic and
surge analysis within the same report. Detailed analysis and results for each of the models is

provided in the following sections.

7.3.1 Red Hill - 6 May 2021 Event Models

We developed two separate models to recreate the effects of the transient surge that occurred
during the 6 May 2021 event resulting in pipe failure. The two models differed in terms of

restraints, and boundary conditions observed and are detailed in the following sections.
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7.3.11 6 May 2021 Event Model — Root Cause Report Boundary Conditions

This is the first model SGH developed to recreate the piping analysis performed in the 2021
Root Cause Report using their suggested boundary conditions and forces. Those assumptions

are detailed below and shown graphically in Figure 7-32:

. Full fixity restraint at the firewall between the Tank 19 — 20 area and the remainder of
the lower tank gallery.

° Sliding support at Pipe Supports 1 and 2 in the Tank 19 - 20 area.
. 78,000 Ibf surge force acting at the unrestrained blind flange towards Tank 19.
. Pipeline disconnected from Tank 20, representing the post-failure of the Dresser

coupling condition.

In this analysis, we were able to validate the calculated surge load and estimated
displacements for the assumptions described above. Using the boundary conditions from
the root cause report, we were able to calculate a lateral displacement of approximately

14.6 in., which is within 10% of the calculated displacement from the Root Cause Report of
16 in.
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Figure 7-32 — 6 May 2021 Event — Root Cause Report Boundary Condition Model

7.3.1.2 6 May 2021 Event Model — SGH Observed Boundary Conditions

Based on our observations in the field during site visits and from our review of as-built
drawings, we modified the model described above to reflect support conditions that we believe

are consistent with the conditions present during the 6 May 2021 incident.

In particular, we altered the sliding pipe supports used in the Root Cause Report model based
on our observations of the presence of pipeline cradles at most pipe supports, as previously
depicted in Figure 2-12. A photograph of the support cradle at Pipe Support 2 is shown in
Figure 7-33.
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Figure 7-33 — Cradle Support Photo at Pipe Support 2

The cradle support is neither sliding support nor a full lateral pipe restraint. SGH used TRIFLEX
to adjust the restraints to a 45° angle on both sides to model the restraint conditions more

accurately at the cradle (Figure 7-34).



Figure 7-34 - Cradle Support Modeled in TRIFLEX Software

We then made additional modifications to the model to further reflect observations in the field,

including the following:

Modifying the full fixity restraint at the firewall to lateral and vertical gap restraints. This
is because the wall does not appear to restrain rotation based on-site observations and
measurements (Figure 7-35). The gap was measured to be 0.75 in. above the pipe. The
horizontal gap was then assumed to be 0.375 in. on either side of the pipe. These gap
restraints were placed 6 in. apart to reflect the thickness of the firewall itself.

Modeling the pipelines past Tanks 17-18 to account for the additional pipeline flexibility
past the firewall.

Including pipeline saddle restraints at Pipe Supports 4, 6, 7, and 8, as observed in the
field (Figure 7-36).

Include sliding supports at Pipe Supports 3 and 5 (Figure 7-37).
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Figure 7-35 - Pipe Penetration at Firewall After Tanks 19-20,
0.75 in Gap Allowing Rotation and Displacement
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Figure 7-36 - Cradle Support at Pipe Support 4 (Pipe Supports 6, 7, and 8 Similar)
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Figure 7-37 — No Cradle Support at Pipe Support 3 (Pipe Support 5 Similar)

A model image showing the additional modifications to boundary conditions and restraints in
our final model is shown in Figure 7-38 and Figure 7-39. Like above, the model served to
capture the sensitivity of the surge force required to move the main header 16 in. when

accounting for the more refined boundary conditions.
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Figure 7-38 — 6 May 2021 Event — SGH Boundary Condition Model — Global View
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Gap Restraints Spaced 6 in.
apart at Firewall after P.S. 2

/ Sliding Supportat P.S. 3

/ Cradle Support at P.S. 4

Figure 7-39 — 6 May 2021 Event — SGH Boundary Condition Model — Tanks 19 and 20 View

Using these updated boundary conditions, we calculated the force required to move the main
JP-5 header to be approximately 60,000 Ibf. This reduced force required to move the
header is likely due to the more flexible boundary conditions that we used as opposed to the
rigid anchor restraint from the Root Cause Report model. We maintained these boundary
conditions moving forward, as we believe them to be more accurate when considering what
was observed in the field. However, we conservatively used the 78,000 Ibf surge force and
associated pressure when considering surge conditions for the pipeline defueling models, given

the degree of uncertainty associated with potential future surge events.
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7.3.2 Red Hill — JP-5 Defueling Models — Tanks 19-20

We created several models to determine the impact of surge loads at the end of the JP-5
header near Tanks 19-20 during defueling operations. These models considered the
anticipated repairs near the Tank 19 and 20 connections. We analyzed the following surge

conditions for each of the models.

. Surge Load - Acting at Tank 19 Spectacle Blind.
° Surge Load — Acting at the end of JP-5 Header Blind Flange.
. Surge Load - Acting at Tank 20 Ball Valve.

We developed a separate model considering an axial restraint near the Tank 20 ball valve to
determine the impact of an axial restraint has in resisting the axial surge loads in the pipeline
laterals and protecting the pipe bends. Analysis details and results are described in the sections

below.

7.3.2.1 JP-5 Defueling — Surge Load at Tank 19 Spectacle Blind

We modeled the piping at Tanks 19-20, considering the repairs shown in the January 2022

Enterprise Engineering drawings. These include the following modifications:

° Additional Piping to Tank 19 Wall Nozzle.
. Additional Piping from End of JP-5 Header to LAT Wall.
° Replacement Piping Between Tank 20 Ball and Double-Block and Bleed Valves.

While the general arrangement of the repairs at Tanks 19-20 was shown in the drawings, no
dimensions were provided. Because of this, we had to approximate dimensions from
measurements taken in the field of the completed and in-progress repairs. We applied the
surge force in this model at the location of the spectacle blind on the Tank 19 lateral, as this is
where fluid momentum would be halted in the event of a surge due to a vacuum in the pipe. An

image of the model arrangement is shown in Figure 7-40.
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Figure 7-40 - JP-5 Defueling Model — Surge at Tank 19 Spectacle Blind

We found that the stresses in the piping at Tanks 19-20 would slightly exceed ASME B31.4
code allowable stresses in this support configuration. A diagram showing the ratio of demand

longitudinal stress in the pipeline to allowable code stress is shown in Figure 7-41.
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Figure 7-41 — Surge at Tank 19 - Demand vs. Code Longitudinal Stress Ratios
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The peak ratio of demand to allowable longitudinal stress as calculated per ASME B31.4 was
1.05 at the bend between the ball and double-block and bled valve near Tank 20. The ratio was
1.01 at the base of the tee connecting the JP-5 header to the laterals. These ratios indicate
potential small overstress at these locations due to the surge loading. We observed stress

ratios to be less than 1.0 everywhere else in the model.

7.3.2.2 JP-5 Defueling — Surge Load at the End of JP-5 Header

We then checked the JP-5 piping considering the surge force to be acting at the blind flange at
the end of the main JP-5 header. The blind flange at this location presents another surface that
would halt the fluid momentum during a fluid surge due to a vacuum condition at the end of the
header. Aside from the surge force location, we kept all other model geometry the same. A

model image of the revised configuration is shown in Figure 7-42.

78,000 Ibf Surge Load
New Diameter Pipe

g

Tank 20

Figure 7-42 - JP-5 Defueling Model — Surge at the End of JP-5 Header

We found no overstress in the model when the surge load was applied at the end of the JP-5
header. All the ratios of demand to allowable stress were less than 1.0, with a peak ratio of

0.27 at the tee between the JP-5 header and laterals. Stress ratios are shown in Figure 7-43.

b
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Figure 7-43 - Surge at Main Header - Demand vs. Code Longitudinal Stress Ratios

7.3.2.3 JP-5 Defueling — Surge Load at Tank 20 Ball Valve

The final location we evaluated for surge loading was if the Tank 20 ball valve was closed. The
surging force due to a vacuum in the JP-5 line could act against the closed surface of the valve.
As with the evaluation at the end of the JP-5 header, all piping geometry is the same other than

the location of the applied force. The updated configuration is shown in Figure 7-44.
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Figure 7-44 - JP-5 Defueling Model — Surge at Tank 20 Ball Valve

We found that the stresses in the piping at Tanks 19-20 would exceed ASME B31.4 code
allowable stresses by a reasonable margin in this support configuration. A diagram showing

the ratio of demand longitudinal stress in the pipeline to allowable code stress is shown in

Figure 7-45.
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Figure 7-45 - Surge at Tank 20 - Demand vs. Code Longitudinal Stress Ratios

The peak ratio of demand to allowable longitudinal stress as calculated per ASME B31.4 was
1.30 at the bend between the ball and double-block and bled valve near Tank 20, indicating
potential overstress at this location due to the surge loading. We observed stress ratios to be

less than 1.0 everywhere else in the model.

7.3.2.4 JP-5 Defueling — Surge Load at Tank 20 Ball Valve — Axial Restraint

We created a modified version of the model with the surge force acting at the Tank 19
spectacle blind. In this model, we added an axial restraint at the pipe support, where we
applied the surge force at the blind flange. We did this to determine the effect the restraint had
on the observed overstress in the piping. A model image of the modified piping is shown in

Figure 7-46.




Axial Restraint at Support
78,000 Ibf Surge Load

Figure 7-46 — JP-5 Defueling Model — Surge at Tank 20, Axial Restraint Modification

The surging force was maintained at the same location as the spectacle blind. We found that
when we added the axial restraint near the surge load location, stress demands were
significantly reduced in the piping system near Tanks 19-20. Demand to code allowable stress
ratios was reduced from 1.30 at the Tank 20 bend to 0.13. The peak stress ratio was 0.42 in
the pipe segment between the applied force and the axial support. This is due to the restraint
taking most of the load and protecting the rest of the piping system. A diagram showing the

stress ratios is shown in Figure 7-47.
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Figure 7-47 - Surge at Tank 20 Ball Valve — Axial Restraint Added -
Demand vs. Code Longitudinal Stress Ratios

7.3.3 Red Hill - F-76 Defueling Models — Tanks 15-16

The F-76 line contains diesel fuel and terminates at Tanks 15-16. Like the other lines, the F-76
line is susceptible to the formation of a vacuum due to leak-by at the UGPH. Therefore, the
potential for surge loading at the end of the F-76 header also exists. We evaluated the F-76
line between Tanks 15 and 16 under the impact of a surge load during defueling operations in
a similar manner to the JP-5 line above. Modeling assumptions are as follows:

° F-76 header connected to Tanks 15-16 with straight pipe laterals.

. Cradle supports along main F-76 header, slide supports at laterals.

Pipeline anchor after P.S. 25.
° Surge force scaled using 320 psi value from Root Cause Report.

The three models analyzed were as follows:

. Surge Load — Acting at Tank 15 Ball Valve.
° Surge Load — Acting at the end of F-76 Header Blind Flange.
. Surge Load — Acting at Tank 16 Ball Valve.

O
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Figure 7-48 below shows the geometry overview for the F-76 defuel model.
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Figure 7-48 — F-76 — Tanks 15-16 Model Global View
7.33.1 F-76 Defueling — Surge Load at Tank 15 Ball Valve

For this analysis, we applied the surge load at the closed ball valve outboard of Tank 15. Figure
7-49 shows the results of the analysis. The highest ratio of the demand longitudinal stress to
the allowable code stress is 0.37, indicating that the pipeline is not overstressed in the event of
a surge load in this configuration. The peak stresses occur at the midsection of the lateral pipe

segment connecting Tanks 15 and 16.
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Figure 7-49 - F-76 Defueling Model — Surge at Tank 15 Ball Valve
7.3.3.2 F-76 Defueling — Surge Load Acting at the End of F-76 Header Blind Flange

For this analysis, we applied the surge load at the end of the F-76 header blind flange. Figure
7-50 shows the results of the analysis. The highest ratio of the demand longitudinal stress to
the allowable code stress is 0.72, indicating that the pipeline is not overstressed in the event of
a surge load. The demand to allowable stresses were all less than 1.0, with a peak ratio of 0.72

at the midsection of the laterals.
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Figure 7-50 — F-76 Defueling Model — Surge at the End of the F-76 Header
7.3.3.3 F-76 Defueling — Surge Load at Tank 16 Ball Valve

The final location we evaluated for surge loading for the F-76 line near Tanks 15-16 was at the
Tank 16 ball valve. The model configuration is shown in Figure 7-51. Similar to when the surge
load acts at the Tank 15 ball valve, the peak stresses do not exceed allowable code stress and

occur at the tee between the lateral and main F-76 header.
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Figure 7-51 — F-76 Defueling Model — Surge at Tank 16 Ball Valve
7.3.4 Red Hill - JP-5/F-24 Defueling Models — Tanks 15-16

The F-24 line contains Jet Fuel and terminates at Tanks 15-16. The JP-5 and F-24 lines are
connected at the laterals near Tanks 15-16. Like the JP-5 near Tanks 19-20 and F-76 near
Tanks 15-16 lines, the potential for surge loading at the end of the F-24 header also exists,
whereas the JP-5 header continues onward to Tanks 17-20. We evaluated the JP-5/F-24 line
between Tanks 15 and 16 under the impact of a surge load during defueling operations in a

similar manner to the JP-5 and F-76 lines above. Modeling assumptions are as follows:

. The JP-5/F-24 headers connected to Tanks 15-16 with straight pipe laterals.
. Cradle supports along main JP-5/F-24 headers, slide supports at laterals.
° JP-5 pipeline anchor after P.S. 25, F-24 pipeline anchor after P.S. 31 (bounding point for

model at next set of tanks).
° Surge force scaled using 320 psi value from Root Cause Report.

The three models analyzed were as follows:

° Surge Load - Acting at Tank 15 Ball Valve.

° Surge Load - Acting at the end of F-24 Header Blind Flange.
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° Surge Load — Acting at Tank 16 Ball Valve.

Figure 7-52 below shows the global view for the JP-5/F-24 defuel model near Tanks 15-16.
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Figure 7-52 - JP-5/F-24 - Tanks 15-16 Model Global View

7.34.1 JP-5/F-24 Defueling — Surge Load at Tank 15 Ball Valve

For this analysis, we applied the surge load at the closed ball valve outboard of Tank 15. Figure
7-53 shows the results of the analysis. The highest ratio of the demand longitudinal stress to
the allowable code stress is 0.35, indicating that the pipeline is not overstressed in the event of

a surge load. The peak ratio of 0.35 occurs at the bends along both JP-5 and F-24 lines.
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Figure 7-53 - JP-5/F-24 Defueling Model — Surge at Tank 15 Ball Valve

7.3.4.2 JP-5/F-24 Defueling — Surge Load Acting at the End of the F-24 Header Blind
Flange

For this analysis, we applied the surge load at the end of the F-24 header. We found that the
stresses in the piping at the base of the tees connecting the JP-5 and F-24 headers to the
lateral