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Section 1 Introduction

1 INTRODUCTION

The Massachusetts Bay Transportation Authority (MBTA) prepared this Design Guideline for the MBTA
Bus Facility Modernization Program. Informed by MBTA and industry best practices, the document
provides a reference to future designers for baseline requirements, standards, and preferences of MBTA.

This first edition of the Design Guideline outlines design criteria for running repair or preventative
maintenance facilities that provide daily bus service and maintenance operations. These facilities consist
of maintenance, daily service, storage, transportation, and administrative spaces, each with specific
functional and operational requirements that shall be reflected in the facility design. (A subsequent edition
of the Design Guideline will incorporate design criteria specific to bus heavy maintenance facilities.) The
Design Guideline pertains to both new construction and major rehabilitation projects.

1.1 Compliance

The Designer of Record shall comply with all codes, standards, and manuals relevant to the content herein,
including but not limited to those referenced within this document. It is the responsibility of the designer to
validate the codes and standards referenced within to ensure the latest version in force and effect is used
to develop the facility design. The designer is also responsible for reviewing and complying with MBTA’s
Engineering Directives,! Design Standards and Guidelines,? and other Design and Construction Policy and
Procedure Manuals, as applicable. If there are discrepancies in codes, standards, or directives, the
designer shall identify the discrepancy and allow MBTA to review for approval (in general, the stricter
requirement will apply).

1.2 Deviations

If conditions warrant deviation from a directive, standard, or guideline, the Designer of Record shall
submit a request for a waiver to the MBTA Project Manager in line with the following process:

e The Designer of Record shall notify the MBTA Project Manager in writing of a suspected or planned
deviation and submit the waiver request within one week of the original notification unless otherwise
approved by the MBTA Project Manager. The waiver will be submitted in line with MBTA project
communication protocols (e.g., eBuilder).

e The MBTA Project Manager shall forward the waiver request for review and approval to the Office
of the Chief Engineer, Attention to Joseph A. Pavao, P.E.

e The Office of the Chief Engineer is responsible for performing a preliminary evaluation of the waiver
request and identify additional required reviewers as needed, including the Bus Facility
Modernization Program Director (who would coordinate review by other members of the Office of
the Chief Engineer as needed) and other stakeholder departments.

e All waivers shall be approved by the Chief Engineer or designee.

The waiver request will be a maximum of two pages (not including supplemental drawings, plans,
pictures, etc.) in a format agreed to by the Office of the Chief Engineer and shall include the following:

e Waiver request number (to be established with Office of the Chief Engineer)

! https://www.mbta.com/engineering/directives
2 https://www.mbta.com/engineering/design-standards-and-guidelines
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e A detailed narrative that identifies the following:
- Impacted design element or system (e.g., location, application)
- Relevant requirement, directive, or code that will be deviated
- Why the waiver is being requested (e.g., technical feasibility, space constraints, cost)

- An overview of the proposed deviation and impact to the design, including quantitative analysis
of life-cycle performance and cost

e Associated engineering drawings including plans, elevations, pictures, and sections as necessary to
detail the relevant design elements (not included in two-page limit)

e Evidence that no other alternative is available that meets current directives, standards and
guidelines

The Designer of Record shall record all deviation waiver requests (even if not approved) and MBTA
decisions in the project change log.

1.3 Safety Certification

The MBTA Safety Department requires that all projects complete a safety certification to verify that the
project design and construction process incorporates the proper legal documentation for all items on an
MBTA-created project-specific safety certification checklist. These items will include standard safety
features for buildings, as well as specific safety features pertaining to MBTA activities that will be
identified for the final designer in a timely manner during the design process. Early coordination with the
MBTA Safety Department is required to ensure a more efficient safety certification process.

1.4 Organization

The information presented in the remainder of this document has been arranged into the following three
sections:

Section 2. General Design Principles

This section provides guidance and requirements on overarching elements of the facility design and
operation as follows:

2.1 Bus Maintenance Facility Workflows—Workflow diagrams visualize typical or primary
vehicle and people movements and processes between and within functional areas of MBTA
bus maintenance facilities to provide context of bus operations for the future designer.

2.2 Fleet Changes—Considerations related to bus fleet makeup (e.g., vehicle size, propulsion
type) and anticipated or potential future changes to the bus fleet as they impact operational
requirements shall be accounted for in the facility design.

2.3 Facility Asset Management—The facility and its components shall be designed to maintain
optimal performance and condition in a cost-effective manner over the life-cycle of the facility.

2.4 Sustainability and Resilience (and Appendix A Supplement)—MBTA facilities shall be
designed and constructed to balance the utilization of resources that go into facility operations
and maintenance for improved sustainability and to incorporate resilient systems able to
recover from disruptions.
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2.5 Environmental Protection and Enhancement—Facility design shall prioritize preserving,
protecting, enhancing and promoting environmental resources and environmental policies of
MBTA, state and federal policies, and alignment with sustainability and resilience goals.

Section 3. Site and Building Requirements

This section outlines overall engineering requirements and preferences for the fully enclosed
structural building and site of the facility. The design disciplines included in this section are civil,
structural, mechanical, and electrical engineering, plumbing, intelligent systems, site landscape,
and architectural.

Section 4. Area Modules

This section provides specific design criteria for the facility’s functional areas: maintenance,
storage, transportation, and administration. Key rooms and spaces within each functional area are
described in detail on “room cards”, which include associated layout, square footage, interior finish,
and engineering requirements. Appendix B, Facility Program Matrix, summarizes bus fleet- and
staff-based square footage requirements. Example room plans and equipment included in each
room card are provided for visual representation only and do not dictate required layouts unless
specified. Room layout and associated equipment requirements shall be verified with MBTA unless
specifically indicated on the room card. Appendix E provides supplemental information on
maintenance lift equipment to aid in the design process.

Appendixes

Appendix A — Sustainability and Resilience Supplement
Appendix B — Facility Program Matrix

Appendix C — Exterior Finishes Supplement

Appendix D — Optional Standby Power Generator Equipment
Appendix E — Maintenance Lift Supplement
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Section 2 General Design Principles

2 GENERAL DESIGN PRINCIPLES

2.1 Bus Maintenance Facility Workflows

MBTA bus maintenance facilities shall be designed to effectively support and enable all operations
within a fully enclosed building. (Employee parking need not be enclosed.) The three diagrams below
visualize the primary people and vehicle movements and activities (arrows color coded according to
corresponding legend) that occur within and around the building on site for the following groups:

e Transportation staff (bus operators and inspectors)
e Maintenance staff (forepersons and machinists)
e Bus vehicles

Bus vehicle movements inside the building and within the site shall be one-way, forward movements in
a counterclockwise direction (required for 60-foot buses, preferred for 40-foot buses).

These diagrams represent baseline or typical workflows and do not capture infrequent activities, such
as a bus being towed into the maintenance area. The workflow diagrams also do not dictate site or
building layout. Space adjacency diagrams in Section 4 indicate spatial relationships and connections
between the areas included in the workflow diagrams. The designer shall validate the design with
MBTA to ensure provisions for all required activities are incorporated.
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Section 2 General Design Principles

Bus Maintenance Facility
Transportation Workflow Diagram
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2.2 Fleet Changes

This section describes the guidelines on preparedness and capabilities for accommodating future
technology and fleet changes. MBTA'’s most significant fleet change at this time is the intended
transition to battery-electric buses (BEBs) with diesel-electric hybrid buses as the near-term or interim
transition vehicle. Facility design shall anticipate that fleet changes in the future may not only involve
electrification, but also changes in fleet sizing, bus sizes, and maintenance requirements.

MBTA currently operates a mixed fleet manufactured by Neoplan USA and New Flyer Industries of
diesel, diesel-hybrid (battery electric and electric trolley), electric trolley, compressed natural gas, and
BEBs. MBTA'’s five BEBs are 60-foot New Flyer XE60s with plug-in charging, delivered in 2019 and
currently undergoing evaluation on the Silver Line. The evaluation program is in place to identify the
advantages and constraints of BEBs within the MBTA'’s operating environment in preparation for larger
deployments in the future.

22.1.1 Facility Electrification

To ensure that facilities could accommodate an electric bus fleet, a detailed evaluation of existing
spatial assets and required utility improvements is needed for both existing facility modifications and
new proposed sites. New facility designs shall provide spatial flexibility in accommodating current
electric fleet charging and maintenance standards and shall anticipate for future changes such as
varied methods of service, fleet typology, and bus sizing.

MBTA will work with the local power utilities to determine equipment upgrades needed, specified rate
structures, secondary power sources, potential site generated power returns, and a programmed
schedule for accommodation. The utility will likely need to install or upgrade substations, install new
circuits and transformers, possibly run new transmission lines, and develop a new cost schedule
specific to charging the buses. Discussions with the utility about review of existing feeders, dedicated
feeders, and/or power factor correction equipment shall occur in the early stages of the project design.

2.2.1.2 Site and Building Impacts
Key considerations when designing facilities to transition to an electrified fleet include the following:

e Site planning shall accommodate adequate contingencies for potential upsizing requirements of
electrical equipment (e.g., switch gears, transformers, Supervisory Control and Data Acquisition
[SCADA] rooms, and generators). Significant area (likely in the thousands of square feet of space)
will need to be dedicated to site electrical equipment.

e Facility electrification will require adequate space for additional electrical rooms, charging stations,
fleet operations/charge control room, charging dispensers, and additional circulation. Specific
maintenance needs, such as large battery storage, battery testing bays, possible need for a load
bank to test batteries, pantograph maintenance, maintenance bay configurations for different bus
types and vendor types, and other powertrain provisions, shall be considered in the facility layout.

e Service lanes will no longer be used for fueling, but will continue to be used for daily cleaning, bus
data collection, and fare pull (until MBTA transitions to the planned cashless automated fare
collection system [AFC 2.0], at which point fares will not be pulled but accommodations shall be
made in the facility design for data to be downloaded either while the bus is in the service lane or
another location in the facility). The automatic bus wash system will not be affected.
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Diesel dispensers and tanks will continue to be used for auxiliary heaters and could also be used
for diesel storage for new generators to backup charging infrastructure.

Older bus batteries with many cycles may no longer be fit for bus service but could serve as a
short-term energy storage for the facility. Future consideration for space and connectivity of the
older batteries could be a useful strategy.

An all-electric fleet will have less maintenance fluids distributed to the service area and
maintenance bays (reels, dispensers, and piping); only coolant and window wash fluid will be
needed in service lanes and chassis grease for maintenance bays. There will be no engine oil and
transmission and brake fluid replacement will only occur every 80,000 to 90,000 miles, possibly
eliminating the need for bulk storage and piping onsite.

The roof framing members of the bus storage and maintenance areas need to accommodate the
additional loadings associated with overhead charging contacts, wiring, and conduit. Currently, it is
envisioned that electric buses will use folding pantograph for charging at MBTA facilities. Plug
connection, such as a Society of Automotive Engineers (SAE) J1772, will be needed at the
maintenance bays to avoid use of pantograph connections (SAE J3105) where they will conflict with
lifts and hanging equipment.

Based on currently available technology, there will be a large space requirement for charging
stations and associated hardware.

MBTA operational requirements are such that charging equipment shall be elevated above bus
circulation (approximate 12-foot clearance) and away from work areas for safety. Chargers,
substations, and other critical components shall be located at the mezzanine level where possible
to meet resilience performance thresholds. There shall be a de-energizer or rapid disconnect switch
at ground level on a structural column in the event of emergency. Feeder lines shall be set in slab
with specific distribution within the facility determined during the design process.

Transitioning to an all-electric fleet will reduce maintenance costs, but battery maintenance and
electronic component exchange are likely to increase. Overall, the need for the number of
maintenance bays may be reduced. Shop areas for interchangeable component repair could be
located at the extra maintenance bays or on a mezzanine level above the maintenance or shop area.

An all-electric fleet will reduce the general building ventilation needs within maintenance and
storage spaces, but only if there are no fossil fueled vehicles allowed in the facility. A vehicle engine
exhaust system is not required in the maintenance bays if the fleet is all electric.
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2.3 Facility Asset Management

Transit Asset Management is a business model that uses the performances and condition of assets to
guide the optimal prioritization of funding and maintain a State of Good

Repair. Asset management optimizes performance, risk, and cost over the State of Good Repair
entire life-cycle of an asset. The condition in which a capital
asset is able to operate at a full

The goal of applying asset management principles to facility design and level of performance. A capital
construction phases is to build structures that will be operated, maintained, asset is in a state of good
and eventually retired and replaced in the safest, most efficient, and cost- repair when that asset:
effective manner. In general, the designer shall design a facility that aims at . Is able to perform its
minimizing life-cycle costs and risks of operating and maintaining the facility designated function,
and its component systems and assets. . Does not pose a known

. . . . ) unacceptable risk, and
This section provides an overview of asset management requirements . Its life-cycle investments
related to bus facilities, as well as guidance and requirements for the shall have been met or
designer to facilitate MBTA’s implementation of facility asset management recovered.

practices.

Risk

In 2016, the Federal Transit Administration (FTA) published the Transit
Asset Management Rule to help achieve and maintain a State of Good
Repair for the nation’s public transportation assets. The rule applies to all
transit operators that receive federal funds to support the provision of
transportation services, including MBTA, and requires annual reports to
FTA’s National Transit Database that include information relevant to bus
maintenance facilities, such as an asset inventory that catalogs data
(e.g., facility name, address, and square footage), as well as condition
assessment and performance results.

Cost Performance

The MBTA is implementing an enterprise asset management system aimed at supporting MBTA staff to
manage its physical assets, including bus maintenance facilities and their components. The enterprise
asset management system is designed to inform MBTA staff of maintenance and operational activities
while producing performance and condition data to support decision-making of future maintenance
activities and capital renewal activities.

The enterprise asset management system conforms to the MBTA asset inventory hierarchy framework as
set forth in the MBTA Asset Data Standard and the MBTA Asset Definitions and Data Dictionary Document
(AD4) for Facilities. The MBTA maintenance facility asset hierarchy is based on the ASTM International
(ASTM) Uniformat Il classification and aligns with FTA'’s classification framework as described in the FTA
Transit Asset Management Facility Performance Measure Reporting Guidebook: Condition Assessment
Calculation (March 2018), which categorizes facility components into the following primary levels:

1. Substructure 6. Heating, ventilation, and air conditioning (HVAC)
2. Shell 7. Fire Protection

3. Interiors 8. Electrical

4. Conveyance 9. Equipment

5. Plumbing 10. Site
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MBTA conducts periodic condition assessments of its facilities using a process outlined in the MBTA
Facility Condition Assessment Methodology. The condition assessment is primarily intended to assess
the overall physical condition of the facility and components listed above to support maintenance
prioritization and capital investment decisions. Facilities under construction are exempt from condition
assessment requirements but reporting requirements will take effect following commissioning of the
facility.

The designer shall conform to the asset inventory hierarchy set forth in the MBTA Asset Data Standard
and the MBTA Asset Definitions and Data Dictionary Document (AD4) for Facilities. In addition, the
design will facilitate condition assessment activities set forth in the MBTA Facility Condition
Assessment Methodology.

The facility design team shall ensure visibility and/or easy access to systems and assets for regular
operation, maintenance, periodic inspections and performance evaluation processes. This means that
entering limited access areas such as crawl spaces, utility pits, and sloped roofs is not necessary and
that their condition can be observed from an easy and convenient access point.

The design team shall consider building designs that support ease of installation of wire or wireless
networks that power and link communications systems, which rapidly evolve. Just like other systems,
the design of these networks shall allow easy access for maintenance, upgrades, and replacements.
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2.4 Sustainability and Resilience

This section (with supplemental material provided in Appendix A) guides design teams in preparing
design plans and project documents that provide enhanced levels of achievement in sustainability and
resilience. Both the design and construction teams shall provide documentation of sustainable and
resilient project features as described in this section. The following subsections and associated
Appendix A define the requirements for sustainable and resilient MBTA bus maintenance facility
design.

MBTA bus maintenance facility designs shall address sustainability from a holistic approach, being
simultaneously environmentally responsible, socially equitable, operationally achievable and
economically viable. They shall also address regional resilience threats by considering current and
future climate trends, such as sea-level rise, increasing intensity of precipitation and flooding, stronger
coastal storms, and extreme temperatures. The increasing frequency of storms and natural disasters,
such as severe winter weather and high winds shall be considered. For many weather-related
disruptors, the resilience challenges are secondary; the loss of power, potable water, and other utilities
that follows an extreme event are generally more challenging than the weather event, itself.

The sustainability and resilience guidelines herein protect employees, avoid environmental degradation,
improve surrounding neighborhoods, facilitate financial responsibility, and maintain critical functionality
and efficiency in operations (critical functionality is further defined in Section 2.4.4.3, Resilience
Performance Requirements and Goals, and is determined on a facility-by-facility basis using the
guidance in Section 2.4.4.4, Identifying Acceptable Downtime & Operational Capacity).

MBTA defines sustainability in its Sustainability Report (MBTA 2017) as “the ability to be maintained at
a certain rate or level; avoidance of the depletion of natural resources in order to maintain an ecological
balance.” In the Engineering and Architectural Design Guidelines (The VHB/HNTB Team — a Joint
Venture 2017), resilience is defined as “a system’s ability to recover from an acute extreme weather
event (i.e., storm surge or flooding event) or to anticipate and respond to future climate condition
scenarios (i.e., increasing temperatures, sea-level rise, or changing precipitation patterns).” Likewise,
the Flood Resiliency Design Directive (MBTA 2019) defined resilience as “as the ability of a system or
asset to withstand or recover from an extreme weather event.” For the purposes of this document,
resilience is expanded to encapsulate disruptions associated with pandemics or disease outbreaks due
to the impact from the COVID-19 pandemic. In future iterations, resilience could be expanded to
address other non-climate related hazards and disruptions such as earthquakes, terrorism,
cyberthreats, population shifts, and other manmade conditions. Section 2.4.4.2, Resilience Disruptors,
further defines disruptors (such as extreme weather) and disruptions (such as power loss) that will be
considered during design. Section 2.4.4.5, Resilience Adaptation Strategies, discusses physical
adaptation and operational strategies.

Sustainability and resilience take holistic and systematic approaches to design, which lead to synergies
and tradeoffs in process (see Figure 2.4-1). For example, energy through the sustainability lens would
focus on efficiency and renewable energy for the sake of reducing the impact on the natural
environment, improving air quality, and reducing costs. Energy through the resilience lens would
consider increasing redundancy and diversity in power supply and/or using onsite renewable energy
with battery backup to reduce reliance on the electric grid. Both sustainability and resilience practices
may prefer the use of renewable energy to reduce greenhouse gas emissions for air quality and climate
change mitigation purposes. Some resilience measures may promote outcomes that may not be the
most efficient, such as using additional raw materials to build redundancy. The overall goal is to
maximize synergies and reduce tradeoffs wherever possible.

The following guidelines assume that the site selection has occurred, and that sustainability and
resilience were considered in the process.
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SUSTAINABILITY

* Anticipates impacts of the
project on the site,
community, natural

RESILIENCE

* Anticipates impacts of
future conditions on the
project operations and

resources, MBTA workforce MBTA staff
* Manages resources * Adapts to future climate
responsibly to avoid conditions

negative impacts to people,
natural resources, and
economy

« Efficiency focus

* Recovers from disruptions
» Maintains functionality

* Long-term vision and adaptability

* Manages uncertainty

Considers impact on people and promotes equity

+  Wholistic, integrated multi-discipline design

» Balance economic, environmental, and societal
priorities; better long-term functional performance
than short sighted capital cost cutting

» Considers redundancy in both infrastructure and

operations

BOTH

Figure 2.4-1. Sustainability and Resilience Overlap

Project teams are better able to serve the MBTA and project communities when led and managed by
people and organizations that have a strong commitment to the principles of sustainability and
resilience and are able to effectively incorporate these principles into projects. Design teams shall be
assembled with the requisite expertise in these areas to provide the required data, evaluate potential
impacts over time, and design a facility that incorporates sustainable and resilient features and
construction principles.

24.1.1 Leadership Roles and Requirements

Design teams shall designate two individuals dedicated to coordinating, enforcing, and documenting
sustainability and resilience requirements throughout design and construction who will establish,
maintain, and hand off information to the MBTA. The leads can be subconsultants. These sustainability
and resilience leads will interface with each other, the design and construction Project Managers (PMs),
and the MBTA PM throughout the project timeline to ensure compliance with the requirements herein,
accountability, and continuity. The MBTA PM will facilitate coordination of the design team with the
MBTA Environmental and Energy Department at the onset of the project to develop project-specific
goals and expectations.

e The Sustainability and Resilience Administrator (S+R Admin) will serve as both the design phase
lead and the overarching representative of the project’s holistic sustainability and resilience design
process. The S+R Admin is responsible for final delivery of the completed efforts to the MBTA. In
the event that a project has more than one occupied facility, the S+R Admin will provide the role for
the project in its entirety.

e The Sustainability and Resilience Coordinator (S+R Coordinator) will work side-by-side with the
contractor to implement sustainability and resilience requirements and document all related efforts
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during the construction phase. In the event that a project has more than one occupied facility, the
S+R Coordinator will provide the role for the project in its entirety.

The sustainability and resilience information throughout this document holistically addresses new
construction project types. If any project scope necessitates a major renovation, compliance paths may
vary from guidance provided herein and will need to be reviewed on a per-project basis. The S+R
Admin and Coordinator are responsible for identifying any applicable variances and coordinating with
the project team to accomplish all requirements.

Refer to Appendix A for additional required qualifications for the S+R Admin and Coordinator.

2412 Sustainability and Resilience Management Plan

In conjunction with the project team, the S+R Admin shall develop an initial Sustainability and
Resilience Management Plan (SRMP) at the time of project design award and maintain the SRMP
throughout the project until final turnover to the MBTA. An SRMP enables a project team to set goals,
objectives, and policies; establish plans and programs; review performance against a plan; and take
corrective actions across the full dimensions of sustainability and resilience.

The SRMP shall detail how sustainability and resilience will be integrated into the project’s design, track
compliance and progress throughout the design process, and include placeholders for required
components related to the construction phase that will be populated as the project progresses. The
SRMP also requires specific forms for documenting critical assets, confirming critical functionality and
resilience performance thresholds, and describing how resilience was integrated into each discipline.
The following main aspects combine to represent the SRMP content:

e Specific project design and performance tracking for MBTA use

e Documentation of design intent and criteria

e Energy, water, and materials performance requirements

e Construction activities required for certification

e Resilience assessments and considerations

See Appendix A for required SRMP details, including submission milestones, component descriptions,
and primary responsible parties.

24.1.3 Pursuit of Third-party Certifications: Envision and LEED

During the design process, MBTA will indicate whether formal third-party certification(s) will be pursued
for a specific project. The SRMP described in Section 2.4.1.2, Sustainability and Resilience
Management Plan, is a necessary tool for proving performance, tracking progress, and fostering
accountability to obtain third-party certification(s). If the project does not pursue formal certification,

the criteria from the rating systems and other reputable sources still allows the MBTA, design, and
construction teams to have reliable benchmarks for measuring and recording project performance.

Regardless of certification pursuit, project teams shall use relevant criteria from Envision and LEED
certification programs to guide project design, construction, and documentation and achieve a highly
sustainable and resilient project encompassing location, community, site, and building. Throughout this
document, the design team is provided with applicable Envision and/or LEED design considerations for
easy reference. Most content is provided within the individual reference guides provided by these rating
systems; any additional content has direct references provided for the user.

Refer to Appendix A for descriptions of Envision and LEED, resources, and framework overlap.
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24.1.4 Integrative Process

The integrative process actively seeks to design and construct projects that are cost-effective over both
the short and long terms, by engaging all project team members in an intentional process of discovering
mutually beneficial interrelationships and synergies between systems and components, in a way that
unifies technical and living systems so that high levels of building performance, human performance,
and environmental benefits are achieved. The process unites project stakeholders in their efforts to
plan, program, design, construct, commission, and transition to operation new building projects.

The entire project team shall contribute to the documentation; the S+R Admin is responsible for guiding
the process.

See Appendix A for further instruction on integrative process requirements.

24.1.5 Sustainability and Resilience Educational Material

To take advantage of the educational value of the sustainable and resilient features of a project, design
teams shall actively incorporate instructional design components appropriate for each project to
communicate the sustainability and resilience value to MBTA stakeholders, occupants, visitors, and the
general public, particularly for the community in which the project will reside.

The S+R Admin shall work with the project team and MBTA PM to determine the desired format and
content for presenting sustainability and resilience educational material specific to the project to the
project’s end users and visitors. The S+R Admin may use the SRMP as the organizing tool since it will
contain all major sustainability and resilience measures specific to each project in a uniform format that
will exist for each project. Additional measures outlined throughout this Design Guideline or new
concepts brought forth by the project team will be considered for inclusion in the content to present a
holistic summary of each project’s sustainability and resilience contributions. The entire project team
shall contribute to the documentation; the S+R Admin is responsible for guiding the process.

Refer to Appendix A for details on developing and documenting content for the education requirement.

2.4.1.6 Construction Activities Requirements

The design team is responsible for providing directives for the construction team in the form of
construction drawings and specifications. The SRMP shall also describe construction documentation
needed for third-party certification submittal and provide templates for the construction team to
complete. The SRMP is not contractually binding by itself, therefore the specifications shall include
explicit requirements for the contractor performance and documentation for the contractor to fairly price
and staff these actions in the bid. The requirements outlined in this subsection educate the project team
and the S+R Admin on aspects that shall be specifically required of the construction team to achieve an
integrative and iterative holistic approach to a highly sustainable and resilient project.

Construction activities requirements include the following topics at a minimum:
e Construction-specific energy and water use reduction

e Health and safety procedures

e Temporary applications

e Waste management and indoor air quality during construction

e Post-design commissioning activities

Refer to Appendix A for additional details of the construction phase requirements.
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Though MBTA is not required to adhere to location-specific project criteria (in accordance with
Massachusetts General Law (M.G.L.) Chapter 161A Section 3(i), the MBTA), project teams shall be
aware of their project’s relationship with its location, as well as the relationship between the host city
and the MBTA. In many ways, the MBTA has intentionally aligned their own policies and procedures
with these greater efforts; as such, the designer shall review the local requirements for comparison to
MBTA standards. Appendix A includes a list of regionally specific initiatives and parallel commitments
from the MBTA.

24.2.1 MBTA Sustainability and Resilience Plans and Policies

Environmental stewardship and resilience are key priorities for the MBTA, as outlined in its 2018
Strategic Plan Update (MBTA 2018). Designers shall coordinate with the Energy and Environment
Department for updates on current policies and plans related to sustainability and resilience.
Appendix A includes a preliminary list and description of key participations for both sustainability and
resilience.

The following subsections outline key, multidisciplinary areas where numerous project team
members—rather than single disciplines, technologies, or products—contribute to overall performance
of the facility via integration into the overall design.

2.4.3.1 Site-related Requirements

Requirements related to the project context, location, and site are individually addressed primarily in
Section 2.5, Environmental Protection and Enhancement, and Section 3.1, Civil and Landscaping, and
include, but are not limited to, the following:

e Qutdoor air quality e Open space and natural
+ Stormwater management preservation/restoration
« Equity and environmental justice e Reduction of heat island effects
e Noise and vibration e Electric vehicle charging
« Community connections and enhancement *  Project carbon reduction

e Light pollution mitigation
Associated Envision and LEED credit references are located in context with the above topics.

2.4.3.2 Towards Net-Zero Carbon

The design team shall develop a Carbon Reduction Plan that moves the project towards net-zero
carbon, considering both operational and embodied carbon. Operational carbon is defined as carbon
associated with the energy required to operate the building over time. Embodied carbon is defined as
the carbon associated with the materials used to build the project throughout material’s life-cycle,
including the construction process itself. Achieving net-zero carbon may not be feasible for all bus
maintenance facility projects, but the designer shall seek opportunities and implement designs that
reduce operational and embodied carbon to the greatest extent possible. The Carbon Reduction Plan
shall include strategies to achieve or move towards the following:

e Operational Carbon: A minimum of 25 percent reduction in energy consumption from the baseline
building performance (requires coordination with Section 2.4.3.3, Energy Efficiency Performance)
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e Zero Combustion: Eliminating onsite combustion of any fossil fuel source for any purpose (MBTA
may approve an exception for code-required emergency standby power)

e Embodied Carbon — Primary Materials: Reducing embodied carbon by 10 percent or more for
Primary Materials (i.e., foundation, structure, and enclosure systems) from a baseline building

e Total Embodied Carbon: Avoid exceeding 500 kg-CO.e/m? of total embodied carbon of Primary
materials and all other interior materials

The project team shall contribute to the documentation; the S+R Admin is responsible for guiding the
process.

Refer to Appendix A for additional details about the Carbon Reduction Plan and moving towards net-
zero carbon.

2.4.3.3 Energy Efficiency Performance

The efficient use of electrical energy is critical to both resilience and sustainability. Efficiency provides
economic and environmental benefits in normal operations. During events like power outages,
efficiency facilitates passive survivability through the reduced requirement for onsite generation of
electricity. When attempting to power a building with onsite renewable energy, efficiency simplifies the
requirements for renewable energy.

Designing a high-performance building through an integrative design approach is required as a key
criterion to providing resilience and sustainability where all design, construction, and operations
personnel think of the building as a system, not as individual components. Interdisciplinary solutions
shall be identified that result in savings that dwarf component-based efficiencies. Well thought-out,
cost-effective, simple-to-maintain strategies shall result in the downsizing of HYAC equipment, artificial
lighting, and electrical systems to provide low-energy performance with a conventional budget that
meets the facility operational requirements.

Design team members shall contribute to the documentation; the S+R Admin is responsible for guiding
the process.

See Appendix A for detailed requirements related to achieving overall project energy efficiency goals.

Refer to Envision Sustainable Infrastructure Framework (v3), RA2.1 Reduce Operational Energy
Consumption; LEED v4.1, Energy and Atmosphere Credit 2 Optimize Energy Performance; LEED v4.1,
Energy and Atmosphere Credit 4 Grid Harmonization.

2.4.3.4 Water Performance

Efficient water use provides economic and environmental benefits during normal operations and is key
to a sustainable and resilient design. During events when there is an interruption in water supply, water
efficiency optimizes resilience and the use of scarce water resources.

It is anticipated that all projects will be served by a variety of existing municipal potable water supply
sources. Consider the costs and benefits of using a non-potable water source instead of potable water
where appropriate and safe. Non-potable sources include recycling of bus wash water, rainwater, and
greywater harvesting. Water-efficient design is primarily concerned with first reducing the demand for
potable water, and secondarily reducing the demand for non-potable water. The LEED references
below provide design guidance for indoor and outdoor potable water use.

Provide a Water Performance Plan report highlighting predicted potable water demand reductions for
sanitary systems, process systems, and exterior systems. ldentify any sources or potential for non-
potable water use. Design team members shall contribute to the documentation; the S+R Admin is
responsible for guiding the process.
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If the project includes a new intake from surface or groundwater resources, then the related analyses in
the referenced Envision credits are applicable.

Refer to Envision Sustainable Infrastructure Framework (v3), RA3.1 Preserve Water Resources;

NW2.4 Protect Surface & Groundwater Quality; NW3.2 Enhance Wetland & Surface Water Functions; and
CR2.2 Assess Climate Change Vulnerability; Refer to LEED BD+C v4/4.1 Credits: WE Prerequisite and WE
Credit: Outdoor Water Use Reduction; WE Prerequisite and WE Credit: Indoor Water Use Reduction; WE
Prerequisite: Building-Level Water Metering, WE Cr 4 Water Metering; WE Cr 3 Cooling Tower Water Use.

Indoor Water Quality

Requirements contributing to water quality (water that is intended for human consumption) are
individually addressed in Section 3.6, Plumbing, with full details provided in Appendix A (including
associated Envision and LEED credit references), and include, but are not limited to, the following:

e Filtering and treatment systems
e Contaminant reduction

e Testing procedures

2.4.3.5 Commissioning Activities (Design Phase)

The commissioning process is critical to ensuring high-performance. Early involvement of a
commissioning authority helps prevent long-term maintenance issues and wasted energy by verifying
that the design meets the owner’s project requirements and functions as intended. Commissioning is a
connecting activity linking the decisions made in the early design energy simulations to ongoing
efficiency in operations by balancing and tuning energy systems, and providing the feedback means
with metering and monitoring for sustainable and resilient performance.

Planning Design Construction Turnover

« Design Intent * Basis of Design (BOD) - Site Observation « Functional Testing
» Training * Design Review + Submittal Review + O&M Documents

- Warranty * Commissioning (Cx) + Checklists « Facilitate Training i g

Plan
* Specifications
* ICO Focus

* Mock-ups « CMMS/EAMS * Operational Review

« Asset Tagging Integration v Mea.st.Jrertnent &
Verification

+ Asset Naming
* Roles and
Responsibilities

Notes:

CMMS = computerized maintenance management system
EAMS = enterprise asset management system

O&M = operations and maintenance

TCO = total cost of ownership

Figure 2.4-2. Commissioning Activity Workflow

Assurances can be provided by integrating a total building commissioning program into each new
construction and renovation project. The program extends from planning through activation and
occupancy. The operations and maintenance plan shall also include anticipation of disruptions, and
guidance on restoring the systems to effective and efficient functioning. This section describes key
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elements of the program. The level of detail for each component is adjustable to match the size and
complexity of the project.

Refer to Appendix A for additional explanation of the commissioning authority’s roles and
responsibilities associated with the design phase.

Refer to Envision Sustainable Infrastructure Framework (v3), RA2.4 Commission and Monitor Energy
Systems; LEED BD+C v4/4.1: EA Prerequisite: Fundamental Commissioning and Verification and EA
Credit: Enhanced Commissioning.

2.4.3.6 Health and Safety Procedures

Project Safety Plan

Because project teams may encounter enhanced design, product, or construction specifications that
may not be present in standard criteria, project teams shall conduct a life-cycle safety and health
analysis and develop a Project Safety Plan to address risks associated with using new materials,
technologies, and/or methodologies. The purpose of the Project Safety Plan is to support high-
performance, cost- effective employee safety and health outcomes across the building life-cycle
through early attention to safety and health hazards. The components of these requirements address
safety procedures for onsite workers, personnel training and development, and site and information
security. These themes not only protect the individuals working on the site, they help to maintain safe
and secure operations of the asset and provide a foundation for proper operations and maintenance of
the facility. The project design team shall initiate the Project Safety Plan and transfer the document to
the construction team to inform construction phase implementation of these project features.

Refer to Appendix A for additional details on Project Safety Plan requirements, which shall be
coordinated and in alignment with the safety certification process outlined in Section 1.3.

Pandemic-related Considerations

The project team will incorporate appropriate design features in response to COVID-19 and other
similar potential occurrences. Decisions shall be made by following the most current guidelines and
requirements from appropriate authorities, including the Massachusetts Governor’s office and the
Centers for Design Control, and coordinated with the MBTA. The following sources (and any future
editions) shall be consulted for discipline-specific considerations as appropriate:

e AlA. 2020. COVID-19 Resources for Architects.

e American Society of Heating, Refrigerating and Air Conditioning Engineers (ASHRAE). 2020.
Coronavirus (COVID-19) Response Resources from ASHRAE and Others.

2.4.3.7 Materials and Resources Performance

All projects shall develop a Material and Product Plan to identify and determine qualifying components
for inclusion in final full design specifications and project drawings. The Material and Product Plan shall
be initiated by the S+R Admin and finalized in collaboration with the full design team. It shall then be
communicated to the S+R Coordinator and construction team, the party responsible for final
implementation via informed procurement. Designers shall communicate these requirements as well as
requirements to track material and product data to project contractors via contract documents.

The Material and Product Plan shall contain at a minimum a list of all materials in the project, organized
by Construction Specifications Institute division format, and identifying performance values and
compliance with each sustainability target. Refer to the Living Building Challenge Materials Tracking
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Table available at http://living-future.org for an example (International Living Future Institute 2020).
These targets include, but are not limited to, the following:

e Recycled Materials — reduce demand for virgin materials through the use of recycled, renewable
and reused materials

e Salvaged Materials — One material per 5,000 GSF of project area

e Material Content, Transparency, Sourcing and Reuse Potential — 50 percent by cost which meet
requirements of one or more of the listed categories

e Red List Compliant — Materials compliant with the Living Building Challenge Red List of chemical
components, for 70 percent or more of all materials by cost

e Low Emitting Materials
e Embodied Carbon — Cross referenced embodied carbon materials and Carbon Reduction Plan

Refer to Appendix A for additional details of the Material and Product Plan requirements.
2.4.3.8 Indoor Environmental Quality Performance

Indoor Air Quality Performance

Requirements contributing to indoor air quality are addressed primarily in Sections 3.2, Architectural,
and 3.4, Mechanical, (with associated Envision and LEED credit references) and include responsible
material and product selection, minimum and enhanced indoor air quality strategies, increased filtration,
and microbe and mold control. Refer to Appendix A for detailed requirements of indoor air quality
monitoring and devices.

Flexible Design of Buildings

Adaptability to future building use conditions is described in the MBTA Focus40 plan as the Scenario
Planning Framework. Flexible design is a priority in operational facilities, as priorities can shift and
require different functionalities. Having flexible major building elements increases project space
flexibility, ease of adaptive functional building use, and recycling of building materials while considering
differential durability and premature obsolescence over building design life and individual component
service lives.

All projects shall produce a project-specific Flexible Building Study in early design phases, prior to the
completion of concept development. The Flexible Building Study shall explore design strategies that
could be used to ensure longevity of the building past initial intended use and occupancy type.

Contents of the Flexible Building Study will vary based on main areas included in the facility design.
Some projects may have fewer opportunities; such circumstances shall be included in the Flexible
Building Study to explain why a particular project may have had project-specific constraints and could
not adequately address flexibility and adaptation.

The design team shall ensure, via coordination between the S+R Admin and that of the construction
team, that performance is tracked through construction to confirm that the reuse and flexibility
requirements specified in the project documents are implemented in their entirety. Design team
members shall contribute to the documentation; the S+R Admin is responsible for guiding the process.

The following compiled documentation shall be provided to the S+R Admin for inclusion in the SRMP
and MBTA PM in accordance with the above requirements:

e A narrative indicating which strategies will be implemented in the project, and justification of why
remaining strategies were not employed
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e Site drawings, floor plans, and sections identifying flexibility strategies, as applicable

e Cutsheets and product information showing compliance with flexibility strategies, as applicable
Refer to Envision Sustainable Infrastructure Framework (v3), LD2.1 Plan for End of Life ; LEED BD+C
v4/4.1, Innovation Catalog, Innovation — Design for Flexibility (USGBC 2020a).

Vertical Circulation Performance Requirements

Stair climbing is classified as moderate-to-vigorous physical activity and can enhance the health and
fithess of building occupants. By creating aesthetically designed staircases and hallways, and
encouraging stair use when available, MBTA facilities can encourage occupants to accrue bouts of
health-enhancing physical activity throughout the day. To promote design that enables occupants’ daily
physical activity and movement through the design of the circulation in a facility, the design team shall
consider strategies addressing both accessibility and aesthetics.

For All Spaces

Implement point-of-decision signage that encourages stair use at each of the following locations within
the project boundary (minimum of one sign per location):

e Elevator banks or other modes of motorized vertical circulation (such as escalators)

e Base of stairs/stairwells and re-entry points at each floor

e Junctions in corridors that lead to either a stairwell open to regular building occupants or an elevator
bank (or other modes of motorized vertical circulation)

Stairways

Primary staircases in multilevel buildings shall be located physically and/or visibly before any motorized
vertical circulation (that is, an elevator), as measured from the main point of entry to the project or
building. The primary stair shall be visible from the main corridor by either:

e Providing transparent glazing of at least 10 square feet at all stair doors or at a side light
e Providing magnetic door holds on all doors leading to the stairs
e Providing unenclosed stairs

At least one stairway or other active path between floors (such as a ramp) shall be accessible to all
regular building occupants, service all floors of the building, and be aesthetically designed through the
inclusion of at least two of the following per floor:

e Artwork

e Light levels of at least 215 lux (20 foot-candles [fc]) when in use

e Views of an interior atrium, courtyard or daylight via windows or skylights

e Natural design elements (for example, plants, water features, images of nature)

Provide a summary of the circulation measures implemented and submit in final electronic format to the
Sustainability and Resilience Administrator for inclusion in the SRMP, and MBTA PM as part of the
design closeout phase. Design team members shall contribute to the documentation; the S+R Admin is
responsible for guiding the process.

Refer to LEED BD+C v4/4.1, Innovation Catalog, Innovation: Design for Active Occupants (USGBC
2020Db).
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Quality Lighting Design

Requirements contributing to optimal electric lighting design are individually addressed primarily in
Section 3.5, Electrical (with associated Envision and LEED credit references) and include occupancy,
daylighting, brightness, and glare controls; color rendering quality; and controllability.

Daylight and Views

Access to appropriate levels of natural daylight and views to the outside world in indoor environments
can be achieved through building design and space layout. Windows, atriums, and skylights are design
features that can be used to increase daylight in a space. The interior layout of the space also has an
impact on the daylight exposure received by users; for example, conference rooms can be added to the
center of the floor plate so that regularly occupied spaces in the main area have daylight exposure.
Lighting strategies using electric lighting can be used to achieve required light exposure. Sensors are
recommended to dim artificial lighting when sufficient daylight is available.

Design teams shall also consider occupants’ views to the outside world when selecting interior partition
types, doors, furniture, and other potentially obstructing space components that may not affect
daylighting levels in the same manner.

Design team members shall contribute to the documentation; the S+R Admin is responsible for guiding
the process.

See Appendix A for detailed daylight and views requirements.
2.4.3.9 Interior and Exterior Quality of Life

Accessible, Inclusive, and Universal Design

Universal Design recognizes and encourages assets inclusive for all users regardless of age, size, or
ability to use an asset. It addresses multiple aspects of a built space, including infrastructure, signage,
and technologies, and seeks to enhance the opportunity for all individuals to exist independently and
comfortably in a space. Due to variations in legislation and design practices for accessibility, usability,
and inclusivity, the project criterion herein does not stipulate extensive, specific design requirements,
dimensions, or number of each type of feature within the asset. However, this criterion lists strategies
that design teams shall consider for integration in order to constitute a reasonable level of provision and
design of features for the type, size, and number of users of any particular asset.

Design team members shall contribute to the documentation; the S+R Admin is responsible for guiding
the process.

Refer to Appendix A for details of associated design requirements.

Acoustic Comfort

The project team shall produce an Acoustics Implementation Plan that is submitted in electronic format
to the S+R Admin for inclusion in the SRMP and to the MBTA PM as part of design closeout.
Performance criteria and documentation for indoor, occupied spaces shall be based on LEED v4.1 IEQ
Credit for Acoustic Performance. Performance criteria and documentation for outdoor spaces and
indoor spaces occupied for less than 1 hour per workday shall be based on Envision Sustainable
Infrastructure Framework (v3), QL 1.4 Minimize Noise and Vibration.

Impact Noise Mitigation

Sound can transmit between rooms as structure-borne impact noise and is especially prevalent at
maintenance facilities. Impact noise travels through structures (e.g., walls, floors, columns, piping) as
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vibrations that are then radiated as airborne noise. Buildings constructed with resilient, composite floor-
ceiling construction (e.g., thick concrete slab, suspended ceiling, floor with underlayment) generally
exhibit lower degrees of impact noise radiation. Increasing acoustical separation between floors can
foster better environments for focus and productivity and help maintain consistent, comfortable
background noise levels in rooms.

To address this concern in the non-maintenance, regularly occupied project areas, the floor-ceiling
construction in the spaces shall meet the minimum Impact Insulation Class ratings with materials tested
in accordance with ASTM E492-09, ISO 717.2 or equivalent, unless other project criteria dictate
specific treatment (see Table 2.4-1).

Table 2.4-1. Impact Insulation Class Requirements
Location of Applicable Minimum Impact
Space Type Floor-Ceiling Assembly Insulation Class Rating

Quiet zones (except areas for concentration) Above 55
Enclosed Areas for Concentration and Conferencing Above 50
Open Areas for Concentration Above 45

Refer to LEED Pilot Credit, Enhanced acoustical performance - exterior noise control for additional
design considerations (USGBC 2020c).

Design team members shall contribute to the documentation; the S+R Admin is responsible for guiding
the process.

The general resilience project requirements are structured as follows:
e Section 2.4.4.1: Resilience framework for bus maintenance facility design

e Section 2.4.4.2: Identified disruptors (natural hazards) that can impact physical assets and
infrastructure, operational capacity, public health and safety, financial stability, and environmental
guality and affect the ability for bus maintenance facilities to maintain critical functionality

e Section 2.4.4.3: Overall resilience performance goals to protect assets/infrastructure and minimize
disruption under specific conditions or thresholds

e Section 2.4.4.4: Framework for designers to evaluate operational capacity to meet performance
goals and establish acceptable downtime with MBTA stakeholders

e Section 2.4.4.5: Sample resilience adaptation strategies that designers can incorporate into both
physical design and operational considerations to meet performance goals

Refer to Envision Sustainable Infrastructure Framework (v3), CR2.2 Assess Climate Change
Vulnerability; CR2.3 Evaluate Risk & Resilience; CR2.4 Establish Resilience Goals and Strategies; and
CR2.5 Maximize Resilience.

2441 Resilience Framework

The resilience framework for MBTA bus maintenance facilities design focuses on strengthening and
maintaining critical functionality today and in the future by utilizing physical strategies and operational
processes. An existing system (non-resilient) and a resilient system will function differently before and
after being affected by a disruptor, such as a natural hazard or pandemic. Refer to Section 2.4.4.2 for
descriptions of disruptors. A resilient system will maintain critical functionality, have a reduced recovery
time during and after the disruption, and/or have the ability to adapt and improve over time. In contrast,
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a non-resilient system is at risk of reduced functionality and lengthy disruption as a result of prolonged
system downtime and recovery.

®
®
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Non-Resilient System

Operational Processes

@ Prep

() Respond

@ Recover System
downtime

@ Reassess

@) worito '
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Figure 2.4-3. Resilient Framework—System Ability to Maintain Critical Functions/Minimize Disruption

As in Figure 2.4-3, a resilient system is adapted so that it has a higher ability to maintain critical
functionality before, during, and after disruptions (natural hazard, pandemic, etc.). The performance
goals and specific conditions under which critical functions will be maintained are defined in

Section 2.4.4.3, Resilience Performance Requirements and Goals, for each disruptor. If the design
threshold to a disruptor is exceeded, a resilient system will still manage the effects from the disruptor
such that downtime is minimized with a quick recovery. This is discussed further in Section 2.4.4.4,
Identifying Acceptable Downtime & Operational Capacity, and Section 2.4.4.5, Resilience Adaptation
Strategies.

Adapting to a resilient system is often accomplished during design of the asset, but designers shall also
consider the resulting operational processes that affect the ability to maintain critical functionality as
part of design decisions:

e Prepare the system for different disruptors and disruption scenarios

e Respond to the disruptor to minimize damages and system downtime

e Recover assets/infrastructure to pre-disruptor functionality

e Reassess performance and identify areas for improvement post disruption
e Monitor operational capacity and update processes as needed.

A resilient system will also consider how the design may adapt to future conditions incrementally over
time. Physical adaptation strategies and operational processes can provide an incremental
improvement over the original design, to help manage the uncertainty associated with future disruptors
and conditions.
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“Design Beyond Site” or “Interdependency”

Bus maintenance facilities operate within a wider system of bus routes, transportation corridors, the
public realm, and service provision for all users, particularly vulnerable populations?® as they are often
most reliant on bus service. The critical functionality of a bus maintenance facility as a single asset is
important on its own, but more so, due to its interdependency on the transportation system. Because
the critical functionality of a single asset depends on and influences other aspects of the system, it also
impacts services to passengers and employees across multiple municipalities and regions. A resilient
system recognizes design and operational considerations and context beyond the site and emphasizes
how a single asset interacts with the system. It provides tools to limit disruption to maintenance
facilities, the broader system, and ultimately, to the users it serves.

2.4.4.2 Resilience Disruptors

Bus maintenance facilities are vulnerable to natural hazards and other disruptors, such as manmade
disasters and diseases outbreaks/pandemics. Many natural hazards are predicted to intensify and
occur more frequently with climate change. As bus maintenance facilities are anticipated to function for
decades, climate change considerations will be incorporated into design. Natural and climate hazards
can be divided into four main categories with several types of extreme weather events falling into each.
Likewise, preparation for the possible occurrence of future disease outbreaks and pandemics can be
folded into design and operational plans by considering different types of transmission pathways and
reducing possible exposure. Before or during design, several datasets may be useful to gather and
inform the design alternatives.

The Massachusetts State Hazard Mitigation and Climate Adaptation Plan (SHMCAP) is the main
source for the Historic Frequency and Increased Exposure Areas columns in Table 2.4-2 below.
Although the information provided is for statewide occurrences, they are also relevant to MBTA service
areas. The historic frequency of a disruptor at a particular site may be higher or lower based on the
geographic location. Some of the Increased Exposure Areas listed may specifically overlap with the
MBTA bus service areas, but since resilience requires a regional approach, areas with increased
exposure outside of the bus service areas have been also included. A regional resilience consideration
could be the need to use buses as a commuter rail backup and the commuter rail extends beyond the
regular bus service area. For more information on the historic frequency, statewide impacts, regional
climate change trends, and other data related to natural hazards, please refer to The Massachusetts
Climate Change Clearinghouse (resilient MA) (resilientma.org 2020).

Natural hazards and disease outbreaks can impact physical assets and infrastructure, operational
capacity, public health and safety, financial stability, and environmental quality. At times, the impacts
are interlinked and cumulative. For example, equipment damage to physical assets may cause
operational capacity disruptions. Under each Impact Category in Table 2.4-3, there are example risks
and corresponding considerations that will be addressed in the facility design.

3 The SHMCAP (2018) states that a range of factors can result in the increased vulnerability of certain populations. Individuals who have less
physical and socioeconomic resiliency due to factors such as age, mobility, access to transportation, income level, race, or health status are
more vulnerable to the impacts of natural hazards and climate change. Vulnerable populations include Environmental Justice populations,
which include communities that have an annual median household income that is equal to or less than 65 percent of the statewide median
($62,072 in 2010); or 25 percent or more of the residents identify as a race other than white; or 25 percent or more of households have no one
over the age of 14 who speaks English only, or very well.
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Table 2.4-2. Resilience Disruptors — Historic and Future Trends

Categories and Regional Climate
Icon Subtypes Historic Frequency Estimates—Statewide? Change Trends? Increased Exposure Data Source

Extreme Storms
= Snowstorms
= |ce storms

= Tornado

= Nor'easter

= Wind

= Hurricane

Coastal Flooding
= Sea-level rise
= Coastal surge

Extreme Precipitation
= Riverine flooding

= Stormwater

= Urban flooding

Extreme Temperatures

= Heat waves/days
over 90°F

= Polar vortex/cold
snaps/days under
32°F

Disease/Pandemic®

€ - KNI

Notes:

63 tropical storms/ hurricanes between 1842-2016
1 disaster declaration from severe storm every 9
years

1-2 tornadoes per year

44 high wind events per year on average from 2008-
2017

20-30 thunderstorm days per year

Nor’easters occur annually

1 high-impact snowstorm per year

1 day of coastal flooding per year on average from
1950-2017

State experienced a disaster declaration flood event
once every three years based on events from 1954-
2017

Stormwater flooding frequency is site-specific and may
correspond to impervious cover or undersized/
outdated infrastructure

1.5 extreme cold events (-15°F for at least 3 hours)
and 2 extreme heat events (3 days over 90°F)
annually per year on average in the last two decades

Zoonotic/ vector transmission
Airborne transmission

Direct contact transmission
Contamination

Increased intensity
and severity

4.3 ft. of sea-level rise
by 2070°¢

Increase in extreme
precipitation events
Increase in high
intensity, short
duration rainfall
events

Increase in days
above 90°F annually
Fewer days below
32°F, but still at risk
for polar vortex

Undocumented at this
time

Coastal storms: East-
facing coastal areas
Snow: Boston has
experienced significant
snowfall (e.g., 2015)

Coastal areas

Climate Ready Boston
Map Explorer? — view High
Tide and Coastal Flood
Risk Maps

FEMA Flood Zones
Areas with high amounts
of impervious cover or
undersized drainage
Climate Ready Boston
Map Explorer® — view
Stormwater Flooding
Urban heat islands
Climate Ready Boston
Map Explorerd — view
Heat

Confined areas
High contact surfaces

SHMCAP Maps

Local Hazard Mitigation
Plans

National Oceanic and
Atmospheric Administration
(NOAA) Storm Center
Database®

Federal Emergency
Management Agency
(FEMA) Flood Insurance
Rate Map FIRMs

MC-FRM°®

FEMA FIRMs

NOAA Atlas 14 precipitation
data

Localized Constructed
Analogs

NOAA National Climatic
Data Center
Multivariate Adaptive
Constructed Analogs

Center for Disease Control

2 Resilient MA, Massachusetts Climate Change Clearinghouse. 2018. Massachusetts State Hazard Mitigation & Climate Adaptation Plan. September. http://www.resilientma.org/shmcap-portal/index.html#/full-plan.
5 NOAA. Storm Events Database. https://www.ncdc.noaa.gov/stormevents/.

¢Massachusetts Coast Flood Risk Model (MC-FRM)
d Climate Ready Boston Map Explorer. 2020. http://boston.maps.arcgis.com.

¢ Information not provided in SHMCAP.
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Table 2.4-3. Resilience Disruptors — Physical and Operational Considerations

Assets and Infrastructure Threats

Example Risks

Equipment
Damage

Loss of Power
Supply

Accelerated
Deterioration of
Assets

Public Health and

Operational Capacity Threats

Safety Threats

Reduced
Workforce
Capacity

Service
Discontinuity

Communication
Breakdown

Employee
Safety
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Example Consequences from Impacts

Critical assets’ condition, location, power source, and
elevation

Critical component replacements and storage locations
Typical/average energy demand

Peak energy demand

Critical asset energy usage

Energy transmission points

Backup power supply options (generators, fuel sources,
uninterruptable power supply, batteries, etc.)

Equipment prone to overheating

Possible structural damages from exceeded loads
Corrosion of critical assets

Trained staff availability and capacity to reach site

Preparation time and available resources (deploy flood
barriers, move buses from parking lot, etc.)

Response time and resources (bring in supplies/
batteries as needed, de-ice, snow removal, additional
cleaning)

Recovery time and resources (decontaminate, fix
damages)

Backup service plans (use other maintenance facilities,
operate at reduced capacity)

Additional capacity to support other facilities that are
offline

Manual backup plans for critical functions during loss of
power

Snow removal site/plan

Supplies to charge extra batteries or more frequently
charge batteries during peak demand or during periods
of reduced battery life

Backup communications and controls

Languages spoken
Material choice (easy to clean)

Sanitizer placement

Ventilation systems with fresh air, filtration,
ultraviolet disinfection, etc.

Contactless options
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Table 2.4-3. Resilience Disruptors — Physical and Operational Considerations

Disruptors

Impact Example Risks Example Consequences from Impacts

= MBTA employee data and emergency contact
information

= Emergency response access
= Evacuation routes out of facility
= Storm shelter room

= Shelter in place preparation

= Backup service
. = Nearby bikeshare locations
Mobility . S
= Options for people with disabilities
= Existing bike/ped options
Maintenance = Increased maintenance as a result of more frequent
Costs disruptors
= Increased cleaning costs
Operating Costs | = Overtime hours
= Utility cost spikes

= |ncreased Insurance costs

Financial Threats

Emergency

Costs = Repair costs

= Reduced revenue

= Hazardous material storage locations
Contamination = Impacted building materials
Impacted groundwater/vapor intrusion

nvironmental
Threats
| |

E

Site drainage/soil types
Water Quality 9 yp

Standing water potential

2.4.4.3 Resilience Performance Requirements and Goals

The MBTA has faced disruptors in the recent past, including extreme snowfall in 2015, coastal flooding
from nor’easters in 2018, and the COVID-19 pandemic in 2020. These events caused damages and
downtimes for MBTA services, and future bus maintenance facilities shall be designed to be prepared
for similar and future events based on climate change trends.

New bus maintenance facilities will be built to current codes and in general are anticipated to function
during current extreme weather with minimal damage to the facilities, or minimal disruption to
operations fully sheltered inside the buildings, even when conditions outside the buildings are unsafe
for staff. The resilience performance requirements are intended to assist designers in creating a
resilient facility with little to no disruption to its critical functionality and that is able to quickly recover
under future climate conditions. The ability to function under future climate conditions may not be
covered under the current codes and going beyond code is expected. In Massachusetts, the Resilient
MA Action Team (RMAT) has provided Statewide Climate Resilient Design Standards and Guidelines
for designing physical assets. The MBTA is a member of RMAT and was a key stakeholder in
developing these statewide recommendations. The S+R Admin shall refer to the most recent version of
those standards and guidelines by visiting http://www.resilientma.org and compare the recommended
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standards to those that are provided in this section, as the RMAT Statewide Climate Resilience Design
Standards and Guidelines may be updated over time.

Critical functionality assumes the following overall performance goals are met and may vary based on
site-specific needs for structural, electrical, mechanical, plumbing, fire safety, civil/landscaping, and
architectural design features:

e A safe workplace (no employee injuries, serious illnesses, and/or deaths)
e A well-informed, trained workforce available to maintain critical functionality

e Minimum building systems stay operational to maintain critical functionality and Building Automation
System can function without staff intervention where possible

e Clear, transparent communication to other MBTA facilities and public (as needed)

The specifics surrounding the minimum trained workforces and building systems needed to maintain
critical functionality shall be established during the design process with input from key MBTA
stakeholders. Defining the critical assets and functionality, as well as performance goals and
requirements, may follow a similar process as outlined in Section 2.4.4.4, Identifying Acceptable
Downtime & Operational Capacity, and shall be documented in the SRMP (see Appendix A). Critical
assets and infrastructure are features of the facility necessary to function to support these performance
goals, as well as any additional assets and/or infrastructure identified by the design team and MBTA.
These may vary based on the site and design features.

The resilience performance requirements are structured around two thresholds for maintaining critical
functionality based on the framework in Section 2.4.4.1, Resilience Framework. The specific conditions
for each threshold are organized by disruptors as identified in Section 2.4.4.2, Resilience Disruptors.

1. The primary threshold is the condition under which critical assets/infrastructure will be designed so
that there are minimal or no damages to the asset and critical functionality is maintained with little to
no disruption. The primary thresholds are generally based on the standards recommended in RMAT
Statewide Climate Resilience Design Standards and Guidelines. Please refer to Appendix A for
additional information related to the RMAT Statewide Climate Resilience Design Standards and
Guidelines, including information related to the webtool for the preliminary climate risk screening
output and standard methodologies to calculate the identified design criteria (e.g., future design
flood elevations, rainfall depths) that are recommended in this section.

2. The secondary threshold assumes the primary threshold has been exceeded. It is intended to
minimize system downtime with limited damages and quick recovery time. Recommended
secondary thresholds are provided in these guidelines below by disruptor. The acceptable
downtime durations and level of critical functionality affected may vary based on the site and role of
the facility in the larger MBTA system. The acceptable downtime durations and level of critical
functionality will be established as part of the design process with input from key MBTA
stakeholders following the guidance in Section 2.4.4, General Resilience Requirements. Designers
will also need to follow guidance from the MBTA Risk Council and any other guidance specific to a
particular facility as provided from the MBTA.

These performance goals and thresholds do not supersede environmental regulations or
Massachusetts State Building Codes; where regulations are applicable, the more stringent criteria will
govern design. The primary and secondary threshold design values shall be documented in the SRMP
(see Appendix A).
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Extreme Storms

Critical assets and infrastructure will be designed so that they are not damaged and remain functional
before, during, and after extreme storm events, including snowstorms, ice storms, nor’easters,
hurricanes and extreme wind. The Massachusetts SHMCAP provides information on these hazards,
some of which are included in the disruptors Section 2.4.4.2, Resilience Disruptors. These extreme
storms are predicted to intensify and occur more frequently with climate change. As bus maintenance
facilities are anticipated to function for decades, the design of critical assets and infrastructure shall
consider the intensity and frequency of these events today, as well as throughout their projected
service life. The RMAT Statewide Climate Resilience Design Standards and Guidelines do not currently
provide recommendations for designing for future extreme storms (such as wind or snow), but there are
several existing resources that are referenced for the performance thresholds outlined in this section.
The most recent editions will be used when available of the following:

e Code Amendments for Sustainability: Modifications to the International Building Code, 2012 Edition,
CAS-B12 (Szoke and Skalko 2015). This resource provides recommended increases in importance
factors for wind and snow loads to enhance resilience of structures.

e Massachusetts SHMCAP (Resilient MA 2018). This resource provides descriptions of damages
from snow and hurricanes that were used to identify thresholds for maintaining critical functionality.

- Referenced in the SHMCAP is the NOAA-produced Regional Snowfall Index. The Regional
Snowfall Index includes scaled categories for the severity of snowstorm impacts, which also
corresponded to snowfall thresholds. The thresholds for snowfall based on magnitude of
snowstorm impact were used in these design guidelines as a basis for resilience performance
requirements.

- Referenced in the SHMCAP are general assessments of damage and risk to public
infrastructure due to hurricanes. The damage thresholds for hurricane categories were used in
these design guidelines as a basis for resilience performance requirements.

Snow, Ice Storms, and Nor’easters

The following performance thresholds will be met in the design of critical assets and infrastructure and
operations and maintenance planning with respect to snow/ice storm events and nor’easters.

e Primary Threshold: Design critical assets/infrastructure to prevent damages and disruption in
critical functionality under the following conditions:

- Increase design snow and ice loads using the importance factor as outlined in Table 2.4-4 by
ASCE 7 Risk Category

Table 2.4-4. Snow and Ice Importance Factors (CAS-B12, 2015)

REICE 1 RUElT CEEge Importirqg(\:lFactor Importalncfe Factor
I 0.95 0.95
Il 1.20 1.20
] 1.25 1.40
v 1.30 1.40

- b5inches or less of snowfall within a 24-hour period and/or a commercial power outage lasting
the duration of backup generation fuel supply and/or battery systems.
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e Secondary Threshold: Design critical assets/infrastructure so that critical functionality is restored
within a specific amount of downtime as determined through the process on how to establish
disruption times as presented in Section 2.4.4.5, Resilience Adaptation Strategies.

- 10 inches of snowfall within a 24-hour period
- 30 inches of snowfall within a 72-hour period

Extreme Wind and Hurricanes

The following performance thresholds will be met in the design of critical assets and infrastructure and
operations and maintenance planning with respect to extreme wind and hurricanes. Refer to extreme
precipitation for rainfall depths.

e Primary Threshold: Design critical assets/infrastructure to prevent damages and disruption in
critical functionality during Category 3 hurricane wind speeds.

e Secondary Threshold: Design critical assets/infrastructure so that critical functionality is restored
within a specific amount of downtime (disruption time) as determined in Section 2.4.4.5, Resilience
Adaptation Strategies, under Category 4 Hurricane wind speeds.

Coastal Flooding

Critical assets and infrastructure will be designed so that they remain functional before, during, and
after coastal flooding events. Coastal flooding is predicted to intensify and occur more frequently with
climate change. As bus maintenance facilities are anticipated to function for decades, the design of
critical assets and infrastructure shall consider the intensity and frequency of these events today as well
as throughout their service life.

If the site is exposed to coastal flooding based on the RMAT Statewide Climate Resilience Design
Standards and Guidelines preliminary climate risk screening output, the following performance
thresholds apply in the design of critical assets and infrastructure and operations and maintenance
planning:

e Primary Threshold: Design critical assets/infrastructure to prevent damages and disruption in
critical functionality under the following conditions:

- Current and future (2070 planning horizon) design flood elevation and duration for a 1 percent
annual exceedance probability coastal flood with at least 2 ft. of freeboard

e Secondary Threshold: Design critical assets/infrastructure so that critical functionality is restored
within a specific amount of time (disruption time) as determined in Section 2.4.4.4, Identifying
Acceptable Downtime & Operational Capacity, under the following conditions:

- Current and future (2070 planning horizon) design flood elevation and duration for a 0.2 percent
annual exceedance probability coastal flood

e If wave heights are recommended based on the RMAT Statewide Climate Resilience Design
Standards and Guidelines climate standards output, the design flood elevation will include the
estimated wave heights, and critical assets will consider current and future wave loads in design.

e If scour and erosion are recommended based on the RMAT Statewide Climate Resilience Design
Standards and Guidelines climate standards output, critical assets will consider current and future
flood velocities in design.
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Extreme Precipitation

Critical assets and infrastructure will be designed so that they remain functional before, during, and
after extreme precipitation events. Extreme precipitation events are projected to intensify and occur
more frequently with climate change, which may result in both stormwater/urban and riverine flooding,
depending on the location. As bus maintenance facilities are anticipated to function for decades, the
design of critical assets and infrastructure shall consider the intensity and frequency of these events
today, as well as throughout their service life.

Stormwater Flooding

The following performance thresholds will be met in the design of critical assets and infrastructure and
operations and maintenance planning:

e Primary Threshold: Design critical assets/infrastructure to prevent damages and disruption in
critical functionality under the following conditions:

- Current and future (2070 planning horizon) 24-hour rainfall depth and peak intensity for a
25-year (4 percent annual exceedance probability) design storm.

e Secondary Threshold: Design critical assets/infrastructure so that critical functionality is restored
within a specific amount of time (disruption time) as determined in Section 2.4.4.4, Identifying
Acceptable Downtime & Operational Capacity, under the following conditions:

- Current and future (2070 planning horizon) 24-hour rainfall depth and peak intensity for a
100-year (1 percent annual exceedance probability) design storm.

Riverine Flooding

If the site is exposed to riverine flooding based on the RMAT Statewide Climate Resilience Design
Standards and Guidelines preliminary climate risk screening output, the following performance
thresholds apply in the design of critical assets and infrastructure and operations and maintenance:

e Primary Threshold: Design critical assets/infrastructure to prevent damages and disruption in
critical functionality under the following conditions:

- Current and future (2070 planning horizon) peak flood elevation and duration for a 1 percent
annual exceedance probability riverine flood with at least 2 ft. of freeboard

e Secondary Threshold: Design critical assets/infrastructure so that critical functionality is restored
within a specific amount of time (disruption time) as determined in Section 2.4.4.4, ldentifying
Acceptable Downtime & Operational Capacity, under the following conditions:

- Current and future (2070 planning horizon) peak flood elevation and duration for a 0.2 percent
annual exceedance probability riverine flood

e If scour and erosion are recommended based on the RMAT Statewide Climate Resilience Design
Standards and Guidelines standards output, critical assets will consider current and future riverine
flood velocities in design.

Extreme Temperatures

Critical assets and infrastructure will be designed so that they remain functional before, during, and
after extreme temperature events, both heat and cold induced. Temperatures, including days over
90 degrees Fahrenheit (°F), are predicted to increase with climate change, but bus maintenance
facilities will still be subjected to cold snaps due to the polar vortex in the future. As bus maintenance
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facilities are anticipated to function for decades, the design of critical assets and infrastructure shall
consider the intensity and frequency of these events today as well as throughout their service life.
Extreme temperatures also affect employee and ridership health and safety, so the conditions shall also
consider occupancy and environment. It is likely that the extreme temperature coincides with demand
response request from the electrical power utility. Demand response will require either a temporary
reduction in facility electrical consumption or use of onsite backup power supply.

The following performance thresholds will be met in the design of critical assets and infrastructure,
areas that are occupied by employees, and operations and maintenance planning:

e Primary Threshold: Design critical assets/infrastructure to prevent damages and disruption in
critical functionality, during a demand response event, under the following conditions:

- Current and future (2070 planning horizon) heatwave annual frequency and average duration.
- Current and future (2070 planning horizon) cooling degree days and heating degree days.

- Current and future (2070 planning horizon) days over 90°F, 95°F, and 100°F.

- Current and future (2070 planning horizon) days below 32°F.

e Secondary Threshold: Design critical assets/infrastructure so that critical functionality is restored
within a specific amount of time (disruption time) as determined in Section 2.4.4.4, ldentifying
Acceptable Downtime & Operational Capacity, under the following conditions:

- Current and future (2070 planning horizon) events that exceed the primary thresholds listed
above for days over 90°F, 95°F, and 100°F and days below 32°F by up to 10 percent.

- Current and future (2070 planning horizon) cooling degree days and heating degree days that
exceed the primary thresholds listed above by up to 10 percent.

Diseases/Pandemic

Critical assets and infrastructure will be designed to remain functional before, during, and after
pandemics, such as the COVID-19 virus. Globally, public health risks are expected to increase with
climate change.

Please refer to the current and future orders from the Governor’s Office and recommendations from the
Center for Disease Control for acceptable performance requirements under pandemic conditions, as
well as different phases.

Cumulative Disruptions

When one or more disruptors occur simultaneously or consecutively, the consequences may be greater
and the ability to adapt, respond and recover may be more difficult. The ability to maintain critical
functionality and to recover may be hindered if multiple disruptions occur simultaneously or consecutively.
The design of the facility will consider the ability of the system to maintain critical functionality under the
following conditions:

e Two or more disruptors’ primary thresholds have been met either simultaneously or consecutively.
For example: Snowfall exceeding five inches in 24 hours followed by extreme rainfall resulting from
the 25-year 24-hour design storm depth, or ongoing pandemic/disease risks during a natural hazard
event.

e Adisruptor’s primary threshold condition is met or exceeded over a series of smaller events.
For example, snowfall of four inches in 24 hours for several days.
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e The design team will confer with stakeholders on setting acceptable downtimes and developing
plans for cumulative disruptor events that exceed primary thresholds. Please refer to
Section 2.4.4.4, ldentifying Acceptable Downtime & Operational Capacity, for guidance.

2.4.4.4 Identifying Acceptable Downtime & Operational Capacity

Operational capacity is defined herein as the availability of workforce and equipment to maintain critical
functionality, operate systems, and prepare, respond, and recover from disruptors. Operational capacity
is key in establishing acceptable downtime due to a disruptor and creating a plan to effectively mitigate
consequences associated with that downtime. The MBTA has several existing resources on operational
capacity that shall be referenced, such as any guidance provided by the MBTA Risk Council (pending
release scheduled after the release of these guidelines). Designers shall utilize the most recent versions
of these plans, as they may have been updated since the publication of this document and confer with
the MBTA on any other guidance specific to a particular facility.

e The MBTA Snow and Ice Operations Plan (2019-2020) was developed by the MBTA to prepare for,
respond to, and recover from winter weather and storms. This plan ties together the policies,
resources, and practices of all MBTA departments and packages them into a functional reference
used to implement snow and ice related activities. By planning and implementing an organized,
detailed, and flexible approach to snow and ice operations, the MBTA aims to mitigate, and where
possible eliminate, winter weather service and safety impacts to customers and employees.

e The purpose of the MBTA Severe Weather Operations Plan (SWOP) (2020) is to provide
information, resources, and references that will enable the MBTA to effectively prepare for a
hurricane or similar severe weather event. This includes MBTA operational department
preparedness, response, and recovery activities.

e The purpose of the COVID-19 Pandemic Operational Guidance for the 2020 Hurricane Season
(FEMA 2020) is to describe the anticipated challenges to disaster operations posed by COVID-19
and the planning considerations in light of these challenges.

Following review of these existing documents, designers shall undertake the following steps to identify
acceptable downtime and operational capacity to inform selection of design strategies to meet the
performance goals under the secondary threshold conditions:

1. Identify Key Stakeholders: This may include MBTA staff from operations and control center, bus
maintenance, bus operations, security & emergency management, environment and energy,
engineering, and other departments, as necessary. This may also include private, local, and
regional partners that support emergency preparedness, response, and/or recovery efforts.

2. ldentify existing operational capacity: Designers will identify the existing available workforce and
equipment necessary to maintain critical functionality under fair-weather conditions, as well as the
primary and secondary threshold conditions defined within Section 2.4.4.3, Resilience Performance
Requirements and Goals. This information will be assembled and documented for MBTA review,
and will likely include but is not limited to the following types of questions:

a. Workforce: What is the minimum workforce needed to maintain critical systems at the bus
maintenance facility? What is the potential risk to the workforce from the disruptors? What type
of training is necessary to maintain critical systems? What is the availability of the trained
workforce under both fair-weather and disruptor conditions?

b. Equipment: What is the minimum equipment needed to maintain and operate critical systems?
What is the potential risk to equipment from the disruptors? What backup equipment is available
to maintain and operate critical systems if the equipment is damaged/inoperable? What is the
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availability and capacity of the backup equipment? How soon can the backup equipment be
deployed?

c. Communications: What are the proposed communication systems necessary to maintain and
operate critical systems? What is the potential risk to communications from disruptors? What
backup communications are available in the event of an emergency?

d. Plans: What are the existing plans for emergency preparedness and response? How do the
plans relate to the proposed design of the bus maintenance facility and disruptors? Do other
facilities rely on the bus maintenance facility in the event of an emergency? Does the bus
maintenance facility rely on other facilities in the event of an emergency?

3. ldentify the consequences associated with disruption of critical functionality: Designers will
work with key stakeholders to identify the range of consequences associated with disruption of
critical functionality for the bus maintenance facility. Refer to Table 2.4-3 for example
consequences. Designers will identify the maximum acceptable downtime based on these
consequences and associated disruptors.

4. Establish acceptable downtime conditions for disruptors: Following review of operational
capacity considerations, designers will propose acceptable downtime conditions for disruptors for
MBTA review and acceptance. Designers will then continue to identify design strategies as outlined
in Section 2.4.4.5, Resilience Adaptation Strategies, that meet the primary and secondary threshold
performance requirements.

2.4.45 Resilience Adaptation Strategies

Both operational and physical design strategies shall be considered to meet the performance goals
identified in Section 2.4.4.3, Resilience Performance Requirements and Goals. The resilience
adaptation strategies presented in this section are categorized into operational and physical as follows:

Operational Strategies Physical Strategies
Prepare Protect
Respond Accommodate
Recover Retreat
Reassess
Monitor

Physical strategies are focused on assets and infrastructure associated with the bus maintenance
facility design, while operational strategies focus on the considerations to protect the safety of MBTA
system users and workers surrounding disruptor events. The two shall be considered together in design
and communicated in the SRMP and commissioning activities. Physical and operational strategies are
linked by the concept of adaptation, through which systems become more resilient to and better
prepared for future conditions over time. Physical strategies shall still consider the prepare, respond,
recover, reassess, and monitor steps of the Resilience Framework. For example, a physical flood
barrier will be inspected before and after a flood event. Each adaptation strategy is also linked to a
hazard discussed in Section 2.4.4.2, Resilience Disruptors, and illustrated in Figure 2.4-4 below.

Extreme Storms Extreme
Temperatures

Coastal Flooding E Disease/Pandemic

Extreme Precipitation

Figure 2.4-4. Disruptors Affecting Ability to Maintain Critical Functionality
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Strategies can and shall mitigate multiple hazards where possible for maximum effectiveness.
Adaptation strategies can also help manage the uncertainty of planning for additional unknown
disruptors in the future in providing flexible pathways and incremental approaches to design.

For example, a flood barrier could be designed to accommodate additional levels of protection over
time. Please refer to the RMAT Statewide Climate Resilience Design Standards and Guidelines for
additional considerations associated with planning flexible and adaptive designs.

Physical Resilience Strategies

When considering design strategies, refer to the resilience performance requirements and goals in
Section 2.4.4.3, Resilience Performance Requirements and Goals. Practitioners will refer to discipline-
specific guidelines related to structural; civil/landscape; mechanical, electric, plumbing; landscape
architecture; and facility layout in Section 3, Site and Building Requirements, to meet discipline-specific
requirements and recommendations for operations.

In addition to meeting the performance goals, the strategies can also provide co-benefits related to
societal, environmental, and economic considerations. See the Resilience Co-Benefits section for more
information on representative co-benefits.

Table 2.4-5. Physical Resilience Strategies

-
Design Design Strategy

ErL

Relocate assets out of flood zones and vulnerable locations if ...
General possible.

Elevate critical assets above design flood elevations. .-.
Secure elements that could erode or become debris and damage
other assets or impact operations due to a storm event.

General Seal and insulate elements that are common conduits for air and
water entry.

Install adequate shading structures and shelter for site occupants.
Implement backflow preventer valves and sump pumps with water
level sensors.
Design for overland relief away from critical civil/site features for
extreme flows in excess of storm conveyance system capacity.
Design site plan for incorporation of increased sanitary stations and
space for social distancing.
Storm shelter rooms per International Code Council: Standard for .
the Design and Construction of Storm Shelters (ICC 500).
Federal Emergency Management Agency Safe Rooms for
Tornadoes and Hurricanes: Guidance for Community and
Residential Safe Rooms (P-361).
Include redundancy in design to prevent further compromising
critical functionality of mechanical, electrical, and communication
systems.
Building features that are not located above the base flood elevation
will be designed to withstand the corresponding hydrostatic pressure
or protected from the flood hazard.
Design mitigation for airborne pathogens as part of air flow and
space usage strategy. Improving health performance is allowed to
take precedence over energy efficiency.
Provide permanent site perimeter protection from floodwater. [ ]
Structural  Reinforce exposed structural elements to resist direct flood action

and hydrostatic pressures.

Retreat

Site/Civil

Protect

Architectural
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Table 2.4-5. Physical Resilience Strategies

: Design

Design and construct deep foundations in flood zone.
Dry floodproof and reinforced walls.
Install permanent flood barriers around site to block flooding.
Provide redundancy in mechanical systems through standby units as
needed.
Building features that are not located above the design flood
elevation will be designed to withstand the corresponding hydrostatic
pressure or protected from the flood hazard.
Wet floodproof critical systems with waterproof membranes or
sealants.
Mechanical = Design air handling units with heat recovery.

Install electrical condensate evaporation and/or supplemental
evaporative cooling for HVAC systems.
Provide redundancy in mechanical systems through standby units.
Design mitigation for airborne pathogens as part of HVAC design
strategy. Improving health performance is allowed to take
precedence over energy efficiency. Cost of HEPA filtration will be
considered.
Provide redundancy in backup battery supply for buses in storage ..
and extra charging capacity.

Electrical Install heat exchangers in enclosed systems to dissipate heat.
Install electrical distribution equipment in well ventilated areas.
Provide cast coil transformers with fans for the distribution system.

Consider corrosive resistant materials. -

General Consider reflective materials and solar facades.

Select easy to clean materials and surfaces. -

Design green infrastructure features that are more resilient to
deterioration from natural hazards over time.

Design landscaping for synergy with storm resistance
(e.g., depressed landscaping areas and vegetated species resistant
to wind and temporary inundation).
Site/Civil  Provide pavement sections that will adequately withstand adverse . .
weather impacts.

Design green infrastructure with salt-tolerant vegetated species that

are resistant to extreme temperatures.

Consider destratification fans-internal circulation to eliminate thermal

stratification.

Consider thermic barriers and zones to reduce building energy

demand and provide safe zones during extended temperature

extremes.

Consider passive cooling techniques, such as enhanced natural

ventilation, using solar energy and evaporative cooling to reduce

building energy consumption and increase indoor thermal comfort.

Resilient roofing design with heating pads to de-ice and remove .

snow.

Design breakaway walls in coastal flood areas for storm surge. --

Resilient roofing design, blue/white roofs to temporarily store water
and mitigate extreme heat, and green/white roofs to mitigate
stormwater flooding and extreme heat.

Accommodate

Architectural

Structural
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Table 2.4-5. Physical Resilience Strategies

: Design

Mechanical

Electrical

Strategy

Install hydrostatic relief valves in the floor slabs and sub-floor
trenches.

Dry-flood proof entrances that lead to mechanical rooms.

Install floor guard connections to floor drains and under slab drains
in mechanical room to prevent backflow and flooding; consider
backflow preventers.
Install an exterior duplex pump system to remove water in sub-floor
trenches.
Consider emergency alternatives and shut-off pathways for air flow.
Consider sanitation and cleaning requirements in mechanical system
design.

Provide power supply for both critical functions and for full
operations through charging stations, transmission systems, and
diverse energy sources including utility scale and distributed
generation assets such as microgrids equipped with renewable
energy and battery storage devices. Recommended minimum of
three power supply sources for redundancy.
Provide extra battery supply for buses in storage and extra charging
capacity.

Provide feeders and raceways resilient to flooding.

Consider alternate fuel sources for standby power.
Consider using submersible exterior transformers and substations.

Consider submersible sump pumps with water level sensors.
Provide enclosures rated for the extreme environments with heating
and ventilation.
Consider thermic barriers and zones to reduce building energy
demand and during extended temperature extremes.

Provide touchless (motion sensor) lighting.
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Operational Resilience Strategies

Operational strategies shall support the physical design of the bus maintenance facility assets and
infrastructure. The strategies are structured for different stages of planning for a disruptor.

Table 2.4-6. Operational Strategies

Design
Design Component Strategy

Plans Plan for sharing facilities and/or buses with public and
private partners

Plan for snow removal to designated storage sites

Plan for multiple evacuation routes in the event of
flooding, obstacles, or blockages

Plan for site infrastructure inspection and maintenance,
such as stormwater management systems to maintain
proper working conditions

Storm shelter in place plans and supplies for critical staff
to stay at the building during an extreme event

Develop an emergency communication plan and update
contacts annually

Where possible, relocate potentially vulnerable portable
assets to protected locations in advance of a storm /
temperature extreme

Prepare

Test emergency equipment regularly. Confirm that
equipment has not been damaged in storage and that
. parts have not been lost

Equipment
Accommodate demand response and plan to delay
electrical loads such as battery charging during peak
power demands such as extreme daytime heat or
nighttime cold

Have available emergency alternatives to typical

equipment, assets, and infrastructure
Provide regular training for staff who would provide
emergency support and develop protocol for preparation,
response, and recovery

Workforce

Designate area and supply storage for sheltering in place ---
Assemble staff and supplies for response and recovery ---

Equipment Adjust building automation system (BAS) equipment to
save energy and continue operations during power
outages

Deploy emergency response equipment

Provide and resupply hand sanitizer stations, PPE

Respond

Communication | Alert external media/communication contacts and internal
employee emergency contacts

Share emergency messages in all languages spoken ---
Workforce Provide adequate time, staff, and materials for response ---
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Table 2.4-6. Operational Strategies

Design
Design Component Strategy
Equipment Clean facilities and equipment after an extreme event and
clear debris
Identify and address damage to facilities and equipment ---
o) Move buses and any temporarily relocated equipment
3 back to facility
(6]
& Communication | Alert external media/communication contacts and internal
employee emergency contacts
Share emergency messages in all languages spoken --- -
Workforce Provide adequate time, staff, and materials for recovery --- -
@ Plans Update operations and maintenance plan for emergency
0 equipment
(]
@ . . ) - .
k3 Workforce C0n5|der. ad@monal staffing, training, equipment, or
communications needs
Plans Continue to review existing plans and changes to the
natural environment that may affect them
Continue to maintain equipment and review changes to
5 Equipment the natural environment that may affect equipment
= performance
o
= Continue to evaluate staffing and training needs and
Workforce e
changes that may affect workforce availability
_— Continue to evaluate communications needs and
Communication S
changes that may affect existing systems

Resilience Co-Benefits

In addition to meeting the performance goals, the strategies identified in the sections above can also
provide co-benefits rela