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2. Introduction  

2.1. Background 
In December of 2018, the California Air Resources Board adopted the Innovations Clean Transit (ICT) regulation that 
requires California’s transit agencies to begin purchasing Zero Emission Buses (ZEBs) with a goal of transitioning all 
transit buses to zero emission technology by 2040. San Diego Metropolitan Transit System (MTS) has begun this 
transition at their South Bay and Imperial Avenue Divisions and with a battery electric bus (BEB) pilot at their KMD. 
The KMD currently has a 2028, 2033 and 2035 vehicle procurement plans in place to purchase and deliver twenty-
five (25) 40-feet ZEBs in 2027, seven (7) 60-foot ZEBs in 2028, thirty-five (35) 40-foot ZEBs in 2033, and twenty-five 
(25) 40-foot ZEBs in 2035. MTS’s Kearny Mesa Division is located at 4630 Ruffner Street, San Diego, CA 92111 in 
north San Diego. 

MTS operates a bus fleet of approximately 750 buses, which includes standard 40-foot buses, articulated 60-foot 
buses, and under 25-foot minibuses. The total existing KMD fleet at the time of this report is one hundred and 
eighteen (118) buses with seventy-four (74) 40-foot compressed natural gas (CNG) buses, forty-two (42) 60-foot 
articulated buses, and two (2) BEBs. The KMD fleet primarily services the northern San Diego area but operates 
throughout the San Diego region. 

2.2. MTS Objective 
The KMD ZEB Master Plan provides a road map for the installation of required charging infrastructure to support the 
replacement of CNG buses completely with ZEBs over a period of years. Construction of the phase 1 implementation 
of this ZEB Master Plan is planned to coincide with MTS KMD’s planned 2027, 2028, 2033 and 2035 vehicle 
procurement plans to ensure that when vehicles begin to arrive on site, the required charging equipment and 
infrastructure is in place, energized, and ready to for use on the first day of operation. The ZEB Master Plan will be 
developed to support MTS with the following: 

• Align with MTS’s ZEB vision for the next 10+ years. 

• Identity the required site space, infrastructure, and equipment to support: 

o charging the entire KMD fleet of 118 revenue vehicles as BEBs. 

o a partial and full fleet of hydrogen fuel cell buses (HFCB). 

• Make ZEB site recommendations that can be implemented in phases and in incremental procurements and 
in separate construction contracts, based on procurement schedules, available funding, and site constraints, 
that will culminate in a full ZEB Master Plan buildout when complete. 

2.3. Preliminary Engineering Methodology 
The first step was to collect and review existing documents provided by MTS that are pertinent to the project, 
including: 

• Facility as-built drawings 

• Facility’s current bus parking layout 

• Current circulation routes 

• Historic electricity and gas usage information 

• Existing fleet inventory 

Following an initial kick-off project meeting, MTS staff provided the project team with as-builts of the KMD site, 
facilities and modifications. A Zero Emission (ZE) Facility Checklist was developed to document key existing 
information and data. The as-builts were used to begin filling out that checklist prior to the site visit, but remaining 
data pieces were collected during the site visit and subsequent workshop. An in-person site tour was conducted to 
acquire missing data not ascertainable from the received existing condition documentation and previous operational 
discussions. Both morning and evening site visits were conducted to observe both the facility and bus movements, 
both when departing/arriving as well as the facility itself when buses were out on their routes. The night visits were 
particularly important to understand circulation patterns as buses queue up outside of normal striped bus parking 
positions including occasional staging in bus circulation aisles waiting to be serviced. The culmination of the data 
gathering portion of the ZEB Master Plan efforts was the Existing Conditions Report (Appendix A). 
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The development of the below Master Plan recommendations is the result of the collection of design workshops, 
concept development, playability/constructability evaluation and physical space to accommodate the ZEB fleet and its 
required ZE infrastructure. The master plan recommendation is subdivided into implementation ‘Phases’ needed to 
fully construct the master plan. Additional phases and stages are possible, and the developed master plan phase and 
stage concepts are only one of many possible construction and implementation options. Phases were determined by 
the quantity of MTS’s existing 2027, 2028, 2033 and 2035 vehicle procurement and their required supporting 
infrastructure. There are two master plan phased buildout options included in the report, both of which match achieve 
the final master plan presented in Section 3.2.1. The phased buildout options will need to be selected during detailed 
design phase implementation process. 

2.4. Existing Conditions Report 
The Existing Conditions Report was previously submitted to MTS in June 2023 and is included with this Master Plan 
as Appendix A. The Existing Conditions Report documented the existing KMD facility and the existing operations on-
site to determine site specific limitations and opportunities to work towards a 100% ZEB fleet. Existing utility service is 
also documented to determine electrical infrastructure improvements necessary to meet the increased power demand 
associated with a shift to a ZE fleet at the KMD. 

2.5. Project Goals in Recommended ZE Master 
Plan 

The following goals were developed through discussions with MTS and its internal stakeholders. 

• The project must adhere to the Innovation Clean Transit regulations. 

• The master plan site concept for KMD will be developed showing final buildout of BEB supporting 
infrastructure. 

• The design and construction phasing must have the ability to be implemented with limited disruptions to 
MTS revenue service which will continue to operate from the KMD site during any phased Master Plan 
implementations. 

• Consider both BEBs and HFCBs. 

• The solutions must provide charging and fueling resiliency and redundancy to operate the ZEB fleet in the 
event of power loss. 

• Provide for transition to zero-emission vehicles while maintaining, if possible, the same quantity, if not more, 
vehicles and in the same bus length and type (40-foot and 60-foot) on site as the CNG buses currently 
operated in 2023 which is a total of 118 count. Once full build-out of Master Plan is complete, bus quantity is 
expected to be 120 count. 

• Maximize the quantity of buses that can be operated on site. 

• Review the south driveway entrance off Dagget Street and develop a design that would allow for buses to 
use this south drive aisle as an entrance / exit to the site from Dagget Street. A regraded design was 
developed as part of the ZE Master Plan, in addition to the Dagget Street entrance/exit. 

• During planned renovation and improvements to the KMD site for ZEB infrastructure, allow for improvements 
to existing KMD site deficiencies. 

• Existing conditions of the bus parking lot’s concrete pavement has cracking and is in need of repair – 
condition allows for concrete replacement within boundaries of ZE site improvements. 

• Existing bus parking tracks “Dead Bus” parking across from the exterior chassis wash bay is too narrow to 
utilize as for daily bus parking spaces for operations and is therefore not proposed within the ZE Master 
Plan. The existing bus parking and site circulation has been found to be the most efficient layout to maximize 
parking. Utilizing eight (8) “Dead Bus” parking spaces in daily operations would lower quantity of overall bus 
parking. 

• Consider upgrades to existing parking garage – Not proposed in ZE Master Plan, but the ZE Master Plan 
does not limit the ability to update and improve car parking garage. Areas of parking garage would not need 
to be modified to implement the ZE Master Plan. 

• Consider removing short southern ramp from car parking garage to lower circulation lane around northeast 
corner of Maintenance Building – condition is not proposed in ZE Master Plan, but the ZE Master Plan does 
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not limit the ability to remove ramp. Ramp area does not need to be modified to implement the ZE Master 
Plan. 

• The solution must be cost-efficient. Rough order of magnitude costs estimates were developed for the ZEB 
Master Plan. 

 

2.6. Project Parameters 
The following parameters were established for the project through discussions with MTS: 

• The project to accommodate a minimum of 118 count ZEBs. 

• The project to allow for the continuous operation of CNG buses during construction and ZEB procurement. 

• The project to consider charging technology that is currently available in the market with a focus on 
matching similar charging and dispensing equipment to match the on-going ZE improvements at the MTS 
South Bay and Imperial Avenue divisions. 

• Provide for incremental resiliency improvements matching on-going South Bay ZE improvements including 
ability to utilize: 

▪ Microgrid control charging switchgear 

▪ Portable trailer generators 

▪ Fixed generators 

▪ Battery Energy Storage System(s) (BESS) 

▪ Solar photovoltaic (PV) on-site generated power  

• Provide for hydrogen fuel cell buses operations on site. 

• Design to allow for any installed structure protecting impact bollards to be installed closer to structure and 
not protrude or restrict on-site bus movements. 
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3. ZEB Master Plans 

3.1. Master Planning Approach 
Multiple ZE master plan options were developed and presented to MTS and their internal stakeholders for review and 
comments. MTS selected one of the developed options as the recommend ZE Master Plan and is described in detail 
below.  Appendix B - Considered ZEB Master Plan Concepts includes master plan concepts that were considered 
(but not ultimately selected); contents of the master plan concepts in Appendix B were able to discern fatal flaws but 
were not fully developed. 

3.2. Recommended Master Plan 

3.2.1. Facility Layout 
A facility site plan was developed and presented to MTS, which includes the locations of selected charging 
infrastructure, a new Medium Voltage Switchgear, and a new 1-Megawatt (MW) Natural Gas Generator; Figure 3-1 
shows the existing facility site plan and Figure 3-2 shows the full site electrification plan Three open structure 
overhead steel support frame ‘canopies’ are proposed to be constructed over the existing parking Lots 1, 2, and 3 
(Figure 3-3). Note that most of the canopies are not covered by decking or continuous membrane but open. The 
canopy structure and configuration are sized to allow for the addition of solar PV panel system that will be installed on 
top of the canopy structure. Two of these three charging canopies will include portions of the overhead framing 
covered by a concrete and steel utility platform to support the charging equipment required to power and provide 
resiliency for MTS’s new fleet of incoming BEBs. The charging equipment on these platforms consists of individual 
charging cabinets, unit substation which serves as the medium to low voltage (480 volt 3-phase) transformer and the 
low voltage distribution panels (Figure 3-4). Provisions in the unit substation for a tap box would allow direct 
connection to a trailer mounted portable generator. The nominal 180-kilowatt (kW) charging cabinets connected to the 
low voltage distribution panels, convert the power from alternating current (AC) to direct current (DC), and output the 
DC power to the dispensers. Each cabinet can connect to and energize up to three dispensers. 

Each canopy will support the selected charging dispenser method of inverted pantographs. The pantographs will be 
hung directly from the structure of the overhead steel support framing of the canopy or from mounting frames that are 
suspended down from the bottom framing of the lower members of canopies overhead steel support framing (Figure 
3-5), depending on the inverted pantograph type directed by MTS during detail design. While the canopies are similar 
to the ones located at MTS’s South Bay Division and Imperial Division, they are different with respect to the Kearny 
Mesa parking configuration. Kearny Mesa existing parking is an angled double loaded parking configuration. South 
Bay and Imperial Divisions both have rectilinear deep track / stacked parking, five to ten (or more) buses deep parked 
nose to tail. At KMD, the buses are parked at an angle, at a maximum of two-parking spaces deep. The new 
overhead frame canopies will be constructed at a 45-degree angle to match the parking layout which would remain in 
place. The new parking spots are similar in size to the existing parking spots, but every fourth spot is separated by an 
approximate three-foot-wide space for the location of the structural support columns of the canopies. 

A new SDG&E Medium Voltage (MV) switch is planned to be set within the grass landscaping strip along the north 
Opportunity Road property line. Within the same landscaping strip, new MTS owned MV switchgear with new utility 
meter for new KMD charging electrical service entrance and a 1MW natural gas generators are also located. This 
area is located outside the existing fence line but within the MTS property boundary. The landscaping area for these 
equipment item pads will be infilled and raised to the bus parking elevation (which currently exceeds10-feet in 
elevation drop from east to west) and outfitted with a new retaining wall and security fence. The perimeter concrete 
retaining wall around the raised electrical pads will provide both additional security from impacts with cars along 
Opportunity Street but also the raised electrical pads will be level with the existing bus parking pavement allowing at 
grade access for maintenance and service. New charging MV AC feeder lines for the three-unit switchboards on the 
overhead fame supported concrete platforms will be run from the new MV switchgear and trenched underground to 
the first structural column of Canopy 1, will rise up that column to the top of the canopy and traverse from there to the 
unit substation located on the platforms. MV feeders to the two-unit substations on Canopy 2 will be run overhead 
and under the connecting overhead bridge from the charging cabinets are also to be located on the canopy supported 
equipment platforms.   

While San Diego Gas and Electric’s (SDG&E) existing circuit(s) surrounding the KMD site do not have the sufficient 
capacity to energize the full proposed KMD fleet, coordination between MTS and SDG&E has already begun to align 
the site’s capacity needs with SDG&E planning.  

The ZE Master Plan concrete deck equipment platforms are sized to support either individual charging cabinets (as 
shown) but are also capable of supporting a combined ‘big box’ charger which integrates the low voltage (LV) 
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Switchboard and BEB charging cabinets into a single unit. This big box charging unit has a smaller footprint than the 
separate individual charging cabinets. By sizing the equipment platforms to support the largest of the two available 
charger layouts, either can be designed around and used by MTS during subsequent phased ZE Master Plan 
buildouts. 

LV AC circuits from the switchboard to the individual 180kW charging cabinets will be distributed across to the top of 
the Equipment Platform in open cable trays and run under the charging cabinets. Charging cabinets are installed on 
raised structural steel platforms to allow LV AC circuits inputs to be run up to the underside of the charging cabinet 
and DC power and data conductors to be run out of the bottom of the charging cabinets (refer to three-dimensional 
(3D) view Figure 3-4 and Figure 3-5). The DC power and data charging outputs are collected into separate cable 
trays and run on the top of the equipment platform until the cable trays reach the edge of the platform. There, the 
cable trays transition down and become supported from the lower framing members of the open frame canopies. The 
DC power / data cable trays will run down the length of the canopy supplying charging power and charging controls to 
the individual BEB pantograph dispensers mounted overhead each BEB parking position. If DC power and data 
conductors were distributed via conventional conduits in lieu of cable trays, the material costs of conduits would be 
less expensive than cable trays. However, the cable tray system is more flexible to allow MTS to modify the DC 
power and data conduits for either upgrades or to change order and location of individual charger outputs to different 
dispensers. It is AECOM’s recommendation that the one-time additional material cost of cable trays over conduit is a 
benefit to allow for future flexibility for charging system modifications with minimal disassemble and reassembly of 
conduit rework. 

The master plan design concept allows for the continued sequence of operations and existing on-site vehicle flow that 
MTS currently operates at the KMD site. The fuel/service area and the bus wash will be unaffected by the overhead 
charging canopies presented in the ZE Master Plan. The site flow of vehicles and pedestrians will remain the same 
as it is for the existing compressed natural gas (CNG) buses; BEBs will enter the site from Opportunity Road and 
move directly into the fuel/service lanes. The only difference being that upon full electrification, BEB will not get fueled 
at the fuel/ service lanes and will only receive their other nightly services in this area – vaulting, interior clean, tire 
check, etc. 

Resiliency and redundancy are important topics when considering an all-electric bus fleet, and several options are 
discussed in detail in Section 3.2.4. 

The addition of a Hydrogen Trailer is an option that is also included in the selected ZE Master Plan. This hydrogen 
trailer is a fixed liquid hydrogen (H2) fueling trailer that is brought in on wheels but is hardwired in place, 480V circuit, 
and would be permanently installed. In the future if the trailer is no longer used or replaced by a new larger fixed H2 
compression yard, the H2 trailer can be relocated to another MTS property. As shown on Figure 3-2 , the H2 trailer 
would be placed in the area where existing BEB chargers are currently located. This trailer will have the ability to fuel 
approximately 10-14 Hydrogen Fuel Cell Buses (HFCB) for a week based on the size of the liquid H2 tank receiving 
one liquid H2 delivery refill a week. Additional HFCBs could be supported from this H2 trailer but would require 
additional liquid H2 deliveries.  

Upon full electrification of the KMD, the existing CNG yard can be decommissioned, and an overhead canopy can be 
constructed to charge additional BEBs. 

The master plan design concept described in the report is supported by the detailed sheets in Appendix D – Basis of 
Design Equipment and is based on the following criteria: 

• Maximize the available revenue vehicle parking while incorporating ZE infrastructure on site. 

• Utilize overhead inverted pantographs charging dispensers. 

• Utilize individual DC charging cabinets with a 1:3 charger to dispenser ratio. 

• Maintain or improve existing site circulation. 

• Minimize ground disturbance. 

• Maximize available property. 

Minimize disruptions to existing infrastructure and equipment.  
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Figure 3-1 – Existing Facility Site Plan 
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Figure 3-2 – Full Electrification Site Plan 
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Figure 3-3 – Canopy Plan 

 

 

Equipment and Infrastructure Quantities 

 
119 – Inverted Pantographs 
41 – 180 kW DC charging cabinets 
1 – 4000A Unit Substations 
1 – 5000A Unit Substations 
1 – 6000A Unit Substations 
1 – Medium Voltage Switchgear 
1 – Natural Gas Generator 
1 – H2 Trailer 
2 – Battery Electric Storage Systems (BESS) 

2 – Equipment Platforms 
4 – Overhead Steel Canopies 
1 – Access Stair 
1 – Personnel/Cable Bridge 
3 – Cable Bridge 
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Figure 3-4 – 3D View Canopy 1 

 

 

Figure 3-5 – 3D View Canopy 2 
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Figure 3-6 is a section view depicting the various inverted pantographs that MTS will have available for them to 
decide between. Type 1 is a full-size pantograph which has the largest extension and working range of the options, 
as shown in Figure 3-6. This pantograph can be mounted directly to the overhead steel structure and has the 
capability of charging a larger range of bus sizes, due to its increased working range. Type 2 is the depot pantograph, 
which functions similar to the full-size, but with a decreased working and extension range. This type would need to be 
mounted from a steel mounting frame that would be suspended from the canopy structure. Type 3 is the piston 
pantograph, which functions differently than the other two types, as it uses a piston to lower the contact bars instead 
of an extension arm. The piston type will require a larger mounting frame as its working and extensions ranges are 
much smaller than other two types. All 3 types of pantographs are compatible with the overhead steel structure 
proposed. 

Figure 3-6 – Inverted Pantograph Options 
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3.2.2. Civil 
Existing site conditions were evaluated through a project site visit and the review of available existing as-built records; 
Including existing pavement, utilities, drainage, and grade. The following section summarizes each of the existing 
project conditions. Conditions are described in further detail in Appendix A – Existing Conditions Report. 

Existing Pavement 

The existing pavement on the KMD site is concrete. Sections of the existing concrete pavement have been removed 
and replaced with thicker concrete pavement sections; however, the majority of the site is comprised of the original, 
thinner, concrete pavement that is cracked and deteriorated in areas of bus traffic. It is anticipated that the existing 
concrete pavement in the vicinity of the proposed canopy framing will be further disturbed due to construction of the 
canopy. To minimize potential impacts to the existing concrete pavement, as-built records were analyzed to determine 
the existing concrete joint layout to estimate the proposed limits of concrete replacement more accurately.  

Existing Utilities 

Numerous utilities that service the site (i.e., fire water, domestic water, sanitary sewer) underlie the existing lot in 
addition to commodity piping (i.e., compressed air, lubricants, fuel). Some abandoned utilities exist, most notably the 
original diesel fueling system. The proposed canopy framing design would require coordination to avoid conflicts with 
underground utilities. Conflicts between the proposed canopy column foundations and existing utilities can potentially 
occur at the north end of Lot 1 and the middle of Lot 2. No underground utilities are located beneath Lot 3. However, 
recent infrastructure additions for the BEB connections from Transformer 2 run along the eastern-most circulation 
aisle near Lot 3. The design and construction of the proposed columns in Lot 3 shall consider the original and the 

recent on-site improvements to avoid potential underground conflicts and utility strikes.  

Existing Drainage 

The KMD site generally drains from the southeast to northwest – the base of the southeast retaining wall starts at an 
elevation of 424-feett and conveys to the north gate at the northwest corner at an elevation of 409 -feet. The elevation 
difference is 15-feet that spans approximately 507-feet in horizontal distance yielding an average grade of 2.9%. The 
slope is shallow under Lot 3, steeper under Lot 1, and the steepest under Lot 2 and at the main gate. The existing 
drainage system runs north to south through the western portion of the site. 

Existing Grade 

To determine whether the existing grade of the site can accommodate the proposed facility, a preliminary model of 
the existing surface was developed based on the existing contours from as-built records. Figure 3-7 presents a plan 
view of the modeled surface with existing contour lines shown in green. The completed model of the existing grades 
was utilized to determine the maximum longitudinal slope and cross-sectional slope of the existing pavement along 
the bus parking stalls within the limits of the proposed canopy framing. These values were then compared with the 
maximum allowable charging angles of the bus charging units. It was concluded that, within the limits of the proposed 
canopy framing, the existing site slopes do not exceed the tolerances of the proposed charging units and therefore, 
based on as-built records, the project site would not require re-grading to facilitate the charging of buses. As such, the 
existing drainage system on site would not require improvements. 
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Figure 3-7 – KMD Model of Existing Surface  

 

South Entrance Improvements 

The existing grades of the south entrance for the KMD site are too steep for buses to traverse, to a point where 
insufficient vertical clearance can cause damage to buses’ oil pans. Due to this existing issue, all buses enter and exit 
the site using the north gate along Opportunity Road. Figure 3-8 presents a street view of the south entrance, which 
demonstrates these steep grades, which exceed typical driveway entrance standards.  

Figure 3-8 – Southern Entrance Existing Conditions 

 

Given the existing limitations of this south entrance, this study determined that adjustment of the existing grades is 
feasible to provide better bus traffic flow for the site and a smoother transition from the main lot to the driveway. 
Figure 3-9 presents the approximate limits required for regrading and resurfacing superimposed over the existing site 
contours and details the proposed approximate contour adjustments. It is estimated that re-grading would be required 
approximately 45-feet to 50-feet into the main lot from the driveway entrance. The evaluation considered the existing 
concrete joint pattern when determining the proposed pavement rehabilitation limits at the south entrance. The 
proposed improvements at the south entrance would not affect the existing drainage patterns from the street or within 
the site.  
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Figure 3-9 – South Entrance Area of Proposed Regrading and Resurfacing 

 

3.2.3. Structural 
The structural concept proposes three proposed canopies which will serve as platforms for solar panels, placement of 
all proposed BEB charging infrastructure, PV support, and structures for the bus parking area. Canopies 1 and 2 will 
feature concrete decks which switchgear, charging cabinets, and battery storage will be mounted upon. Canopy 1 will 
provide a metal stair for access to the concrete deck. Canopy 2 will provide an elevated bridge for cabling and 
personnel access to Canopy 1. Access to Canopy 3 is provided by an elevated bridge for cabling only as there is no 
equipment platform to access on Canopy 3. The non-concrete deck areas of canopies where arrays of solar panels 
are located would not provide elevated personnel access. All solar PV access for installation, service and 
maintenance will be from lift truck parked at grade. 

Canopies will be supported structurally by a Special Steel Cantilever Column System comprised of cantilevered 
columns with Cast-In-Drilled-Hole (CIDH) concrete foundations. The Special Steel Cantilever Column System is 
designed to resist vertical and lateral forces with round pipe columns. 

The CIDH concrete foundations will be drilled with the top of the CIDH element placed approximately 10-inches below 
the proposed finish surface. This will conceal the baseplate connection of the steel column to the CIDH. The diameter 
of the CIDH will not be visible from the driving surface. 

Horizontal framing at canopy areas where solar arrays are located would be supported by wide flange beams in both 
longitudinal and transverse directions along column lines and steel bar joists spaced at 5-feett on-center between the 
wide flange beams. The framing will also utilize diaphragm bracing comprised of a steel flat bar placed at the top 
surface of wide flange beams and steel bar joists. As the top of steel surface is not provided with a closure (metal 
deck, or roof), bridging will be installed to provide lateral stability of both the top and bottom flanges of the bar joists. 
The bottom connection of the bar joists will be extended to provide lateral bracing of the bottom flange of wide flange 
beams. While loading is light, spans are long, and wide flange beams are to be provided with camber to control dead 
load deflections.  

The horizontal framing supporting the concrete deck areas of Canopies 1 and 2 will utilize wide flange beams in both 
longitudinal and transverse directions along column lines, with spaces between infilled with smaller wide flange 
beams spaced at 5½ feet on-center between wide flange beams. Infill beams will be welded with full moment 
continuity across larger intersecting wide flange beams at cantilevered areas (e.g., Canopy 2 battery area). The top 
deck of the concrete canopies will be constructed with bonded metal deck (1½-inch deck with 4½-inch minimum 
normal weight concrete fill, sloped to drain with interior drain locations), installed as composite deck (with shear 
studs). This is required due to the heavy loads and long spans. Camber is required for control of deflections. 

Canopies 1, 2, and 3 will not utilize seismic joints. Seismic joints will be required at the cable/personnel bridge 
between canopies 1 and 2, and at the cable bridge between Canopies 2 and 3. 
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3.2.4. Electrical 

Electrical Service Approach 

The electrical concept plan was developed as part of the comprehensive charging facility design with input from MTS. 
Given the limited availability of space for large electrical infrastructure at the site, locating all the major electrical 
equipment on the overhead canopies was required.  

Reliability and resiliency are crucial factors in designing a fleet charging system, as electricity becomes the fuel to 
keep the bus fleet in operation. This section will discuss the reliability of the electric utility providing that electricity that 
will provide power to the charging system that enables a fully functional electric zero-emission bus fleet.  

Utility Reliability  

Figure 3-10 displays SDG&E’s electric power distribution reliability indices, including the measure and units for each 
index. 

Figure 3-10 – Electric Power Distribution Reliability Indices 

 

Source: SDG&E 

Reliability Indices 

Mitigating the risk of an outage is paramount when considering BEB charging. The first step in mitigation is 
understanding the data provided for utility reliability. The table above defines how reliability is measured according to 
the California Public Utility Commission (CPUC) which is charged with regulating all electric utilities in California.  

SDG&E Reliability 

The reliability metrics vary and are updated every year by utilities in presentations to CPUC (Figure 3-11). This 
information is publicly available at SDG&E’s website and shows that the utility is consistently one of the most reliable 
providers of electricity in the state.  
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Figure 3-11 – Historic SDG&E Reliability Metrics (2013-2022) 

 

Note: Major Event Days (MED) are direct result of failures in the California Independent System Operator (CAISO)-controlled bulk power market, or non-SDG&E owned 
transmission and distribution facilities, or an event caused by earthquake, fire, or storm of sufficient intensity to give rise to a state of emergency being declared by the 
government, or any other disaster not previously described that affects more than 15% of the system facilities or 10% of the utility’s customers, whichever is less for each event. 
Also, outages involving restricted access by a governmental agency that precluded or otherwise delayed outage restoration times were also considered CPUC Major Events 
and excluded from reliability results. 

Source: SDG&E Electric System Reliability Annual Report 2022.  

The charts in Figure 3-12 show a visual representation of the data shown in the above tables for the Beach Cities 
district in which the KMD site is located.  

 

Figure 3-12 – Beach Cities Reliability Metrics 

 

The loss of electrical power to the MTS Kearny Mesa facility would likely be due a local or area-wide electric utility 
outage caused by a man-made or natural event including but not limited to utility equipment or line faults, transformer 
failure, wind or other weather events, mandatory wildfire safety shutoffs, or high-demand load shedding (brown-outs). 
A recent outage report was requested for the KMD site and the results can be shown in Figure 3-13.  
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Figure 3-13 – Recent Outage Report at KMD 

 

 

Resiliency Requirements 

KMD Resiliency Approach 

For a fully electric bus fleet to remain in operation, the depot must have reliable power. A high-level overview of 
options for power resiliency and redundancy at this facility has been identified below. 

• On-site photovoltaic generation 

• Battery energy storage system (BESS) 

• Standby CNG generator (fixed and portable) 

• Microgrid (which aggregates above resources) 

Occasionally redundant power feeds can also increase a site’s resiliency, however given that Kearny Mesa is on a 
radial distribution network that is served by a single substation, it is unlikely that this is a viable solution. 

Photovoltaic Generation 

Photovoltaic power (PV) is a resiliency option that can provide resiliency to the site in case of outages, in addition to 
offsetting peak electrical costs and providing financial incentives. The ZE Master Plan Canopies are designed to 
support PV panels mounted to the top of the overhead steel structural frame that supports the overhead charging 
dispensers, in areas where charging platforms are not present. If PV panels are desired over the charging platforms, 
an additional PV elevating structure will be required and considerations made to allow for chargers and switchboards 
to be maintained, serviced, and replaced in the future without PV panel demounting. The PV system will be 
connected to the unit substation and be controlled via the Microgrid controller to either energize the chargers directly 
or can charge a BESS unit that can be mounted to the top of the charging platforms.  

Battery Energy Storage Systems (BESS) 

BESS can provide immediate backup power to a facility in the event of a complete utility outage. The size and rating 
of the BES along with the amount of backed-up load will determine how much time the BES will provide power 
without need for recharging. Current BES systems typically can provide up to 4 hours of power depending on usage.  

Based on available space for current BES technology, for a four-hour backup of the charging infrastructure, roughly 
estimated, a 4140 kWh, 2600kW system could be utilized by the depot. This represents just under 40% of the full 
buildout load if the entire fleet is comprised of BEB’s charging from the Heliox charging cabinets. However, these are 
estimates and a full analysis of backup needs should be completed in order to correctly size a stationary storage 
system.  

Standby CNG Generator (Fixed and Portable) 

A traditional and common option for backup power is providing a socket at the main service or multiple sockets at 
several major load centers for the connection of one or multiple portable generators. Due to the substantial size of the 
new services that would serve the cumulative 6800kW of charging load, a large generator rated at 1270kW (see 
cutsheet in appendix for example) could be utilized to charge buses in the event of a utility outage, as well as 
supplement any on-site renewables if combined with a microgrid.  In addition, the master plan includes generator 
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sockets at each unit substation in order to accommodate smaller trailerized generators that may be utilized as each 
phase of construction is completed and as charging load increases. There are already existing stationary generators 
on site which potentially could be incorporated into any future on-site generation. 

Microgrid  

By definition, a microgrid is a single, controllable, independent power system comprising distributed generation (DG), 
load, energy storage (ES), and control devices, in which DG and ES are directly connected to the user side in 
parallel. As a resiliency tool, when BESS systems are combined with on-site generation such as photovoltaic systems 
or wind turbines and an appropriately-sized emergency generator, a microgrid can not only provide resiliency and 
redundancy, but assist in meeting net-zero emissions goals and be a proven, cost-saving measure.  

With a managed charging profile at each bus-charging site, a smart microgrid controller could perform precise load 
management of the BES charging loads while utilizing on-site generation through various sources. In addition, during 
grid up-times, a microgrid can utilize built-in demand response resources to reduce peak-demand usage and reduce 
electrical utility costs. 

Electrical Service Approach and Concept Plan Options 

Existing Infrastructure 

The site is served by three existing electrical service feeds with three associated meters, all provided by SDG&E. 

There is one 750 kVA transformer (ID 772-124) on the southeast corner of the property which provides 480 Volt, three 
phase power to a switchboard on the south side of the maintenance building. This switchboard supplies power to all 
loads on the site including the maintenance building, parking structure, bus wash, fuel station, and site lighting 
(excluding the CNG facility which is discussed below).  

There is a second SDG&E-owned 2,000 kVA transformer (ID 772-151) on site just west of the CNG facility which 
feeds the CNG facility loads and the existing BEB charging stations (which are metered separately). There is one 
other customer besides MTS that fed from this transformer that is a CNG vendor. 

There are two existing ChargePoint CP-250 BEB plug-in type chargers fed from the CNG service by way of a tapped 
service entrance cabinet on in the metered switchboard that feeds the CNG loads.  

The details of the existing electrical conditions can be found in Appendix A. 

Based on the anticipated size of the future charging infrastructure, the existing infrastructure does not have enough 
capacity to support the full buildout of BEB charging and the equipment that will be required. The total maximum 
connected load of the chargers being 6.84 MW.  

ICA data pulled recently indicates circuit capacity however initial conversations with SDG&E personnel indicate 
otherwise. A utility interconnection study would need to be conducted to understand how MTS might add full charging 
load over the next decade in order to stay under circuit capacity constraints of circuit #772. 

New Infrastructure Conceptual Design 

The following presents a summary of the electrical elements for the conceptual design. 

Canopy 1 

• (15) Heliox 180kW Charging Cabinets 

• Unit substation (MV switchgear + transformer + LV distribution) 

• BESS 

• PV Modules and associated balance of system equipment  

• Supporting electrical equipment (lighting, CCTV, power to dispensers) 

Canopy 2 

• (26) Heliox 180kW Charging Cabinets  

• (2) Unit substation (MV switchgear + transformer + LV distribution) 

• BESS 

• PV Modules and associated balance of system equipment  

• Supporting electrical equipment (lighting, CCTV, power to dispensers) 
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3.3. Phased Implementation 
This section discusses the recommended construction phasing that would allow MTS to maintain operations with 
minimal disruptions to vehicle circulation and parking locations. The yard will remain fully operational during 
construction with minimal impacts to services at night. Vehicles displaced during construction will be relocated to the 
available space around the KMD site such as fuel/service lanes, wash lanes, staging areas, open down line parking 
spaces, circulation aisles and maintenance bays. Two options for phasing construction are described in this section, a 
Large Canopies option and Small Canopies option. Each option will produce the same master plan concept with the 
completion of the fourth phase. These options will allow for greater flexibility during detailed design, to better align 
with construction feasibility, funding, and procurement changes. The following phase descriptions outline the details of 
how the charging infrastructure can be constructed to meet MTS’s procurement schedule, while maintaining revenue 
operations. 

  



KearnyKearney Mesa Division (KMD) ZEB 
Master Plan 

   

 

 

Prepared for: MTS    AECOM | Pacific Railway Enterprises, Inc. 

20  

3.3.1. Phase 1 – Large Canopies (LC) Option 
Phase 1 will be broken into an A and B phase which represents the procurement schedule of (25) 40-foot BEBs in 
2027 and (7) 60-foot BEBs in 2028. At the end of Phase 1, KMD will have the ability to accommodate a total of 34 
BEBs, 32 new and 2 existing BEBs.  

Phase LC 1A will provide the canopy structure over the existing lot 3, which will have the capacity to park 28 buses 
underneath. Construction phasing plans including Staging (Figure 3-14), Completed (Figure 3-15), and Occupied 
(Figure 3-16) Plans were developed. Phase LC 1A will feature the following infrastructure and construction practices: 

• A new MV switchgear that will be sized to accommodate the full electrification of the KMDs fleet in all phases 
of construction. 

• A new natural gas generator to provide resiliency and redundancy and to accommodate the full 
electrification of KMDs fleet. 

• A new infill and retaining wall will be constructed along Opportunity Rd to provide additional space on site for 
the two large equipment items listed above. The infill and retaining wall would be located within the site’s 
property boundaries. 

• Excavation and laying of duct bank to connect the MV switchgear and natural gas generator to the steel 
structure. Laying of spare conduits will occur to provide power to the additional canopies that will be 
constructed in later phases of the project. 

• There would be a new overheard steel structure over lot 3. The structure will be sized with equipment to 
support the Unit Substation #1, eight (8) DC charging cabinets, twenty-five (25) overhead pantograph 
dispensers and a BESS located on the equipment platform above the southernmost bay. The remaining 
bays of the canopy, not covered with a platform, will be sized to accommodate the overheard charging 
dispensers, including the three (3) inverted pantographs dispensers, installed in a future phase and the 
optional Photovoltaic panels. 

• An access staircase will be constructed on the south end of the canopy to allow personnel access to the 
equipment platform. The area directly around the staircase will be stripped off to mark where buses should 
not travel. 

• Existing striping underneath Canopy 1 will be removed from the pavement. 

• New striping underneath Canopy 1 will be painted on the proposed pavement to delineate parking spaces 
and numbering and reflect the shifting of striping locations to create no circulation zones to house new 
canopy structural columns. 

The inclusion of Figure 3-15 Phase LC 1A Completed Plan represents that upon completion of the Phase LC 1A 
canopy, the construction contractor vacates the site, and Canopy 1 is completed before the incoming 2027 BEBs 
arrive on site. The previously relocated CNG buses that were displaced during construction can now resume parking 
under Canopy 1 until the (25) CNG buses are replaced by the (25) BEBs in 2027. 

Upon the completion of Phase LC 1A, MTS will have the charging capacity to meet their current procurement 
schedule in 2027 with a total of twenty-five (25) 40-foot BEBs capable of being charged on site. 
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Figure 3-14 – Phase LC 1A Staging Plan 
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Figure 3-15 – Phase LC 1A Completed Plan 

 

 

  



KearnyKearney Mesa Division (KMD) ZEB 
Master Plan 

   

 

 

Prepared for: MTS    AECOM | Pacific Railway Enterprises, Inc. 

23  

Figure 3-16 – Phase LC 1A Occupied Plan 
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Phase LC 1B will provide a smaller modular canopy that will allow for it to be connected to the future canopy that will 
be located over the existing lot 2. This canopy will allow for the charging/storage of an additional seven count 60-foot 
BEBs, which will be powered by the cabinets located on Canopy 1’s equipment platform. Three spots under Canopy 2 
will continue to park 60-foot CNG buses until later phases are completed. Construction phasing plans including 
Staging (Figure 3-17), Completed (Figure 3-18), and Occupied (Figure 3-19) Plans were developed. Phase LC 1B will 
feature the following infrastructure and construction practices. 

• A new overhead steel structure, one (1) bay wide, will be constructed to accommodate the seven (7) 60-foot 
BEBs on the north side of lot 2. This structure will be sized to accommodate ten (10) overheard pantograph 
dispensers and optional PV panels. The structure will also be built in a modular configuration so that 
additional bays may be connected in future phases of the project. 

• Seven (7) overhead pantograph dispensers will be installed on the overhead structure and three (3) DC 
charging cabinets will be added to the platform on Canopy 1. 

• A cabling bridge from Canopy 1 to this new structure will be required to provide the appropriate DC power 
supply cables and data/comms cables to the overhead dispensers. This area will be designated as a limited 
work hours area. 

• New parking striping, with numbers, will be painted on the new pavement to delineate the parking positions 
located underneath Canopy 1. 

The inclusion of Figure 3-18 Phase LC 1B Completed Plan represents that upon completion of the Phase LC 1B 
canopy, the construction contractor vacates the site, and Canopy 2 is completed before the incoming 2028 BEBs 
arrive on site. The previously relocated CNG buses that were displaced during construction can now resume parking 
under Canopy 2 until the (7) CNG buses are replaced by the (7) BEBs in 2027. 

Upon the completion of Phase LC 1B, MTS will have the charging capacity to meet their current procurement 
schedule in 2028 with a total of twenty-five (25) 40-foot BEBs and seven (7) 60-foot BEBs capable of being charged 
on site. 



KearnyKearney Mesa Division (KMD) ZEB 
Master Plan 

   

 

 

Prepared for: MTS    AECOM | Pacific Railway Enterprises, Inc. 

25  

Figure 3-17 – Phase LC 1B Staging Plan 
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Figure 3-18 – Phase LC 1B Completed Plan 

 

 

  



KearnyKearney Mesa Division (KMD) ZEB 
Master Plan 

   

 

 

Prepared for: MTS    AECOM | Pacific Railway Enterprises, Inc. 

27  

Figure 3-19 – LC Phase 1B Occupied Plan 
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3.3.2. Phase 2 – Large Canopies (LC) Option 
Phase LC 2 can be broken into an A, B, and C phase. This will allow the construction to be confined to a specific area 
of the yard, but all three can be done concurrently. Phases 2A and 2C will be required to be completed during limited 
work hours, since the work is being completed in an area of the existing canopies that must remain in operation 
during construction. Phase 2 will be implemented to meet MTS’s procurement of thirty-five (35) BEBs in the year 
2033. Construction phasing plans including Staging (Figure 3-20), Completed (Figure 3-21), and Occupied (Figure 
3-22) Plans were developed. 

Phase LC 2A will be the addition of 3 charging positions to Canopy 1, that was constructed in Phase 1A. The 
following infrastructure will be constructed in this phase: 

• Three (3) overhead pantograph dispensers will be added to Canopy 1, and one (1) DC charging cabinet will 
be added to the platform. 

• All associated cabling will be installed during this phase. 

Phase LC 2B will construct 4 additional bays over the south side of lot 2. The following infrastructure will be 
constructed in this phase: 

• Overheard steel structure to support the charging equipment platform, overhead charging dispensers, and 
the optional PV panels. The additional steel structure will include four (4) bays. 

• Unit Substation #2, eleven (11) DC charging cabinets, thirty-one (31) overhead pantograph dispensers, and 
the second BESS will be installed on top of the new charging platform. The pantographs will be mounted on 
eight spots located underneath the platform, with the remaining twenty-three being mounted on the 
southern-most section of this phase of the canopy. 5 spots on the east parking row will have the 
pantographs mounted in such a location that allows for future 60-foot BEBs to be parked in these positions. 

• An area of limited work hours will be established between Canopy 1 and the new concrete platform that is 
part of Canopy 2 being constructed. This area will be the location of the cabling and personnel bridge that 
will allow the AC power supply cabling to access the unit substation in addition to providing a means of 
access to the equipment platform atop Canopy 2. 

• New parking stripes will be painted, with numbers, to delineate the new parking positions located under the 
canopy. 

Phase LC 2C will include the addition of 1 charging position to the north section of Canopy 2, that was constructed in 
Phase 1B. This space will temporarily park a 40-foot BEB until the completion of Phase 4, when additional 40-foot 
spaces will be available. The following infrastructure will be constructed in this phase: 

• One (1) overhead pantograph dispenser, connected to Unit Substation #1 on Canopy 1’s platform. 

• All associated cabling will be installed during this phase. 

The inclusion of Figure 3-21 Phase LC 2 Completed Plan represents that upon completion of the Phase LC 2 canopy, 
the construction contractor vacates the site, and the southern section of Canopy 2 is completed before the incoming 
2033 BEBs arrive on site. The previously relocated CNG buses that were displaced during construction can now 
resume parking under Canopy 2 until the (35) CNG buses are replaced by the (35) BEBs in 2033. 

Upon the completion of Phase LC 2, MTS will have the charging capacity to meet their current procurement schedule 
in 2033 with a total of sixty-two (62) 40-foot BEBs and seven (7) 60-foot BEBs capable of being charged on site. 
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Figure 3-20 – Phase LC 2 Staging Plan 
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Figure 3-21 – Phase LC 2 Completed Plan 
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Figure 3-22 – Phase LC 2 Occupied Plan 
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3.3.3. Phase 3 – Large Canopies (LC) Option 
Phase LC 3 will encompass the construction of Canopy 3 over existing lot 1 and be completed to meet MTS’s 
procurement schedule of 25 BEBs in the year 2035. Construction phasing plans including Staging (Figure 3-23), 
Completed (Figure 3-24), and Occupied (Figure 3-25) Plans were developed. 

The following infrastructure will be constructed in this phase: 

• Overheard steel structure to support the overhead charging dispensers and the optional PV panels. The 
steel structure will include three (3) bays and a cantilevered area on both the north and south sides. 

• Unit Substation #3, nine (9) DC charging cabinets will be adding the platform on Canopy 2, constructed 
during Phase 2, and twenty-six (26) overhead pantograph dispensers will be added to the new overhead 
structure. 

• New parking stripes will be painted, with numbers, to delineate the new parking positions located under the 
canopy. 

• The 40-foot BEB that is located in the northern section of Canopy 2 will be relocated to Canopy 3. 

• The existing BEB charging equipment on the northeast corner of the site will be removed to allow for a 
potential hydrogen trailer to be installed. 

The inclusion of Figure 3-24 Phase LC 3 Completed Plan represents that upon completion of the Phase LC 3 canopy, 
the construction contractor vacates the site, and Canopy 3 is completed before the incoming 2035 BEBs arrive on 
site. The previously relocated CNG buses that were displaced during construction can now resume parking under 
Canopy 2 until the (25) CNG buses are replaced by the (25) BEBs in 2035. 

Upon the completion of Phase 3, MTS will have the charging capacity to meet their current procurement schedule 
with a total of eighty-five (85) 40-foot BEBs and seven (7) 60-foot BEBs.  
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Figure 3-23 – Phase LC 3 Staging Plan 
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Figure 3-24 – Phase 3 LC Completed Plan 
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Figure 3-25 – Phase LC 3 Occupied Plan 
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3.3.4. Phase 4 – Large Canopies (LC) Option 
Phase LC 4 of the Master Plan is the final phase of the Master Plan and features the electrification of the remaining 
revenue buses on site at MTS’s Kearny Mesa Division. This phase assumes that the remainder of KMD’s BEB 
procurement will be for thirty-five (35) 60-foot BEBs and that the eight (8) excess 40-foot BEBs will be relocated to 
make room. If less 60-foot BEBs are part of the next procurement and excess 40-foot BEBs are to remain on site or 
be procured, the design of the canopies allows for this.  Phase LC 4 will be broken into an A, B, and C phase similar 
other phases in this master plan. During this phase, the existing CNG yard will be decommissioned to make room for 
additional charging positions and 40-foot BEBs parking in 60-foot spaces will be relocated to new positions added 
during this phase.  Construction phasing plans including Staging (Figure 3-26), Completed (Figure 3-27), and 
Occupied (Figure 3-28) Plans were developed. 

The following Infrastructure will be constructed in Phase LC 4A: 

• The remaining two (2) overhead steel structure bays will be added to Canopy 2 to join the canopy sections 
constructed during Phase 1B and Phase 2B. The structure, similar to all other canopies, will be built to 
support the overhead charging dispensers and the optional PV panels. 

• Eighteen (18) overhead pantograph dispensers will be installed, along with all associated cabling to connect 
to the DC charging cabinets. 

• Five (5) additional DC charging cabinets will be installed on Canopy 2’s platform and connected to the Unit 
Substation #2. 

The following infrastructure will be constructed in Phase LC 4B: 

• One (1) overhead pantograph dispenser will be added to the south cantilevered area of Canopy 3. 

The following infrastructure will be constructed in Phase LC 4C: 

• Overhead steel structure, in the location of the decommissioned CNG yard, will be constructed in similar to 
the existing canopy structures located at other MTS divisions. 

• Three (3) additional DC charging cabinets will be installed on Canopy 1’s platform. 

• Seven (7) overhead pantograph dispensers will be installed, along with all associated cabling to connect to 
the DC charging cabinets. 

The inclusion of Figure 3-27 Phase LC 4 Completed Plan represents that upon completion of the Phase LC 4 canopy, 
the construction contractor vacates the site, and Canopy 2 is completed before the incoming BEBs arrive on site. The 
previously relocated CNG buses that were displaced during construction can now resume parking under Canopy 2 
until the (35) CNG buses are replaced by the (35) BEBs in 2035. At the end of this phase there will be (9) additional 
40-foot BEBs on site, these BEBs will be relocated to another MTS facility to provide room for the new 60-foot BEBs 
required at KMD. 

At the end of Phase LC 4, MTS will have a full electrified fleet at their Kearny Mesa Division. The fleet make up at the 
end of this phase will consist of charging positions for seventy-seven (77) 40-foot BEBs and forty-two (42) 60-foot 
BEBs for a total of 119 charging positions on site. This will allow MTS to operate a fleet more than 125 BEBs when 
accounting for a 15-20% spare ratio of buses that will either be out service or set aside in reserve.  
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Figure 3-26 – Phase LC 4 Staging Plan 
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Figure 3-27 – Phase LC 4 Completed Plan 

 

 



KearnyKearney Mesa Division (KMD) ZEB 
Master Plan 

   

 

 

Prepared for: MTS    AECOM | Pacific Railway Enterprises, Inc. 

39  

Figure 3-28 – Phase 4 LC Occupied Plan 
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Figure 3-29 – LC Overall Staging and Pavement Reconstruction Plan 

 

Pavement Reconstruction Quantities Estimate 

 

Phase 1A: 14,859 square feet 
Phase 1B: 6,750 square feet 
Phase 2: 17,787 square feet 
Phase 3: 15,614 square feet 
Phase 4A: 9,661 square feet 
Phase 4B: 4,730 square feet 
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3.3.5. Phase 1 – Small Canopies (SC) Option 
Phase SC 1 will be broken into an A and B phase which represents the procurement schedule of 25 40-foot BEBs in 
2027 and 7 60-foot BEBs in 2028. At the end of Phase SC 1, KMD will have the ability to accommodate a total of 34 
BEBs, 32 new and 2 existing BEBs.  

Phase SC 1A will provide the canopy structure over the existing lot 3, which will have the capacity to park 28 buses 
underneath. Construction phasing plans including Staging (Figure 3-30), Completed (Figure 3-31), and Occupied 
(Figure 3-32) Plans were developed. Phase SC 1A will feature the following infrastructure and construction practices: 

• A new MV switchgear that will be sized to accommodate the full electrification of the KMDs fleet in all phases 
of construction. 

• A new natural gas generator to provide resiliency and redundancy and to accommodate the full 
electrification of KMDs fleet. 

• A new infill and retaining wall will be constructed along Opportunity Rd to provide additional space on site for 
the two large equipment items listed above. The infill and retaining wall would be located within the site’s 
property boundaries. 

• Excavation and laying of duct bank to connect the MV switchgear and natural gas generator to the steel 
structure. Laying of spare conduits will occur to provide power to the additional canopies that will be 
constructed in later phases of the project. 

• There would be a new overheard steel structure over lot 3. The structure will be sized with equipment to 
support the Unit Substation #1, eight (8) DC charging cabinets, twenty-five (25) overhead pantograph 
dispensers and a BESS located on the equipment platform above the southernmost bay. The remaining 
bays of the canopy, not covered with a platform, will be sized to accommodate the overheard charging 
dispensers, including the remaining three (3) inverted pantographs dispensers and the optional Photovoltaic 
panels. 

• An access staircase will be constructed on the south end of the canopy to allow personnel access to the 
equipment platform. The area directly around the staircase will be stripped off to mark where buses should 
not travel. 

• New striping underneath Canopy 1 will be painted on the proposed pavement to delineate parking spaces 
and numbering. 

• The inclusion of Figure 3-31 Phase SC 1A Completed Plan represents that upon completion of the Phase 
SC 1A canopy, the construction contractor vacates the site, and Canopy 1 is completed before the incoming 
2027 BEBs arrive on site. The previously relocated CNG buses that were displaced during construction can 
now resume parking under Canopy 1 until the (25) CNG buses are replaced by the (25) BEBs in 2027. 

• Upon the completion of Phase SLC 1A, MTS will have the charging capacity to meet their current 
procurement schedule in 2027 with a total of twenty-five (25) 40-foot BEBs capable of being charged on site. 
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Figure 3-30 – Phase SC 1A Staging Plan 
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Figure 3-31 – Phase SC 1A Completed Plan 
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Figure 3-32 – Phase SC 1A Occupied Plan 
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Phase SC 1B will provide a smaller modular canopy that will allow for it to be connected to the future canopy that will 
be located over the existing lot 2. This canopy will allow for the charging/storage of the additional seven (7) 60-foot 
BEBs, which will be powered by the cabinets located on Canopy 1’s equipment platform. Three spots under this 
canopy will continue to park 60-foot CNG buses until later phases are completed. Construction phasing plans 
including Staging (Figure 3-33), Completed (Figure 3-34), and Occupied (Figure 3-35) Plans were developed. Phase 
SC 1B will feature the following infrastructure and construction practices. 

• A new overhead steel structure, one (1) bay wide, will be constructed to accommodate the seven (7) 60-foot 
BEBs on the north side of lot 2. This structure will be sized to accommodate ten (10) overheard pantograph 
dispensers and optional PV panels. The structure will also be built in a modular configuration so that 
additional bays may be connected in future phases of the project. 

• Seven (7) overhead pantograph dispensers will be installed on the overhead structure and three (3) DC 
charging cabinets will be added to the platform on Canopy 1. 

• A cabling bridge from Canopy 1 to this new structure will be required to provide the appropriate DC power 
supply cables and communications cables to the overheard dispensers. This area will be designated as a 
limited work hours area. 

• New parking striping, with numbers, will be painted on the new pavement to delineate the parking positions 
located underneath Canopy 1. 

The inclusion of Figure 3-34 Phase SC 1B Completed Plan represents that upon completion of the Phase SC 1B 
canopy, the construction contractor vacates the site, and Canopy 2 is completed before the incoming 2028 BEBs 
arrive on site. The previously relocated CNG buses that were displaced during construction can now resume parking 
under Canopy 2 until the (7) CNG buses are replaced by the (7) BEBs in 2027. 

Upon the completion of Phase SC 1B, MTS will have the charging capacity to meet their current procurement 
schedule in 2028 with a total of twenty-five (25) 40-foot BEBs and seven (7) 60-foot BEBs capable of being charged 
on site. 
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Figure 3-33 – Phase SC 1B Staging Plan 
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Figure 3-34 – Phase SC 1B Completed Plan 
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Figure 3-35 – Phase SC 1B Occupied Plan 

 

 



KearnyKearney Mesa Division (KMD) ZEB 
Master Plan 

   

 

 

Prepared for: MTS    AECOM | Pacific Railway Enterprises, Inc. 

49  

3.3.6. Phase 2 – Small Canopies (SC) Option 
Phase SC 2 can be broken in an A, B, and C phase which will allow construction to the confined to a specific area of 
the yard and displace less revenue vehicles. However, all three could be constructed concurrently if preferred. Phase 
2A will have to be completed during limited work hours because it involves work to be done in an area of the site that 
must remain operations during construction. Phase SC 2 will be implemented to meet MTS’s procurement of 35 
BEBs in the year 2033. Construction phasing plans including Staging (Figure 3-36), Completed (Figure 3-37), and 
Occupied (Figure 3-38) Plans were developed. 

Phase SC 2A will be the addition of 3 charging positions to canopy 1, that was constructed in phases 1A. The 
following infrastructure will be constructed in this phase: 

• Three (3) overhead pantograph dispensers will be added to Canopy 1, and one (1) DC charging cabinet will 
be added to the platform. 

• All associated cabling will be installed during this phase. 

Phase SC 2B will construct 2 charging bays in the center of Lot 2. The following infrastructure will be constructed in 
this phase: 

• Overheard steel structure to support the charging equipment platform, overhead charging dispensers, and 
the optional PV panels. The additional steel structure will include two (2) bays. The northern most bay of this 
canopy section will include a concrete equipment platform. 

• Unit Substation #2, five (5) DC charging cabinets, and fifteen (15) overhead pantograph dispensers. The six 
northern parking lanes will have the pantographs mounted in such a location that will allow for future 60-foot 
BEBs to be charged in these parking positions. 

• An area of limited work hours will be established between Canopy 1 and the new concrete platform that is 
part of Canopy 2 that is being constructed. This area will be the location of the cabling and personnel bridge 
that will allow the AC power supply cabling to access the unit substation in addition to providing a means of 
access to the equipment platform atop Canopy 2. 

• New parking striping, with numbers, will be painted on the new pavement to delineate the parking positions 
located underneath. 

Phase SC 2C will construct 2 charging bays over the north side of existing Lot 1. The following infrastructure will be 
constructed in this phase: 

• Overheard steel structure to support the charging equipment platform, overhead charging dispensers, and 
the optional PV panels. The steel structure will include two (2) bays with a cantilevered area over the 
northern side. 

• Unit Substation #3, six (6) DC charging cabinets, and seventeen (17) overhead pantographs dispensers. 

• An area of limited work hours will be established between Canopy 2 and the new Canopy 3. This area will 
be the location of the cabling bridge that will allow the DC power supply and data/comms cables to connect 
to the dispensers. 

The inclusion of Figure 3-37 Phase SC 2 Completed Plan represents that upon completion of the Phase SC 2 
canopy, the construction contractor vacates the site, and the southern section of Canopy 2 is completed before the 
incoming 2033 BEBs arrive on site. The previously relocated CNG buses that were displaced during construction can 
now resume parking under Canopy 2 until the (35) CNG buses are replaced by the (35) BEBs in 2033. 

Upon the completion of Phase SC 2, MTS will have the charging capacity to meet their current procurement schedule 
in 2033 with a total of sixty-two (62) 40-foot BEBs and seven (7) 60-foot BEBs. 
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Figure 3-36 – Phase SC 2 Staging Plan 
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Figure 3-37 – Phase SC 2 Completed Plan 
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Figure 3-38 – Phase SC 2 Occupied Plan 
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3.3.7. Phase 3 – Small Canopies (SC) Option 
Phase SC 3 will encompass the constructions of the final section of Canopy 3 and three (2) bays to the south side of 
Canopy 2. This phase can be broken into an A and B phase, but both phases can be constructed concurrently if 
desired.  The completion of this phase will be constructed to meeting the MTS’s final stage of BEB scheduled 
procurement of 25 40-foot BEBs in the year 2035. Construction phasing plans including Staging (Figure 3-39), 
Completed (Figure 3-40), and Occupied (Figure 3-41) Plans were developed. 

Phase SC 3A will see the addition of sixteen (16) charging positions to Canopy 2. The following infrastructure will be 
constructed in this phase: 

• Overhead steel structure to support the overhead charging dispensers and the optional PV panels. The steel 
structure will add two (2) bays and the cantilevered charging position on the south side. This section will be 
connected to the section of canopy built during Phase 2B. 

• Six (6) DC charging cabinets will be added to the Canopy 2 platform and connected to Unit Substation #2. 
Sixteen (16) overhead pantographs dispensers with one (1) of those dispensers being added to the section 
of canopy built in Phase 2B. 

• New parking strips will be painted to delineate the new parking positions located under the canopy. 

• The existing BEB charging equipment on the northeast corner of the site will be removed to allow for a 
potential hydrogen trailer to be installed. 

Phase SC 3B will see the addition of eight (8) charging positions to Canopy 3. The following infrastructure will be 
constructed in this phase: 

• Overhead steel structure to support the overhead charging dispensers and the optional PV panels. The steel 
structure will add one (1) bay and the cantilevered charging position that will be added in phase 4 on the 
south side. This section will be connected to the section of canopy built during Phase 2C. 

• Three (3) DC charging cabinets will be added to the platform on Canopy 2 and connected to Unit Substation 
#3. Nine (9) overhead pantograph dispensers with one (1) of those dispensers being added to the section of 
canopy built in Phase 2C. 

• New parking strips will be painted to delineate the new parking positions located under the canopy. 

The inclusion of Figure 3-40 Phase SC 3 Completed Plan represents that upon completion of the Phase SC 3 
canopy, the construction contractor vacates the site, and Canopy 3 is completed before the incoming 2035 BEBs 
arrive on site. The previously relocated CNG buses that were displaced during construction can now resume parking 
under Canopy 2 until the (25) CNG buses are replaced by the (25) BEBs in 2035. 

Upon the completion of Phase SC 3, MTS will have the charging capacity to meet their current procurement schedule 
with a total of eighty-five (85) 40-foot BEBs and seven (7) 60-foot BEBs. 
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Figure 3-39 – Phase SC 3 Staging Plan 
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Figure 3-40 – Phase SC 3 Completed Plan 
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Figure 3-41 – Phase SC 3 Occupied Plan 
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3.3.8. Phase 4 – Small Canopies (SC) Option 
Phase SC 4 of the Master Plan is the final phase of the Master Plan and features the electrification of the remaining 
revenue buses on site at MTS’s Kearny Mesa Division. This phase assumes that the remainder of KMD’s BEB 
procurement will be for thirty-five (35) 60-foot BEBs and that the eight (8) excess 40-foot BEBs will be relocated to 
make room. If less 60-foot BEBs are part of the next procurement and excess 40-foot BEBs are to remain on site or 
be procured the design of the canopies does allow for this.  It will be broken into an A, B and C phase similar other 
phases in this master plan. During this phase, the existing CNG yard will be decommissioned to make room for 
additional charging positions.  Construction phasing plans including Staging (Figure 3-42), Completed (Figure 3-43) 
and Occupied (Figure 3-44) Plans were developed. 

The following infrastructure will be constructed in Phase SC 4A: 

• The remaining two (2) overhead steel structure bays will be added to canopy 2 to join the canopy sections 
constructed during Phase 1B and Phase 2B. The structure, similar to all other canopies, will be built to 
support the overhead charging dispensers and the optional PV panels. 

• Eighteen (18) overhead pantograph dispensers will be installed, along with all associated cabling to connect 
to the DC charging cabinets on Canopy 2’s platform. 

• Five (5) additional DC charging cabinets will be installed on Canopy 2’s platform and connected to the Unit 
Substation #2. 

• One (1) overhead pantograph dispenser will be installed on the canopy built during Phase 1B and will be 
connected to a DC charging cabinet on Canopy 1’s platform. 

The following infrastructure will be constructed in Phase SC 4B: 

The following infrastructure will be constructed in Phase SC 4C: 

• Overhead steel structure, in the location of the decommissioned CNG yard, will be constructed in similar to 
the existing canopy structures located at other MTS divisions. 

• Three (3) additional DC charging cabinets will be installed on Canopy 1’s platform. 

• Seven (7) overhead pantograph dispensers will be installed, along with all associated cabling to connect to 
the DC charging cabinets. 

The inclusion of Figure 3-43 Phase SC 4 Completed Plan represents that upon completion of the Phase SC 4 
canopy, the construction contractor vacates the site, and Canopy 2 is completed before the incoming BEBs arrive on 
site. The previously relocated CNG buses that were displaced during construction can now resume parking under 
Canopy 2 until the (35) CNG buses are replaced by the (35) BEBs in 2035. At the end of this phase there will be (9) 
additional 40-foot BEBs on site, these BEBs will be relocated to another MTS facility to provide room for the new 60-
foot BEBs required at KMD. At the end of Phase SC 4, MTS will have a full electrified fleet at their Kearny Mesa 
Division. The fleet make up at the end of this phase will consist of charging positions for seventy-seven (77) 40-foot 
BEBs and forty-two (42) 60-foot BEBs for a total of 119 charging positions on site. This will allow MTS to operate a 
fleet more than 125 BEBs when accounting for a 15-20 percent spare ratio of buses that will either be out service or 
set aside in reserve.  
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Figure 3-42 – Phase SC 4 Staging Plan 
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Figure 3-43 – Phase SC 4 Completed Plan 
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Figure 3-44 – Phase SC 4 Occupied Plan 
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Figure 3-45 – SC Overall Staging and Pavement Reconstruction Plan 

 

Pavement Reconstruction Quantities Estimate 
 

Phase 1A: 14,859 square feet 
Phase 1B: 6,750 square feet 
Phase 2: 18,017 square feet 
Phase 3: 10,217 square feet 
Phase 4A: 9,661 square feet 
Phase 4B: 4,730 square feet 
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4. Cost Estimate 

4.1. Introduction 
A Rough Order of Magnitude (ROM) Estimate was developed in adherence to the Association for the Advancement of 
Cost Engineering (AACE) Estimate Classification 4 standards for study or feasibility end usage and is intended as an 
approximation of an anticipated construction award value based on the current design of the project. The cost 
estimate is based on discussions with the design team, preliminary site plans dated July 14, 2023 and preliminary 
phasing sketches provided August 23, 2023. The complete Cost Estimate was submitted on June 28, 2023 and 
includes detailed breakdowns for the Master Plan Options and additional detail for generator, energy storage 
systems, and photovoltaic systems and these are included in Appendix C- Cost Estimate Detailed Spreadsheets. 
Figure 4-1 is an example of the estimate summary found in Appendix C- Cost Estimate Detailed Spreadsheets. 
Option 2 presented in the Cost Summary is for reference purposes only. Option 2 was evaluated but not considered 
and more detail about this option can be found in Appendix B - BEB Master Plan Drawings. Figure 4-2 includes a 
breakdown of the phased construction total presented on Figure 4-1. 

4.2. Inclusions, Exclusions, and Assumptions 
• The estimate is based on initial drawings dated July 14, 2023, phased drawing sketches dated August 23, 

2023, various email communications with the design team, and multiple collaborative meetings between the 
estimator and the project manager/design team. 

• The estimate includes infrastructure for phases 1A/1B/2A/2B/3A/3B including vehicle canopy structures and 
associated equipment platforms, and a total 36 charging cabinets and 102 pantographs. 

• The estimate includes a 25-percent design contingency commensurate with the level of detail contained 
within the current design. 

• The estimate includes a 12-percent markup for General Contractor Field Office Overhead, which captures 
costs associated with general conditions and general requirements for the project (contractor 
mobilization/demobilization, construction supervision staff, temporary offices/restrooms, dumpsters, etc.). 

• The estimate assumes that approximately 65-percent of the work will be performed by subcontractors, with 
35-percent self-performed by a general contractor. Roughly 65-percent of the direct subtotal is equivalent to 
the Electrical scope being subcontracted, with the remainder of the work being self-performed. 

• The unit rates contained within the estimate are base year 2023 dollars and are inclusive of current material, 
labor, and equipment costs. 

• The estimate includes a markup for escalation to the mid-point of construction from the date of the estimate, 
assumes a March 2025 start and approximately 16 months of construction at 5.5-percent per annum to an 
approximate mid-point date of November 2025. 

• Materials pricing for charging cabinets and pantographs is based on budgetary pricing from Heliox, provided 
March 15, 2023. 

• In addition to the assumed base bid for construction (Option 1), the estimate is inclusive of several additional 
options, including: 

o An option to add a ground mounted generator and all additional associated infrastructure. 

o An option to mount the generator at the platform along with the remainder of the electrical gear and 
charging cabinets. This option is priced as an increase to the cost of the ground mounted generator 
option. 

o An option to add a BESS. 

o An option to add a Photovoltaic system to the canopies. 

• The estimate assumes that the work will be performed during normal working hours as a singular general 
contract.  

• The estimate assumes that the work will be performed in phases to maintain operation of the facility through 
construction. 

• The estimate assumes that the construction will be competitively bid, with a minimum of four general 
contractor bids and four bids for all subcontracted work. 
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• Construction market conditions are currently highly volatile. Select materials that will be required for the 
project, including but not limited to structural steel and electrical gear have seen recent spikes in unit pricing 
and extensive lead times for procurement. There are likely to be significant fluctuations in unit pricing 
between now and the time of construction award. It is recommended that this estimate be considered as a 
snapshot of the fair market value of the project as the design currently depicts. Due to the volatile nature of 
the current construction market, this estimate should not be considered valid for use beyond this master 
planning exercise, and the cost of the project should be re-evaluated as the design progresses. 

• The estimate excludes costs associated with the following: 

o Design costs, including any delegated design that may occur during construction. 

o Construction Management or Owners Representation. 

o Costs associated with local utility infrastructure improvements that may be required for the project. 

o Permitting. 

o Site Improvements not currently depicted within the design. 

o Costs associated with operations and maintenance, training, bus procurement/upgrades, annual 
staffing, or energy usage costs. 

o Hazardous material abatement or contaminated soils remediation. 

o Off-site parking/contractor staff transportation. 

o Off-site material laydown/staging areas. 

o Additional owner soft costs or owner construction contingencies. 

o Any item of work not explicitly described within the cost estimate.
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Figure 4-1 – Cost-Estimate of Proposed Regrading of South Entrance Area, Phasing Total with Options 

 

  



Kearney Mesa Division (KMD) ZEB Master Plan    

  

 

Prepared for: MTS    AECOM | Pacific Railway Enterprises, Inc. 

65  

Figure 4-2 – Cost-Estimate of Proposed Regrading of South Entrance Area, Phasing Breakdown 
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Appendix A – Existing Conditions Report 
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Appendix B – Considered ZEB Master 
Plan Concepts 
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(Two design options were created as part of the ZEB Master Plan. These options feature the same charging 
equipment and similar infrastructure. As shown above in Section 3.2 Recommended Master Plan, Option 1  features 
three overhead steel structures with one cabling bridge and one personnel/cabling bridge.  

The study included the analysis of a second option which was considered but not selected. Option 2 which is shown 
below as part of Appendix B (Figure B1 and Figure B2) features four overhead steel structures with two cabling 
bridges and one personnel/cabling bridge. This option separates the canopies over lot 2 and leaves the “Bone Yard” 
without any means of installing overhead charging infrastructure. This option will decrease costs but will minimize the 
flexibly of the site to park BEBs during full electrification of the fleet.  

The following presents a summary of the electrical elements for the conceptual design for Option 2: 

Canopy 1 

12 Charging Cabinets 

36 Charging positions (dispensers) 

1 Unit substation  

BESS 

Solar 

Supporting electrical equipment (lighting, CCTV, power to dispensers) 

 

Canopy 2 

16 Charging Cabinets  

5000A switchboard and unit substation 

 

10 Charging Cabinets 

4000A switchboard and unit substation 

BESS 

Solar 

Supporting electrical equipment (lighting, CCTV, power to dispensers) 
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Figure B1 - Pavement Plan - Option 2 
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Figure B2 - Canopy Plan - Option 2 

 

 

 



KearnyKearney Mesa Division (KMD) ZEB 
Master Plan 

  

  

 

Prepared for: MTS    AECOM | Pacific Railway Enterprises, Inc. 

1  

Appendix C – Cost Estimate Detailed 
Spreadsheets 
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Appendix D – Basis of Design 
Equipment 
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Figure D1 – Heliox Flex 180 kW DC Charging Cabinet 

 

 

 

  



KearnyKearney Mesa Division (KMD) ZEB 
Master Plan 

  

  

 

Prepared for: MTS    AECOM | Pacific Railway Enterprises, Inc. 

3  

 

 Figure D2 – Heliox Flex 540 kW DC Charging Cabinet 
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Figure D3 – Pantograph Type 1 – Full Size Pantograph 
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Figure D4 – Pantograph Type 2 – Depot Charger 
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Figure D5 – Pantograph Type 3 – Piston Pantograph 
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Figure D6 – Battery Electric Storage System 
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Figure D7 – Natural Gas Generator 
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