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1. PURPOSE

The Systems Engineering Management Plan (SEMP) describes the systems engineering effort needed
in the planning for the upgrade of the San Francisco-Oakland Bay Bridge Metering Lights (SFOBB ML)
System. This document will provide high-level guidance in managing the development of the project
by identifying the items that are to be developed, delivered, integrated, installed, verified, and
supported. Then, it will also identify when the tasks will be done, the parties involved, and how the
system will be accepted and managed. Finally, the SFOBB ML SEMP defines the technical processes to
be used to produce each project deliverable.

The SFOBB ML SEMP will be developed in a multi-step process, starting with the SEMP framework. The
framework lays out the Systems Engineering process for the overall system, and includes the
organizational structure, an overall schedule for system implementation, and identification of the
technical tasks. Then, as each system is designed, the framework will be updated and supplied with
the needed detail for each system. This will help in developing supporting plans needed in the final
SEMP document.

1.1 Project Goals and Objectives

The planning for the SFOBB ML System upgrade will be focused on reducing queues and delays,
improving travel times through the Toll Plaza and optimizing traffic flow across the Bay Bridge.
The goal of the project is to improve traffic operations across the corridor and to have a
adaptive metering system. Additionally, another goal of the project is to replace the current
metering system which is antiquated and whose capabilities are limited.

The SFOBB ML project strategy was built upon an internal needs assessment developed by
examining the existing system and discussing alternative approaches to the project delivery.
The high-level needs of the project are:

e Implement an "adaptive” metering algorithm;

e Implement a fully automated system;

e Upgrade and replace existing system hardware;

e Design and upgrade associated network and detection systems as needed;
e Integrate the new system into the Caltrans ATMS; and

e Develop operational procedures for metering operations

These needs of the SFOBB ML System will build upon the current system’s operation, which is
being controlled manually from the Caltrans TMC. With the new system upgraded to a more
automated system, it is anticipated that staff operations at the Caltrans TMC will need to be
adjusted. Thus, there will be a need to develop a new set of procedures for monitoring and
maintaining the SFOBB ML System once in place.

The project’s goals are:
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e Replace the existing metering lights system;

e Reduce queues and delays;

e Improve travel times;

e  Optimize traffic flow across the Bay Bridge; and

e Improve TMC staff operations for the metering lights

Kimley»Horn 2|Page



SFOBB Metering Lights Upgrade
SEMP Framework

2. SFOBB METERING LIGHTS BACKGROUND

The original metering system was deployed in 1974 and then was upgraded in 1980 using a Model 170
controller as the central minicomputer. Then, in 1990 the system was upgraded once more with an
intention to utilize adaptive metering algorithms to more effectively adapt to changing conditions. The
adaptive metering deployment was not successful and was replaced with essentially the same system
that was originally deployed in 1980. In fact, most of the original system was reutilized in this
replacement including the Model 170 controllers, the detectors, cabinets, lights, and communications
system.

The current Toll Plaza has a total of 20 approach lanes including 16 toll booths, two open road tolling
lanes (ORT), and two HOV lanes. During carpool hours, Toll Booths 1 and 2 are designated as HOV
lanes only. In the current configuration, all of the approach lanes converge to 16 lanes at the existing
metering lights, which is approximately 1000 feet west of the Toll Plaza. During the peak hours, only
12 lanes are controlled with the metering lights where the HOV lanes (four total lanes) are not
metered.

The existing metering operations utilize a priority scheme for FasTrak users where FasTrak lanes are
given shorter metering rates. This results in more FasTrak vehicles being released in comparison to
cash paying vehicles. The figure below illustrates the current configuration of the Toll Booths and
Metering Lights approaches.
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Figure 1 - Existing Conditions Diagram
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The system was designed to operate in a fully automated mode, but tends to break down when there
are incidents or other non-recurring events. In those incidences, the lack of data from detectors
downstream from the metering lights means the system is not responsive to congestion. Currently,
operators in the Caltrans TMC will adjust the metering lights based on observations from CCTV
cameras in and around the metering lights and the foot of the Bay Bridge.

Because the system is mainly controlled manually today and most of the central equipment and field
elements are old and antiquated, there is a need to replace most, if not all, of the central metering
light elements and install a more automated and adaptive metering system that will not only improve
traffic flow onto the Bay Bridge, but will result in more effective and efficient staff operations of the
metering system at the Caltrans District 4 TMC.

2.1 Current Organizational Structure

The current organizational structure consists of the agencies that are involved in the existing
operations of the metering light s system. These key stakeholders as follows:

Metropolitan Transportation Commission (MTC) is the transportation planning, financing
and coordinating agency for the nine-county region in the Bay Area. MTC functions as both the
regional transportation planning agency and as the region’s metropolitan planning organization
(MPO).

Bay Area Toll Authority (BATA) of MTC has the responsibilities of administration of toll
revenue and joint oversight of the toll bridge construction program with Caltrans and the
California Transportation Commission (CTC).

BATA currently funds day-to-day operations, facilities maintenance, and administration of the
San Francisco-Oakland Bay Bridge as well as long-term capital improvement and rehabilitation
of the bridge. The toll schedule for manual or electronic collection is established by BATA and
the California Legislature. BATA is also responsible for the operation of the FasTrak Electronic
Toll Collection program. BATA will contract with the appropriate firms to complete the project.
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Caltrans owns, operates, and maintains the state-owned bridges and is responsible for day-to-
day operations, maintenance and toll collection of the San Francisco-Oakland Bay Bridge.
Caltrans will provide oversight of the design of the project.

BCDC has regulatory responsibility over development in San Francisco Bay and along the Bay's
nine-county shoreline. It is guided by the McAteer-Petris Act, the San Francisco Bay Plan, and
other plans for specific areas around the Bay. It is necessary to obtain a BCDC permit prior to
undertaking most work in the Bay or within 100 feet of the shoreline, including filling, dredging,
shoreline development and other work.

California Highway Patrol (CHP) is responsible for the enforcement of the Bay Bridge and
State Highway assets. It is anticipate that they will be a stakeholder in the system design.

2.2 Metering Lights System Upgrade Organizational Structure

For the planning, design and delivery of the upgraded SFOBB ML System, the following are the
key stakeholders and their roles and responsibilities. A draft project organizational chart is
provided in Appendix A.

Kimley-Horn performs the role of the Project Manager and System Designer. It is responsible
for developing/monitoring a comprehensive work plan at the project scoping that includes a list
of project tasks, scheduling requirements, staffing requirements, and equipment and material
requirements necessary to complete the scope of work tasks on time and within budget. The
work plan will be continually monitored and revised as the project proceeds to meet time and
budget constraints. It is also responsible for providing guidance on technical issues/topics, and
reviewing deliverables/conducting testing. Kimley-Horn will develop the initial set of design
plans to be used for procuring the construction contractor. The design plans will be completed
by the Construction Contractor and the Systems Integrator.

HDR will provide environmental support for BATA and Caltrans including a review of
environmental constraints information available for the project area as well as a review of
pertinent state and federal regulations, policy, and guidance. HDR will help develop an
environmental and permitting strategy for the project based on the sensitive environmental
resources in the area of the proposed design.

BATA will be responsible for procurement of a Systems Integrator as a professional service. The
Systems Integrator will provide input on the design of the construction plans and will also
design, develop, implement, and test the metering lights system.

BATA will be responsible for procurement of a Construction Contractor for the completion of
the design plans, the installation of field elements including conduits, pull boxes, cabinets, signal
heads, poles, conductors, and any other field elements for the metering lights system upgrade.

Caltrans will provide oversight and technical assistance on the scoping of the project. They will
also provide design reviews and will issue the construction permit for the civil elements of the
new system. They will also provide oversight working closely with the System Integrator during
the implementation of the new system.

Federal Highways Administration (FHWA) will provide technical assistance as requested by
BATA.
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BATA and Caltrans Project Working Group includes staff members from both organizations
responsible for the project development and delivery

Executive Project Steering Committee includes executive management team members from
both organizations responsible for overall project direction.

Alameda County Transportation Commission (ACTC) as the Congestion Management
Agency is deploying an Integrated Corridor Mobility (ICM) system along I-80 which directly
feeds the Bay Bridge. Their involvement will be for the most part focused on the interaction
between the I-80 ICM and the SFOBB ML Systems.

System Integrator will be responsible for the delivery and implementation of the upgraded
SFOBB ML System including the central hardware and software.

The figure below represents a high level view of the overall organization of the key stakeholders.
A more detailed stakeholder organization chart is provided in Appendix B.

BATA I Caltrans

Exec Proj Steering Committee

BATA/CT Working Group

Project
Manager

Project Project
Manager Manager

Civil Design

Figure 2 - Project Organizational Chart

Project

Manager

I 1
System Construction
Integrator Contractor
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2.3 Project Scope

The SFOBB ML Upgrade project will upgrade the metering lights system and associated field
and central system equipment. It will provide for redundancy of the system in the event of an
emergency. The new SFOBB ML System will be integrated into the existing Caltrans ATMS. It
will also replace existing Changeable Message Signs located on the metering lights structure. It
will repair or close existing gaps in the communication system and repair or enhance existing
detection as needed for an automated and adaptive metering system.

The new SFOBB ML System will integrate existing traffic monitoring stations in the vicinity of the
Toll Plaza to respond to traffic both upstream and downstream of the Toll Plaza. It is expected
to be customized software system.

2.4 Current Metering Lights System

The existing metering lights systems consists of several elements including:

e Field Controllers

e Metering Lights

e Loops

e Changeable Message Signs

e Communications

e Central Systems (Metering Server and ATMS)

Each of these are described below. The figure below provides a high level system diagram of
the existing metering lights system.
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Figure 3- Existing System Diagram

Field Controllers and Cabinets

There is a modified Type 332 cabinet near the metering structure that houses the metering
controller. This controller is responsible for receiving calls from the detectors on the approach
lanes to the metering lights and receiving commands from the metering lights central system to
turn on and implement different metering rates.

There are two Traffic Monitoring Stations (TMS) that consist of Type 332 controller cabinets.
One of the cabinets is at the foot of the bridge incline (designated “AB"), and one at the start of
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the 5-lane sections closer to the toll plaza (designated “CD"). The AB and CD cabinets house the
Model 170 controller used for loop detection at these locations.

Changeable Message Signs

There are two existing CMS (7488 BB) mounted on the metering lights structure that are
intended to display the message “PREPARE TO STOP” in advance of the metering lights going
on. The signs are triggered by an electrical signal from the metering controller. The connection
between the CMS controller and the metering controller is a type of electrical conductor. The
CMS have their own cabinet (356 BB). The CMS are not functioning at this time.

Communications

Currently the AB, CD, and metering controller cabinets connect back to the Caltrans TMC via a
leased wireless connection. There is a wireless modem in each of the three cabinets. In
addition, there is an existing single mode fiber cable between the AB and CD cabinets and the
Toll Plaza Administration building.

There is also an existing multimode fiber cable between the metering controller cabinet and the
Toll Plaza Administration building. The fiber cable is in place, but it is not being used for
communications with no data being exchanged. The fiber eventually ties into a leased line
circuit in the Toll Plaza Administration building.

Central Systems

The central metering system software is an independent system that operates on the same work
station as the Caltrans ATMS in the Caltrans District 4 TMC. The central metering software is also
installed on a backup work station at the TMC that is independent from the ATMS network. In
the event there is a major system failure where the Caltrans TMC loses communications to the
metering controller, the metering system must be operated from the metering controller in the
field.

The system is manually operated using command response to assist with the merging of 16
travel lanes to 5 travel lanes. The existing commands are:

e Time of Day,

e Manual Operations, and

e TMC Operations.
A metering sequence table, which is an Excel spreadsheet, is used to determine the metering
rate for each lane with priority given to FasTrak lanes. The metering sequence table provides the
algorithm for each of the lanes taking into account lane adjacency so that adjacent and second

adjacent lanes are not given a “green” signal at the same time. The Bay Bridge ramp meters are
operated 7 days a week. The meters are activated based on Bay Bridge queuing, at
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approximately the same time daily for weekday and weekend peaks. The operators can adjust
the metering rates from between 40 to 199 vehicles per minute (vpm) and use the metering
sequence table to adjust the allocation between the FasTrak and cash lanes. Currently, the ramp
metering system only uses occupancy data as an input into the system.

ATMS

The Caltrans Advanced Transportation Management System (ATMS) provides real time
information about Caltrans assets. The ATMS provides data on individual lane occupancy, flow,
average speed, and system status. It also has a connection to the CHP Computer Aided Dispatch
(CAD), which provides incident data. Ramp metering operators use CAD data to assist with ramp
metering operations in the even there is an incident that effects the Bridge or the merge area.
The ATMS is not directly integrated into the ramp metering system, but the two systems coexist
on the same network.
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3. TEeCHNICAL PLANNING AND CONTROL

The SFOBB ML System will be designed, integrated, and deployed according to the Systems Engineering
process required for federally funded ITS projects. The following sections describe the anticipated plans
and activities that serve as controls for the project’s systems engineering activities.

3.1 Work Breakdown Structure

The Work Breakdown Structure (WBS) is a list of all tasks to be performed on the project. The
WBS breaks down the tasks into individually budgeted items. The draft project schedule
provides detailed tasks and deliverables is attached in Appendix C.

A high level process of the project approach and relationships between tasks is provided in the
figure below. The approach to project delivery will be a split approach to the system elements
and the field elements with Caltrans and BATA oversight as shown in the figure below.

The System Design will prepare the requirements, specification, and preliminary design of the
entire system. The System Integrator will be selected by a Request for Proposals during the civil
design phase. The System Integrator will provide input into the design of the field elements and
will complete the final design and integration of the ramp metering system and metering
algorithm. At the 65% design phase, a Construction Contractor will be selected using a design
sequence/construction manager general contractor award. The Construction Contractor will
provide input into the design and construct the improvements. Finally, the System Integrator
will test the metering system. A detailed WBS will be prepared with the detailed project

schedule.
System
Integrator Award
A
System Requirements,

System Ele:nei:ts ) Specifications and Final Design and System Instalation :;g_:l;muon and
(Hardware ) Prei y Design ng

Civil Elements and Design plans preparation Final Desion and on

Field Construction (to 65% stage) gn and Construct

Design Sequence
Contract Award
'! | | |
NTP | | | :
4 6 12 18

Months
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3.2 High-Level Project Scope

The SFOBB Ramp Metering Lights Upgrade project will upgrade the metering lights system and
associated traffic controllers. It will provide for redundancy of the system in the event of an
emergency. The project will integrate the metering lights system into the Caltrans ATMS. It will
also replace existing Changeable Message Signs at the metering lights. It will repair or close
communication gaps and repair or enhance detection for a adaptive metering system. They
system will integrate the ramp metering detection and the corridor-wide system to respond to
traffic both upstream and downstream of the toll plaza. It is expected to be customized software
system owned by BATA with a warranty and maintenance agreement.

The SFOBB ML System design will consist of the following:

e System Architecture development

e System requirements development

e Metering Algorithm inputs and constraints
e Systems Engineering Documentation

e System Design

e Systems Integration Plan

e Civil Design

e Network Security and Failure Requirements
e  GUI Requirements

e Metering Requirements

e Testing Plan

e Integration Testing

e Acceptance Testing
The System Design elements include:

e Repair/calibrate the existing detection on the bridge (east span, westbound)

e Upgrade existing metering equipment communications to use IP-based
communications

e Upgrade existing metering cabinets and controllers

e Modifications to the existing office space to accommodate the backup system at the
Toll Plaza

¢ New changeable message signs on the metering lights structure

e Additional CCTV cameras for monitoring the merge area and bridge approaches
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e Detection repair and connections on the west span, westbound approach with the
assumption that additional detection on the bridge approaches is not needed.

3.2.1  Project Subsystems

The SFOBB ML System and subsystems are described below. As the project evolves, the
proposed System Architecture will be updated.

Caltrans ATMS — The Caltrans ATMS is the central system for District 4 to control and
monitor Caltrans field elements. It is used to monitor and respond to incidents and events.
The Ramp Metering System will be integrated into the Caltrans ATMS. The proposed CMS
for the metering lights will be integrated into the ATMS.

New SFOBB ML System — The SFOBB ML System will control the metering lights. The ML
System will use data from mainline detectors and customized algorithms that will allow
lane-by-lane control of the metering lights. The SFOBB ML System will be able to be
viewed and operated independent of the ATMS.

Existing SFOBB ML System — The existing system will continue to operate in parallel with
the new metering system through the testing and acceptance testing phase. Once the
new system has been fully tested and accepted and after the initial burn-in period, the
existing metering system will be retired.

Mainline Detection System — The Mainline Detection System is monitored through the
Caltrans ATMS. It will provide volume and occupancy data to the SFOBB ML System
upstream and downstream of the metering lights.

Metering Lights Detection System — The ML Detection System provides call and passage
detection for vehicles at the stop bar of the metering lights. These detectors provide the
actuation for the metering lights. In is anticipated that the metering lights detection and
mainline detection will provide the data inputs to the SFOBB ML System as part of an
updated metering algorithm.

3.3 Procurement Plan

Kimley-Horn is working with BATA to develop procurement documents for the new system. The
new SFOBB ML System will consist of central system hardware and software, as well as ITS field
communications and field devices to support the system. The SFOBB ML project will be
managed and administered by BATA through construction and systems acceptance, at which
point it will be handed over to Caltrans for operations and maintenance. The Procurement
Strategy Memo is shown in Appendix D which presents the preferred procurement approach.

3.4 System Engineering Supporting Documents

The following documents will be prepared as part of the Systems Engineering process.

3.4.1  Risk Management Plan

The System Integrator will develop a Risk Management Plan to identify the risks of system
development because of the number of inputs, data sources, and amount of integration
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required. The Risk Management Plan will assess the magnitude of the risks and identify
mitigation measures where necessary. A Risk Register will be prepared to support the Risk
Management Plan. The Risk Register will identify the risks, the impact, priority and
mitigation measures.

3.4.2  Concept of Operations/Needs Assessment

The Concept of Operations will include the development of Operational Scenarios. Some
of the key operational scenarios that will be developed include:

e Normal traffic operations — weekdays and weekends
e  Freeway incident affecting Bay Bridge and/or Toll Plaza operations

e Real-time and automated management of recurring and non-recurring
congestion

e  Emergency situation impacts to Bay Bridge and Toll Plaza operations

e Data collection and evaluation on the system for performance monitoring of
traffic flow, metering rates, or field operating conditions including metering
tables that set priorities for FasTrak ® users.

Kimley-Horn will prepare a comprehensive outline for the Concept of Operations prior to
commencing with the full document preparation. The proposed system'’s architecture will
be included in the Concept of Operations.

A workshop for stakeholders is anticipated to flush out the operational scenarios and high
level requirements for the new SFOBB ML System. BATA and Caltrans will oversee the
development and approve the Concept of Operations.

3.4.3 Validation Plan

The Validation Plan will be prepared with the Concept of Operations and will identify the
activities that are necessary to “validate” the Concept of Operations of the metering
system based on the user needs and operational scenarios. A metering system validation
will be conducted according to the Validation Plan. BATA, with Caltrans oversight will
approve the Validation Plan.

3.4.4  System Requirements

The System Requirements will be prepared as single set of requirements with separate
sections relating to different elements of the metering lights system. The Requirements
will be divided into General, User, Technical, and Operational Requirements. BATA and
Caltrans will oversee the development and approve the System Requirements.

3.45  System Design

The System Design will define the organization, structure, facilities, tools and processes to
be used to produce the project’s software and hardware for the ramp metering system, as
well as possible ITS communication and field devices to support the system. BATA and
Caltrans will oversee the development of, and approve the System Design. For the Civil
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Design elements, Caltrans will conduct the reviews and approve the design which is
expected to be an encroachment permit.

3.4.6  System Integration Plan

The System Integration Plan will define the subsystems and data sources for the new
system. It will also include the system integration schedule, dependencies, and integration
methods to be performed by the System Integrator. The System Integration Plan will
provide details on the elements to be integrated under the proposed system architecture
(to be developed with the Concept of Operations), and will include any phased
implementation of features and functionalities of the new SFOBB ML System. BATA and
Caltrans will oversee the development and approve the System Integration Plan.

3.4.7 Verification Plan

A Verification Plan associated with the System Requirements will be prepared to describe
the activities associated with verifying that the new metering lights system satisfies all the
system requirements. A metering system verification will be conducted according to the
Verification Plan. BATA and Caltrans will oversee the development and approve the
Verification Plan.

3.4.8 Performance Monitoring Plan

A Performance Monitoring Plan will be used to track the success of the project in meeting
the overall project goals. In addition a Performance Reporting Plan will identify goals and
objectives and include the key performance measures to collect and assess for the
upgraded system. The plan will include a schedule for ongoing data collection and
reporting.

3.4.9 Training Plan

A Training Plan will be developed to train Caltrans on the operations and maintenance of
the New Ramp Metering System. It will include documentation, as well as in person
training sessions, with videos or webinars that can be accessed on-demand.

3.4.10 Operations and Maintenance Plan

An Operations and Maintenance Plan will be completed for the SFOBB ML System
including any new elements and subsystems. It will also include the metering lights
operations at the District 4 TMC and the backup systems. Lastly, it will define the
operations and maintenance functions and responsible party. BATA and Caltrans will
review and approve the Operations and Maintenance Plan.
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4. SYSTEMS ENGINEERING PROCESS

This section describes the activities and plans that act as controls on the project’'s engineering activities.
Under the FHWA's Final Rule [23 CFR Part 940 part 11], systems engineering analysis is required for
projects funded with highway trust funds. The development and implementation of the metering lights
system will follow the systems engineering process shown in the figure below. The red circle indicates
where the SEMP fits in the overall project development lifecycle.

Phase -1 Phase 0 Phase 1 Phase 2 Phase 3 Phase 4 Phase 5
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Systems Engineering Process

4.1 Regional ITS Architecture

The SFOBB project is consistent with the Bay Area ITS Architecture and implements the
following service package:

e ATMSO01 - Network Surveillance

e ATMSO04 - Traffic Metering

e ATMSO0S - HOV Lane Management

e ATMSO06 - Traffic Information Dissemination

e ATMSI1O0 - Electronic Toll Collection
MTC and Caltrans are included as stakeholders in the Architecture.

4.2 System Requirements Analysis

The System Requirements will be identified and developed through the following steps:
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e Draft ConOps will be developed for the metering lights system upgrade. The Draft
ConOps will address/identify/confirm stakeholders, needs, and expectations; the vision
of what the system upgrade will do; and how the system will operate, under what
environment, and how it will be supported. The ConOps will discuss the system from the
perspective of multiple users/stakeholders/systems. A workshop will be conducted with
the stakeholders to flesh out the needs and operational scenarios and high level
requirements for metering lights. Additionally, TMC staff interviews will be conducted
along with observations of metering operations and the existing and desired logic for
the new system.

e Draft System Requirements will be derived from the Concept of Operations. This will
document the technical elements that will be carried out to meet the needs identified in
the draft ConOps. These requirements will be developed through meetings with BATA
and Caltrans and will include, but not be limited to, the following elements:

Field Controllers;

- Cabinets;

- Metering System;

- Control Logic;

- Central System Integration;
- Detection;

- CCTV Cameras;

- Signal Heads; and

- Communications System.

e The requirements will be divided into General, User, Technical, and Operational
Requirements and the following elements will be covered, at a minimum:

- Metering Control Logic - Automated and adaptive operations; dynamic
adjustment of rates; rates based on usage priorities (e.g., for FasTrak ® vehicles,
or HOV); downstream merging; manual/override control; AET; etc.

- Detectors and Detector Failures - Accuracy; Maintenance; Alerts to user-
specified recipients; Logging; etc.

- Communications and Communication Failures — IP-based; Standards-based;
Alerts to user-specified recipients; Logging; etc.

- Reporting - Logs; Queries; Alterations; Users
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4.3 System Analysis

The upgraded SFOBB ML System will be developed using a Systems Engineering process. The
system will be designed using a defined requirements to limit the alternatives. In the event that
a trade-off analysis or alternatives analysis needs to take place, BATA will review the cost and
schedule impacts with relation to the benefit to the users or the stated goals of the project.

4.4 Risk Management

The SFOBB ML Upgrade Project is a high risk project because of the critical nature of the system
to regional traffic operations, the number of stakeholders, and the integration of multiple
systems. The SEMP will continue to identify and assess sources of risk throughout the design,
development, and integration of the SFOBB ML Upgrade project. The Risk Management Plan will
outline how risk management will be performed, including determine if a newly identified risk
has an impact on the requirements. The following table highlights some of the currently

identified risks. A comprehensive Risk Register will be prepared with the Risk Management Plan.
Once prepared, the Risk Register will be maintained over the course of the project.

Risk Possible Risk | Risk Description Probability Risk Factor Mitigation Process
Number (1-10) (1-100)
1 Schedule The implementation 9 10 90 BATA and the Project
Conflicts and | of the metering Manager will manage a
Slippage system involves the master schedule for all of
coordination of the Contracts and
multiple contractors Activities. Critical path will
with many be clearly defined
interdependencies. including time for Caltrans
The coordination of processes. In addition, the
the schedule and the schedule will be re-
conflicts between examined to determine
schedules are a source what items can be taken
of risk. The schedule off of the critical path if
may slip because of more time is needed for
unknowns in software development. BATA will
customization or work with Caltrans to
construction issues. identify ways to mitigate
schedule risk by
shortening review periods
or fastracking approvals.
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Possible Risk | Risk Description Probability Impact | Risk Factor Mitigation Process
(1-10) (1-10) (1-100)

Conflict Disagreement or BATA and the Project
between conflict on scope, Manager will clearly define
Contractors | schedule and/or the scope and limits for
allocation of budget each Contractor. BATA will
manage the process and
resolve conflicts. BATA will
amend contracts if
necessary.
3 Integration There are risks to 40 BATA and Caltrans will
Issues integrating the new work closely with the
Ramp Metering System Integrator to
System with the identify any technical
existing Caltrans challenges and a
ATMS. These risks may mitigation approach. If
impact schedule and necessary, BATA and the
scope Program Manager will
identify an alternate
approach.
4 Data Quality | There is a risk that the 7 The System Integrator will
new Ramp Metering provide input into the
Algorithm will design in order to mitigate
underperform the risk of poor data
because of poor data quality. This risk is
inputs. minimal. In the event it
occurs, the Contractors
will work together to solve
the issues and an
appropriate change order
will be initiated.
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5.  TRANSITIONING CRITICAL TECHNOLOGIES

The SFOBB ML System is a critical system for the Bay Area. The existing system has long passed its
useful life and has reached a point where operations rely on manual intervention. The upgrade of the
metering lights system will improve operations and be more responsive to traffic conditions, and will
rely on customized software due to the uniqueness of the facility and the needs of the system, i.e,, it is
not expected that any off-the-shelf software and system will be able handle the needs of the SFOBB
ML System without customizations and added capabilities.

Because of the unique nature of the bridge approach conditions with the number of lanes and lane
transitions, the different priorities between HOV, Fastrak and ORT lanes, data inputs, and integration
with existing system, there will be a substantial transitioning of old technology to newer technologies.
The risks for integration of new data sources or other technology transitions will be discussed in the
Risk Mitigation Plan or the Integration Plan.
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6. INTEGRATION OF THE SYSTEM

This section describes the methods to be used to integrate the developed components into a
functional metering lights system. The System Integrator will have the responsibility to integrate the
functionality of the existing metering lights system including the new metering algorithm with the
existing ATMS.

The new SFOBB ML System will integrate existing and proposed detector speed and occupancy data
from the Caltrans ATMS to detect the presence of vehicles and queuing upstream and downstream of
the metering lights. The new system will also have the ability to provide lane-by-lane priority based on
an "adaptive” algorithm operating under continuously changing traffic conditions and/or
HOV/FasTrak/Passenger Vehicle lane classifications.

The integration of the system will follow the Systems Engineering process for verification, validation,
deployment, and operations and maintenance of the various subsystems. A System Integration Plan
will be developed by the System Integrator which will contain approaches, processes and
methodologies for the following at a minimum:

e Existing hardware, software, systems, subsystem and data to be integrated;

e Support environment for integration during system testing and final acceptance;

e Phasing the integration of system elements for testing and implementation;

e Integration activities between existing systems from other stakeholders (e.g., ATMS); and

e Security measures to be implemented during the integration of the system.
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7.  INTEGRATION OF THE SYSTEMS ENGINEERING EFFORT

The Systems Engineering effort will be led by BATA and the Consultant Project Management Team.
BATA will be responsible for reviewing the deliverables and managing the Systems Engineering tasks.
The SEMP will be completed by the selected System Integrator. Caltrans will provide oversight,
technical support, and review of the Systems Engineering effort. The design of each of the subsystems
will be completed by the system designers under contract to BATA. BATA, Caltrans and the Project
Management Team will oversee the testing, validation, and verification of each of the subsystems.

Caltrans, BATA, and the Project Management Team will work in close coordination as a team to
complete the Systems Engineering efforts. There will be weekly team meetings and on-going action
item lists to identify critical path items. The table below outlines the responsible party for the different
deliverables under the Systems Engineering effort.

System Engineering Task Responsible Party

SEMP Framework Kimley-Horn complete; BATA review

SEMP System Integrator complete; Kimley-Horn &
BATA review

Concept of Operations Kimley-Horn complete; BATA & Caltrans review

System Requirements Kimley-Horn complete; BATA & Caltrans review;

System Integrator provide input

System Design System Integrator complete; Kimley-Horn,
Caltrans, & BATA review

Field Element Design Kimley-Horn complete; BATA & Caltrans review;
System Integrator provide input

Testing, Verification, Validation System Integrator complete; Kimley-Horn,
Caltrans, & BATA review
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8.  APPLICABLE DOCUMENTS

The applicable documents for the SEMP will be updated as the Systems Engineering process continues.
The applicable documents are:

e Project Development Schedule

Existing System Architecture

Concept of Operations

High-Level Requirements

Others to be defined
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APPENDIX A — PROJECT ORGANIZATIONAL CHART
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SFOBB ML System Upgrade — Project Organizational Chart
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APPENDIX B - STAKEHOLDER ORGANIZATION CHART
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SFOBB METERING LIGHT SYSTEM UPGRADE
STAKEHOLDER ORGANIZATION CHART
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APPENDIX C - PROJECT SCHEDULE
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I I 1 I I I i I I I I I I I I I I I I
— P — . ak - R R i —— T I e [ — Hhoa oo T e
7 1.2.7 Metering Lights System Requirement - Draft 12-Jan-16 | 16-Mar-16 _ i N N
@ SP_6510 KH | Prepare Draft Technical Systems Requirements 30 | 12-Jan-16 = 25-Feb-16 | -32 | SP_5525 ‘ are Drafft Téchriical Systems Requirements | |
‘ = SP_6545 KH | CMS Requirements 5 | 12-Jan-16 | 19-Jan-16 = -3 |SP_6510 ! viremehts © ¢ | [ |
‘ = SP_6520 KH | DRAFT CT System Requirements Works hop 4 | 26-Feb-16 = 02-Mar-16 = -32 | SP_6510 ! ! AFT CT|System Reaiulrements Workghop| | ! o Co Lo
‘ &= SP_6530 KH | Submit Revised Draft System Req for BATA/Caltrans Review 0 02-Mar-16 | -32 | SP_6520, SP_5560, ! ! brit Revjsed: Draft s;:s em Req forBAFNCIItrans Revieyy, ' o Do Do
SP 6545 R ST I | AN AN O (Y IO Y [ S S Lol
‘ &= SP_6540 KH | BATA/Caltrans Review DRAFT System Requirements 10 = 03-Mar-16 = 16-Mar-16 -32 | SP_6530 ATA/Calfrans Revigw :IZ RAFT System Reqyirements |
‘ = SP_6550 KH | 1.2.7 Draft System Requirement Complete 0 16-Mar-16 = -32  SP_6540 2.7 Draft System Reglirerhent| Complete, | ‘
= 1.2.8 Develop Procurement Documents for System Integrator 24-Nov-15A| 22-Jun-16 | -32 | | oo ED b !
@ SP_9000 KH | KH - Prepare System Intetgrator Procurement - SOW/RFP - Draft 10 | 24-Nov-15A | 04-Jan-16 | -18 | SP_3070 e System Intetgr atfor Profurement -|[SOW/RFP - Draf] | 1 Do b
‘ &= SP_9010 BATA | BATA Review Draft S| Statement of Work/RFP - Draft 5 | 05-Jan-16 = 11-Jan-16 | -18 | SP_9000 gliew Dr S|§Sta;1en§nt§of Nork/RFP | Draft | |
‘ @ SP_9020 KH | KH - Finalize SI Statement of Work /(RFP) 10 | 12-Jan-16 = 26-Jan-16  -18  SP_9010 dlize;Sl|Statementof Work (RFP) | [ 1 1| o | R o AR
‘ & SP_9030 BATA | BATA Internal Review S| SOW/RFP) Contracts/Legal /PM/Exec 15 | 27-Jan-16 | 18-Feb-16 = -18 | SP_9020 Interna| Review S| $QW/IRFP) Contrhcts/|.egal /PM/Exgc
‘ = SP_9025 BATA | Industry Outreach (1 week review 1 week meeting with potentials) 10 = 29-Jan-16 | 11-Feb-16 | -15 | SP_9020 siry Outréach (1 week fevielv 1 week meeting with potenfials) | Lo b
‘ = SP_9040 BATA | BATA Legal Review DEADLINE 5 | 10-Feb-16 | 18-Feb-16 | -18 |SP_9030 Legal Review DEAMLINE| ! Lo ! o Co Lo
‘ & SP_9050 KH | KH Prepare Final S| Request for Proposal (RFP) 5 | 19-Feb-16 = 25-Feb-16 | -18 | SP_9030, SP_9040, brepare [Final SIRéduést fbr Proposal (RFP)! ! o Do Do
SP_9025 N . NN 8 N O U DA R I 1 DR L Lol
‘ = SP_9060 BATA | RFP Advertise for System Integrator 20 17-Mar-16 = 14-Apr-16* -32 | SP_5550, SP_9050, RFP Advertise: fof $ys:ten11 Integrator [
SP 4040, SP 6540, Lo R I | : Lo : B Lo b
‘ &= SP_9070 BATA | Pre-Proposal Meeting 1 | 24-Mar-16 = 24-Mar-16 | -23 | SP_9060 re-Proposal Meeting | | ; b
‘ &= SP_9080 BATA | Closing Date for Requests for Information 1 01-Apr-16 | 01-Apr-16 | -23 | SP_9070 Glosing Date for Refuests for Information | !
‘ @ SP_9090 BATA | Sl Integrator Closing Date for Receipt of Proposals 0 14-Apr-16 -32 | SP_9060, SP_9080 Sl Ihtegratbr Clo in1:g Datp for Receipt of Drbpoéals,
‘ & SP_9095 BATA | BATA/KH Review RFP/SOQ Review/Ranking Selection 5 | 15-Apr-16 = 21-Apr-16 | -32 | SP_9090 KH Reviey %FP/S Q| Review/Ranking Selection o b Do
‘ = SP_9100 BATA | Interviews (If Necessary) 5 | 22-Apr-16 | 28-Apr-16 | -32 |SP_9095 § Interjiews ’(’lﬁ NE ngé y | ””” ”””” """" ”””
‘ &= SP_9110 BATA | Review and Select System Integrator (BAFO) 10 = 29-Apr-16 | 12-May-16 = -32 | SP_9060, SP_9090, Reyiew:and Selegt System Integrator [BAFO) !
SP 9100 I N | . | 0o Do .
‘ = SP_9115 BATA | Prepare Agenda Item, Signatures and Review 13 | 13-May-16 | 01-Jun-16 = -32 | SP_9110 Prepare Adefida Itdm, Signatufes ahd Review ! | Lo b
‘ = SP_9120 BATA | BATA Agenda Package Mail-out (5-Day prior to Meeting) 0 01-Jun-16* | -32 | SP_9110, SP_9115 BATA Agenfisl PacKage|Mail-olt (5-Day prior to Nleeting), || b P
‘ & SP_9125 BATA | BATA Oversight Approval 1 | 08-Jun-16 & 08-Jun-16 @ -32  SP_9120 BATA Ovefdight Aproyal | Do ! o Do Do
‘ & SP_9130 BATA  Execution of Contract 10 = 09-Jun-16 = 22-Jun-16  -32 | SP_9120, SP_9125 ExecutiohpflCotract | [T 1| o 1R o R
‘ &= SP_9140 BATA | BATAissues NTP for System Integrator 0 22-Jun-16 = -32  SP_9130 b BATA isquizs NTP for Systefn Integratar,
I".7Phase 2 Design 342 18-Dec-15A 05-May-17 110 el ! Do ! o Do Do
By 2.1 System Manager Oversite 204 29-Feb-16  03-May-17 112 N | o ] R
T 2.1.0 System Design General 29-Feb-16 | 03-May-17 | 10 | | bl ! b ! 0o b b
s Actual Level of Effort [ Critical Remaining Work Metropolitan Transportation Commission SFOBB Metering Lights Date Revision Checked Approved
I Actual Work L & Milestone Update 01 December 31, 2015 Rev 1 30Nov17 Finish
[ Remaining Work Page 3 of 8




SF Bay Bridge Metering Lights 90 MTC SFOBB Metering Lights Upgrade | 25-Jan-16 06:24
Activity ID Resp [ Activity Name oD Start Finish TF |Predecessors 2016 2017 2018
Als[o[N[D[J[F[M[A[M[Js[J]A]sS]O|N[D]J[F[M[A[M[J[J[A[S[O[N|D]J]F[M[A[M]|J [
‘ &= SM_1000 KH | Start System Manager Work 0 29-Feb-16 7 SP_9000, SP_3070, ! o e X3 tSyjem Managen Wark, £29-Reb-16 Lo ! il o - Lo
SP 2045 ! Col T T i I Bl : Do ! o Do Do
‘ &= SM_1010 KH | Preparation of Concept Design (35%) 20 = 29-Feb-16 | 25-Mar-16 7 SM_1000 | Co ™ :_ ratjon of Congeipt Design|(35%) Lo | o [ [
‘ & SM_1015 KH | OHSS Structural Analysis 5 | 29-Feb-16 = 04-Mar-16 = 55  SM_1000 A Struptural Analydis{ | |
‘ &= SM_1020 CT | Caltrans review of 65% Structural Design and Calculations 20 | 13-Apr-16 = 10-May-16 | 29  SM_1030, SM_1015 ‘ f65% Structurgl Degign and Calcplations |
‘ = SM_1030 KH | Prepare 65% PS&E Documents 20 | 13-Apr-16 = 10-May-16 | -2 | SM_1010, SP_5620 ! Co &E Documents ! b
‘ = SM_1040 CT | Caltrans Review of 65% PS&E 20 08-Ju-16 | 04-Aug-16 = -32 | PA_2120, PA_2130, / rhns Réview of65% PSRE | | | P A
SM 1030, SI 1030 ! ! ! T T Lo | | Do Do
‘ = SM_1050 CT | Focus Review Meetings with Caltrans 65% 1 05-Aug-16 | 05-Aug-16 -32 | SM_1040 i i i Review Medtinds with Caltrans 6% | i Lo Lo
‘ & SM_1060 CT  Caltrans review of 95% Structural Design and Calculations 20  08-Aug-16  02-Sep-16 = -7 | SM_1070 frang reviewiof 95% Btfuctlral Debigri and Cdcdlations | | | |
‘ &= SM_1070 KH | KH Prepare 95% PS&E (Respond to 65% CT Comments) 20 | 08-Aug-16 = 02-Sep-16 | -32 |SM_1040, SM_1020, ! ! Pregare|95% PB&E [Respond to $5% CT Comments) &
SM 1050 ! ! | : : Do | Ao Do Do
‘ &= SM_1080 CT | Caltrans Review of 95% PS&E 20 | 06-Sep-16 | 03-Oct-16 | -32 |SM_1070 ! ! ! altfans| Review of 5% PS&E ; | P b
‘ = SM_1100 CT | Focus Review Meeting with Caltrans 95% PS&E 5  04-Oct-16 = 11-Oct-16 = -32 | SM_1080 BT N I O RO Fodus Review Meejingw'rtrCaItransQS%Pf&E ””” A .
‘ &= SM_1110 KH | KH Prepare Final SFOBB Metering Lights PS&E Package 20 | 12-Oct-16 = 08-Nov-16 | -32 | SM_1080, SM_1060, ! ! ! KH Prepara Findl SFOBB Melering Lightd PS&E Package |
SM_1100 3 3 3 ot : o 3 | L o
‘ = SM_1120 CT | Final District PS&E Approval 0 08-Nov-16 -32 | SM_1110, SM_1060 | ; :? Final Diilx}trict PS&E Appfoval, : |
‘ = SM_1130 KH | System Design Complete 0 03-May-17 10 | TP_1046, SI_2000, q Sygtem Pesign Conjplete,
SM_1080 : ] : I Lo Lo
5 2.1.3 Development of Test Plans m 21-Dec-16 | 03-May-17 _ 7777777777 } 7777777 7777777 777777
= TP_1014 KH | KH Prepare Test Plans 65% 20 21-Dec-16 | 20-Jan-17 | 10 | SM_1000, SI_3150, | ] bare Test Plahs 65% || Do b
SI_1060 : : Do : | Do Do
‘ = TP_1015 BACT  BATA/CT/SI Review 65% Test Plans 20 | 23-Jan-17 | 21-Feb-17 | 10 |TP_1014 ! : AICT/Yl Review B5% Tegt Plans | | Do
‘ &= TP_1018 KH | KH Prepare Test Plans 90% 20  22Feb-17 | 21-Mar-17 = 10 | TP_1014, SM_1040, KH Prepare Test/Plans 9)%
TP 1015 ! ! ! Do ! | Do Do
‘ = TP_1028 BACT  BATA/CT/SI Review 90% Test Plans 20 | 22-Mar-17 | 19-Apr-17 | 10 |TP_1018 3 3 3 [] | BATVCT/BI Review 9p% Test Plans P
‘ = TP_1046 KH | Final Test Plans 10 = 20-Apr-17 | 03-May-17 | 10 | TP_1018, SI_2500, ; 3 ; !:ﬂ<ﬁinal Tesgt Plans | P b
S| 3200, TP 1028 I J T DR N IR B | IR L. Lo
= 2.1.4 Risk Management Plan 29-Feb-16 | 09-May-16 | 356 | | ! | ! I :; g Do Do
= RM_1010 KH | Prepare Risk Management Plan 20 = 29-Feb-16 | 25-Mar-16 356 | SP_4040, SP_2045 | nt|Plan | : | E : o - Lo
‘ & RM_1020 BACT | BATA/Caltrans Review Risk Management Plan (Bi-Monthly) 20  28-Mar-16  25-Apr-16 = 356 RM_1010 w Risk Managemeht Pigh (Bi-Mntrl) 1|
‘ & RM_1030 KH | Develop Risk Register (Ongoing) 10 = 26-Apr-16 | 09-May-16 = 356 'RM_ 1010, RM_ 1020 fjistef (Ongoing ; P H | b
& 2.1.5 Simulation / Traffic & Toll Plaza Operations Analysis 29-Feb-16 | 15-Nov-16 | 225 [ | 1B . 777777777 . | L Lo
& SD_2000 KH  KH Simulation Model 36 29-Feb-16  19-Apr-16 = 178  SP_2000, SM_1000 i imblation Mot | RS N o o
= SD_2015 KH | Draft Operations Analysis Tech Memo 10 | 20-Apr-16 = 03-May-16 = 335 ' SD_2000 ! tpderaiio és; nalyéls Tech Memo ! : ; o b Do
@ SD_2025 BATA  BATA /Review 15  04-May-16 = 24-May-16 = 335 SD_2015 nTA Religt || | B RS I HE
‘ @ SD_2035 KH | Final Draft Operations Analysis Tech Memo 10 | 01-Nov-16 | 15-Nov-16 | 225 | SD_2025, SI_2530 | -';E Final Draft Op:eraﬂod$ Analysis Tech Méma
I 2.1.7 Construction Management Service Procurement 28-Mar-16 | O1-Aug-16 | 7 [ | R . EE 777777777 n | o o
= CM_1000 KH | Preparation for CM Management Procurement - SOW/RFP 10 | 28-Mar-16 = 11-Apr-16 7 | SM_1010 ! ation for C||Mandgement Pr cufdment - SOW[RFP 1 b b
‘ & CM_1010 BATA | BATA Review of CM Statement of Work 5 | 12-Apr-16 | 18-Apr-16 | 7 | CM_1000 ! Review of [COM Stafement of Work{ @ B P Do
‘ & CM_1020 KH | KH - Finalize CM Statement of Work (RFP) 10 19-Apr-16 = 02-May-16 7 | CM_1010 { Finalizé G Btatgment of Werk (RFP) !
‘ & CM_1030 BATA | BATA Review CM Statement of Work RFP) Contracts/Legal /PM/Exec 15 | 03-May-16 = 23-May-16 7 | CM_1020 \TA Reviey (M Statement of War RFP) [ContractdfLegal PM/Exec |
‘ &= CM_1041 BATA | BATA Legal Review DEADLINE 5 | 17-May-16 | 23-May-16 7 | CM_1030 ! A Legal [RibView PEADLINE ! i | po ro
‘ & CM_1051 KH | KH Prepare Final CM RFP 5 | 24-May-16 = 31-May-16 = 7  CM_1030, CM_1041 HPreparg fnalgMRrFP | {1 i | I AR AR
s Actual Level of Effort [ Critical Remaining Work Metropolitan Transportation Commission SFOBB Metering Lights Date Revision Checked Approved
I Actual Work L & Milestone Update 01 December 31, 2015 Rev 1 30Nov17 Finish
[ Remaining Work Page 4 of 8




SF Bay Bridge Metering Lights 90 MTC SFOBB Metering Lights Upgrade | 25-Jan-16 06:24
# Activity ID Resp [ Activity Name oD Start Finish TF | Predecessors 2016 2017 2018
Als[o|[N[D[J[F[M[A|M]|J]J J|F M[A[M[ |J[A[s[O[N[D]J[F[M[A[M]J|Ju
‘ &= CM_1060 BATA ' RFP Advertise for Construction Management 20 01-Jun-16 28-Jun-16 7 CM_1051 ! ol [ | ! L’E: pnstrug tiom Vlanage ment i 1 [ [
‘ & CM_1070 BATA | Pre-Proposal Meeting - CM 1 | 08-Jun-16 & 08-Jun-16 | 16 | CM_1060 ! Cl . I: -cMm | i 3 53 o Do Do
‘ &= CM_1080 BATA | Closing Date for Requests for Information - CM 1 15-Jun-16 | 15-Jun-16 16 CM_1070 : [ 1 E Jest:s far Ir::férr:haﬁjm - CN :
‘ &= CM_1091 BATA | CM Closing Date for Receipt of Proposals 0 28-Jun-16 7 | CM_1060, CM_1080 | S oy & Receipt Ef Drbpé:sals, H
‘ = CM_1100 BATA | CM Interviews (If Necessary) 1 07-Ju-16 | 07-Jul-16 7 | CM_1091 I (A R A N R S éééésﬁa?;}jm}mﬂ ””””” w 1 P o
‘ &= CM_1110 BATA | Select Construction Manager 1 15-Jul-16 15-Jul-16 7 CM_1060, CM_1091, 5 H o ion Man age:r E 5
CM 1100 ‘ Lol N ! | B i 0o Do Lo
‘ = CM_1120 BATA | CM - Recommend Award to BATA Oversite 1 18-Jul-16 18-Jul-16 7 CM_1110 | oL | E | ﬂ 1CM - d Awar toEEATAC) ersitq 15 i Lo Lo
‘ & CM_1130 BATA | Execution of Contract - CM 10 19-Ju16 | 01-Aug-16 = 7  CM_1120 A DR (O E ] Exeffffon of Cotract {cm{ |
‘ &= CM_1140 BATA | BATAissues NTP for Construction Management 0 01-Aug-16 7 CM_1130 ; Co | $ BATAli$sues NTP for Con:'struttidh Manapenent, |
_- 2.2 Civil 118 18-Dec-15A 09-Jun-16 = 132 AR O D (O B IO ) | R 777777777 . | o o
f5 2.2.1 Project Approval & Environmental Documentation (PAED) 18-Dec-15A] 09-Jun-16 | 7 [ [N L | N | 3 o § | o L
& PA_2000 HDR | HDR Walkthrough of Toll Plaza Area 1 | 18-Dec-15A | 18-Dec-15A ML_1000 1 = JHDR |Valkthrough pf Toll PlazgArpa | o Bt H
&= PA_2010 HDR | HDR meet with CT Environmental 5 | 31-Dec-15 | 07-Jan-16 | 17 | PA_2000 ; b ‘ H§ méet With dT Environnfeffal | ; i " | b b
&= PA_2020 HDR | PA&ED (Project Report) 20  25-Jan-16  23-Feb-16 = 7  PA_2030 ‘ o ] _E'M_?x_E_t:_)_(_F rofett Reporfl || | SRR TR I o o
= PA_2030 HDR | Preparation of Environmental Documents - Draft 20 @ 25-Jan-16 | 23-Feb-16 7 PA_3000, PA_2010 IR j [ F%r *brarriaitibrr bf EnernrH:;HrltélDbcuments Dr:a\‘t- 777777777 i 777777 1 A R
&= PA 2040 HDR | Cultural and Archeological Resources Study 20 @ 25-Jan-16 = 23-Feb-16 | 62 |PA 2030 | :F:";_ Qultuﬁ;alah Afctieologie IR:’es burdes $tu W E ' E |
= PA 2050 HDR | Archeological Survey Report (ASR) 20  25-Jan-16  23-Feb-16 = 62 | PA 2040 | [ Argheologidai Buirvey Re L
= PA_2060 HDR | Historic Property Survey Report (HPSR) 20 | 25-Jan-16 = 23-Feb-16 | 62 | PA_2050 ! B N g1 Hﬂtoric Hrq y PSR) | 1 " o b b
&= PA 2070 HDR | Biological Assessment Report 20  25-Jan-16 | 23-Feb-16 = 32 | PA 2030 I | | Biqagicall i? : It i | o o
& PA 2080 HDR | Review Draft Enviromental Documents by CT 20 | 24-Feb-16 | 22-Mar-16 | 32 | PA 2030, PA_2070 S V| e [Reviel it umentd by @¢T. B | o 1 A o
& PA 2090 CT | Review Project Report - CT 20  24-Feb-16  22-Mar-16 = 7 | PA 2020 ] pHE |Reviey
&= PA_2110 HDR | KH Response to Draft Project Report 10 | 23-Mar-16 = 06-Apr-16 7 | PA_2090 ; H; KH Rd Repor ; ; H b
&= PA_2130 BACT | Approved Environmental Document 5 | 07-Apr-16 | 13-Apr-16 7  PA_2110 ; ] I_EITA-PH- d Enwro in ument| i1 | ; H b
= PA_2100 HDR | KH Response to Draft Environmental Document 10 = 28-Apr-16 | 11-May-16 7 PA_3020, PA 2080 ! Do it ’:Iflt(-l Fesponse.'t) Dratt En irohmpntél Document B o Do .
= PA_2120 BACT BATA/Caltrans Review Draft Enviromental Document Round 2 20 @ 12-May-16 | 09-Jun-16 7 PA_2100, PA_2060 I N B 1 o] 7BA1:A/7(7327It7|’;anr|§ Re}iew DraftE nv:rdmeniaIDocumenit Round 2 P R
'&>_2.2.2 Environmental 2eFeb-16 | oop-16 | 77 | WSS IRH NI CHE | O O B
= PA_3030 CT | Right of Way Certification 30 @ 24-Feb-16 | 06-Apr-16 | 138  PA_2020 I Right b 'Va‘y C‘erﬂiﬁ ation| ! N I n o b
& PA_3040 CT | Public Outreach/linformation Support 20 | 24-Feb-16 | 22-Mar-16 | 187 | PA_2020 ! Do L= |Public Q_L_t_(_ag_c_f]/_h_n_ bitpatiop Support | 1§ ¢ i ' o Do Do
= PA 3050 BCDC | BCDC Permit - (Amendment to Existing Agreement) 20 | 09-Mar-16 = 06-Apr-16 | 138 | PA_2020, PA 3030 ! P - Bcgg Dom‘wit-i(Air Bndment tojzjisting/!\ reemeft) i 0o Do Do
= PA_3060 CT | Encroachment Permits - Project Sponsor/Contractor Encroachment 20 | 09-Mar-16 | 06-Apr-16 138 | PA_3050, PA_3030 S B [>E_ [__E_r_\c (_)Bclqrpe_nt_P_eI' wt_s_- ”rOJe c? $ponsq'r}COntia tor Eﬁcro'achme vt N .
' 223 Caltrans | BATA Permits OEEIEEIEE— L ] ol
& PA_3000 CT  Draft PAED (Project Report) 15 | 31-Dec-15 | 22-Jan-16 | Dyaf FAED (Prioject Reporf)(i| 1 1] o T "
‘ &= PA_3010 BATA | BATA Review PAED (Project Report) 7 | 25-Jan-16 = 02-Feb-16 = 55 | PA_3000 ! ro _ BATA Reviey HAED (Projeat|Repért) | | i ¥ | po ro
‘ = PA_3020 CT | Final (PAED) Project Report Approved 10 | 14-Apr-16 | 27-Apr-16 = 7 | PA_3010, PA_2130, ! Do | =0 Fpall(PAED) Pfact Réport Agprdved | | ¥ H 0o P Do
SP_2050 B LY S S EER U IO SO NN O U U IS RIS B I 1 SR L (RS
E& 2.3 System Integration 215 23-Jun-16 = 05-May-17 110 3 P bl 3 S | A S oo ¥ t B P P
5 2.3.0 System Integration General 23-Jun-16 07-Jul-16 _ Do E : E E E E
= SI_1000 Sl | Start System Integration Development 23-Jun-16 -32 | SP_9140 | | C | I:H Start $ys§t<nrr flnie‘grariqnfDe elépmént;fzs-Jun-mfi o Do b
s Actual Level of Effort [ Critical Remaining Work Metropolitan Transportation Commission SFOBB Metering Lights Date Revision Checked Approved
I Actual Work L & Milestone Update 01 December 31, 2015 Rev 1 30Nov17 Finish
[ Remaining Work Page 5 of 8




SF Bay Bridge Metering Lights 90 MTC SFOBB Metering Lights Upgrade | 25-Jan-16 06:25
# Activity ID Resp [ Activity Name oD Start Finish TF |Predecessors 2016 2017 2018
Als|o[N[D[J[F[M[A[M[us[J]A]sS]O|N[D|J[F[M[A[M[J[J[A[S[O[N]D]J]F[M[A[M]|J [
‘ = SI_1020 SI | Submit list of Deliverables (including Long Lead Procurement Items) 10 = 23-Jun-16 | 07-Jul-16 18 | SI_1000 ! ! C ! ﬁ Submiflit] of u]pliverables (in¢lliding'Léng Ldad Procurement Items) : Lo
‘ & SI_1030 Sl | System Integrator 65% PS&E Coordination 10 23-Jun-16 = 07-Ju-16 = -32  SI_1000, SM_1030, I 3 i o} éysfeni ntegridor 68% P$&E oordinption | 1 | | o o
SI_1050 L [ 00 FO O [ B RO IS SO SRR O A N n 1 D L Lo
' 231 Motering System Requirements (Final) 2un-16 | fodute | 10 | SR ] I [ R
= SI_1050 Sl | Requirements Walk-through BATA/Caltrans 23-Jun-16 | 27-Jun-16 | -32 | SI_1000 | | bl | E Requirefnehts Yy alkithrough BATA/C4ltfans | o b b
‘ &= SI_1060 SI | Prepare Final System Requirements 15 | 28-Jun-16 | 19-Jul-16 10 | SI_1050 ; C *zj"Pr-e[;afr FinalSystem Requird ments H b
Iy 2.3.2 Software Design / Logic 23-Jun-16 | 09-Mar-17 | 48 | N : | | S | | S A TR I P P
&= SI_2000 SI | SI- Develop Software Draft Design/Logic 80 = 23-Jun-16 17-Oct-16 48 | SI_1000 . . o o HIIE [ 3 Devd;IOp EoﬁYv bre Drafit De |gnAl:Log|c i Lo Lo
‘ = SI_2010 SI | Metering Logic Operation Analysis 5  18-Oct-16 = 24-Oct-16 = 53 | SD_2000, S|_2000 L o T e weter n'Logmé;efétlarAnallisﬁ ””” IR o R
‘ &= SI_2020 BACT  BATA/CT/System Manager Review 20  18-Oct-16 = 15-Nov-16 = 48  SI_2000 : : L o ¢ IHEED: [BATAIGT/System Mdnager Review 1| o o
‘ &= SI_2030 SI | Metering Lights Sequence Table 5 | 01-Nov-16 | 07-Nov-16 | 53 | SP_5540, SI_2530, t Metering Lights Bequénce Taple ‘! |
Sl 2000 | | L b Lo ] B 1 " 0o Do Do
‘ = SI_2040 Sl | Sl Software Design/Logic - Draft Final 40 | 16-Nov-16 = 17-Jan-17 | 48 | SI_2000, SI_2020, ! ! t b b =3 'Sl Bofiware Besign/ljogic;- DraftfFinal P
SI 2030 ! ! C b Lo I N I i | Do .
‘ = Sl_2050 BACT | BATA/CT/System Manager Review 20 | 18-Jan-17 | 15-Feb-17 48 | SI_2040 1 1 | Co Lo bl [E BA:'I' VCT/System Matager Rgview A -
‘ = SI_2060 SISl Software Design/ILogic - Final 15  16-Feb-17 = 09-Mar-17 = 48  SI_2050 I ST I | e s sottdre DesigniLogici | Final T N
2.3.3 Integration Plan (ATMS and CMS) 20-Ju-16 | 13-Dec-16 | 105 | | | - 1 SN U 1 B L L
= SI1_2500 Sl Develop Draft System Integration Plan 40 20-Jul-16 14-Sep-16 105 | SI_1060 ! ! K o *’% evelgp Draft System _U‘Egg@ on Plan o o [
‘ = SI_2510 Sl | BATA/CT/System Manager Review 20 | 15-Sep-16 = 13-Oct-16 | 105 | SI_2500 ! ! C b P EB/:A‘rA/CT:/Systamilv anage ’Review 0o P Do
‘ = SI_2520 SI | Develop Integration Plan Draft Final 20 | 14-Oct-16 = 10-Nov-16 | 105 | SI_2510 ! ! C b o bevel:bh In egr;anon Pian Draft Fl‘ﬁ:al 0o P Do
‘ & SI_2530 SI | Coordinate with PATH and TPOI. 5 | 25-0ct-16 = 31-Oct-16 = 53 | SI 2010 I o ST T e doorttinate vithfFﬁH ér«jﬂi DL | R o AR
‘ & SI_2540 BACT | BATA/CT/System Manager Review Draft Final 20  14-Nov-16  13-Dec-16 105  SI_2520 T e BATag T/$ysnfem Ménager Rfé;view DfaftFinal | | | |
‘ = SI_2550 S| | Final Integration Plan 0 13-Dec-16 | 105 | SI_2540 ! ! bl b b ! [-? Final Integrtion Pid, ji o b b
5 2.3.4 Systems Engineering Management Plan - Final 24-Mar-17 | 05-May-17 _ E E N I E E
= SI_2560 S| | Final System Engineering Management Plan 30 = 24-Mar-17 | 05-May-17 = 110 | SP_4040, SI_2550, 1 1 N Co Lo bl AT oy 1 B FiVFI Sy;terﬁ EnginEering Management Plan;
SI 3200, SI 3050, T B 00 I IS | 18 SN 1 IR NS U N U Y S [ IO TN I N Lol
‘ = SI_2570 Sl Distribute SEMP Framework to Caltrans/FHWA 0 05-May-17 110 | SI_2560 | | : : : 3 Di Etrlbuhe SEMP Fﬁaméwork to Caltrans/FHWA
'f=_2.3.5 Verification Plan 20-Ju-16 | 20-Dec-16 | 172 | I | SN R 1 N O R N I I L L
= SI_3000 Sl | Prepare Verifications Plan (DRAFT) 40 = 20-Ju-16 | 14-Sep-16 | 172 | SI_1020, SI_1060 ! ! Co Col -'{?[ btepaie Verificatigns iPlan (DRAFT)| i o b b
‘ & SI_3010 BACT | BATA/CT/System Manager Draft Review 20 | 15-Sep-16 | 13-Oct-16 = 172 | SI_3000 ! ! bl b il BArA/CT'/systEmiwanage Draff Reliew || b b
‘ & SI_3020 S| Prepare Draft Final Verification Plan 10 14-Oct-16 = 27-Oct-16 = 172  SI_3010 3 3 i | o [-jgi Pleparé Draft Fingl Verffigiation(Plart 1| | o o
‘ & S1_3030 BACT | BATA/CT/System Manager Draft Final Verification Plan Review 20  28-Oct-16 = 29-Nov-16 = 172 | SI_3020 I ST [ sEAICT)syisferh Matiager|Draft Final Pefification Plan Review |
‘ = SI1_3040 Sl | Prepare Final Verification Plan 15 | 30-Nov-16 | 20-Dec-16 & 172 | SI_3030 1] | Frepafe Fin aI1Ver| cation Plan | b b
‘ &= SI_3050 SI | Submit Final Verification Plan BATA/Caltrans 0 20-Dec-16 | 172 | SI_3040 3 3 Pl b P D[] Submi F|ha|ver|ﬁ| ation PlaniBATA/Galirans, | | P
I 2.3.6 Validation Plan 20-Jur16 | 20Dec-16 | 10 | N : | o Lo ] o TR I - o
&= SI_3100 S| | Prepare Initial Draft Validation Plan 40 20-Jul-16 14-Sep-16 10 | SI_1020, SI_1060 . . o I Plepdie Inftial Draft V:aIidation Flan H i Lo Lo
I I B O O TSNS | O N 1 IS N U O AN L I | R L Lol
‘ = SI_3110 BACT BATA/CT/System Manager Review 20 | 15-Sep-16 | 13-Oct-16 10 | SI_3100 gt A[A/CT:/System;M nage Revigw : o b b
| | | | | 1 | | 1 I | [ b I " | | | | | |
| | | | | 1 | | Ll [ [ | | . I " | | | | | |
‘ & SI_3120 Sl | Prepare Draft Final Validation Plan 10 | 14-Oct-16 | 27-Oct-16 | 10 | SI_3110 [Hﬂ ifeparé Draft Fingl Valigation Rlan:i
| | L b Lo A I R | i 0o Do Do
‘ &= SI_3130 BACT  BATA/CT/System Manager Review Final Draft Validation Plan 20 | 28-Oct-16 | 29-Nov-16 | 10 | SI_3120 ! ! l b Lo E ] BATA/CT/System Mahiager|Review Finfil Draft Validation Plan
| | L b Lo N R | i 0o Do Do
‘ & SI_3140 Sl | Prepare Final Validation Plan 15 | 30-Nov-16 | 20-Dec-16 | 10 |SI 3130 ! ! bl b P Eg Prepafe FZirialiVali tion Plan! o b P
| | L b Lo I R | ! 0o Do Do
i i i i i i i i i 1 [ ! i i 1 o i i i i i i
‘ = SI_3150 Si Submit Final Validation Plan BATA/Caltrans 0 20-Dec-16 10 | SI_3140 | | Lo o Lo | :Q Subml Flpefl Valid !on Plan BloATA/CTItrans - Lo
‘ ‘ CL L P P R | | o L L
s Actual Level of Effort [ Critical Remaining Work Metropolitan Transportation Commission SFOBB Metering Lights Date Revision Checked Approved
I Actual Work L & Milestone Update 01 December 31, 2015 Rev 1 30Nov17 Finish
[ Remaining Work Page 6 of 8
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# AActivityID Resp AActivity Name Finish Predecessors 2016 2017 2018
Als[o[N[D[J[F[M[A[M[us[J]A]sS]O|N[D|J[F[M[A[M[J[J[A[S[O[N]|D]J]F[M[A[M]|J [
5 2.3.7 Operation & Maintenance Plans _ i ol n o
= S1_3200 Sl S| - Operations and Maintenance Plan Draft 21 18-Oct-16 16-Nov-16 112 | SI_2000 Co Operahons and M mtenancé Plan Eraft - Lo
‘ = SI_3210 BACT BATA/CT/System Manger Review O&M Draft 20 17-Nov-16 = 16-Dec-16 154 | SI_3200 CT/Sy stjem% Eenge Rej;iwew O ‘MiDraft
‘ = S1_3220 S| | Prepare Final Operation & Management Plan 20 | 19-Dec-16 | 18-Jan-17 | 154 |SI_3210 tparg F‘lnal Oépera ion ?& Maneia ;erinent Plén
‘ &= S1_3230 SI | Submit Final Operations & Management Plan 0 18-Jan-17 154 | SI_3220 . Jbmit Firjmal O J;erati ns ?x Manajl ;er%nent Plzjan,
'tz 2.3.8 Configuration Management Plan | 80 | 28-Jun-16 | 20-Oct-16 | _ """"" o a ””” ”””” """" ”””
&= SI_3300 S| | Develop Configuration Management Plan - Draft 20 = 28-Jun-16 26-Jul-16 212 | SI_1000, SI_1050 altiQn Mana jement I?Ian E Drﬁft
‘ &= SI_3310 S| | BATA/Caltrans/System Manager Review Config Management Draft 20 27-Jul-16 23-Aug-16 | 212 | SI_3300 s/:S)?/stem Man?agex?r F:iewe Ci(i)nfig Mianajgementj Dl‘jaft
‘ = SI_3320 S| | Configuration Management Plan - Final 20 = 24-Aug-16 | 21-Sep-16 | 212 | SI_3310 |(§an nagemzjent Pém - A malié
‘ = SI_3330 S| BATA/CAltrans/System Manager Review - Final 20 | 22-Sep-16 | 20-Oct-16 212 | SI_3320 5/2'\[:?51/33/5 te-jm MLnager R%view - :Finejal
& 239 Training Plan 80 | 23-Jun-t6 | f7-0ct16 | 215 | |SEEEEEN N L L R A
&= SI_3400 S| | Develop Draft Training Plan 20 | 23-Jun-16 21-Jul-16 215 | SI_1000 | |r1|h39 Plan ¢ i E o
‘ = SI_3410 BACT ' BATA/Caltrans/System Manage Review Draft Training Plan 20 22-Jul-16 18-Aug-16 | 215 | SI_3400 : /:Syjstem Manéjlgei -Eevi.;v Dr.jélift Traw:\ ng§ Plan
‘ = SI.3420 Sl Develop Final Training Plan 20 | 19-Aug-16  16-Sep-16 215 | SI_3410 ‘ anu Trajning Plan ! | o o
‘ & SI_3430 BACT | BATA/Caltrans/System Manager Review Final Training Plan 20 | 19-Sep-16 | 17-Oct-16 | 215 | SI_3420 ‘ §BI | 55:|i;éﬁ' ISystem Marilage Re‘:vi'lew Flml Tralnlng Plan
== 2.3.10 Performance Monitoring Plan 18 Oct-16 23 Mar-17 _ 777777777 1; ;r 1; ; 7777777 7777777 777777
= PM_4000 Sl Prepare Performance Monitoring Plan (DRAFT) 40 18-Oct-16 15-Dec-16 110 | SI_2000 | | 1 P!’e}pare Pe fqrmandlze Mon tqung Plan (‘DRAFTE)
‘ &= PM_4010 BACT BATA/CT/System Manager Review Draft Perr Monitoring Draft Review 20 | 16-Dec-16 17-Jan-17 110 | PM_4000 E 3. iBATA/CT/ijs%terin Manag‘ér Rewe Draft Perr i\/lonltoring braﬂ R
‘ &= PM_4020 S| | Prepare Draft Final Performance Monitoring Plan 10 = 18-Jan-17 | 31-Jan-17 110 | PM_4010 E [ 0 Frepal’eiDreﬁiﬁ EFinaI Per;forman;c e Monltorqng Plan
‘ = PM_4030 BACT BATA/CT/System Manager Draft Final Monitoring Plan Review 20 = 01-Feb-17 | 02-Mar-17 110 | PM_4020 E EC BATA;/C'[:’ Si’ysten M‘e:anagerj Drgjaft Final: Mcjpnitoring Plén Revi
‘ = PM_4040 S| | Prepare Final Performance Monitoring Plan 15 = 03-Mar-17 | 23-Mar-17 110 | PM_4030 BN R 1 15 E'Eg Prepar EFma Per:formanMomtonngPIan 777777
‘ = PM_4050 S| | Submit Final Verification Plan BATA/Caltrans 0 23-Mar-17 110 | PM_4040 E E 13 SlJ:bm!tl%inal Jerh“ication F Iajn BATA/jCaitrans,
% 2.4 Procurement 214 13-Aug-15A 07-Now-16 158
& PR_1000 BATA | Send Draft Fastrak Specificaitons to KH 20 | 13-Aug-15A | 11-Sep-15 A ML_1000 eciﬁcaijions E E E E
&= PR_1010 KH | Request AS-Built Drawings from Caltrans 5 17-Mar-16 = 23-Mar-16 158 | PR_1000, SP_6540 R%que;stAa Built Drawu’{gSi ‘fr 1(i32?1ltrajns E E
&= PR_1020 KH | Develop Metering Lights CMS Specifications 10 | 24-Mar-16 = 07-Apr-16 158 | PR_1010 \/Ieterlng nghts ‘ICMS S:peaﬁcatlons*: N E 7777777 777777
&= PR_1030 CT | CT Review Metering Lights CMS Specification 20 08-Apr-16 | 05-May-16 158 ' PR_1020 3vi§ew Ij\/leter ng Ii.i?ghts (;’:MS jSpec f|o:atio§n E E
= PR_1040 BATA | Issue Request for Procurement (RFP) Metering Lights CMS 25 | 06-May-16  10-Jun-16 = 158  PR_1030, PR_1030 sue Reque ,tifo;riprocgfjrémént (RFP) M ;erin Li§i1ts CMb | o
& PR_10501000 BATA | CMS Closing Date for Receipt of Proposals 0 10-Jun-16 158 | PR_1040 M:S Cljosing Datée for R,?eti;eipjt of FroposIli;, E
& PR_10501010 BATA | CMS Interviews (If Necessary) 1 20-Jun-16 20-Jun-16 158 PR_10501000 ul\)IS I;'mterwev;vsé(ilf Necéejssajry) E E
& PR_10501020 BATA | Select CMS Fabricator 1| 28-un-16 [ 28-Jun-16 | 158 |PR_10501000, N | SelectCM‘Fabrlcamor N ””” ”””” """" ”””
@ PR_10501030 BATA | CMS - Recommend Award to BATA Oversite 1 29-Jun-16 | 29-Jun-16 = 158 EE] 8281828 C}MS}- Red ojmriniend Aiwiard;to B RT;A O\/ airsite :
= PR_10501040 BATA | Execution of CMS Contract 10 | 30-Jun-16 = 14-Ju-16 = 158 PR_10501030 ] Executiof of ?MS o;ohtrafct
= PR_10501050 BATA | BATA issues NTP for CMS Signs 0 14-Jul-16 158 | PR_10501040 I:? iBA]LA iss| JéS;l‘hTP fg%.r CMS Sig n$ E E
&= PR_10501060 Fabricate and Deliver CMS Signs 80 15-Jul-16 07-Nov-16 158 | PR_10501050 ’|:__,‘_*:F_E_i|9 'f:}itj?_ girl_ci__D_?I_i\L/g[j(_]i/I__Sl Si gnsﬁ
B, 2.5 Construction Management 128  02-Aug-16  07-Feb-17  -32 - 77777 E ; 4: :r E 777777 7777777 7777777 777777
By 2.5.1 Constructability Review 30 02-Aug-16  13-Sep-16 7 i i i i i
s Actual Level of Effort [ Critical Remaining Work Metropolitan Transportation Commission SFOBB Metering Lights Date Revision Checked Approved
I Actual Work L @ Milestone Update 01 December 31, 2015 Rev 1 30Nov17 Finish
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# Activity ID Resp [ Activity Name oD Start Finish TF |Predecessors 2016 2017 2018
Als|o[N[D[J[F|M[A[M[J[J[A][s]O[N]D]J]F [M[A[M[J[J Als[o[N[D|J[F[M[A[M]J]Ju
&= CM_2000 CM | Review 65% System Design, Constructability Review 15 02-Aug-16 | 22-Aug-16 7 SM_1040, CM_1140 ' o o o ] Review 65% :,ystem‘ Deslgn, Cphstructabillty Revigw! o o
& CM_2010 CM | 95% Constructability Review 15 23-Aug-16 = 13-Sep-16 7  CM_2000 I o o o =[] 94% Cons ructabillty Revlew‘ AN I o o
| Do Do Do Do AR R | 0o Do Lo
By 2.5.2 Develop Construction Documents 59 = 09-Nov-16 = 07-Feb-17 = -32 | b b b b : 3 3 i 1 3 P it | 3 3 | b
= CM_2020 BATA  RFP/Advertise SFOBB Metering Lights Project 20 | 09-Nov-16 | 09-Dec-16 = -32 | PA_2020, CM_2010, ! L b b b RER/Advertlse‘ SFcba'Metening Lights PrOJect Do Do
SM_ 1120 ! ! Do Lo Lo SR H 1 o o
&= CM_2030 BATA | SFOBB Metering Lights Bids Due/Open Bids 0 09-Dec-16 = -32 A CM_2020 1 1 Lo Lo Lo SF:OB B Metering lLia;lhtél Bjds Due/Opgn Bids, & Lo
& CM_2040 BATA | Verify Low Bidder 3  12-Dec-16 14-Dec-16 = -32  CM_2030, PA 3060 . rify Low Bldder\ S I I
= CM_2050 BATA | Draft Committe Agenda ltem 5 | 15-Dec-16  21-Dec-16 -32 | CM_2040 o Braft Comr‘nltteAg inda ftemi (|
! ! Lo Lo Lo ! b : ! | Do .
&= CM_2060 BATA | BATA internal review of draft agenda item 5 | 22-Dec-16 | 29-Dec-16 & -32 |CM_2050 ! ! P P P Pk :BATA mtennal reva:of draft agendmitem | | P
&= CM_2070 BATA | Committee Agenda ltem Approval 5 | 30-Dec-16 | 06-Jan-17 | -32 | CM_2060 IR R I 'f’1’66m]£t§éA§'éﬁia'lteﬁ'Abb’rb\}éﬂmi ”””” A P
& CM_2080 BATA | Issue Notice of Award (NOA) 1 | 09-Jan-17 | 09-Jan-17 = -32  CM_2070 3 3 o o o o I-_-j |issue Nqnce of Awdrd (NdA) | o o
& CM_2090 BATA | Request Bonds and Insurance 10 10-Jan-17 | 24-Jan-17  -32  CM_2080 IFY Réqueét Bonjcb{ and Insljrance:
| | Do Lo Lo Lo deb | Do Lo
= CM_2100 BATA | BATA Executes contract - (NTP) 10 | 25-Jan-17 | 07-Feb-17 | -32 |CM_2090 1 ! P b b Do BATA: Execlfes Zcontract - (NTP)E o o
% Phase 3 Construction RS RN NN I I
% Construction -Physical [ e S S O I T T A O
& CO_1010 CON | Construction 120 | 08-Feb-17 | 01-Aug-17 | -32 | PA_3040, CM_2100 ; ; b b b b Gonstruction b b
= CO_1020 CON | Construction Toll Operations Building 50 | 08-Feb-17 = 21-Apr-17 = -22 | CO_1010 ! ! . b b . on ‘:oll Opérat‘ions Bu:ilding .
= CO_1030 CON | Cable Runs from Toll Operation Building to Sign Structure 50 = 24-Apr-17 03-Jul-17 -22 | CO_1020 ! ! Do P P Do ablé Runs irom Toll Operatlon Bwldlng to S
& CO_1040 CON | Modification of Sign Structure 20 05-Juk17 | 01-Aug-17 | -22 | CO_1030 | ,HEL Mo_d_lf_lt_:gtlan of Sign| StrUcture o
= CO_1050 CON | Installation of CMS Signs to Structure. 5 | 02Aug-17  08-Aug-17 -22 CO_1040, PR_10501060| : A S qmlfj’s’téhé’tf bni df’é’M’s"élgh'é to Structure.
B Construction - Hardware and Software 35  05-Jul17  22-Aug-17 = -32 ! ! Do Do Do Do Do Do i B L : 3
= SI1_9010 Sl System Hardware/Software Installation 5 05-Jul-17 11-Jul-17 -32 | CO_1010, SI_2060, | b b b b Sys{em Harjviﬁare/Soﬂware Installatlon
SI 2550, SM 1130, : : Lo Lo Lo Lo Do b n : i: Lo
= S1.9020 Sl | Integration with ATMS 30 | 12-Ju-17 | 22-Aug-17 | -32 | Sl 2500, S|_9010 ‘ 3 b P P P b P ! Integraficn with ATMS b
5 Phase 4 Testing and Operational 67  23-Aug-17  30-Nov-17  -32 o e o
F System Verificaton and Validation 67  23-Aug-17  30-Nov-17 = -32 | ! P b b P b b | b b
&= TO_1010 S| | Integration Testing (Subsystem Verifications) 25 | 23-Aug-17 | 27-Sep-17 | -32 |CO_1010, CO_1050, ; ; b P P b P b bgration Testlhg (Subsystem Ve|
S| 9010, TP_1046, ! ! . Do Do . Do . Do 5‘ ! P
&= TO0_1020 Sl | Acceptance Testing (System Verification) 25 | 28-Sep-17 | 02-Nov-17 = -32 | TO_1010, CO_1040, ! ! b P P b Do b Do - ‘cceptance Testmg (s‘ystem
TP 1046 ! ! . Do Do . Do . Do L
&= T0_1030 SI | System Offline Testing (System Validation) 10 | 03-Nov-17 = 17-Nov-17 -32 | TO_1020 . . Lo Lo Lo Lo Lo Lo - System Offllne Testlng (Syst
@ TO_1040 Sl | Training 7 | 03-Nov-17 = 14-Now-17 = -32 TO_1030 Trammg
= TO_1050 Sl | System Cutover (Operational) 10 | 15-Nov-17 | 30-Nov-17 | -32 |TO_1040 R N A A A A A A A : f’éi[siéh%’c’hi&/é}'(" ;Jé(ét]c&
s Actual Level of Effort [ Critical Remaining Work Metropolitan Transportation Commission SFOBB Metering Lights Date Revision Checked Approved
I Actual Work L & Milestone Update 01 December 31, 2015 Rev 1 30Nov17 Finish
[/ Remaining Work Page 8 of 8
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MEMORANDUM
To: Stephen Baker, Bay Area Toll Authority
From: Kevin Aguigui, P.E., CSEP, Kimley-Horn
September 3, 2015
Date: Rev. September 14, 2015

Final- November 5, 2015
Subject: SFOBB Metering Lights Upgrade — Project Delivery Options

The Bay Area Toll Authority (BATA) is embarking on a project to upgrade the metering lights for
the San Francisco-Oakland Bay Bridge (SFOBB). The upgraded metering lights system will
consist of hardware and software improvements for the metering system, as well as possible
communications infrastructure and field devices to support the system. The project will be
managed and administered BATA through construction and systems acceptance, at which point
it will be handed over to Caltrans for operations and maintenance.

The existing metering system has been operating since 1974 and is currently operated
manually. An upgraded metering system will be more responsive to changing traffic conditions
to improve congestion through the corridor, and require minimal manual interference.

Because of the accelerated schedule for project delivery and the complexity of the project,
BATA is reviewing contracting options that will expedite the implementation of the upgraded
without sacrificing quality or necessary expertise.

Description of Project Delivery Options
The following describes the possible contracting options that are available for the project.

e Design-Bid-Build - most traditional procurement option that consists of three basic
stages: design, procurement, and construction. The designer completes the design to
completion after which a construction contractor is selected based on a low bid.

e Design-Build — this is a method of project delivery in which one entity — the design-build
team — works under a single contract to provide design and construction services. The
construction contractor hires the designer who performs the final design and the
contractor performs the construction and implementation of the project. The construction
contractor typically provides a bid based on a partial design usually at the 10% to 30%
stages. The designer and contractor also typically completes the right-of-way
certification, acquires permits and environmentally clears the project.

e Design Sequencing — a method of contracting that enables construction phases to start
when the design for that phase is complete instead completing the design for the entire
project before beginning any construction. The award of a project to a contractor is

kimley-horn.com | 1300 Clay Street, Suite 325, Oakland, CA 94612 510-625-0712
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based on designs that are at least 30 percent complete. One of the goals of design-
sequencing is to promote collaboration with the construction contractor during the
remaining design process.

e Systems Manager/Systems Integrator - Systems Integrator completes design of system
and either hires a contractor for the field construction, or a contractor is selected under a
separate contract.

e Construction Manager/General Contractor (CMGC) — A contractor and construction
manager is hired during the design phase to provide input into the design. The
contractor is selected based on a Guaranteed Maximum Price (GMP), and if the GMP is
agreed on, the CMGC will take the project through construction and implementation.

e Hybrid Approach - Design Sequence for civil construction and System Integrator for
Software/ Hardware of metering system. This option splitting the contracts into two parts:
Design Sequencing the Civil portion and hiring an Integrator for the Software/Hardware

¢ Incentive Based Contracting - Provide incentives for performing faster than the given
schedule; Combine with other contracting mechanisms. (A+B)

The SFOBB Meeting Lights Upgrade project consists of two main elements: the first consists
of field devices and the other hardware and software that receive information from, and
control the field devices. Because of the nature of this type of project, the two elements
require different expertise to implement. The hardware and software installation as well as
the integration of the field elements with the hardware and software is performed by a
System Integrator, while the installation of the field elements performed by a construction
contractor. Pending final scoping of the project, it is assumed the project is primarily a
software/systems project with a smaller civil component.

Table 1 below provides a summary of the pros and cons of the different project delivery
types as they relate to the SFOBB Metering Lights Upgrade project.

kimley-horn.com | 1300 Clay Street, Suite 325, Oakland, CA 94612 510-625-0712
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Table 1 — Comparison of Project Delivery Methods

Design-Bid- e There is competition from e Competitive low bid e Protests can delay ¢ Right of way, environmental
Build multiple bidders which tends to procurements are risky award of project documents and permits must
result in more competitive bids. for hardware and e Advertising period is be completed before the bid is
¢ The designers have sufficient software projects since it sequential released (advertised)
time to prepare the final design may introduce less than e The SFOBB project may be
and project specifications qualified system too small for a civil contractor

e Most commonly used contract integrators to bid on which could result in
type ¢ The low bid process may higher bid prices.

e There is a price certainty since lead to protests by e The prime (civil) may see the
the design is developed to potential bidders. subcontractor’'s work as too
completion ¢ The contractors have a risky (the subcontractor being

tendency seek contract a system integrator).

change orders once
under construction.

¢ No construction
contractor or system
integrator input during
the design, which may
result in higher than
expected costs.

Design-Build o Potential to award a contract o Construction contractors | e Right-of-way and ¢ Caltrans requires complete
using Best Value and not low may not be interested in utilities not resolved plans to secure encroachment
bid. this project because the will cause claims and permits

e Cost and construction and systems work is larger delay the project. o Caltrans work windows may
implementation schedule are dollar amount than the restrict the contractor’s ability
known at time of contractor civil work, with more to complete the project using
selection inherent risk. innovative techniques.

e The cost risk is transferred to e Little control over final
the contractor design

¢ Allows contractor to be e The environmental
innovative in design and process must be finished
construction methods first

e Contractor places risk
into the construction
cost.

kimley-horn.com 1300 Clay Street, Suite 325, Oakland, CA 94612 510-625-0712
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Table 1 — Comparison of Project Delivery Methods

Contract Type | Pros Cons Schedule impacts Other Considerations
Design e May result in shorter schedule o Little experience with ¢ As the design e Caltrans approvals
Sequencing since design and construction design sequencing in progresses the Environmental process
carried out concurrently California contractor can get Not an approved Caltrans
Design can complete critical May have to use low bid impacted by changes contracting technique
path work packages for to select the contractor in the plans requiring
contractor to start early Contractor bids on more guantities and
construction resulting in shorter quantities at an early potential change in
schedules. design stage, and as character claims
Allows for blended teams with the design progresses, slowing down
designers and the contractor change orders may construction.
working more collaboratively. occur to adjust e Environmental
Key elements (e.g., cabinets quantities based on document must be
and conduits) can be installed design changes. completed before
quickly after the construction Contractor has no construction starts.
contractor is selected. incentive for ¢ Project changes or
constructability reviews adjustments during
since the quantity bid construction will
prices are already cause cost increases
agreed on. and schedule delays
Requires designers who
are experienced with
construction methods
System Can award a contract to the No cost or schedule ¢ Requires two
Manager/ integrator based on a best savings since the advertisements, one
Systems value instead of low bid Systems Integrator will for system integrator
Integrator A system integrator would be still need to_prepare the and one for the civil
the lead for more specific system design to construction
technical expertise com_plet!on before _ contractor.
Design of the hardware and moving Into construction
software elements first will
provide scope certainty and
provide a higher quality system

kimley-horn.com 1300 Clay Street, Suite 325, Oakland, CA 94612 510-625-0712
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Table 1 — Comparison of Project Delivery Methods

Contract Type | Pros

Construction e Contractor is picked on
Manager/ qualifications not low bid
General e Contractor provides input to
Contractor the de3|g? t?f m?ke :heb qut()j
(CMGC) more cost effective to bui

Contractor identifies risks and
works with client to minimize,
lower claims

A guaranteed maximum Price
(GMP) is agreed to

before the contractor starts
work

An independent cost estimate
is used to help negotiate the
GMP

The designers can work with
the contractor to help stage
the construction to allow the
contractor efficiencies of
staging, traffic control,
earthwork balancing, etc.
One contractor is responsible
for the GMP and that
contractor manages the sub-
contractors

Cons

¢ Contractor charges an
up-front fee for time
spent working with
client

e Hard to quantify savings
from contractor
recommendations on
efficiencies

o |f GMP is not agreed
upon the client will go
out to low bid process
and CMGC will be
excluded from the bid.

o Contractor can still price
risk into the bid up front.

Schedule impacts

e Contractor doesn't
have to wait for 100%
plans to start
construction.

e Don't have to go
through normal
advertising period

e Qualifications based
selection avoids
protests

e Any delays due to

permits and/or right of
way certification will
cause the contractor
delays.

e Delays could prompt

the contractor to
deploy resources to
another project
resulting in longer re-
mobilization costs
and an increase in
schedule

Page 5

Other Considerations

e CMCG is a new construction
tool that is having issues on
several large projects where
the contractor and client are
far apart in with the price.

o Potential duplication with
AAA, CM for client, and CM
with CMGC

o Requires Caltrans permits.
The permit process requires
complete plans before a
permit is issued.

o If Client and contractor can'’t
agree on a GMP then the
project will become a DBB
and end up taking more time
to build.
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Contract Type

Combined
Approach
(Hybrid):
Design
Sequence/CM
GC for civil
construction
and

Table 1 — Comparison of Project Delivery Methods

Schedule impacts

Pros

e Minimizes risk by allowing the
selection of individual firms
that are experts in their own
area

e Design can complete critical
path work packages for
contractor to start early
construction.

Cons

e More contracts to
manage

o Little experience in
CA

e Contractor bids on
guantities, as design
progresses CCO
occur to adjust
guantities based on

Potential time
savings because of
sequencing of
construction

Page 6

Other Considerations

e Environmental process

¢ Biggest risk is impact to
schedule because of two
contracts to award and
coordinating the design
between the two entities

Contracting

Design is 100%
complete before
contractor bids
Contractor will claim
more time is needed for
every outside impact
but still want to be paid
an incentive for
completing the work
early by subtracting out
the delays

System g

Integrator for change in character.

Software and

Hardware

Incentive e May result in shorter e May result in higher e Caltrans requirements could
Based construction schedule cost cause outside delays and

claims by the contractor.
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Conclusions

In reviewing the various project delivery method options, the goal was to determine the
process that would provide the highest quality first and foremost. The second consideration
is the amount of time to complete the project.

Based on this assessment, the traditional Design-Bid-Build method is not recommended due
to the length of the entire process to project completion. In addition, the mix and size of the
civil (field elements) and hardware/software elements of the project will likely not attract a
technically qualified team given the low bid selection.

A Design-Build method may shorten the overall duration of the project, there are inherent
risks that contractors will assume and build into their bids resulting in higher costs. Also,
given the low bid nature of this method combined with the amount of hardware and software
necessary, there are higher inherent risks to the quality of the overall system, i.e., hardware
and software systems are typically not procured through a low bid process since the lowest
bidder may equate to a lesser qualified contractor and/or system integrator. The amount of
systems work on this project would likely not attract many qualified bidders. Firms that
perform systems and software work are typically professional services firms who would not
compete for low bid construction projects. Also, construction contractors would not want the
risks inherent in the project for the comparatively small amount of construction work. For
these reasons, a Design-Build procurement is not recommended.

Incentive based contracting is generally used in emergency situations and likely would not
be approved for this type of project through Caltrans.

With Design Sequencing and the System Manager approaches, both have strengths from a
project delivery stand point. The System Manager/Integrator approach will result in a higher
quality hardware and software system given that BATA and Caltrans will be able to select
and work with the preferred Integrator team resulting in better collaboration. However, the
civil design will need to be completed prior to any field construction which does not shorten
the duration of the schedule.

Design Sequence is a viable alternative for purely civil construction projects due to the
schedule savings inherent in beginning construction before the design is complete. The
Design Sequence approach may shorten the civil design and construction duration if phased
properly, but introduces the risk of a less than qualified hardware and software integrator
due to the low bid selection, i.e., system quality may be sacrificed with a lower price and
shorter schedule. Caltrans has been piloting Design Sequencing as a delivery method.
Currently, the results for the pilot projects are mixed with pilot projects not showing
measurable cost or time savings. For this project, the systems/software work will be a major
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schedule driver due to the complexity of the system and the need for customized software
and rigorous testing. As such, the schedule savings with Design Sequence does not provide
as much of an impact to overall schedule. Design Sequence as a standalone method would
require one contract with the civil construction contractor and the integrator as a
subcontractor. This provides less control on the overall quality of the selected team.

Based on our team’s assessment, the Combined/Hybrid approach is recommended. This
approach combines the Design Sequence/CMGC for the civil construction elements with the
System Integrator approach for the hardware and software elements. Under this approach,
BATA and Caltrans will be able to work with the collaboratively with the preferred System
Integrator on the hardware and software design while concurrently the civil construction
elements are installed in phases. BATA would be able to contract with the System
Integrator faster than under Design Build or Design Sequencing because it is a simple
professional services agreement. Once the System Integrator is on board, they would
provide input to the design to make sure it meets the needs of the system. BATA would
have the ability to select the Integrator based on their approach and qualifications and the
civil contractor based on fee and minimum qualifications. This approach would provide the
highest quality system with the potential for a shorter project delivery due to concurrent field
construction and an earlier start to software customization.

With the Combined/Hybrid approach for the SFOBB project the hardware and software
required for the upgraded metering system would be selected using the System Manager
method, which allows the System Integrator with the best proposal to provide the upgraded
metering system. With the System Integrator on board, the civil improvements would be
contracted using the Design Sequence method. This would require BATA to manage 3
contracts:

1. System Manager/Preliminary Civil Designer (65%)
2. System Integrator
3. Civil Contractor (Final Design).

Similar to the San Diego I-15 contracting approach, it is recommended that the civil design
portion be completed with Caltrans playing an active role with the design team where they
would have a direct impact on and ownership of the design. Caltrans also has the most
knowledge and experience with existing conditions and utilities in the project area which
would provide the maximum benefit for the design team. The Systems Manager would
provide input to the design as the different phases are developed prior to construction.
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Because of the complexity of the existing conditions, it is recommended that a design at or
near the 65% stage be completed before the construction contractor is brought on board.
The Design Sequence contracting method is being evaluated by Caltrans as a project
delivery method and would require additional discussions with Caltrans to determine if this
approach would be possible for the SFOBB project. Figure 1 below provides an illustration
of the recommended project delivery approach and the various activities.

System
Integrator Award
A
System Requirements, -
System Elements Specifications and Final Design and System Installation tTné;gil{atson e
(Hardware/Software) Preliminary Design ng
civil Elements and Design plans preparation ) : )
Final Design and Construction
Field Construction (to 63% stage) g
Design Seguence
Contract Award
NTP | ‘ ! | |
\ \ \ I \
4 6 12 16 21

Months

Figure 1: Recommended Combined/Hybrid Approach — System Integrator with Design
Sequence
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