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OVERVIEW

The Candidate VTS Design described in this appendix is one of 23
developed for all the study zones included in the study. This
appendix documents the task performed, under Contract DTRS-57-88-C-
00088 Technical Task Directive 13, as an integral part of the total
Port Needs Study. The ultimate product of this task effort is an
informed preliminary technical assessment of the approximate cost
to the Federal Government to implement and operate a state-of-the-
art VTS system. This appendix does not contain a comprehensive
definition of the VTS operating requirements nor does it propose a
final VTS specification suitable for implementation.

In order to consistently estimate the life cycle costs of a VTS
system in each of the study zones, a "Candidate VTS Design" has
been defined for each study zone using a uniform set of design
criteria. Each study zone Candidate VTS Design is a composite of
generic modules selected from a master list of 18 state~-of-the-art
surveillance modules, communications and display technology. Among
the surveillance modules in the master list are several levels of
technical performance from which the selection is made for
application to each study sub~zone to address the 1local
navigational surveillance needs and conditions. The Candidate VTS
Design in each study zone represents a consistent application of
the surveillance modules at the sub-zone level. The sub-zone
surveillance technology is subsequently integrated into a total
system for the study zone via state-of-the-art communications and
display consoles at the Vessel Traffic Center (VTC) in each zone.

The application of the surveillance modules in each sub-zone
responds to the technical requirements of that sub-zone as
perceived by the study team. The Candidate VTS Design represents
a preliminary engineering judgement on the appropriate level of
technology in each sub-zone. The Candidate VTS Design may be
considered as an informed judgement made by the contractor study
team for the sole purpose of developing cost estimates that are
consistent across the 23 study zones and suitable for benefit/cost
comparisons among the study zones and initial budget planning and
implementation priorities. The approach used to calculate VTS
system costs for all 23 study zones is found in Volume III,
Technical Supplement.
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BOSTON HARBOR VESSEL TRAFFIC SERVICES (VTS) DESIGN

1.0 INTRODUCTION

A detailed survey of Boston Harbor in May of 1990 resulted in the
formulation of a preliminary Vessel Traffic Services (VTS) system
design for the area. The final Boston Harbor VTS design as
submitted in this report is based on further physical examination
of the area's features and facilities. A new approach to costing
VTS systems in outlined in Vol. III, Technical Supplement and a new
method of categorizing surveillance sensors into "modules" has also
been developed. These modules are defined in terms of cost and
performance and are to be applied to all VTS designs in this study.
The applicability of Automatic Dependent Surveillance (ADS)
technology is also discussed in this report. The five sub-zones
defined in the original Boston Harbor survey report remain the
same.

The hardware and software selected for this design provides the
level of surveillance justified by the problems identified and the
casualty history in each sub-zone. A secondary consideration is to
locate all VTS assets so that they are sufficient for the sub-zone
in question and can contribute to adjoining sub-zones to achieve
maximum usage. All specific equipments are then selected based on
perceived surveillance requirements and overall VTS systen
architecture.

1.1 VT8 DESIGN APPROACH

The choice of surveillance sensors is dependent on the VTS mission.
For the purposes of this design, the VTS mission is defined as that
which insures the safety of navigation and the protection of the
environment. In order to accomplish this mission, mandatory
participation of all vessels over 20 meters is essential. The
Vessel Traffic Center {(VTC) must provide navigation safety advice
to all vessels. The VTS in the United States will have no
facilitation of commerce role nor will it offer piloting assistance
of any kind.

The primary criteria for selection of adequate surveillance
sensors are:

o Percentage of vessels of the desired minimum size
detected in designated surveillance areas

o Percentage of lost tracks

o0 The accuracy of the position and track obtained




0 The reliability of the surveillance system

o The timeliness of the data obtained

o The ability to interpret and use the data obtained
Secondary criteria are:

o Cost of the VTS system -- reduction of manpower by the use
of technology

o Expandability -- increased VTS responsibility, area,
and/or support of other missions

Active surveillance sensors including radar, communications, and
closed circuit television (CCTV) installations are used when
detection and tracking of vessels is paramount to providing safety
advice. These devices are considered fail safe in that it is known
with certainty when they have failed. The performance
characteristics of these sensors are known from operational VTS
worldwide experience. 1In this design they are selected to assure
that the necessary operational criteria identified for each sub-
zone is realized.

Many dependent surveillance techniques are possible. These range
from voice radio reporting of required VTS data to automatic
position and identification recording devices that <can be
interrogated from shore (ADS). The position and/or movement
reporting form of dependent surveillance is used extensively in
existing VTS systems. The major regions of current use are those
which do not require active surveillance. To apply ADS technology
to a specific sub-zone within a VTS zone the following additional
criteria must be considered:

o How many vessels interact in this sub-zone and which of
these interactions are important to the VTS mission.
Obviously all vessel classes of interest must be appropriately
equipped. This requires that all vessels of the classes
selected which will ever pass through this sub-zone must be
equipped with an ADS device. This requirement to detect so
many different vessels argues against the use of ADS. In
areas where only one class of vessel is of interest, ADS is
more easily implemented.

o The interactions or transits to be monitored must not
demand that the surveillance be fail safe, i.e. positively
detecting failures. This type of surveillance is related to
position reporting in that it may not always function or be
used properly and the VTS has 1limited control over its
cgperation.

AN-2




o It must be determined that if active surveillance is
not justified, is the additional information obtained from ADS
over position reporting necessary.

o) If the class or group of vessels to be monitored is a
"controllable" group, ADS can be easily implemented and
satisfactory operation more readily achieved. Controllable
means a clearly defined subset of vessels, e.g. a specific
barge company; vessels carrying a specific cargo, etc.

o The number of different vessels in each class of
interest that passes through the sub-zone in question must be
determined. This number must be known to accurately estimate
the cost of selecting this option for this sub-zone.

o Choosing a specific ADS solution for one sub-zone in one
harbor may effect all the VTS designs for all the other sub-
zones in all the other harbors.

1.2 ASSUMPTIONS

The system design for the Boston VTS zone starts with a set of
assumptions based on the detailed survey and other data. These
assumption are as follows:

o The weather is variable from season to season. There are
numerous foggy periods and occasional strong winds. Very
heavy rain is rare but there are periods of snow in winter.

o The traffic density is light but the existing traffic is
energy intensive.

o The accident rate in this harbor is low.

o The physical dimensions of this harbor are very small,
encompassing less than 100 square miles.

0 As recommended by the IMO, all vessels of 20 meters or more
in length will be required to participate in the VTS.
Participation is defined (at a minimum) as monitoring the VTS
frequency and reporting as required.

© Most of the energy terminals are located in the narrow
Chelsea River area.

o Future ferry traffic from Logan Airport to downtown Boston
will increase.

o Enforcement of harbor procedural regulations is limited.




o There is no national standard to which each ADS device must
conform so that its data can be used in any sub-zone in
any port.

2.0 DESIGN DECISIONS

2.1 GENERAL

Because the Boston Harbor has a good safety history and low traffic
density, it may appear that an active communications/procedural VTS

system would adequately protect the area. However, a more
extensive system has been chosen for the following reasons:

o The port 1is energy intensive and vulnerable to a
significant spill with major ecological damage and public
impact. A serious energy accident in Boston Harbor has the

potential to impact the economy of all of New England.

o The area surrounding Deer Island contains four closely
coupled problems areas, will be subject to increased local
traffic over the next decade as the Deer Island sewage plant
is built, and contains a large federal anchorage with no real-
time system of compliance monitoring.

o Because of its narrow nature and two drawbridges, the
Chelsea River, which contains most of the petroleum terminals,
is a very difficult area to navigate and requires close, real-
time monitoring.

A study of the traffic flow and problem areas requiring
surveillance leads to the selection of two VTS control sectors for
this harbor. Sector I is made up of Sub-zones I, II and III and
Sector 2 1is made up of Sub-zones IV and V. A single VTS
communications frequency is sufficient because the small size of
the Boston VTS zone and the light traffic level will not cause
communications interference problems or operational confusion
between sectors. The VTS communications capability is to be
implemented with low radiated power level (1 watt) sites to reduce
interference. The existing VHF high radiated power 1level (>10
watts) site on the Boston Bank Building is to have another
transmitter installed for use by the VTC as needed. The VTC
logically belongs at the U.S. Coast Guard Support Center, Boston
because of its central 1location in the Inner Harbor and its
excellent support facilities. The best location inspected is on
the southeast corner of the roof of Building 8. Figure 2-1 is a
summary of the surveillance chosen for the Boston VTS zone. Figure
2-2 represents the final system design in block diagram fornm.

AN-4
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2.2 8SUB-ZONE I -- HARBOR APPROACHES
2.2.1 Discussion

This large area outside of the COLREGS line includes part of the
precautionary area and the offshore approaches to Boston Harbor.
Due to the unstructured and unpredictable nature of the traffic
patterns, this area is designated as "open-complex." Since
vessels in this sub-zone are not required to monitor Channel 13
(Bridge-to-Bridge communications), the only existing procedural
rules are the established Traffic Separation schemes. VTS
implementation entails procedural changes which require ships
entering Boston Harbor to report to the VTS center prior to
entering the precautionary area. Discussions with pilots indicate
that neither the volume of traffic nor the existing traffic
patterns in this area create a problem in identifying vessels by
radar and voice communications. Therefore, a direction finder
(VHF/DF) facility is not required. The active radar surveillance
addressed in Paragraph 2.3 Sub-zone II coincidentally provides
surveillance of the precautionary area.

2.2.2 Design

The VTS technological solution chosen for this sub-zone Iis
dependent in nature. Complete communications coverage and expanded
procedural reporting is selected. No hardware is installed in this
area. The required communications coverage is provided by the
facility in Sub-zone II. Active surveillance cf the precautionary
area 1s provided from the radar in Sub-zone II.

This area lends itself to use of a vessel-kased surveillance system
if it becomes necessary to have more data on vessels headed for
Boston Harbor. There are no pecrt planning problems now. If,
however, a national or international requirement emerges for the
carriage of ADS devices on deep draft vessels, this sub-zone
represents one area where such data could be employed. Since this
area is well outside of the harbor pilots' ship boarding stations,
a carry-on type of ADS device is impractical.

2.3 8UB-ZONE II -- BOSTON OUTER HARBOR
2.3.1 Discussion

Sub-zone II is a "confined complex" area of approximately 36 square
miles. This sub-zone includes part of the precautionary area, the
main entrance channels into the inner harbor and a large federal
anchorage adjacent to the channel inside Deer Island. Four problem
areas are confined within a three-mile radius of Deer Island Light.
These closely coupled and interactive problem areas create one
single area of mijor ~oncern within this sub-zone. Another problem
noted in this sub-zone involves the Deer Island sewer project. In
the next decade a significant amount of waterborne traffic will
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develop to serve this sewer project. Much of this traffic will
originate in Dorchester Bay and will therefore be confined to Sub-
zone ITI.

Due to the number of problem areas in the vicinity of Deer Island,
however, surveillance radar is necessary. This radar
coincidentally provides surveillance for the entire sub-zone. The
main vessel interactions of concern in the area are:

o Ship/ship interactions in and around the federal anchorage

o Ship/local traffic interactions in the channel and at
channel intersections. Local traffic is mainly tug/barge,
fishing, passenger for hire, Deer Island traffic and
recreational vessels.

o Ship navigation in the main channel

Deer Island and Long Island were the two locations initially
selected for the radar installation. On-site investigation of the
ongoing Deer Island Project indicates that Long Island is a better
choice. The extensive sewer project construction on Deer Island
for the next decade will entirely re-shape the Island and create
large structures in many locations. There are many possible radar
site locations on Long Island which provide excellent coverage of
the problem areas. These include Long Island Head, Long Island
Light, and several hospital buildings. The Long Island Head site
is preferred because it affords be*tter coverage of the Hull Gut
area in Sub-zone III. Excellent coverage 1is also afforded to
Dorchester Bay where a great deal of the Deer Island traffic
originates. To limit communications interference and to insure the
availability of metereological data, a low radiated power level
communications facility is to be co-located with the radar site as
well as a complete meteorological sensor suite. Current and water
depth are not significant navigational obstacles in this area and
need not be monitored.

2.3.2 Design

A Module 1 radar installation is selected based on the conclusion
that this radar can provide sufficient resolution at the ranges
involved and that the weather does not warrant a lower fregquency
radar. Total communications coverage is to be provided by a new
communications site on Long Island. Both medium and low power must
be available in order to service Sub-zones I, II, and III. Tiis
site is to be capable of transmitting/receiving on Channel 16,
Channel 13, the VTS channel and the pilot channel. It is also to
have a guard receiver on Channel 16. A complete metereological
sensor suite to measure wind velocity/direction, air temperature
and visibility (Module 13) 1is to be co-located with the
radar/communications facility on Long Island.
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Dependent surveillance type systems are not recommended in this
sub~zone for several reasons. To provide monitoring of the
pertinent vessel interactions, all three classes of vessels down to
20-meters, i.e. oceangoing, coastal, and local, would have to be
equipped. This is untenable. In addition, update rates of less
than 10 seconds would periodically be required of all vessels in
the problem areas to adequately monitor the vessel interactions as
they develop, and, finally, a fail safe back-up would be required.

2.4. SUB-ZONE III -- SOUTH HARBOR
2.4.1 Discussion

The navigable portion of this sub-zone comprises about 20 square
miles to the south of President Roads. This sub-zone is considered
to be "confined-complex" because the channels are quite narrow and
a large amount of recreational boating can occur. Very little
seagoing traffic traverses this sub-zone. Hull Gut is a problem
area due to its narrow width and strong tidal currents.

2.4.2 Design

The overall technological solution chosen for this sub-zone is
dependent in nature. Active communications monitoring of the
existing procedural rules is supplemented by increased reporting
requirements. This selection is based or. the nature and frequency
of the traffic in the sub-zone and the lack of significant shipping
interactions or navigational difficulties. The Hull Gut problem
area is adequately covered by the radar site established for Sub-
zone II. Communications in this zone can be adequately provided by
the communications site on Long Island. No hardware is necessary.
Active surveillance 1is provided coincidentally by the radar
installation in Sub-zone II for the entire sub-zone except for
those areas shadowed by land.

Any information obtained from ADS equipped ocean-going vessels in
this sub-zone would be useful to the VTS but is not required to
manage this area. This data could be used to verify the reported
positions.

2.5 SUB-ZO0NE 1V -~- BOSTON INNER HARBOR
2.5.1 Discussion

This "confined-complex" sub-zone encompasses all of what is
commonly known as Boston Harbor. There are very few navigational
hazards, the water is of adequate depth except outside of the
channel near Logan Airport, and the channels are quite wide. The
major shipping problem involves interaction of fishing vessels and
other small craft with deep draft vessels. One problem unique to
this sub-zone is the interaction of ships in the channel and
airplanes landing at Logan Airport on Runway Four Right. If a ship
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with a masthead height of over 85-feet enters the area off of
Runway Four Right, planes are warned to make a higher than normal
approach. The FAA currently monitors this area with its ground
control radar and closed circuit television cameras mounted on the
west side of the channel. The cameras have optical reticles that
allow measurement of masthead height when the ships can be seen.
In order to measure height of ships in low visibility, the FAA is
investigating a millimeter wave radar capability to directly
measure mast height in all weather. Dependence on Lloyd's List for
ship heights and communication with ship pilots alone are not
sufficient methods of obtaining the extremely reliable, measured
system required by the FAA. It is FAA policy that they will
measure ship heights with their own system as part of the approach
monitoring for the airport and that they will not rely on an
existing VTS system. Logan Airport is scheduled to receive a new
ground control radar in February of 1991. The established VTS
control center should be coordinated with the FAA to determine
areas of mutual benefit and data needs because data interchange on
ship identification, location, and expected arrival time in their
zone of concern would be useful.

2.5.2 Design

The overall technological solution chosen for this sub-zone is
dependent in nature. Active communications monitoring of the
existing procedures and the addition of new procedural reporting
requirements is selected. The radar facilities in Sub-zones II and
V coincidentally provide excellent coverage of this entire area.
Procedural reporting and active communications coverage are choices
based on existing traffic levels, accident history and the physical
configuration of the sub-zone. The navigational hazards are few
and adequate maneuvering room exists due to good water depths right
up to the pier heads. The procedural change is a required
departure notice on the VTS communications frequency for all
ferries crossing the Inner Harbor so that the VITC and all other
vessels are alerted to their movements. No significant VTS gains
are envisioned by utilizing information from the existing or
planned surveillance sensors at Logan Airport. Hardware includes
additional transceivers au. the existing high radiated power 1level
communications site on the Boston Bank Building.

ADS data from deep draft vessels so equipped would be of minimal
value in this sub-zone because the interactions of concern are
between ocean-going and local vessels. This requires that all
vessels over 20 meters in the sub-zone be equipped with ADS
devices, an untenable situation. There is complete radar coverage
of this sub-zone from the radar sites in Sub-zones II and V if the
need arises for active surveillance.

AN-10




2.6 SUB-ZONE V -- BOSTON RIVERS
2.6.1 Discussion

Ship handling in this "“confined-complex" sub-zone is the most
difficult in the harbor. This area also contains a liquefied
natural gas (LNG) terminal and the majority of petroleum terminals.
The Chelsea River with its two drawbridges, one-way traffic and
very narrow channels is the most hazardous. The difficulty of
navigating vessels through the narrow bridges and channels demands
that chance encounters with other traffic be eliminated. The
turning basin at the junction of the Chelsea and Mystic Rivers is
also a potentially troublesome area if other traffic is
encountered. The LNG vessels are turned in this basin and backed
under the Tobin Bridge into the Mystic River by tug boats. There
is also a large container terminal in the Mystic River which is
served by sizeable container ships.

2.6.2 Design

The overall technological solution selected for this sub-zone is
active radar surveillance, communications coverage and the existing
procedural rules. The rationale for this selection is as follows:

o The majority of the petroleum terminals in Boston Harbor
are in this sub-zone.

o The waters are narrow and represent a significant
navigation problem where unexpected vessel interactions must
be eliminated.

o The one-way traffic in the Chelsea River must be actively
monitored to insure compliance with existing procedures and
detect any unannounced movements. This traffic is composed
of both tugs and barges and larger ships.

o LNG carrier maneuvers in the turning basin and under the
Tobin Bridge present the possibility for a serious accident.

A physical survey of the area indicates that the preferred location
for a radar site is on top of the Shore Plaza East buildings at the
corner of Border and Falcon Streets in East Boston. The east side
of the upper deck of the Tobin Bridge is an alternative site. This
site, however, gives no coverage of the Mystic River terminals. A
low radiated power 1level communications site and complete
meteorological suite are co-located with this radar. Bridge
sensors which indicate whether the McCardle and/or Chelsea
Drawbridges are open are to be placed on both bridges as an added
safeqguard. No traffic of significant size can exit the Chelsea
River into the turning basin when these bridges are closed.
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A Module 1 radar installation is selected based on the detection
and tracking ranges involved and the physical configuration of the
waterways. Co-located with this installation is a low radiated
power level communications facility (Module 10) and a complete
meteorological sensor suite capable of measuring visibility (Module
13). The communications equipment is capable of transmitting and
receiving on Channel 16, Channel 13, the VTS channel and the pilot
channel. It is also to have a guard receiver on Channel 16.

An ADS system is inappropriate because it would be necessary to
equip all types of vessels. The most serious concern in this sub-
zone is surprise or unannounced vessel movements.

2.7 VESSBEL TRAFFIC CENTER

The design of the hardware and software should be modern and
capable of operating with reduced staff levels without loss of
effectiveness. One watchstander with an integrated data
workstation and decision aiding software can effectively manage the
activity in this port. This Vessel Traffic Center concept demands
that the watchstander be separated from any other harbor/port
information requests. The Center must be structured so that such
requests are controlled by a bulletin board type interface. One
officer-in~charge and one clerk are also required for the proper
administration of the facility.

The Vessel Traffic Center is to be located at the U.S. Coast Guard
Support Center in Boston in a 1location with good visual
surveillance of the Boston Inner Harbor. The center is to employ
the following equipment:

2.7.1 VT8 console

This console provides total data integration from all sensors in
both sectors. These data are graphically shown on at least two
raster scan, high light level displays. A data display is also
provided. Console design architecture is general purpose computer
based, open architecture, bus organized, allowing operation of the
system as a local area network (LAN). Data interchange with other
facilities by modem is provided as well as interface with the U.S.
Coast Guard standard terminal. The design allows board level
modification and expansion. Features of the software and hardware
provided are:

o Software written in a high level language.

o Software providing the total integration of data from all
VTS sensors.

o Layering of data in at least four layers.
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o The ability to sector data including sector to sector
handoff of targets.

o The ability to accept external digital data derived from
transmissions of shipboard transponders or other sources and
integrate the information with all other sensor data.

o Automatic and/or manual acquisition of radar targets
including automatic tracking and target ID assignments. Guard
zones with automatic acquisition of all targets entering the
zone.

o Several warning levels of vessel interaction designed to
direct attention to developing situations rather than a simple
CPA alarm strategy.

o Complete vessel monitoring and alarm capability including
anchor watch, CPA, TCPA, track history, adjustable target
velocity vectors, restricted area penetration and maneuvering
monitor will be provided. Additional warning and/or alarm
features allowed by programming changes in high level
language.

o Complete modern color graphics capability with offset and
zoom.

o Complete harbor navigation aid monitoring capability
including buoy position, light status, etc.

o Remote control of all radars and radar interfaces as well
as radar data processing including site-to-site integration,
clutter suppression, scan conversion and target extraction.

0 Complete track projection capability which can predict
and/or analyze future interactions based on current position,
destination and velocity.

o The capability of constructing a complete vessel data base
and interfacing it to the real-time data display from the VTS
sensors.

o The ability to de-select stationary targets. In the
vicinity of Deer Island and in the entrance to the channel,
lobster pot and fish net returns cause clutter in calm
weather.

communications Console

This console 1is capable of remotely operating the proposed
transmitting/receiving sites and allow monitoring and transmission
on all required frequencies. The console provides two operating
positions each to be capable of complete communications control.
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It is capable of modular expansion if other remote communications
sites are added.

2.7.3 8upervisor Control and Data Acquisition (SCADA) Equipment

A SCADA capability is provided to the major module level at remote
sites so that the watchstander can determine the status of the
entire VTS system. A graphic readout is provided as Figure 2-2
indicating operational status of all elements in the system.
Security monitoring of remote sites is also included.

2.7.4 Recording Equipment

Time synchronized video and audio recording equipment is to be
provided. This equipment is capable of recording and playing back
the data presented to the VTS watchstander and his reaction to the
situation. Two sets of recording equipment is to be installed for
redundancy purposes.
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3.0 CO8ST ESTIMATES
3.1 General

Vol. II, Technical Supplement discusses a generalized approach to
estimating VTS system costs. This approach is based on interviews
with system designers and purchasers of recently constructed
systems. The cost of the Boston VTS system has been estimated
using this approach and is detailed below. The assumptions made in
estimating these costs are listed in Para. 1.2.

3.2 Hardware

VESSEL TRAFFIC CENTER (x $1000) 10-yr.
Non-recurring Recurring
VTS Console (w/all software) $ 500
Comms Console 100
Recording Equipment--2 sets 50
SCADA Equipment--2 radar sites 100
SUB-TOTAL $ 750 $375

SECTOR 1, SECTOR 2

Long Island Site

Module 1 Radar 310 310
Module 10 VHF 19 13
Module 11 VHF 48 20
Module 13 Met 40 5
East Boston Site
Module 1 Radar 310 310
Module 10 VHF 19 13
Module 13 Met 40 5
Drawbridge Sensors 10 1

Boston Bank Building

Module 11 VHF 48 20
SUB-TOTAL: $ 844 S 697
TOTAL HARDWARE COST: $1594 $1072
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3.3 Total Project Costs (x$1000)
Hardware $1594

Management, Engineering, etc. (70%) 1115
Assumptions: Turnkey systenm,

Procurement by integ.contractor, good

manufacturer support, some software

provided, System Manual required

Installation site integration (20%) 319
Assumptions: Complete installation
by contractor, remote access no

problem
Spares & Training (10%) 160
Civil Engineering 1500

Assumptions: Building modification
at Support Center Boston, Comm, towers,
2 remote radar buildings, land acquisition

PROJECT ESTIMATE: $4688
Data Base Management System 300
TOTAL: (non-recurring) $4988
TEN-YEAR O&M RECURRING

Hardware 1072
1 Watchstander x 5 = 5 man/years € 50K x 10 2500
1 Oofficer-in-Charge 500
1 Clerk 500
TOTAL; (recurring) (10-year life) $4572
TOTAL 10-YEAR PROJECT COST: $9560
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GLOSSARY

AD8: Automatic Dependent Surveillance

“CONFINED-COMPLEX": a combination of terms relating to the
geography and the nature of the interactions between ships. See
Final Report National Vessel Traffic Services Study (TP-5965E),
Candian Coast Guard, Ottawa, October 1984, pp.89-91.
“CONFINED-SIMPLE": a combination terms relating to the geography
and the nature of the interations between ships. See Final Report
National Vessel Traffic Services Study (TP-5965E), Canadian Coast
Guard, Ottawa, October 1984, pp.89-91.

CCTV: closed circuit television

COLREGS LINE: a demarcation line delineating those waters upon
which international regulations for the prevention of collisions at
sea apply.

CPA: closest point of approach

DBMS: data base management system

DF: direction finder

FAA: Federal Aviation Administration

GI8: Geographic Information System

IMO: International Maritime Organization

LAN: local area network

LLOYD'S8 LIST: a 1listing of all merchant vessels of the world
including their physical characteristics. Published by Lloyd's of
London.

LNG: liquified natural gas

YOPEN-COMPLEX": a combination of terms relating to the geography
and the nature of the interactions between ships. See Final Report
National Vessel Traffic Services Study (TP-5965E), Canadian Coast
Guard, Ottawa, October 1984, pp. 89-91.

“"OPEN-SIMPLE": a combination of terms relating to the geography and
the nature of the interactions between ships. See Final Report
National Vessel Traffic Services Study (TP-5965E), Canadian Coast
Guard, Ottawa, October 1984, pp. 89-91.

PRECAUTIONARY AREA: an area normally an intersection, entrance to,
or exit from a traffic separation scheme where vessel interactions
are unpredictable

S8CADA: Supervisor Control and Data Acquisition

TCPA: time of closest point of approach

TRAFFIC SEPARATION SCHEME: routes incorporating traffic separation
to increase the safety of navigation, particularly in converging
areas of high traffic density.

VHF: very high frequency

VTC: vessel traffic center

VT8: vessel traffic services
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Appendix A Zone 1 Boston, MA

TABLE 1 Assignment of COE Waterway Codes to Subzones 8/06/91
COE
Waterway Name

Subzone 101A

148 A LYNN HARBOR, MASS.

150 A MAIN WATERFRONT

151 A WINTHROP HARBOR, MASS.

152 A CHELSEA RIVER, MASS.

153 A MYSTIC RIVER, MASS.

154 A ISLAND END RIVER, MASS,
160 A DORCHESTER BAY, MASS.

162 A WEYMOUTH FORE RIVER, MASS.
163 A TOWN RIVER, MASS.

164 A WEYMOUTH BACK RIVER, MASS.

Subzone 102B

150 A MAIN WATERFRONT

151 A WINTHROP HARBOR, MASS.
152 A CHELSEA RIVER, MASS.
153 A MYSTIC RIVER, MASS.

154 A ISLAND END RIVER, MASS,
160 A DORCHESTER BAY, MASS.

Subzone 103C

150 A MAIN WATERFRONT

151 A WINTHROP HARBOR, MASS.

152 A CHELSEA RIVER, MASS.

153 A MYSTIC RIVER, MASS.

154 A ISLAND END RIVER, MASS,
160 A DORCHESTER BAY, MASS.

162 A WEYMOUTH FORE RIVER, MASS.
163 A TOWN RIVER, MASS.

164 A WEYMOUTH BACK RIVER, MASS.

Subzone 104D

150 A MAIN WATERFRONT

182 A CHELSEA RIVER, MASS.
183 A MYSTIC RIVER, MASS.

154 A ISLAND END RIVER, MASS,

Subzone 105E
152 A
153
154

CHELSEA RIVER, MASS.
MYSTIC RIVER, MASS.
ISLAND END RIVER, MASS,

>
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Appendix A Zone 1 Boston, MA 7715791
TABLE 2 Base Year 1987 Cargo Tons by Subzone, Commodity, and Vessel Type

Subzone 101A MASSACHUSETTS BAY

Comm. Dry Cargo Tanker
Code Name Dry Cargo Tanker Barge Tow Barge Tow Total
1  FARM PRODUCTS 12,625 0 0 Q 12,625
2  FOREST PRODUCTS 2,063 0 0 0 2,063
3  FISHERIES PRODUCTS 62,868 0 0 0 62,868
4 MINING PRODUCTS, NEC 285,102 0 0 0 285,102
5 PROC. FOODS & MFTRS, NEC 2,012,001 0 9,954 0 2,021,955
6 WASTE OF MANUFACTURING 675,440 0 0 0 675,440
1311 CRUDE PETROLEUM 0 63,462 0 5,867 69,329
2811  CRUDE PROD-COAL TAR-PET 2,590 0 0 0 2,590
2813  ALCOHOLS 0 183 0 21 204
2817  BENZENE AND TOLUENE 0 1,551 0 131 1,682
2871  NITROGEN CHEM FERTILIZER 5 0 0 0 5
2911  GASOLINE, INCL NATURAL 0 4,960,958 0 594,610 5,555,568
2912  JET FUEL 0 956,908 0 115,868 1,072,776
2913  KEROSENE 0 115,387 0 45,375 160,762
2914  DISTILLATE FUEL OIL 0 5,150,558 0 1,094,616 6,245,174
2915  RESIDUAL FUEL OIL 0 3,847,622 0 762,786 4,610,408
2916  LUBRIC OILS-GREASES 0 93,222 v} 14,283 107,508
2921  LIQUI PETR-COAL-NATR GAS 1,190 0 0 0 1,190
2922  Special VTS LNG Category 0 41,174 0 0 41,174
Subzone Total : 3,053,884 15,231,025 9,954 2,633,557 20,928,420
Subzone 1028 CONVERGENCE AREA
Comm. Dry Cargo Tanker
Code Name Dry Cargo Tanker Barge Tow Barge Tow Total
1 FARM PRODUCTS 12,521 0 0 0 12,521
2 FOREST PRODUCTS 2,063 0 0 0 2,063
3  FISHERIES PRODUCTS 62,845 0 0 0 62,845
4 MINING PRODUCTS, NEC 281,590 o] 0 0 281,590
5 PROC. FOODS & MFTRS, NEC 1,928,143 0 9,954 0 1,938,097
6  WASTE OF MANUFACTURING 675,440 0 0 0 675,440
1311 CRUDE PETROLEUM 0 63,462 0 5,867 69,329
2811  CRUDE PROD-COAL TAR-PET 2,590 4] 0 4] 2,590
2813  ALCOHOLS 0 183 0 21 204
2817  BENZENE AND TOLUENE 0 1,551 0 131 1,682
2871  NITROGEN CHEM FERTILIZER 5 o} 1] 0 5
2911  GASOLINE, INCL NATURAL 0 4,155,632 0 541,166 4,696,798
2912  JET FUEL 0 955,840 0 115,868 1,071,708
2913  KEROSENE 0 113,680 0 38,921 152,601
2914  DISTILLATE FUEL OIL 0 4,793,813 0 825,125 5,618,936
2915  RESIDUAL FUEL OIL 0 3,773,673 0 728,784 4,502,457
2916  LUBRIC OILS-GREASES 0 93,222 0 16,283 107,505
2921  LIQUI PETR-COAL-NATR GAS 1,190 0 0 0 1,190
2922  Special VTS LNG Category 0 41,174 0 0 41,174
Subzone Total : 2,966,387 13,992,230 9,954 2,270,164 19,238,735
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Apperdix A Zone 1 Boston, MA 7/15/N
TABLE 2 Base Year 1987 Cargo Tons by Subzone, Commodity, and Vessel Type
Subzone  103C BOSTON HARBOR

Comm. Dry Cargo Tanker
Code Name Dry Cargo Tanker Barge Tow Barge Tow Total
1 FARM PRODUCTS 12,625 0 0 0 12,625
2 FOREST PRODUCTS 2,063 0 0 0 2,063
3  FISHERIES PRODUCTS 62,868 0 0 0 62,868
4  MINING PRODUCTS, NEC 285,102 0 [t} 0 285,102
5 PROC. FOODS & MFTRS, NEC 2,012,001 0 9,954 0 2,021,955
6 WASTE OF MANUFACTURING 675,440 0 0 0 675,440
1311 CRUDE PETROLEUM 0 63,462 0 5,867 69,329
2811  CRUDE PROD-COAL TAR-PET 2,590 0 0 0 2,590
2813  ALCOHOLS 0 183 Y] 21 204
2817 BENZENE AND TOLUENE 0 1,551 0 131 1,682
2871  NITROGEN CHEM FERTILIZER 5 0 0 0 5
2911 GASOLINE, INCL NATURAL 0 4,960,958 0 594,610 5,555,568
2912  JET FUEL 0 955,840 0 115,868 1,071,708
2913  KEROSENE 0 115,387 0 45,375 160,762
2914  DISTILLATE FUEL OIL 0 5,150,558 0 1,094,616 6,245,174
2915  RESIDUAL FUEL OIL 0 3,847,622 0 762,786 4,610,408
2916 LUBRIC OILS-GREASES 0 93,222 0 14,283 107,505
2921  LIQUI PETR-COAL-NATR GAS 1,190 0 0 0 1,190
2922 Special VTS LNG Category 0 41,174 0 0 41,174
Subzone Total : 3,053,884 15,229,957 9,954 2,633,557 20,927,352
Subzone 104D BOSTON INNER HARBOR
Comm. Dry Cargo Tanker
Code Name Dry Cargo Tanker Barge Tow Barge Tow Total
1 FARM PRODUCTS 12,521 0 0 4} 12,521
2  FOREST PRODUCTS 2,063 0 0 0 2,063
3  FISHERIES PRODUCTS 62,845 0 0 0 62,845
4  MINING PRODUCTS, NEC 281,590 0 0 0 281,590
S PROC. FOODS & MFTRS, NEC 1,928,143 0 9,954 0 1,938,097
6 WASTE OF MANUFACTURING 675,440 0 0 0 675,440
1311  CRUDE PETROLEUM 0 63,462 0 5,867 69,329
2811  CRUDE PROD-COAL TAR-PET 2,590 0 0 0 2,590
2813  ALCOHOLS 0 83 o} 21 204
2817  BENZENE AND TOLUENE 0 1,551 0 131 1,682
2871 NITROGEN CHEM FERTILIZER 5 [4] 0 0 5
2911 GASOLINE, INCL NATURAL 0 4,155,632 0 541,166 4,696,798
2912  JET FUEL 0 955,840 0 115,868 1,071,708
2913  KEROSENE 0 113,680 0 38,921 152,601
2914  DISTILLATE FUEL OIL 0 4,793,813 0 825,123 5,618,936
2915  RESIDUAL FUEL OIL 0 3,773,673 0 728,784 4,502,457
2916  LUBRIC OILS-GREASES 9 93,222 0 14,283 107,505
2921  L1QUI PETR-COAL-NATR GAS 1,190 0 0 0 1,190
2922 Special VIS LNG Category 0 41,174 0 0 41,176
4 2,270,164 19,238,735

Subzone Total : 2,966,387 13,992,230 9,95
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Appendix A 2one 1 Boston,

TABLE 2

Subzone 105¢ CHELSEA AND MYSTIC RIVERS
Comm.

Code

VI N =

281
2817
2911
2912
2913
2914
2915
2916
2922

Name

FARM PRODUCTS

FISHERIES PRODUCTS
MINING PRODUCTS, NEC
PROC. FOODS & MFTRS, NEC
WASTE OF MANUFACTURING
CRUDE PROD-COAL TAR-PET
BENZENE AND TOLUENE
GASOLINE, INCL NATURAL
JET FUEL

KEROSENE

DISTILLATE FUEL OIL
RESIDUAL FUEL oOlL

LUBRIC OILS-GREASES
Special VTS LNG Category

Subzone Total :

[ N e N ol ol o N )

OCOO0O00O0OOO

Base Year 1987 Cargo Tons by Subzone, Commodity, and Vessel Type

Tanker

Barge Tow

0
0
0
0
0
0

0
561,166
87,375
37,042
698,712
502,849
5.868

0

1,873,012

7/15/91

Total

257

39,051
243,707
1,166,407
540, 182

19

1,549
4,295,070
968,960
119,545
4,314,550
2,302,174
53633
41,174
14,086,278




7/22/91
Appendix A ZONE 1 Boston, MA

TABLE 3 Base Year (1987)
Vessel Transits by Subzone, Vessel Type, and Size.

Vessel Type Large Medium Small Total
Subzone : 101A
Passenger g 26 6,164 6,190
Dry Cargo 143 608 10,632 11,383
Tanker 269 345 307 921
Dry Cargo Barge Tow 88 0 95 183
Tanker Barge Tow 341 0 1,132 1,473
Tug/Tow Boat 0 0 1,872 1,872
Subzone Total: 841 979 20,202 22,022
Subzone : 102B
Passenger 0 26 5,908 5,934
Dry Cargo 141 605 10,628 11,374
Tanker 237 286 236 759
Dry Cargo Barge Tow 88 0 95 183
Tanker Barge Tow 313 0 893 1,206
Tug/Tow Bnat 0 0 1,643 1,643
Subzone Total: 779 917 19,403 21,099
Subzone : 103c
Passenger 0 26 51,039 51,065
Dry Cargo 143 608 10,632 11,383
Tanker 269 345 306 920
Dry Cargo Barge Tow 88 0 95 183
Tanker Barge Tow 341 0 1,132 1,473
Tug/Tow Boat 0 0 1,872 1,872
Subzone Total: 841 979 65,076 66,896
Subzone : 104D
Passenger 0 26 61,231 61,257
Dry Cargo 141 605 10,628 11,374
Tanker 237 286 236 759
Dry Cargo Barge Tow 88 0 95 183
Tanker Barge Tow 313 0 892 1,205
Tug/Tow Boat 0 0 1,639 1,639
Subzone Total: 779 917 74,721 76,417
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7/22/91
Appendix A ZONE 1 Boston, MA

TABLE 3 Base Year (1987)
Vessel Transits by Subzone, Vessel Type, and Size.

Vessel Type Large Medium Small Total

Subzone : 105E

Passenger 0 0 2,600 2,600

Dry Cargo 27 154 33 214

Tanker 157 203 209 569

Dry Cargo Barge Tow 88 o 91 179

Tanker Barge Tow 311 0 892 1,203

Tug/Tow Boat 0 0 1,269 1,269
Subzone Total: 583 357 5,094 6,034

Note: Sum of all vessel transits within each study subzone.

ZONE 1l Boston, MA

Vessel Type Large Medium Small Total
Passenger 0 26 47,487 47,513
Dry Cargo 143 608 10,632 11,383
Tanker 269 345 307 921
Dry Cargo Barge Tow 88 0 95 183
Tanker Barge Tow 341 0 1,132 1,473
Tug/Tow Boat 0 0 1,872 1,872
Zone Total: 841 979 61,525 63,345

Note: Sum of all arrivals/departures to/from all terminals
within the Study Zone.
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Appendix A

Zone 1 Boston, MA

TABLE 4 Barges Per Tow - Average Factors by COE Waterway 8/6/M
COE Code Waterway Name Dry Barge Tank Barge
SUBZONE ALl Subzones within this Zone 1 1

NOTE: Average size of tows arriving/ departing terminals within the waterway. Sizes of other tows transiting
the area may differ.
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Appendix A Zone 1 Boston, MA

TABLE 5 Other Local Vessels by Subzone

Subzone Name
101A MASSACHUSETTS BAY
103C BOSTON HARBOR
104D BOSTON INNER HARBOR
105E CHELSEA AND MYSTIC RIVERS

Total for Zone

Number of
Vessels

7/21/91

Vessels per
Square Mile
14.64
81.17
752 .61
111.00

Note: State registered (1989/90) vessels estimated to be operated

within the Subzone.
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7/24/91

Appendix A ZONE 1 Boston, MA

TABLE 6.1 Forecast 1995

vessel Transits by Subzone, Vessel Type, and Size

Vessel Type Large Medium Small Total
Subzone : 101A
Passenger 0 27 6,285 6,312
Dry Cargo 206 896 13,531 14,633
Tanker 271 375 305 951
Dry Cargo Tow 0 0 111 111
Tanker Tow 321 0 1,247 1,568
Tug/Tow Boat 0 0 2,177 2,177
Subzone Total: 798 1,298 23,656 25,752
Subzone : 102B
Passenger 0 27 6,301 6,328
Dry Cargo 203 892 13,524 14,619
Tanker 239 312 234 785
Dry Cargo Tow 0 0 111 111
Tanker Tow 321 (4} 979 1,300
Tug/Tow Boat 0 0 1,893 1,893
Subzone Total: 763 1,231 23,042 25,036
Subzone : 103c
Passenger (0] 27 23,806 23,832
Dry Cargo 206 896 13,531 14,633
Tanker 271 375 Jo4 950
Dry Cargo Tow 0 0 111 111
Tanker Tow 321 0 1,247 1,568
Tug/Tow Boat 0 0 2,177 2,177
Subzoue Total: 798 1,298 41,176 43,271
Subzone : 104D
Passenger 0 27 62,434 62,461
Dry Cargo 203 892 13,524 14,619
Tanker 239 312 234 785
Dry Cargo Tow 0 0 111 111
Tanker Tow 321 0 978 1,299
Tug/Tow Boat 0 0 1,889 1,889
Subzone Total: 763 1,231 79,170 81,164
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7/24/91
Appendix A ZONE 1 Boston, MA

TABLE 6.1 Forecast 1995
Vessel Transits by Subzone, Vessel Type, and Size

Vessel Type Large Medium Small Total
Subzone : 105E
Passenger 0 0 2,651 2,651
Dry Cargo 40 196 42 278
Tanker 160 222 218 600
Dry Cargo Tow 0 o] 96 96
Tanker Tow 251 0 878 1,229
Tug/Tow Boat 0 o 1,573 1,573
Subzone Total: 451 418 5,558 6,427

Note: Sum of all vessel transits within each study subzone.
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7/24/91
Appendix A ZONE 1 Boston, MA

TABLE 6.2 Forecast 2000
Vessel Transits by Subzone, Vessel Type, and Size

Vessel Type Large Medium Jnall Total
Subzone : 101A
Passenger 0 27 6,409 6,436
Dry Cargo 266 1,167 15,905 17,338
Tanker 281 399 309 989
Dry Cargo Tow 0 0 123 123
Tanker Tow 335 0 1,334 1,669
Tug/Tow Boat 0 o 2,433 2,433
Subzone Total: 882 1,593 26,513 28,988
Subzone : 102B
Passenger ] 27 6,425 6,452
Dry Cargo 263 1,162 15,898 17,323
Tanker 248 332 237 817
Dry Cargo Tow 0 o 123 123
Tanker Tow 335 o 1,046 1,381
Tug/Tow Boat 0 0 2,128 2,128
Subzone Total: 846 1,521 25,857 28,224
Subzone : 103¢c
Passenger 0 27 24,274 24,301
Dry Cargo 266 1,167 15,905 17,338
ranker 281 399 308 988
Dry Cargo Tow o 0 123 123
Tanker Tow 335 0 1,334 1,669
Tug/Tow Boat 0 0 2,433 2,433
Subzone Total: 882 1,593 44,377 46,852
Subzone : 104D
Passenger 0 27 63,661 63,688
Dry Cargo 263 1,162 15,898 17,323
Tanker 248 332 237 817
Dry Cargo Tow 0 0 123 123
Tanker Tow 335 0 1,045 1,380
Tug/Tow Boat 0 0 2,124 2,124
Subzone Total: 846 1,521 83,088 85,455
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7/24/91
Appendix A ZONE 1 Boston, MA

TABLE 6.2 Forecast 2000
Vessel Transits by Subzone, Vessel Type, and Size

Vessel Type Large Medium Small Total

Subzone : 105E

Passenger (v} o 2,703 2,703

Dry cargo 52 231 5i 334

Tanker 166 237 228 631

Dry cargo Tow o 0 98 98

Tanker Tow 263 0 1,045 1,308

Tug/Tow Boat 0 0 1,745 1,745
Subzone Total: 481 468 5,870 6,819

Note: Sum of all vessel transits within each study subzone.
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Appendix A ZONE

TABLE 6.3 Forecast 2005

1 Boston,

7/24/91

MA

Vessel Transits by Subzone, Vessel Type, and Size

Vessel Type

Subzone : 101A
Passenger
Dry Cargo
Tanker
Dry Cargo Tow
Tanker Tow
Tug/Tow Boat

Subzone Total:

Subzone : 102B
Passenger
Dry Cargo
Tanker
Dry Cargo Tow
Tanker Tow
Tug/Tow Boat

Subzone Total:

Subzone : 103C
Passenger
Dry cargo
Tanker
Dry Cargo Tow
Tanker Tow
Tug/Tow Boat

Subzone Total:

Subzone : 104D
Passenger
Dry Cargo
Tanker
Dry Cargo Tow
Tanker Tow
Tug/Tow Boat

Subzone Total:

Medium Small Total
28 6,561 6,588
1,547 18,961 20,858
423 317 1,031

0 136 136

0 1,424 1,773

0 2,751 2,751
1,998 30,150 33,137
28 6,578 6,605
1,541 18,953 20,841
353 242 852

0 136 136

0 1,115 1,464

0 2,425 2,425
1,922 29,449 32,323
28 24,849 24,877
1,547 18,961 20,858
423 316 1,030

0 136 136

0 1,424 1,772

0 2,751 2,751
1,998 48,437 51,425
28 65,172 65,199
1,541 18,953 20,841
353 242 852

0 136 136

0 1,114 1,463

0 2,421 2,421
1,922 88,038 90,912
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7/24/91
Appendix A ZONE 1 Boston, MA

TABLE 6.3 Forecast 2005
Vessel Transits by Subzone, Vessel Type, and Size

Vessel Type Large Medium Small Total

Subzone : 105E

Passenger 0 0 2,767 2,767

Dry Cargo 70 278 62 410

Tanker 172 252 238 662

Dry Cargo Tow 0o 0o 101 101

Tanker Tow 274 0 1,114 1,388

Tug/Tow Boat 0 0 1,961 1,961
Subzone Total: 516 530 6,243 7,289

Note: Sum of all vessel transits within each study subzone.
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7/24/91
Appendix A 20NE 1 Boston, MA

TABLE 6.4 Forecast 2010
Vessel Transits by Subzone, Vessel Type, and Size

Vessel Type Large Medium Small Total
Subzone : 101A
Passenger 0 28 6,716 6,745
Dry Cargo 467 2,083 22,937 25,487
Tanker 301 450 325 1,076
Dry Cargo Tow 0 0 150 150
Tanker Tow 364 0 1,520 1,884
Tug/Tow Boat (0] 0 3,165 3,165
Subzone Total: 1,132 2,561 34,813 38,507
Subzone : 1028
Passenger 0 28 6,734 6,762
Dry Cargo 463 2,076 22,928 25,467
Tanker 266 376 248 890
Dry Cargo Tow 0 0 150 150
Tanker Tow 364 0 1,189 1,553
Tug/Tow Boat 0 0 2,816 2,816
Subzone Total: 1,093 2,480 34,065 37,638
Subzone : 103C
Passenger 0 28 25,439 25,467
Dry Cargo 467 2,083 22,937 25,487
Tanker 301 450 324 1,075
Dry Cargo Tow 0 0 150 150
Tanker Tow 364 0 1,520 1,884
Tug/Tow Boat 0 0 3,165 3,165
Subzone Total: 1,132 2,561 53,535 57,228
Subzone : 104D
Passenger 0 28 66,718 66,746
Dry Cargo 463 2,076 22,928 25,467
Tanker 266 376 248 890
Dry Cargo Tow 0 0 150 150
Tanker Tow 364 0 1,188 1,552
Tug/Tow Boat (o} 0 2,811 2,811
Subzone Total: 1,093 2,480 94,043 97,616
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7/24/91
Appendix A ZONE 1 Boston, MA

TABLE 6.4 Forecast 2010
Vessel Transits by Subzone, Vessel Type, and Size

Vessel Type Large Medium Small Total
Subzone : 105E
Passenger 0 ] 2,833 2,833
Dry Cargo 95 341 76 512
Tanker 179 268 248 695
Dry Cargo Tow 0 0 104 104
Tanker Tow 287 0 1,188 1,475
Tug/Tow Boat ] 0 2,238 2,238
Subzone Total: 561 609 6,687 7,857

Note: Sum of all vessel transits within each study subzone.
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Appendix A ZONE

1 Boston, MA

7/25/91

TABLE 6.5 Forecast 1995 - 2010 Vessel Transits by Vessel Type and Size

Vessel Type

——— - —— ——————— — -

Passenger
Dry Cargo
Tanker

Dry Cargo Tow
Tanker Tow
Tug/Tow Boat

1995 Zone Total:

Passenger
Dry Cargo
Tanker

Dry Cargo Tow
Tanker Tow
Tug/Tow Boat

2000 Zone Total:

Passenger
Dry Cargo
Tanker

Dry Cargo Tow
Tanker Tow
Tug/Tow Boat

2005 Zone Total:

Passenger
Dry Cargo
Tanker

Dry Cargo Tow
Tanker Tow
Tug/Tow Boat

2010 Zone Total:

Note:
study zone.

Medium

1995 FORECASTED ZONE TOTALS

0
190
271

27
827
375

0

48,420
12,498
305
5,111
1,247
2,177

2000 FORECASTED ZONE TOTALS

0
234
281

27
1,026
399

49,372
13,998
309
5,123
1,334
2,433

2005 FORECASTED ZONE TOTALS

0
308
291

28
1,326

—— s —————

50,543
16,273
317
5,136
1,424
2,751

76,444

2010 FORECASTED 2ONE TOTALS

0
410
301

28
1,785
450

AT-19

51,742
19,685
325
5,150
1,520
3,165

48,447
13,515
$51
5,111
1,568
2,177

Sum of all arrivals/departures to/from all terminals within the




Appendix A Zone 1

Boston, MA

TABLE 7 Vessel Casualty History (10 Year Totals) by
Subzone, Vessel Type and Size, and Casualty Type

Vessel Type

Subzone: 101A MASSACHUSETTS BAY

Tanker
Tanker
Tanker Barge Tow
Fishing

Subzone Totals:

Subzone: 1028 CONVERGENCE AREA

Passenger
Dry Cargo
Tanker Barge Tow

Subzone Totals:

Large
Small
Small
Smatl

Small
Small
Small

Subzone: 103C BOSTON HARBOR

Passenger

Tanker

Tanker Barge Tow
Tug/Tow Boat
Fishing

Other

Subzone Totals:

Subzone: 104D BOSTON INNER HARBOR

Dry Cargo
Other

Subzone Totals:

Small
Large
Smatl
Small
Smatl
Small

Large
Small

7/25/91

Collisions Rammings Groundings Other

Subzone: 105E CHELSEA AND MYSTIC RIVERS

Tanker

Tanker Barge Tow
Tanker Barge Tow
Tug/Tow Bnat

Subzone Totals:

Zone Totals:

Large
Large
Small
Small

Note: OTHER equals barge breakaways and weather caused vessel casualties.
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APPENDIX TABLE A-8 20NE 1, BOBTON, MA - VTS LEVELS IN OPERATION

(Not Applicable to this Sub-Zone.)
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APPENDIX TABLE A-9 2ZONE 1, BOSTON, MA -~ CANDIDATE VTS

DESIGN - 1995-2010

UNITS
2 Radar Module 1 - Average Performance
0 Radar Module 2 - Average Performance
0 Radar Module 3 - High Performance
0 Radar Module 4 - High Performance
0 Radar Module 5 - Special Purpose
Radar Module 6 - Special Purpose
0 ADS Module 7 - Active Radar Transponder (Type 1)
0 ADS Module 8 - Positional Transponder, Small
Area, Very High Accuracy (Type 5)
0 ADS Module 9 - Positional Transponder, Small
Area, High Accuracy (Type 6)
2 VHF Module 10 - Low power VHF Transmitting/
Receiving Facility
2 VHF Module 11 - High power VHF Transmitting/
Receiving Facility
0 Meteorological Module 12 - Air temperature, wind
direction and speed
2 Meteorological Module 13 - Air temperature, wind
direction and speeqd,
visibility
0 Hydrological Module 14 - Water Temperature and
Depth
0 Hydrological Module 15 - Water Temperature, Depth
and Current
0 VHF/DF MODULE 16 - Line of position measurement to
2 degree RMS
0 CCTV MODULE 17 - Fixed Focus CCTV via Telephone
Lines
0 CCTV MODULE 18 - Remotely Controllable CCTV via
Microwave
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Appendix A Zone 1 Boston, MA

TABLE 10A Avoided Vessel Casualties 1996 - 2010 7/31/91
Candidate VTS Systems
Counts

Vessel Type Size Collision Ramming Grounding Total
Passenger Medium .03 0.00 .04 .07
Passenger Small 1.16 .18 1.34 2.69
Dry Cargo Large .18 .03 .26 .46
Dry Cargo Medium .30 .05 14 .50
Dry Cargo Small 97 .12 .22 1.31
Tanker Large .52 .12 77 1.41
Tanker Medium .09 .01 .06 .16
Tanker Small .03 0.00 .03 .06
Dry Cargo Barge T Small 1.67 .55 .86 3.08
Tanker Barge Tow Large .22 .10 .15 47
Tanker Barge Tow Small 111 .20 77 2.08
Tug/Tow Boat Small .13 .05 .12 .30

6.42 1.42 4.75 12.59
Undiscounted Total Dollar Losses (1,000)

Vessel Type Size Collision Ramming Grounding Total
Passenger Medium 48 0 43 91
Passenger Small 1,004 152 832 1,988
bOry Cargo Large 243 55 81 379
Ory Cargo Medium 452 96 43 591
Dry Cargo Small 654 80 133 867
Tanker Large 28,463 6,060 6,014 40,537
Tanker Medium 165 18 44 227
Tanker Small 23 0 7 30
Dry Cargo Barge T Small 91 53 14 158
Tanker Barge Tow Large 2,703 1,262 1,168 5,133
Tanker Barge Tow Small 3,195 581 254 4,030
Tug/Tow Boat Small 10 [ 8 24

37,052 8,363 8,640 54,055

Note: In Counts, 0.00 equals 0.0000000; .00 represents a number less
than 1 and greater than 0.0000000 rounded to two decimal places.
Counts totals were calculated before rounding.
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Appendix A 2one 1 Boston, MA 7/264/91

TABLE 11 Avoided Fatalities 1996 - 2010
Vessel Type Size Collision Ramming Grounding Total
Candidate VTS Design - Counts
Passenger Medium .00 0.00 .00 .01
Passenger Smat l .07 .01 .09 .17
Dry Cargo Large .02 .00 .03 .06
Dry Cargo Medium .04 .01 .02 .06
Dry Cargo Smal L .06 .01 .01 .08
Tanker Smat L .00 0.00 .00 .00
Dry Cargo Barge Tow Small .00 .00 .00 .01
Tanker Barge Tow Small .00 .00 .00 .00
Tug/Tow Boat Smal l .00 .00 .00 .00
Totals .21 .03 .16 .40
Candidate VIS Design - Dollars
Passenger Medium 5,110.78 0.00 7,227.06 12,337.84
Passenger Small 111,373.78 17,625.38 129,045.34 258,044.50
Dry Cargo Large 33,209.70 5,936.66 48,320.50 87,466.86
Dry Cargo Medium 57,186.96 9,698.95 26,828.83 93,714.74
Dry Cargo Small 92,792.52 11,564.63 21,096.62 125,453.77
Tanker Smalt 115.60 0.00 93.20 208.80
Dry Cargo Barge Tow Small 5,519.21 1,824.69 2,846.13 10,190.03
Tanker Barge Tow Small 3,683.33 652.86 2,531.98 6,868.18
Tug/Tow Boat Small 441.98 160.41 392.42 994.82
Totals 309,433.86 47,463.58 238,382.09 595,279.53

Note : In Counts, 0.00 equals 0.0000000; .00 represents a number less than 1 and greater
than 0.0000000 rounded to two decimal places. Counts totals were calculated before
rounding.
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Appendix A  Zone 1 Boston, MA 7/26/91
TABLE 12 Avoided Human Injuries 1996 - 2010
Vessel Type Size Collision Ramming Grounding Total
Candidate VTS Design - Counts
Passenger Medium .00 0.00 .00 .00
Passenger Small .88 4 1.02 2.04
Dry Cargo Large .00 .00 .00 .01
Dry Cargo Medium .00 .00 .00 .01
Dry Cargo Small .73 .09 .17 .99
Tanker Small .00 0.00 .00 .00
Dry Cargo Barge Tow Small .04 .01 .02 .07
Tanker Barge Tow Small .03 .00 .02 .05
Tug/Tow Boat Small .00 .00 .00 .01
Totals 1.69 .25 1.24 3.18
Candidate VTS Design - Dollars
Passenger Medium 87.75 0.00 124.09 211.84
Passenger Small 209,718.67 33,188.87 2462,994.52 485,902.07
Dry Cargo Large 570.20 101.93 829.65 1,501.78
Dry Cargo Medium 981.89 166.53 460.64 1,609.06
Dry Cargo Smalt 174,729.86 21,776.38 39,725.28 236,231.52
Tanker Smalt 201.99 0.00 162.85 364 .83
Dry Cargo Barge Tow Smal l 9,643.79 3,188.31 4,973.08 17,805.19
Tanker Barge Tow Smal l 6,435.94 1,140.75 4,424 .17 12,000.87
Tug/Tow Boat Smal t 772.28 280.29 685.69 1,738.26
Totals 403,142.38 59,843.07 294,379.97 757,365.42

Note :

rounding.
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than 0.0000000 rounded to two decimal places. Counts totals were calculated before




Appendix A Zone 1 Boston, MA 7/26/91

TABLE 13 Avoided Vessels Damaged 1996 - 2010
Vessel Type Size Collision Ramming Grounding Total

Candidate VTS Design - Counts
Passenger Medium .02 0.00 .02 .04
Passerger Small .99 .12 .62 1.53
Dry cargo Large .13 .02 .03 .18
Dry Cargo Medium .23 .04 .0 .28
Dry Cargo Small .83 .08 .11 1.03
Tanker Large .39 .10 .10 .59
Tanker Medium .07 .01 .01 .09
Tanker Smal l .01 0.00 .01 .01
Dry Cargo Barge Tow Smallt 1.27 .23 12 1.63
Tanker Barge Tow Large .20 .05 .03 .28
Tanker Barge Tow Small .85 .08 11 1.04
Tug/Tow Boat Smatl .02 .01 .01 .04

Totals 5.01 74 .98 6.74
Candidate VTS Design - Dollars
Passenger Medium 17,582.36 0.00 14,436.43 32,018.79
Passenger Small 336,948.07 41,678.38 216,324.00 594,950.45
Dry Cargo Large 96,525.92 16,513.21 14,880.26 127,919.40
Dry Cargo Medium 200,807.83 32,592.57 6,177.02 239,577.42
Dry Cargo Small 157,208.34 15,931.50 29,545.57 202,685.40
Tanker Large 310,496.61 76,551.60 216,834.25 603,882.46
Tanker Medium 46,686.18 4,668.52 14,331.40 65,686.11
Tanker Smetil 2,290.99 0.00 2,409.17 4,700.15
Dry Cargo Barge Tow Small 73,971.27 13,541.52 6,090.47 93,603.26
Tanker Barge Tow Large 32,530.95 8,285.59 5,894.83 46,711.37
Tanker Barge Tow Small 60,311.06 5,919.28 9,625.90 75,856.25
Tug/Tow Boat Small 1,686.40 393.12 1,455.96 3,535.48

Totals 1,337,045.98 216,075.29 538,005.27 2,091,126.54

Note : In Counts, 0.00 equals 0.0000000; .00 represents a number less than 1 and greater
than 0.0000000 rounded to two decimal places. Counts totals were calculated before
rounding.
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Appendix A Zone 1 Boston, MA 7729791
TABLE 14 Avoided Cargo Damage/Loss 1996 - 2010
Vessel Type Size Collision Ramming Grounding Total
Candidate VTS Design - Counts
Passenger Medium .0 0.00 .00 .01
Passenger Small .26 .03 12 A
Dry Cargo Large .05 .01 .03 .10
Dry Cargo Medium .09 .02 .02 .13
Dry Cargo Smal | .38 .04 .05 47
Tanker Ltarge 16 .04 .10 .30
Tanker Medium .03 .00 .01 .04
Tanker Small .01 0.00 .00 .01
Dry Cargo Tow Smalt .35 .12 .07 .54
Tanker Tow Large .03 .01 .02 .05
Tanker Tow Small .2b .04 .07 .34
Tug/Tow Boat Small .01 .00 .00 .02
Totals 1.61 .32 .50 2.43
Candidate VTS Design - Dollars
Passenger Medium 77.35 0.00 44.93 122.28
Passenger Smalt 852.12 105.40 488.54 1,446.05
Dry Cargo Large 496.97 125.87 68.38 691.21
Dry Cargo Medium 855.77 205.63 37.97 1,099.37
Dry Cargo smatl ( 713.45 72.30 132.63 918.38
Tanker Large 8,788.74 2,085.36 10,811.39 21,685.50
Tanker Medium 378.93 37.26 90.72 506.91
Tanker Small 35.79 0.00 16.01 51.80
Tanker Tow Large 11,434.69 3,072.67 4,254.72 18,762.07
Tanker Tow Small 14,152.98 2,601.09 4,224.53 20,978.60
Tug/Tow Boat Small 20.30 4.73 17.06 42.09
Totals 37,807.09 8,310.29 20,186.88 66,304.27

Notel: Dollar values include bulk petroleum and chemical cargos only and all vessel fuels
spilled. Doltlar values exclude cargo loss/damage for non-tank vessel types.

Note2: In Counts, 0.00 equals 0.0000000; .00 represents a number less than 1 and greater

than 0.0000000 rounded to two decimal places.

rounding.
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Appendix A  2one 1 Boston, MA 7/26/91
TABLE 15 Avoided NavAid Damage 1996 - 2010
Vessel Type Size Collision Ramming Grounding Total

Candidate VTS Design - Counts
Passenger Small 0.00 .02 .01 .03
Ory Cargo Large 0.00 .00 .00 .01
Dry Cargo Medium 0.00 .01 .00 .01
Dry Carge Small 0.00 .01 .00 .02
Tanker Large 0.00 .01 .00 .02
Tanker Medium 0.00 .00 .00 .00
Tanker Smal l 0.00 0.00 .00 .00
Dry Cargo Barge Tow Small 0.00 .06 .00 .07
Tanker Barge Tow Large 0.00 .01 .00 .01
Tanker Barge Tow Small 0.00 .02 .00 .03
Tug/Tow Boat Smat l 0.00 .01 .00 .01

Totals 0.00 .16 .03 .19
Candidate VTS Design - Dollars
Passenger Small 0.00 118.50 43.43 161.93
Dry Cargo Large 0.00 20.37 8.30 28.67
Dry Cargo Medium 0.00 33.28 4.61 37.89
Dry Cargo Small 0.00 77.75 7.10 84 .85
Tanker Large 0.00 78.59 24.82 103.41
Tanker Medium 0.00 5.69 1.97 7.66
Tanker Small 0.00 0.00 .91 .9
Dry Cargo Barge Tow smatl 0.00 356.34 27.82 384.16
Tanker Barge Tow Large 0.00 65.66 4.77 70.43
Tanker Barge Tow Small 0.00 127.49 26.75 152.25
Tug/Tow Boat Smat L 0.00 31.33 3.84 35.16

Totals 0.00 915.00 152.33 1,067.32

Note : In Counts, 0.00 equals 0.0000000; .00 represents a number less than 1 and greater
than 0.0000000 rounded to two decimal places. Counts totals were calculated before
rounding.
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Appendix A  Zone 1 Boston, MA 7726/91

TABLE 16 Avoided Bridge Damage 1996 - 2010
Vessel Type Size Collision Ramming Grounding Total
Candidate VTS Design - Counts
Passenger Smat l .00 .01 0.00 .01
Dry Cargo Large 0.00 .00 0.00 .00
Dry Cargo Medium 0.00 .00 0.00 .00
Dry Cargo Small .00 .00 0.00 .00
Tanker Large 0.00 .01 0.00 .01
Tanker Medium 0.00 .00 0.00 .00
Tanker Smat l .00 0.00 0.00 .00
Dry Cargo Barge Tow Small .00 .02 0.00 .02
Tanker Barge Tow Large 0.00 .01 0.00 .01
Tanker Barge Tow Small .00 .01 0.00 .01
Tug/Tow Boat Small .00 .00 0.00 .00
Totals .00 .07 0.00 .07
Candidate VTS Design - Dollars
Passenger Small 1,875.69 14,158.84 0.00 16,034.54
Dry Cargo Large 0.00 4,493.17 0.00 4,493.17
Dry Cargo Medium 0.00 7,279.65 0.00 7,279.65
Dry Cargo Small 1,225.55 7,243.24 0.00 8,468.79
Tanker Large 0.00 21,087.44 0.00 21,087.44
Tanker Medium 0.00 1,539.41 0.00 1,539.41
Tanker Smal L 77.23 0.00 0.00 77.23
Dry Cargo Barge Tow Smatl 2,188.64 34,080.03 0.00 36,268.67
Tanker Barge Tow Large 0.00 18,181.53 0.00 18,181.53
Tanker Barge Tow Small 2,474.09 19,506.55 0.00 21,980.64
Tug/Tow Boat Small 216.54 3,574.43 0.00 3,790.97
Totals 8,057.75 131,144.28 0.00 139,202.03

Note : In Counts, 0.00 equals 0.0000000; .00 represents a number less than 1 and greater
than 0.0000000 rounded to two decimal places. Counts totals were calculated before
rounding.
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Appendix A Zone 1 Boston, MA
TABLE 17 Avoided Hazardous Commodity Spills 1996 - 2010 7/30/91

Commodity Catastrophic Large Medium Small Total

Candidate Vts Design - Counts

ALCOHOLS .00 .00 00 .00 .00
BENZENE AND TOLUENE .00 .00 00 .00 .00
CRUDE PETROLEUM .00 .00 .00 .00 .00
KEROSENE .00 .00 .01 .00 .0
JET FUEL .00 .0 02 .00 .03
RESIDUAL FUEL OIL .01 .04 20 .22 )
GASOLINE, INCL NATURAL .01 .05 09 .01 .16
DISTILLATE FUEL OIL .02 .05 14 .59 .81

.04 .15 .46 .82 1.48

Note: In Counts, 0.00 equals 0.0000000; .00 represents a number less
than 1 and greater than 0.0000000 rounded to two decimal places.
Counts totals were calculated before rounding.




Appendix A Zone 1 Boston, MA
TABLE 18A Annual Benefit & Cost Streams 7/31/91
Candidate VTS Systems

Discounted to 1993

Operation &

Year Investment Maintenance Benefits

($1,000) ($1,000) ($1,000)
1993 4,988 0 0
1996 0 360 2,559
1997 0 327 2,361
1998 o] 297 2,178
1999 0 270 2,008
2000 0 246 1,851
2001 0 223 1,708
2002 0 203 1,576
2003 0 185 1,453
2004 (o} 168 1,340
2005 0 153 1,235
2006 0 139 1,141
2007 0 126 1,051
2008 0 115 969
2009 (o