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l. INTRODUCTION

‘s PURPOSE

'nis report summarizes tne Vessel Traffic Services Traffic
4anajement Study. The projact was part of tne Coast Grard's research and
ieve (Hpment .n Vessel Traffic Services (VTS) and was aimed ac developing
4 Metiiodology for assessing tne impact of traffic management on part
safety and zapacity. The metnodology developed centered on a vessel
~raffic simuiation wnich models vessel traffic under a broad range of
tong1cions. Key parameters such as port characteristics, traffic manage-
nent zecnniques, environmenctal factors, traffic level, traffic density,
s233e. types and traffic routes within tne port can be varied as neces-
sary £o5r a4 simu.ation. The model provides measures of safety and capac-
:ty and permitzs a comparison of these factors when the basic parameters

1re varied.

The role of simulation in VTS research and development is dis-
;ussed with empnasis on the Vessel Traffic Simulation Model developed
fur.ny tne stuiy. Recommendations for the application of the model are

presented.

No spec:ial knowledge of eitner Vessel Traffic Services or simula-
ti2n “echnijues on the part of the reader is presupposed. Both topics
are sufficiently addressed in the report to make the objec:iives and meth-
>ds of the study understandable. Much of the supporting documentation

and iata for tne material presented is identified in the bibliography.
el BACKSROUND
2 A maj)or objective of Vessel Traffic Services is to reduce the

wimper of accidents in a harbor. Vessel Traffic Services are utilized in

nany foreilgn and American ports to cope with increasing demands on




restricted waters by larger merchant vessels and greater traffic volumes.

The main impetus for VTS in the U.S. lies in the Ports and Water-
ways Safety Act of 1972, which authorizes the Coast Guard to "...estab-
lish, operate, and maintain vessel traffic services and systems for
ports, harbors, and other waters subject to congested vessel traf=-
fic...". The U.S. Coast Guard operates all official VTS in the United
States.

In the United States, VTS are presently operating in New Orleans,
Houston -~ Galveston, San Francisco, Puget Sound, Valdez, Alaska and New
York. These installations rely primarily on Very High Frequency (VHF)
ship-to-shore communications to monitor vessel traffic. Vessels report
their positions, approximate speeds and destinations at established check
points and in return are provided with traffic advisories by the Vessel
Traffic Center (VTC). Shore-based surveillance radars or closed-circuit
television are used in certain ports to supplement the check-point infor-
mation in congested or hazardous areas. The VIC maintains situation dis-
plays, either manually or with computer assistance; vessel positions be-
tween check-points are obtained from dead-reckoning and by monitoring
bridge-to-bridge communications. Participation in the VTS in the ports
of Valdez and Puget Sound is mandatory; in the other ports, participation
is voluntary. The Coast Guard has successfully encouraged participation
in VIS in ports where VTS is voluntary. Vessels required to participate
are usually ships of 300 gross tons or larger and vessels carrying pass-
age for hire. Pleasurs boats and smaller commercial vessels such as
fishing boats do not usually participate in a VIS. The Vessel Traffic
Center is aware of special conditions involving these types of vessels
(such as regattas or fishing activities in or near shipping lanes) and

advises vessels of these situations as necessary.

Vessel Traffic Services in the U.S. do not attempt to manage
traffic. PFurthermore, the extent to which some form of traffic manage-
ment, as might be exercised with more sophisticated VTS capabilities than

presently exist, could prevent marine accidents has not been fully
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determined. The types of accidents that are:prevencable have not been

completely identified. International experience wit- VTS and qualitative

analyses have indicated that appropriate traffic management can prevent
some traffic accidents through the elimination of inherently hazardous
circumstances. The objective of the VTS Traffic Management Study was to
provide a way to assess the potential for traffic management to prevent

!

or reduce marine accidents in ports and harbors.

The VTS Traffic Management Study consisted of five distinct
phases. The first phase--definition--consisted of estaplishing the VTS
data base, defining hazards to navigation and traffic capacity, and iden-
tifying techniques for traffic management. Measures to evaluate the ef-
fectiveness of traffic management techniques in terms of safety and capa-
city were developed. The second phase--development--consisted of devel=-
oping techniques to calculate hazard potential and traffic capacity. The
Vessel Traffic Simulation Model was developed during this phase together
with algorithms to calculate safety and capacity. The third phase-
-—evaluation--consisted of idencifying trade-offs between safety and ca-
pacity. Methods for comparing cost and effectiveness of traffic manage-
ment alternatives were evaluated. The fourth phase--testing=--consisted

of establishing that the model reasonably simulates actual vessel move-

ments.

The fifth phase--further testing and verification of the Vessel
Traffic Simulation Model--consisted of investigating extended applica-
tions of the model. Stochastic variability in certain decision-making
functions of the model was introduced and a model for towboat traffic on

the Mississippi River was devised.

1.3 VESSFEL TRAFFIC SIMULATION MODEL

The major result of the study was a Vessel Traffic Simulation

Model. This computerized model simulates the movements of vessels in

ports by maintaining a record of the geograpnic position of each vessel.




A vessel's recorded position is changed by the ship's own motion and by
currents subject to physical laws. Vessels follow flexible pre-planned
routes and make appropriate maneuvers to avoid collisions when encoun-
tering other vessels. Second order response functions are used to model
the dynamics of the vessels so that turns and changes in speed are con-
tinuous and realistic. The model may be set up for any port by defining
the harbor boundaries and a set of reference track lines which estab-
lishes the vessel traffic route structure. Any number of a large variety
of vessel types and sizes may be simulated. Vessel parameters including
maneuvering characteristics and routes are specified as Lnput to the pro-
gram. Other inputs include environmental factors inclwiing water current

and visibility.

When a ship encounters another shap, or a fixed object, the model
invokes conflict resolution logic that determines the burdened vessel's

maneuvers. The jeneral procedures for conflict resolution are:

1) Crossing -- the burdened vessel will alter its speed to jive

free passage to the privileged vessel.

2) Meeting -- the burdened vessel will alter 1ts course in such a
way as to pass the privi.eged vessel at a safe distance. In
tnis case, a neading change 1.3 made and neld until tne safe
distance 1s reacned. Thne vessel tnen returns to the original

neading Dut maintains tne new separation Jdistance.

3) Qvertaking -~ a vessel will attempt to overtake another vessel
only if there 13 sufficient room on either the port or star-
doard sijes sO =nat tne overtaking wili be ione at a safe dis-
rance. [f overtaxing 1s posSs.iDie, the VesSe. wWli. aiter 1its
neading until tne safe jdistance 18 attained, and then return
Lo the origina. nheadiny and -aomplete tne overtaking maneuver.
If overtaking 1s not pouss.ble, the vessel wil. reduce 1its
speed to matcn tnat of cne predecessor and continue on its

planned -ourse.

. ’
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The model jenerates vessel track histories for eacn vessel £rom

1TsS starting polnt anywhere 1n the port to ics destinacion. Wnen ai.s

<

essels have completed tneir transits, significant evencs wnicn octdrre !

during tne simulation are summarized. These events include:

1) Time of Arrival of Vessel - tne time at wnich 4 vessel is
first 1ncluded in ctne simulation. This may; be at any time
during tne exercise.

2) Time of Departure of Vessel - the time that a vessel reacnes
1ts destination and is removed from tne simulation.

3) Encounters - situations when two or more vesselis meet and at
least one maneuvers to avoid a conflict.

4) Very Close Encounters - encounters in whicn the closest pc.nt
of approdcn between cne vessels 15 less tnan a pre-defined
safe tareshold.

5) Lreme Maneuvers - events in wnhich a sinulacted vesse. uses
maxinum radder or maximum Jdeceleration. Hote —nat these mak. -

mums apply to simulated vessels and not real world metnods »>r
maneuvering.

9) Pori Capacity - Tne practlcal maxidum race of flow that the
zo r

POrt Conrigjuration sdan sare.y; sustaln.

~J

) Mass Acciient Toeffilcient - 3 measure of por: safety waLon
e 4rfic voiume O ris<k oI accident.
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2. HAZARDS TO NAVIGATION AND HAZARD POTENTIAL
In thlis part of rnhe VTS Tratrf.c Management study, the concept Of
2 nazard to navigation was Jdefined and categorized. Metnods to calculate
nazard potential were tnen Jdeveloped.

2.1 IDENTIFICATION, DEFINITION AND CLASSIFICATION OF HAZARDS

The definition of a nazard to navigation :s basic ©o analyzing

accidents and assessing tne causes of accidents. A definition of a haz-
ard wnich can be applied to measuring por: safety was derived from the
analysis of historical marine casualty data. This definition 1s not
meant to be absolute, but rather to provide a frame of reference for ad-
iressing the main results of the study. The definition provided is

tnerefore intended to be a working definicion of a hazard.

A hazard to navigation is anything that causes undesired evasive
maneuvers or prevents ‘required evasive maneuvers. This definition intro-

duces cwo concepts -- space and time -- which relate hazards to causes of

accidents. Hazards to navigation may restrict the freedom to maneuver or
tne time available to execute maneuvering decisions. The area about a
vessel for maneuvering space and reaction time which must be clear of
other vessels, obstructions and the shoreline is called the effective
domain of a vessel. When the effective domain is violated, an evasive
maneuver is required. The effective domain will be discussed in detail

in section 3 of this report.

2.1.1 Casualty Data Sources, Causes and Contributing Factors

pata from two principal casualty informmation sources were analyz-

ed to identify primary and contributing causes of accidents.




-

Marine Vessel Casualty Reporta

The primary source of casualrty information Jused in LN 4Nd. /8.
was the Marine Vessel Casualty Reports (MVCR, iate Dase plepeied Dy the
JeS. Coast Guard from officiai Casuaity Reports . Refefence . . The Svih 4
data Snows tne primary cause Of 4an 4cCUident 48 esteb..shed Iy L. .a.
T LNVESC1Jators. COMputer pPrintouts <ere JHLCA.iNed ol “ e /eais . 9?1 . .-
complete), 1971-1974, and 1975 incamp.ete. L1 tile New LI New w!se,
San Francisco and Puget Sound port arfeas. NMease “..10€ (@ . .08 wwie s@-
lected on the DasSL3 Of THhe ramnge IOt Tiafl.. . halaciel.st..s» and - B
Der of Casualiries they represent. e .nfulBat.on .t pI.aai; ..l eileasl
axtracted from thne MVCR jata was NaetJle 50 L@ asda.tly ., pi.lel, s a0
sontributing factors and the envilIonMenta. oiiit.uns 4t @ T .me & @

accident.

An analysis Dy type Of acc.ident and “ne tie juew; M e  .le .t
types Dy pOrt area wdas perfomed. A sumiary; Jt ° ..@¢ Ilemse... ! s 8.4
YS18 18 snown 1n Table 2-i. The andaiysis .ndicated -“hal "he lle juern . ¢
accidents and types of accidents 4re re.ated to UL!@ JEOJIAPNis. env.:n-

mental and traffic characteristics of thne specif.. port. (5 tl.e iee

Tork/New Jersey port area, Co.ilisions and jround.nys «ere ejua.., le-
juent while rammings were less frequent. San Francisco nad eJuda. uRDe:s
of groundings and rammings Dut a Nigher numper of CO..is8iuns. The leewp
water characteristics of Puget Sound are evidenced Dy Tnat arlea “aving

the least number of groundings of the tnree POrt 4areds examined.

The collision data for the ports examined also 1ndicate Znat :tne
type of collision 1s related to tne prevaient traffic patterns of a
port. For example, New York/New Jersey, wnich 1s characterized Dy aumer-
ous i1ncerseccions and restricted maneuvering sSpace, nNas tne nNigynest per-
centage of meeting collisions. Puget Sound, which nas inbound,outbouna

lanes of a traffic separation scneme, 1.s highest 1n overtaking coli.isions.
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TARLE .-2
PRIMARY AUSE BREAKDOWN
MVCR DATA (1370-137%)

810710V
PRIMARY CAUSES JT MMeEer;gg:v SAN FRANCISCO PUGET SOUND
.-OLATION OF REGULATIONS Y 30 8% " 18.3%) 13 12.9%)
21_0T EAROR TL 93 18 7% N 123.5%) 14 11.9%)
.LDGEMENT ERROR T 204 41%) 52 139.4%) 40 39 8%)
AOVERSE NEATHER L 4 4 g% 8 6.1%] 3 13.0%)
NLSLAL CLRRENTS T 9 1 8%) ] 3 13.0%)
JANK EFEECTS e 2% 0 0
_NCHARTED SHOAL Y' 9 8% 3 12.3%) 1 11.0%)
AESTAICTED VANEUV EAING ROOM ﬁ ] 1.2% 2 5% | 0
STALCTLRAL FAILURE T 32 '8.4%) 0 5 15.0%;
ZIUIPMENT €AILURE 7 7 4%) " 18.3%) " 10.9%)
R
EALLT - DTHER VESSEL ; 6 2% 0 0
E.ASIVE MANEUVER RESULTED }
N JASUALTY ; 13 12 6%} 0 1 Y 0%)
€. JATING SUBMERGED DEBRIS ! 40 81% 8 16.1%) 5 5.0%)
NADEQUATE TLG CONTROL 5 now Lo 0.8%) 1 1.0%)
_NKNOWN 18 3.6%i .T 5 -3.4% 4 4 0%
TOTAL CASUALTIES : i




2.2 CALCULATION OF HAZARD POTENTIAL

Two separate mechods of calculating hazard potential were devel-
oped in the VTS Management Study. First, simulation modeling was used
and emphasis was on conflicts between vessels. Second, a mass accident
theory was developed which concentrated on characterizing tne statistical
relationship between accident frequency and vessel traffic volume in a

port.

2.2.1 Simulation Modeling Mechods

Marine accidents in a port are relatively rare compared to the
number of vessel transics. Because of tne scarcity of daca, hazard po-
tantial was evaluated by using reliable simulation to Jetermine the types
of events which could result 1n an accident. The Vessel Traffic simula-
tion Model was used to simulate vessels maneuvering to avoii each otner

1n pocentially hazardous situacions.

The four means of calculating nazard potential are iescribed be-

low.

Encounters

An encounter 13 defined as a meeting between two vessels in which
one of the vessels must maneuver to avoid a conflict. Encounters are
nomal meeting situdations between vessels. In temms of tne simulacion
logic, an encounter nas occurred whenever one vessel must change heading
or speed to avoid a second vessel. A vessel will remain in an encounter

status as long as the maneuver is continued.
The model determines che:
1) Number of encounters for aacn snip

2) Duration of each encounter

3) Total number of encounters.

2-5




Also, for each encounter, the model detemines the:

1) Type of encounter

2) Ships involved

3) Positions of ships

4) Rate of turn of each ship

5) Acceleration/deceleration of each ship.

Very Close Encounters

A very close encounter is defined as an encounter situation where
the distance between the two vessels is less than a prescribed thresh-
old. 1In the model, the threshold is proportional to the sum of the
lengths of the two vessels. The constant of proportionality is specified

by the user as an inpuc to the program.

Very close encounters are situations where the vessels are maneu-
vering in close quarters. In the real world these would be considered
especially dangerous situacions. It should be nocted that a very close
encounter does not occur unless the vessels are already in an encounter.
If, for example, two vessels are sailing in opposite directions on dif-
ferent reference track lines and the model logic causes them co ignore
each other so that neitlier maneuvers to avoid the other, they will not be
recorded as having an encounter. This permits simulating real world sit-

uations such as passing in narrow channels which is often a normal occur-

rence.

The model determines the:

1) Number of very close encounters per ship

2) Total number of very close encounters for the simulation run.

Also, for each very close encounter, the model determines the:

l) Type of encounter when there is a very close encouncer

2) Ships involved




3) Positions of ships

4) Heading and speed of each ship
5) Distance between ships

6) Overlap of effective domains

7) Time duration for each very close encounter.

Extreme Maneuvers

An extreme maneuver is a maneuver which causes a simulated vesse.
to turn or decelerate at its maximum physical limit. The model computes
a course or speed change in two steps. For a course change, a rudder
angle setting is derived from the desired heading, the present neading,
the present rate of turn and the ship dynamics. The rudder angle is then
converted to a rate of turn proportional to the rudder angle. A similar
process is performed for speed changes with propeller shaft RPM as the
intermediate step. Both the rudder angle and the propeller shaft RPM
values are bounded in the model; the propeller snaft RPM may be negative

to simulate reverse thrust.

An extreme maneuver occurs when either the rudder angle or pro-
peller shaft RPM of a simulated vessel is set at a maximum value and tne
vassel is in an encounter situation. The model will select only values
sufficiently large to cause a vessel to avoid a conflict; tnerefore not

all conflicts will result in extreme maneuvers.

2.2.2 Mass Accident Distribution Theory

An analysis of historical data on traffic volume, number of cary.
tons, and accidents for selected ports showed that collisions per mill.oo
cargo tons was the only statistic which remained relatively trendless
over a long period of time during which numbers of vessels, collisions,
cargo tons, etc. grew significantly. This relationship led to the con-

clusion that an accident distribution function for which the risk of an

accident was dependent on the mass (in gross tons, displacement, etc.)




of the vessel could be developed. A strong relationship appeared to
ex1st between vessel mass and the risk of an accidenc. It was determined
tnac the draft of a vessel is directly related to the mass of a vessel.
The parameter dafining this relationship was called the mass accident

coefficient.

The mass accident coefficient was found to vary significantly
among vessel classes and ports for those ports investigated. The mass
accident coefficient is a directly proportional meagure of the risk of an
accident in a specific port for a given type of vessel. Further data
analysis will be required, however, to establish the statistical validity

of this theory.

The mass accident coefficient was also found to exhibit growth
Eharacceristics over time. This was shown for Tokyo Bay for which data
was analyzed for the years 1958-1968. 1In this port the data was suffi-
ciently large to pemmit a yearly calculation of the mass accident coeffi-
cient. A function was derived representing the growth of the mass acci-
dent coefficient that potentially could predict the number of accidents

for future traffic volumes.
2.3 MEASURES OF SAFETY
The measures utilized to evaluate port safety included the:
1) Number of encounters and very close encounters
2) Duration of encounters and very close encounters
3) Number of encounters and very close encounters by vessel draft
4) Extreme maneuvers by vessel draft

S) The mass accident coefficient.

Each of these measures of safety, discussed below, is calculated

by the simulation model.




Number of Encounters and Very llose Encounters

Although vessel encounters are nNOMa. eVENLs for Vesse.s adleu-
Vering in restricted waters, 1t 15 evident tnat the ris< of a coilidion
between vessels i1ncreases as tLhe numbel u! enNCounters L rfeasas. The
number of encouncters tihat a vessel nas, tnerefore, is 4n elementdary in-

dicactor of the vessel risk potencial.

The number of very -loSe enCcounters [or €ddl vessel 13 a4 strongjer
measure of r1isk potential. J3imce cach Very J.J5¢ &NCOUNCLer 1S aisu an
ancounter, the set of very J.usSe encounters [OLMS 4 subset Of tie set of
encounters. It was found that the rumbper of very close encounters, ax-
pressed as a percentage of cotal encounters, varies considerably witn the
port situation. Very close ¢ncounters represent a siJjnificant proporcion
of all encounters when, because Oof (suaulated) limited visiDlilty oOr re-
stricted maneuvering space, encounters do not occur until vessels are
Juite clogse. In tnhnese S1tLACLLIONS AN enNCOUNter jUlcKkly becomes a very

>lose encounter.

Duration of Encounters and Very Close Encounters

The duration of an encounter or very Jiose encounter 1s tnhe Lime
interval from tne beginning of an encounter toO tne time when the s.tda-
tion is resolved, eitner Dy evasive maneuvers, turn-offs, or remova. of a
vessel from the system. The Jduration 1S an important measure Of risx

potential since 1t adds informat.on aDOUt tie encounter $itudtidn Which

is not available from a simple count of encounters.

Encouncers and Very Close Encouncers by Vessel Dratt

In order to present statistics on encounters ind very close en-~
counters by types or classes of vessSels, L1t wWwds necessary to identify a
single parameter which could :characterize vessels, Vessel draft was

chosen since the mass accident Jistribution theory suggested a
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correlation petween vessel draft and risk potential. Furthermore, there
are tneoretical (non-linear) relationsnips between draft and other param-
eters sucn as length, beam and jross tonnage. Therefore, data concerning
ancounters and very close encounters 1s presented 1n terms of the drafts

of the vessels 1nvolved.

Ext reme Maneuvers by Draft

The number of extreme maneuvers used by vessels provides a measure
Jf risk potential for a port situation. EXtreme maneuvers reflect situa-
tions wnere conflicts must be resoived Juickly after conflict detection.
These situations might Occur because tne time for conflict resolution .s
reduced by simulated low visibDlliity or by traffic congestion where ves-

sels move from encounter to encouncter 1n rapid success.ion.

Mass Accident Coefficient

The mass accldent coefficient 1s caiculated for eacn simulation
run. The tneoretical Jerivacion of tnis parameter 1ndicates tnat 1t day
provide a measure of tne relative safety of a port under varying condi-

Tions.
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3.2.2 Indirect Capacity Calculations

As tne number of vessels simultaneously transiting a harpor in-
Sreases, cne number of conflicts Decween vessels will probably increase.
At tne other extreme, if vessel density is sufficiently low, a snip can
proceed tnrough the port without having to maneuver to avoid other
sups. As Jdensity i1ncreases, congestion begins to occur, resulting in
conflicrs. Port capacity is affected when vessels must alter routes,
arrival/departure times or transit times. Therefore various indirect
saiculations of capacity can be developed based on the frequency of ves-

sel encounters and other interactions.

The simulation events which provide these calculations are:

1) Encounters and very close encounters

Extreme maneuvers

to

3) Transit times

Encounters and Very Close Encounters

Encounters and very close encounters reveal the effects of varia-
tions in vessel density. They are more indicative of capacity limits.
For example, if vessels are added to the port and no appreciable increase
in frequency or duration of thess situations occurs, then the capacity of
the system is not being taxed. If, however, variations in vessel 1nputs
result in disproportionate changes in the frequency and duration of these
situacions, then demands on the capacity of the port may be excessive and

a reasonable capacity level has been exceeded.

Extreme Maneuvers

An extreme maneuver was defined as a rudder angle setting at its
maximum or minimum limit corresponding to a maximum rate of turn or a
propeller shaft RPM setting corresponding to the maximum deceleration of
a vessel. An extreme maneuver is recorded in the simulation only when a

vessel is in a conflict situation. This prevents normal maneuvers using




maximum rudder or screw RPM from Deliny .unted as a1 2XL IcRe .ndahle.ve:

unless the vessel is involved 1n a conf.i-t. AL hpurTanl Z4.sa. Tac”t o

»e

e I er ]

in extreme maneuvers is multiple vessel "oni.i 735, 1 Leu.l

system loading. The first Cconflilct reguiled Zelfacih e alo.. o s el
changes by the burdened vessel. Eacn adiitiona. .nl..2n nay tej..re
additional heading or speed alteracions. Tu Tie =24%2nT Thal s..dl Jail-
ations in vessel traffic result 1n larjer 7aridai.onhs .o Lie Diej.et Ul

extreme maneuvers, the safe capacity Of tne port .3 el Zaged.

Transit Time Jalcu.ations

s The transit time of a vessel 1s tne iifferencs= Delae.:. ~i= __.0e

e¢es3 L aadl L.

[

it enters the simulation and tne time it 4arrives 1t .To

foaie s £l

Actual transit time refers to the time reguired Z.r i vesse. = . oMp.ete
its passage when the model uses conflict resoliCion maneudvels And spee!
3 changes whereas baseline transit time 15 passSaje T1ihe .0 "ohe 1Uadiwe L

conflict resolution. The latter 1s tne OpLLALM I.I The o .4nnel Io.le and

speed of the vessel.

If the differences between actual Transit Z.les 300 Ldos2o.les
transit times are small, the capacizTs Of tie s373Tam .5 107 Lelild Take .
As the difference between the actual Transit TiMes Al Tl Lase.. Lo
: transit times become larger, 1t may De 1inferrad Tnat 12mdnis 0 Toe 575
tem capacity have increased. Larger differences .ndilate a2 (nor=adse 1o

some combination of the following situations:

1) Greater frequency and duration of confl.Zts 1n —he sSystem,
resulting in reduced speeds and increased Liansit Tiaes

2) More multiple vessel conflicts. Additiona. odrse mod.irica-
tions and/or speed decreases may De required witn 2ach adil-

tional conflict.




4. TRAFF I~ MANAGEMENT TECHNILUES

<.l IDENTIFY AND JEFINE W75 _FERATING MUDES

VTS operating mudes aay De pdass.ve Or ictive. In tue rassive
Mode, a jenera. set Of routes s lefined d.ong &1t rules or juldeiines
Ty tnhe mariner for navijating nLs vessel. The burden 1s on tne mariner
20 safely ndvijate tne routes dccoriing To the rules wita no addicionad

information from a VTS.

Three categories >[I actlive operating modes for VTS include In-
forming, Hazard Detecting, and Routing. In tnhne Informing Mode, the VTS
acquires, organizes and disseminates 1nformation that might be useful to
mariners. Such information :couii 1nciude iocal weather conditions, tide
and current conditions, presence o[ 1azards to navigatcion, traffic condi-
ciong, etc. A VTS operating 1n tne Informing Mode might issue relevant
.nformacion at reguiar rntervais over VHF-FM radio and/or at the request

of specific vessels.

In tne Hazard Detecting Mode, tne VTS evaluates traffic informa-
~i0n to anticlpate potential conflict situations. When a potential con-
fiict 1s identified, tne VTS will contact tne involved vessel(s) and is-
sue a warning of zne conflict or a directive for avoiding the contflict.

A VTS operating in zne Hazari Detecting Mode also provides the traffic

and navigation i1nformation tnat an Informing Mode VTS disseminates.

A VTS operat.ng in tne Routing Mode provides congestion free
routing £or al. vesseis £O maxuinize traffic flow wnile providing the ser-
vices of an nforming and Hazar:i Devecting YTS. To accomplisn tnis, the
VTS must perform -imely ana.ysis of zraffic and navigation conditions,
ident 1fy routes for a.l vesse.s, and provide depariure and arrival times

-0 4nsure ~NAat T“ne se.ect2i I sutes wiaa. De conflict-free,

. .
! ] 4‘;4“4 o

- e }_—
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The three active operating modes require a faci.ity from wnhich to
provide vessel traffic services. The amount and sopnisticat.on Of the
equipment and personnei reguired to provide services (including surveii-
lance, communications, data processing - automated or manual, display,

etc.) 1ncCreases with the responsibliiities of the VTS operating mode.

4.2 IDENTIFY AND DEFINE TRAFFIC MANAGEMENT TECHNIJUES

witnin each VTS operating mode, traffic management tecnniques
nave been 1dentified tnac may be used ta provide tne required vessel
craffic services. These eight tecnnigjues can be ordered 1n a nierarcny

according to an increasing level of traffic management:

1) Rules of Road

2) Traffic Separation Schemes
3) Navigation Advisories

4) Traffic Advisories

5) Traffic Warnings

©) Conflict Resolution

7) Departure/Arrival Control
8) Route/Speed Assignments

Figure 4-1 indicates those traffic management techniques that may
be utilized in each of the four VTS operating modes. As the VTS oper-
ating mode is advanced from Passive to Routing, an increasing number of
traffic management techniques may be used. Each of the technigues is

described below.

Traf fic management by the RULES OF THE ROAD includes the use of
all existing rules that apply to U.S. ports and harbors and inland water-
ways, local rules, notices to mariners, available floating and fixod aids

to navigation and the channel network that exists in specific ports.

A TRAFFIC SEPARATION SCHEME separates oOpposing lanes of traffic

and may use a separation zone which no vessel .s allowed to enter between




6082

NTS

TRAFFIC
MANAGEMENT
TECHNIQUES

QPERATING
MODES

PASSIVE

INFORMING

HAZARD DETECTING

ROUTING

|_RULES OF THE ROAD

TRAFFIC SEPARATION SCHEMES

>< [><

NAVIGATION ADVISORIES

TRAFFIC ADVISORIES

> o< o< I

TRAFFIC WARNINGS

CONFLICT RESQLUTICN

> > | >< > > §>x

NEPARTURE/ARRIVAL CONTROL

ROUTE/SPEED ASSIGNMENTS

X I X [ > o< o< .

Figure 4-1 Traffic Management Technigues

Used in VTS Operating Modes




the lanes. A separation scheme may also be defined within a one-way lane
of traffic to separate vessels by size and draft. The separation schemes

can be indicated on navigation charts and implemented with buoys.

These two traffic management techniques can be utilized in a

Passive VTS.

In traffic management by NAVIGATION ADVISORIES a VTS issues gen-
eral environmental and operational information such as local weather con-
ditions and anticipated changes, current and tide conditions and antici-
pated changes, changes in position or condition of aids to navigation,
and the existence of hazards to navigation (such as an uncharted shoal or
a reported vessel grounding). This technique requires the VIS to have a
central facility with communications to acquire relevant information and
to broadcast it to mariners. It does not require any surveillance capa-
bility but the approach is improved if mariners contact the VTS immedi-

ately to report changes in navigation conditions.

The use of TRAFFIC ADVISORIES is closely related to the previous
technique. In addition to providing navigacion information, the Vessel
Traffic Center (VTC) monitors all participating vessels and issues advi-
sories on traffic conditions throughout the port. The monitoring can be

done with reports from mariners (e.g., a Vessel Movement Reporting System
(VMRS)) or with the aid of surveillance (e.g., Low Light Level Tele-

vision (LLTV) or radar) covering specific areas of the port.

The four traffic management techniques described so far can be
used by a VTS operating in the Informing Mode. These traffic management
techniques are only advisory; and vessels participate on a voluntary
basis. The VIS does not take an active part in altering traffic discri-
bution or patterns. A more active role is initiated with the next man-
agement technique listed and the level of control exercised by the VTS

increases with each of the following traffic management techniques.




In management by TRAFFIC WARNINGS a VTC monitors all participat-
ing vessels (and possibly others) and warns specific vessels Jof poten-
tial encounters during the vessel's transit. Althouygn this tecnnijue
could be implemented tnrough a VMRS, tne credibility Oof tne wdarinings wi..i
be greatly increased i.f they result from active surveiliance 4nd andiysis
on the part of the VIC. Traffic warnings should pe based on i1nformation
that is more accurate than cnat availabie witn tne traffic advisories
technique. If a VMRS 18 employed, tnherefore, it would be mandatory for
all participating vessels to report the.r arrivai, speed, atc. at spec.i-
fied locations, and craffic conditions as tney see them. The VTC musc
process this information 1n a cimely manner 1n order to predict conflict
situations and issue the warnings. This requires some proc=ssing capa-
bility (manual, automated or some combination) at the VIC. Aithough ne
is not required to act on these warnings, tne prudent mariner “ill rely
on this infomation as long as he 1s assured tnat tne i1nformation 13 more

accurate, reliable, and up-to-date tnan nis on-poard information.

In CONFLICT RESQLUTION tne VTC tracks all participating vessels
and other vessels and issues mandatory iirectives to specific vessels
only when a potential conflict nas been identified. These idirectives may
involve a change in the vessel's speed, route, course or may regquire a
vessel to anchor. With this cecnnigue, tne VTC 15 actively managing

traffic in conflict situations.

The six traffic management tecnnigques described above may be em-
ployed by a VTS operating in tne Hazard Detectiny Mode. The additional

two management techniques described below may be used by a VTS operating

in the Routing Mode.

With DEPARTURE/ARRIVAL CONTROL, The VTC nas advance information
on vessels intending to enter or ieave tne port and schedules the arrival
and departure of these vessels to minimize potential encounters along the
vessel's entire route. In addition, tne VTC will track all participating
vessels, and possibly other vessels, and 1ssue mandatory Jdirectives

should a conflict situation occur.




The use of ROUTE AND SPEED ASSIGNMENTS is the highest level of
management provided by a VIS. The VTC tracks all vessels and controls
the movements of the participating vessels, whether or not a conflict
situation exists. It is the responsibility of the VTC to schedule the
arrival and departure time of all participating vessels, assign a con-
flict-free route through each vessel's transit, and assign speeds that
are to be maintained along each leg of the vessel's route. While this
mighc seem to be a tremendous amount of "external" control to the mari-
ner, this approach to traffic management could optimize port scheduling,

capacity, and traffic flow. Most mariners will gain speedier and safer

transits.




5. PORT DESCRIPTION PROCEDURE

Since tne Vessel Traffic Simulation Model is designed to simulace
real ports, a systematic metnodology for collecting and organizing port
data is needed. This will form the basis of the simulation data base for

the port.

5.1 PURPOSE OF PORT DESCRIPTION

The port description procedure methodically organizes the data
base required for the analyses concerning vessel traffic management.
Published materials were the primary data sources used in the study; spe-
cial data collection activities such as traffic surveys were performed

only for the detailed analyses of the port of New Orleans.

The Elementary Harbor Unit (EHU) is the basic unit in a harbor in
which the shape, shoreline, waterway type, aids to navigation, traffic
patterns, vessel types, and environmental characteristics are as uniform
as possible. The EHU is used to identify the salient characteristic of a
port and provides an efficient means of breaking down the port into
smaller units. Most ports are not homogeneous, but vary in types of
waterways, vessel traffic composition, port facilities and other fea-
tures. Smaller subsections of the port (EHUs), which are homogeneous in
the salient characteristics, can be aggregated to portray the harbor.

The EHU concept permits a complex port to be described in terms of a set

of data elements which are consistent within that EHU; the total port is

then the aggregate of EHUs defined for that port.

5.2 EHU DEFINITION DATA SOURCES
The primary published data sources used in this study included:

1) Nautical Charts

5-1
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2) U.S. Coast Pilocs (Reference 6)

3) Corps of Engineers, Port Series (Reference 7)

4) Guide to Port Entry (Reference d)

S) Jane's Freight Containers (Reference 3

©) Tidal Current Charts {(Reference 10

7) Vessel Traffic Data - various ports (Reference li-.o,

8) waterborne Commerce of tne U.S. (Reference i7)

9) Data from the Marine Vessel Casualty Reporting (MVCR, sSystem

(Reference 1)

In addition to the published data sources listed above, a more
extensive data collection was performed for the New Orleans port ijescrip-
tion. These data sources and ctheir applications are outlined 1n tne roi-

lowing paragraphs.

1975 Traffic Survey

Coast Guard radar films of a 1975 vessel traffic survey pertormea
1n New Orleans were obtained and used to establish vessel and trackline

definition.

Direct Observation

Direct observacion data collection was performed for two days at
each of two observation sites and for three days at one observation site
in New Orleans during September, 1979. The data obtained defined types
and sizes of vessels, positions of the vessels in the channel, direction

of travel and approximate speeds.

New Orleans VTS

Personnel at the VTS in New Orleans, La. provided information on
preferred routes, reference track lines, river conditions, and maneuver-

ing practices.




Intervievs

interviews were Limited to informai 11SCussions witn working pi-
.ots$ and tne civilian pilot actached to tne New Orleans VTS. Contact
41th The pilots was primarily during vessel rides, when the opportunity
=) estabilsn a iia.oyue with the pilot was best. During a ride, the ob-
server could watcn tne actions of the pilot and discuss with him tnhe rea-
j0ns tor these actions. Jf particular importance was the 1nformaiion
re.ating o tne pl.ot's preferred route and nis perception of the pre-
terred routes and prooabie actions of otner pilots on tnhe river. Tmus
“/pe 9f informat.on «~as best optained from tne pilots 1n the 1mmediate

context Sf the jeclis.ons they WJere maxing on tne opridge.

"he representative track lines obtained from the radar traffic
3urvey <dere compdred <ilth the tracx lines obtained from iirect observa-
.ion and the track .ines jetermined from interviews witnh working piiots
and Tne :ivilian pilot attdacned 0 the New JUrleans VITS. All tnree iata
sources oncurred on jenera. traffic patterns. Differences within data
sources and Deween iata sources were regarded as normal variations in

P2radt preferences and vesse. maneuvering cnaracteristics.

a3 URT UESCRIPTION SYNTHESIS

The port {escript.ion consists Of preparing jetailed descriptions

of eacny EH'S.

The majur cateyories wnioh Jdefine tne EHU are:

Port Faci..t.es ypes and .ocat.ions of tne port facilities es-

tabiisn Jnat parts Of tne naroor «<ould pDe used Dy participating vessels

and what types Of vesse.s these ~#Oou.d De.

EHU sStructure EHUs are iefined by shape and probable use.

3hore.ine Characterist.cs Visibiiity in a port may be restricted

oy -er-ain type 2f shorelines.




Waterway Characteristics The depths, location of channels, and

sizes determine traffic patterns.

Aids to Navigation These establish traffic patterns and routes;

also, restricted areas are defined.

Traffic Characteristics Traffic is characterized as opposing,

following, merging, crossing and maneuvering.

Vessels The types of vessels and spatial distribution by type or

class is established.

Cargo Cargo type and quantity establish traffic routes: hazard-

ous cargos may require special rules.

Enviromment Information on tides and tidal currents, winds and
factors affecting visibility such as fog, precipitation, etc. establisn

maneuvering characteristics.




o. SAPETY, CAPACITY ANUL 1uST OMPARISONS

To develop camparisons Of sarety, cdapdcity 4nd cost and tne
trade-offs amony tnese, eleven port areas representing sect.iuns wf tne
ports of New York, New Orleans, Houston/a.veston and Puget 3ound were
studied. Several simulations #ere exercised for eacn of tnese port areas
witnh several types of traffi- mdnagement techinijues. oSt esSt.mates were
Zalculated for VTS utilizing tnese systems. The estimated -osts 10 not
necessariiy reflect the actual zosts of VTS #1lonN may present.y exist i

tnese porcs.

o.l COST ESTIMATION OF VARIOUS LEVELS OF TRAFFIC MANAGEMENT

Cost estimates for Vessel Traffic Services vary witn tne level or
sopnistication of the system installed and the size of tne port. A.iso,
for a given level of control, several traffic management approacnes are
possible and tne system, nardware and operating personnel necessary to

realize a traffic management approach may also be varied.

Cost estimates {in 1979 Jdollars) include research and develop-
ment, acguisition, and installation costs, annual operating expenses, and
total 15 year costs (discounted at lU% per year to 1975 present value)
for several VTS systems which are representative of the range of system

capabilities.

The costs for the system components are .ncrementai. These cost
estimaces ware taken from a U.S. Coast Guard statement to the Zongres-
sional Subcommittee on Coast Guard and Navigation (Reference 18). In
addition to these costs, the statement also estimated i1ncremental costs
of $4.5 million to $6.5 million to provide "sophisticated" automated ca-

pabilities.

The total cost estimates obtained are provided in Table 6-i1 for
tnree levels of traffic control comprising the six traffic management

tecnniques used in the simulation exercises in tnis study.

6-1
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0.2 SAFETY, CAPACITY AND TRAFFIC MANAGEMENT COST RELATIONSHIPS

The safecy and traffic measures described earlier in this report
were calculated for the ports and the traffic management tecnniques de-

scribed above. Selected results of the simulation are presented nere.

Table 6~2 shows the number of encounters and very close encoun-
ters wnich occurred in a simulation run. These are given for tne port
areas and the traffic management approaches simulated. In addit:on, tne
ratio of encounters to very close encounters is also presented. This
ratio 1dentilfles tne proportion of times that an encounter {(a normal oc-
currence) results 1n a very close encounter. The ratio can assune a mag-
nizude berween zero and one. Larger values correspond to more nazardous
situations. Tne range of values obtained correlates with the calculated
mass accident coerfficient values. In eight of the eleven port areas, the
use of traffic management reduced the ratio of total very close encoun-
cers to total encouncers. In nine areas, the introduction of traffic

management reduced tne total number of very close encounters.

Table 6-3 presents the average vessel transit time over all ves-
sels in a simulacion exercise. The time in system is the time between
~nen the vessel enters the simulaced port area (enters the system) and
when 1t leaves the port area (exits the system) and represents the tran-
sit time of the vessel. The average times are given for transits without
and with craffic management. The first represents the time required for
tne vessel t. transit under optimal conditions; that is, along its
planned route at planned speeds. The second time shows the increase in
cransit time due to external influences. The increase of time in system
15 shown; these increases are regarded as insignificant when they are
expressed as percentage increases as shown in Table 6-4. This table re-
lates the percentage increase in time in system (average transit time)

for the various levels of traffic management approaches.

The results of the capacity/traffic management trade-off suggest
that traffic management approaches have little impact on the capacity of
tne ports at the traffic ievels simulated. An effort was made to make

the simulation scenarios representative of actual port conditions. The
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TOMCLL8l0oN 15 that capacity does not presently represent an iLmportant

zonsidieration .n seiecting 4 traffic mandyement approacn.
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7. VESSEL TRAFFIC SIMULATION MODEL

7.1 MODEL SYSTEM OVERVIEW

The Vessel Traffic Simulation Model 1s composed of four separace
computer programs linked togecner by data files. A summary of eacn pro-

jram 13 provided 1n the following paragrapns.

Input Preparacion Program

The Input Preparation Program reads, processes, and prepares the
input Jdata for use by tne Ship Traffic Model. The i1nput iaca consists ot

tne following:

1) darbor system layout

2) Reference track line system

}) Initial condaitions, (speed, location, etc., of eacn vesse.
4) Maneuvering parameters of each vessel

5) Route i1nformation of eacn vessel

6} Simulation time limics
Following the organization and manipulation of the Jata, it 1is

written to an output file that 1s the primary input to tne Ship Traffic

Model Program.

Suip Traffic Model Program

The Ship Traffic Model Program 1s a camputerized mode.i Of a
port. Simulated ships maneuver through the port along a series of refer-
ence track lines at specified of fset distances from those reference tracx
lines and at speeds which may vary for each tracx line in tne ship's
route. As the ship proceeds along its intended route, 1n a series of

time steps, it will vary its speed and direction as it normally wou.?




—p— —

#hen trausiting a4 port. A sShip may move at a slow speed 1n a narrow
“aterway Or when approaching 1ts berth or ancnorage, and at faster speeds
in .¢88 restricted waters. The snhip may Jdeviate from 1ts planned route,
LUT MUSt always remain within the fairway boundaries which are estap—

(i3ned for eacn particular class of vessel.

Wnen a ship encounters another ship, or a fixed object, the model
41.. maneuver the ship by altering its speed and/or course, SO as to
17014 =ne Jtner snip Or obstacle. The model uses a set of conflict reso-
.dC.on rules to establisn tne purdened and privileged vessels and deter-
n.Ne tile necessary maneuvers. The conflict resolution rules are Jerived
rrom tTne International, Inland or Western Rivers Rules of tne Road, or
specia. reguiremencs, depending on tne area being simulated. The con-
flict resolution rules are described i1n the model by a local rules ma-
trix. In each encounter situation, the Jlefinitions of safe Jdistance, as
#ei. as minimum speed, are functions of tne vessels i1nvolved. For exam-
p.e, safe passing Jdistance 18 proportional to tne lengtns of tne vessels
.nvo.ved and two small ships can pass at a closer distance than two large

SNnips.

During a simulacion, the model continuously searches for con-
£LiCts Detween vessels by examining tne movemencs of other vessels apout
eacn vessel. When a vesgsel 1s not in conflict 1t continues normally
along 1ts preplanned route. When conflicts are Jjetected, tney are re-
solved througn course and/or speed alterations. The searcn for conflicts
13 not unbounded, however. Each vesgsel nas associated with 1t an area of
observation. The model only looks for conflicts within this area. It 1is
possible for two vessels to be in Conflict and the model wilil not note
tnis 1f tne si12e of the area of observation nas peen made small. ALso,
in order o simulate Siltuations where vessels sail -lose tO one anotiner
DUt are not 1in conflict, such as in a narrow channel, vessels can be
caused by tne model logic to i1gnore one anotner wnen tney are on Jiffer-

2nt ~“rack lines.

lne response Of a vessel to a4 -hange in either ;ourse or speed .s

1ot instantd4neous. The ship maneuveriny .0glc 1ncludes second order




response functions to simulate the time Jdeiay wnich OoCCuls wheérn a lange
in speaed Oor a4 new rudder angle 18 ordered and when the ship attains the

iesired speed or neading.

The physical characteristics whicn affeuct vesiel maneuver.ny are
a.80 simulated. Harpor and fairway poundaries, s3nhoals, and fixed ubject o
are defined by specifying the reference track line system. In “he avle.,
Snips sSa1l para.iiel Lo reference track line segments at S$SpecCified I ! set
Jdistances. A vessel will stay at the offset i.stance uniess an encounte:
occurs. Jepending on tne $1CUALLON, tLhe VESS@. Jill.i LNen ln rease ~ .o

distance to avoid a confiict. Maximum Offset j1Stances 4re specit.ed £ .r

eacn reference track line seqment and eacn vesse.. This effect.ve., le-
fines tne navijable waterway fOr eacn ship. Water Jurrent 1irect.oun and
3peed may also be specified for eacn reference track line seyment. Vary-
1Ng Jurrents tnroughout the nNArdor can be Jjefined. The efrects of -ur-

rent are part Of tnhne S$Mip Mmaneduverinyg eguations. Reduced vVisilDi..ty, 1lue

“0O resource Obstructions, 18 simulated by ad)usting the area Lt OHDse: -
vation for a ship or by a decision ioglc matrix .part of tne mode., w~n.i.:.

pelMits sSnips On one Crack line to L ynore Cnose on anocther.

At eacn simulat.ion time step, iaca 13 <ritten to 4an wutput ti.e.
Tne simuiation zime and the number Of vesseis .1n tne system .S «~r.tten -o

tne file foilowed by Jlata for each vessel:

+) Vesse!l i1dentification

2) Position

}J) Pregent reference track lLine

4) Heading, iesired neading, reference neading, and race of turn

5) Speed, desired speed, and acceleration or Jeceiaratian

6) Jffset jistance, lesired offser iistance, and boundary listance
7} Encounter indicators

3) Extreme maneuver indicators

The raw iata from tne Ship Traffic Modei Program output file .s
psrepared for anaiysis in an organized and systematic manner. The jata 1>
prepared 1n five parts by two Computer proyrams iiscussed 1n tnhe fo.iow-

iny paraygrapns.




Jutput Analysis Proyraa

Trie Jutput Ana.ysis Program Hryanizes ) plesents Lilee sec.ouns
Tolata. These ate —..9 event USLOIY, «vent ;wmmdarly 40l Rdass acillent
el Ll lenl aAnd.gdis. The avent DL8L LIy (8CUlla .. €VENls &l i wout

PalNg 4 3MBULAT LN Iun. These <2veils ale.

o 3lip enteriin tile 3ystem
Sliip lepart.iing "hie sg/zstem

s Enc ount er s

4 Jery - Lode 9 dunt els

: EXTlame Mansuvers

Jarious fetdal.s are pronted in Chie event .3t oy ol mdal aVent.
e 1Al 13850014t #i%t) AN 2Nt sl¢ gPeifis T Thie pdalTtilu.dl 2vent
A5 perm:it 3 letal.ed evaldat.ion Hf The il aniodnCes SJdrlounding LT
The event summAary Jroviies “umu.sat ive {aTa L tne 2vents llent.l.ed
1DOvVe. In parv.cuiar, =ne furat.on >f edacn encounter and -—ie 3L.ps oo
daved are iistad Togetner witn t“he Lota. number of encounters. fhe Same
.> june for very :iose emcounters. The number oOf extreme naneuvers and

'acident s LOD edl! SNAp 18 4130 “d..ied. Flndluy, tie MASS 4c Il dens
coeffizient L3 caicalated for eacn simuiation ran. It 15 iCissZed 15 1

neasure Of traffic management erfectiveness and port 3afety.

Tapulated Data, Print Piot Program

This proyram organizes and presents two sections of iata. These
Are ~iHe Lrack nistory and track nistory piot. The track N1story is Lhe
findamenta. form Of output of tne mode.l. It 15 a 113t of tne positiouns
f ail 3nips Juring tne simulation run togetner witn informdtion such as
snip identification, neading, rate of turn, speed and acce.eration ie-

.eleratiuon. This information 15 recordad for every; Time step in The sim-

J.at ion.

The track history p.ot 18 a jrapnic representation of tne snips'

~ra:k nisturies. The line printer prints, in jJrapnic torm, tne position




of eacn snip at each step Of the simulation run. In addition to the shnlip
positions, tne narbor boundaries and tnhe reference Lrack llne System may
3.30 De i{isplayed. This plot provides a visual aid to analyzing the re-

j3a.ts Oof a4 simuiation run.

Tl MOUDEL ENHANCEMENTS

‘ne Lbjectives Of tne model ennancements were tu iefine, Lmp.e-
aent, and cnecxkout aocdificacions To tne Vessei Traffic Simulat.on Model
pfograms. Modifications wWere necessar; for a more accurate simuidatilon of
“ne traffis 4and for associated pronlems specific to certain ports, par-
“ildiariy tne Port Of New Urleans. The modifications to the mode.i are

“he foi.0wWlng:

L; TowbDoAat «#1iCN tOW Maneuvering parameters
2 Zonfiict Jetectiun and resoliution
}) Track-xeeping

4) Stochastic variability

Ail of tne software modifications are consistent with the orig-
inal simulation model software development. The generality of the orig-

inal proyram nas been maintained and all modifications are either input

-hanges or options that need not be invoked.

Towboat witn Tow Maneuvering Parameters

Towboats with tows represent a large percentage of the traffic in
certain port areas and are significant factors in navigation because of
tneLlr maneuvering characteristics as well as total numbers. Data on the
maneuvering characteristics of these vessels was virtually nonexistent
and estimates of the salient parameters were required in o-der to nodel

~nhese vessels.

The values of the parameters for towboats with tows were initial-

ly estimated on the basis of parameters for similar vessels of




tLer T/pes and theory »>f nava. 4architecture keterences .3, 20 and J..
Tlie moOde. A3 “en eXerllised #1lU5 ~liese <43t indAtes. The s3.imuiated ~“racx

a3l lees eele [JMpdled Will OUBGI Vel ACTJU4. LIACK o3t Oofles and The pre-

Tedu3d pAldfet ¢l ¢St IRdAles Wele re-evVd.udled 4l Cal.Drated. By ~ais
SlRIdAl e olovedule, e va.des ol Larves ol e Iejulie) LLpdl pdldamn-
T et STI3T ANL 5 Aetle Jetelinignied,

OoNelst erleltisn And Resouadlion

Jhe primary sujective Ot Tl effort Was The Modecing of T o-
2lLules dsed To fetect ANl Tes0Lve Jonf.ilts 45 littated Dy Loxla. Sedandln -
SHlp Ppractices, [J4stoms, and fu.ses specilic T U The 2Ort ot New Jl.eans.
Fi.0T 3, Ddased on experience and faMil.drity Wit The ph/sSiid. 2nvironmenst
L tlhe port and otner piliots' practices, wi.. TCl nNeCessalisg/ Maneuve:r o

Allordance Wizt tne KRu.es Of tile Road.

Modifications 0 Iwo sections Of tne model lnputs wWere re ji.re

ba

9 SiMu.dte (ocal seamansiip practiles. First, tne reference :tracx ..nve
system #nicn lefines a vesseli's route and reiative position 1n Tne hdn-
nei was levelioped to refiect lucal navigjation practices for confi.ct le-
Zection and resolution. Two sets of reference track lines extending tae
Zall lengtn of cne simulated area were Jdeveloped, one set for upbound
vessels and one set for downbound vessels. In tne Miassisslppi River, tne
leep draft channel meanders within the overall navigaple cnannei and ves-
sels, particularly towboats with tows, navijate from one 31de of tne
cnannel to the other 1in point and bend navigation maneuvers. [T «#as nec-

essary tO represent tnese practices.

The second section of model tnat was alcered to reflect .oca.
navigation practices is the local rules matrix. The local rules matrix
specifies, for each pair of reference track lines, now a vessel on the
first reference track line 1s to respond to a vessel on the second in tne
event of a conflict. Under the usual Rules of tne Road, two vesseis ap-
prfoacning a reference track line crossing from opposite directions wou.d
be privileged or burdened dependent upon their relative positions and

neadings. On the Mississippi River, the water current somet.imes




limits the maneuvering capabilicy of downbound vesselis. As a resud.t,
iownbound vessels are jenerally regarded as the privileged vesse.s at
srossings regardless of tne relative positions and neadings of “he -on-
fiict vessels. The local rules matrix deveioped for tne New Jlieans ared

reflects these considerations and nas been implemented i1n the moan..

Track-Keeping

The model originally operaced under —ne condition tnat 1f 4 ves-
se. leviates from 1ts planned track or speed on a reference track .lne,
“hen 1t Wlll 0ot return to tne pianned track or speed J4ntlii 4 New refer-
2NCe TracKk iine 1S reacned. Normaily, tnlis 4sSsumprion 1s a reasonab.e
)ne since, To the model, tne new track i1s a safe one 1n s$1tdadrt.uns such
A3 .0 dpen w~aters, w“here tnere 1S plenty of maneuvering room. In 4 -nan-
nel suCh as the M1s581sSlppl River, nowever, a4 return to the p.danned -rack
nay pe Jesired. This type Oof vessel penavior can pe expected if Tne ves-
3€.3 Aare Trying to avold bank effects, to sai. On ranges, Or toO acnieve
proper posit.ioning for :cnannei related maneuvers. It 1S a4isS0 assumed
T7hAaC 4 Pl.OC Wlili dttempt ~O return to 4and .ndaintain 4 vesse.'s most ef-

fici1ent speed.

Tne track-xeeping 109ic ~as modifled s0 tnat following confiict
resgiytion a vessel will return to its pianned tracx and/or speed uniess
anotner c.onflict situation i1nvolving tnat vessel 1s 1in progyress. In ad-
jition, 1f a subject vessel 1s in conflict witn two vesseis, One reguir-
ing the subject vessel to modify 1ts speed and Tne other requiring track
iaviation, the sSubject vesse. wliil return tou 1ts plianned Zrack or speed

1f botn conflicts are resolved.

Random Variabilaity

Random variapiiity nas peen introduced 1nco three Jdecision making
nodu.es Lf the modei. The purpose s t.o simulate MINOIr errors in vesse.

P81t ion and variances 1n piloting bpenhavior. Random variability nas been

atroduaced to tne foiliowing modules:

i ” ’
,k;-'_i o1 a -




i) The vessel data module of tne Input Preparation Pro-
Jram in order to randomiy vary vessel entry t.ime

1NtO the System.

<44 Tne route following module of the 35nip Traffic Mode.
Program 1n order to randomly vary vessel lecision

Tine to initiating a planned course cnange.

3) Tne conflict resoluti.on module of tne Ship Traffic
Model Program in order to randomiy vary vessel 1ie-
J13.5n time to .nitiating a conflict avoidance ma-

neuver

Ta3 MODEL TESTING AND VERIFICZATION

A comput er model wnich 1s intended co simulate real world =vents

requires testing, verification and validation. Testing 1s the process of

Jnecking ail inpucs, aigorithms and outputs of the computer programs,
:ndividually and as a whole, to assure that tne programs work according
ro specificaclon. The testing of the Vessel Traffic Simulation Model was

accompiisned 1iuring and after tne Jdevelopment of tne progyrams.

The verification of tne model 1s tne process assessing tne ac-
suracy of the jenerated output of the programs with respect to the events
s31mulated. PFor the Vessel Traffic Simulation Model, verification consis-
~ed of lemonstrating the simulated track histories would match real ob-

served track histories, within acceptable tolerances, wnen tne sunulated

condizions matched tne reai world conditions.

Tne final step, validation, wnicn was beyond tne scope of Vessel
‘raf f1- Management Study, consists of determining that tne assumptlions i
made i1n tne iesign of the model apply to the propblems zo be studied.
since tne Vessel Traffic 3imulation Model was designed to evaluate traf-

YL> management techniques, the vaiidit; of the model can only be estab-

visned snen sufficient iata from an operating VTS 1s available and com-
pArL3ons an be mnade between predictions of traffic situations jJenerated

oy tne node. and reai worla experience.

-
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The verification ot tne 3nip Tratfic Model output was performed
Oy ASEC's subcontractror, TNO in tne Netnerlands, The Dutcn ;re con=
fucting 4 program to upyrade Vessel Traffic Services 1n the Port of
Routrerdam and nave coliected a set of data using tne traffic surveii-
sance radars presently operatlng i1n Rotterdam. sSince tnis datd was obD-
tained expressly for the purpose of i1dentifying vessel tracks, thne TNO

Jrjanization «4s apble to apply it to the model verification.

The iata collection process consisted of photographing tne radar
PPI displays at sixty second incervals. This process was performed for a
period of six days witn about one to two hours of observations eacn day.
The times of observation were varied eacn day to obtain traffic samples
from periods of moderate to heavy traffic. In addition to the radar

Jata, observations were made to Jetermine the types of vessels.

The model was run using input data prepared from the radar obser- i
vation analysis with a simulation output time interval egual to the radar
observation interval. The distance between the actual and the simulated
vessel position was calculated for each vessel and position in time. The
average distance difference was calculaced for each vessel over its en-
tire route and normalized to the total length of the vessel's route. A
mean distance deviation of 2-53% was obtained from the resulting normal-
ized values with most vessel deviations clustered about the mean. The
larger deviations were primarily attributed to small patrol craft which
exhibit erratic motions and to large vessels which sometimes stop and

then back into docking areas.

In the absence of measurement data in a U.S. port, it was decided
to exercise the simulation using an extended port area representing the
Upper and Lower Bays of New York Harbor. This extended area also includ-

ed parts of Kill van Kull and the East River.

The simulated vessel traffic was divided into three groups. The
first group, consisting of ten (10) vessels, was used to prepare detailed

track line plots. The purpose was to demonstrate the capability of the

model to simulate the maneuvering of vessels following planned routes at

planned speeds. The second and third groups of data utilized higher

7-9




v

~raffic densities, 35 vessels and 67 vessels respectively. The results
.t -nese cwo tests Jdemonstrate the statistical capabilities of the craf-
.- siaulacion amodel for analyzing traffic flow and traffic management

:,olems at higher levels of craffic density.

T4 SIMULATION OF ALTERNATIVE TRAFFIC MANAGEMENT TECHNIQUES

The model was exercised for two problems simulating alternative
~raftfi1c management techniques - an alternating one-way traffic scheme and
in darea avoidance traffic management scheme. A baseline run with no

~raffic management was required for comparison purposes.

The simulation area was the section of the Mississippi River in
tne area of New Orleans between Mile 85 and Mile 101 above Head of Passes
(AHdP) . Head of Passes is the beginning of the Mississippi River system
in tae Sulf of Mexico. This area includes chree upbound/downbound refer-
2nce track line crossings:; and Algiers Bend region where precise maneu-
vering is required, was included. The section of the river selected for
one-way traffic and area avoidance was the area between Mile 93 and Mile
5.5 AHP which includes Algiers Bend and one reference track line cross-

109,

The baseline run consisted of a total of 46 vessels entering the
simulation area over a seven hour period. All aspects of the baseline
slmulation run reflected the river traffic data obtained by direct obser-
vations, pilot incterviews, VTS personnel interviews and the USCG Data
Zullec~ion Van radar films. No traffic management technique was imple-
mented for the paseline run. The alternating one-way; and area avoidance

31mulation runs utilized the same vessel class distribution, arrival time

iistribucion, preferred track lines, and vessel speeds as the baseline

run, except as modified 9y the alternative traffic management regquire-

nents.




The one=-way traffic management scheme was lmplemented ~itn an
alternating two hour one-way traffic area 2.5 miles long. For thne first,
third and fifth two hour periods the traffic flow was 1n the upbound di-
rection and during the second, fourth and sixth two hour periods the
traffic flow was in the downbound direction. As a vessel approached tne
one~way area it was determined whether the traffic flow was in its direc-
tion and if so, wnether the vessel could transit the one-way area before
the traffic direction was to reverse. If the transit was not possible
the vessel would be required to stop and wait in a queueing area (anchor-

age) until the one~way traffic flow was in the proper direction.

The number of very close encounters in the one-way area was re-
duced by 50% over the baseline run. The very close encounters that did
occur in the one-way area consisted of overtakings. The number of very
close encounters outside of the one-way area increased slightly over che
baseline run. Tﬁis increase is completely attributable to congestion
associated with the queueing areas. The total transit delay time for cne
one-way scenario was 29.36 hours. This delay was primarily due to tne
nineteen vessels that were required to stop and wait for reversal of tne

one~way traffic flow.

The area avoidance traffic management schene was imp.emented w~itn
tne same 2.5 mile river section serving as tne avoidance area. Specifi-
cally, interactions between downbound towboats with tOws executing f.ank-
ing maneuvers and upbound deep draft vesscls requiring the deep iraft
channel were to be avoided. At either end of the avoidance area a vesse.
look ahead area of 3000 meters was defined. Upon encering tie 100X anead
area a vessel would examine the traffic in che avoidance area and :tne
opposite look ahead area and determine 1if there was anotner vesseli in
those areas that, in combination witn itself, would present a nazardous
situation in the avoidance area. If a nazardous situation was projected,
tne burdened vessel was required to decrease 1ts speed to a level, and

for a time period, sufficient to prevent the vessels meeting in tne

avoidance area.
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Are thne nardacterist.ios Of Tne vessess, dl ol LATAIT I L3 L3, Jeoae.
cyates, Aand riees Sor conf.ol it e sul Ll oon 2 lac A0t T L Talers DT e
toad Or navitacional practiles . JalLial.es 3. 43 2332 e ) Loalld
3T DANA 3UCTLOn, LU0 2XAmMp.e?, A2 L0 JUiis .l el 1.3 The dalel Lo
1imed 27 37 udging TrAfILC INALACTErLST U5 ANt et Tie LdlVolLadl lenad. .
)£ I/essels.

A second idvantage Ty sLimuLat s 05 thal ProsL.e@ls ale Rda.., -
s247ed.  Thus Zne model -an De set Jp £Or 4 Lort 1034 Cin 3evesra. - ones
JAC/ANY OnLy tne 1nltidl ondlTtiodns or (Nputs L suln a3 Thae Lualber of Ve s-
se.5 >r vesse, arrival -".nes,. In ZhNls #4ay 1 .40 e Nwnler Of nedr.g
itdenti:al sizuations tan be eva.iated and :umpared.

Thne z—nird advantage 13 fiexiLi.ing/. he Vessa.r Jrarill Sah..a-
Ta..f Moled Tan De 3et Up T D) 3iMu.date 1 rea. worad port 4s 1T o existas i
1.7 vunber >f variations.  Al30, traft.C Ranagement TeNni {ues, ~hl nd.

I mAY [ot 2xiST 10 tne port,

AT IINS

T.n LiIMIT

The simulation modeling approach nas two important

tan De sLnulated.

—
[

iimizacions




wnich are common to simulation models in general. The first limitation
13 tnat time and computer reguirements become prohibitive for very large
problems. In order to decermine the risk levels of a waterway under con-
ditions of escalating traffic loads, a model whicn is sufficiently so-
pnisticaced for accurate representation of marine traffic will likely
Jperate more slowly than the actual events. Second, the guality and re-
iiapiiity of the output generacted by the model 1s dependent upon tne
juality and reliability of the model i1nput. A poorly specified model may

2asl.y jenerate i1rrelevanc or invalid infommation.

T POTENTIAL

The Jesse. Traffic Simulation Model jeveloped in this study pro-
vides an anaiytical too.: for evaluating tne effectiveness of traffic man-
1 jement .n iMproving port safety and for assessing -“he Zoncomitanc ef-
fecos on wrarric tapacity. The nodel tan be appiied 0 any port or naar-
por ander a variety of traffic .oading conditions. The model 1ncorpo-
r4es 1 %2 jn .avel Of flexin..iTy. AL one level, vesseis -an De entered
LS Tiie S/3tem 4t varirous times and places tnrougnout tne port. It uis
Ji.y NeCessary To specify the vesse. parameters and estaolisn 1ts rouce
Ly se.ecting The necessary <2laments Hf Tne pre-estadb.isned Lrack llne
3ystem. AL 3 "l jher ievel, tne entire port onfiguracion <an De a.-
~2rei. 7 13 a0t necessary to <cnange 4any of tne model ilogic to accommo-
iazwa varging port confiljuarations. This aiso applies to traffic manage-
ment . By -"nangirng Jertdin Lnput parameters, 1t 1s posSlbie CO sSinulate a

cariety; Jf ~raffi: nanagement ~ecnni jues.

JLier vAarLations .n The 3imu.sation of vessel nraffic ~ou.ld re-
joeze some nodificatisn S0 tne model's ioglc. The design of the samputer
projrams, nowever fo.lows 4 structured, top-down approach SO that modifi-

tat.ons ) one part Of tne model w41il have little lmpact on otners.




8.1 REVIEW AND INTEGRATION OF MAJOR TOPICS

The work described in this report constituted an effort to define
traffic hazard and port capacity, to establish a VTS datca base method-
ology, identify traffic management techniques and measures of effective-
ness, and to develop a means to calculate safety and capacity. The cul-

mination of the effort was the Vessel Traffic Simulation Model.

The capacity of a port is defined in terms of its basic capacity
or its practical capacity. Both definitions use the concept of effective
domain, the area about a vessel which must remain free of other vessels
or fixed objects. Basic capacity is the theoretical maximum number of
vessels that a port can accommodate under ideal conditions so that the
effective domains do not overlap. Practical capacity is the number of
vessels a port can accommodate when the effective domains must be in-
creased in size because of less than ideal conditions. The methods to

calculate capacity used in the study produce practical capacity estimates.

Port capacity can be measured directly in terms of the density
(number of ships per unit area) which can safely utilize a port or as the
speed/time requirements for a vessel to transit a port both in the pres-
ence and absence of other traffic. Capacity can also be measured indi-
rectly in terms of the number of conflicts experienced by a vessel due to
congestion which affects its capability to effectively transit the port.
Traf fic capacity measures for these different, but not independent con-

zepts, nave been developed.

To evaluate the effectiveness of VIS in reducing the number of
:ollisions, groundings and rammings, it is first necessary to identify,
jefine and classify tne hazards to safe navigation. This was accom-
piished by analyzing available casualty data. Two sources of casualty
iata were used: (l) the MVCR data base for four ports over a five year
period; and (2) the accident data base compiled by the New York VTS

ifice for 1968-1977. Eight categories of hazards were defined.
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Juantcitative metnods of assessing nazard potentlda. in tLerms Of
tne effects of nazards on cthe maneuveriny of vessels under various :on-
dicions nave been Jdeveloped. The situations under wnich accidents ol ul
and, importantly, in wnicnh vessels are forced to perform evasive naneu-
vers to avoid accidents, are measured using the modei and the severity I
nazards to navigation in restricted waters are Juantified. The Das.:
Juantitles to be measured are snip encounters, very >lose encounters,
2xXxtreme maneuvers, and che ratio of very close encounters o encouncers.
The empnasis, 1n selecting tnese measurement Lecinnljues, nas Deen >n Ldi-
ards whicn nave adverse effects believed to be preventabie by traff.i:
management tecnnigues. Generally, these encumpass Ndzards >reated Oy
topography, traffic, enviromment, regulations (inadequacies or vioia-
rion), and aids to navigation (inadequacies). Hazards due to factors
such as equipment failures are usually not included as contributing o

VTS preventable accidents.

Eight traffic management technigues nave been identified, defined
and related co the VTS operating modes. The information reguirements
associated with the traffic management technijues have been identified.
The various alternatives for surveillance, data processing, and pro-
cedures were described and the impact of tne tecnnigues on nariners and
otners considered. Finally a methodology for evaluating traffic manage-

ment techniques and alternatives for specific ports was outlined.

The results presented in this report show that traffic management 3
techniques have a significant impact on port safety as measured oy tne !
metnhodology developed and uctilized herein. The risk potential for a ves-
sel transiting a port was reduced by from 10% to 60% in simulation exer-
z1ses depending on tne port and traffic management alternative. The in-
terpretation and validation of such reductions will regquire further sta-

mistical analysis.

A second measure of effectiveness, the ratio of encounters to
very close encounters, showed similar results. Encounters represent nor-
mal meetings becween vessels whereas very close encounters represent po-

~entially nazardous situations. In the latter case, the separation dis-

rance between vessels in conflict 18 less than the established minimum
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sle lisStdawe 3nd %Tie effect.ive {o@dins Ol each vessel overiap. The red-
1T Lve Cdlige LN tie 1dAtios Wwihien traftic dnadement «~as Jmp.omencaed can Le
el pieted 43 SNOWLKY THAU CNe pPropolt on Df times ~nhdat a “onf (it re-
e 21 N8 pOtenNlidisy/ sNSAle encount el «as5 raduced Dy JUW tou nids, agdln
Mpending on the port and tratti. nandyament approachn utillized. Aydin,

Lese Iesulls rejuile Lurtiaer and.ysis and vaiidacion.

The tesults Of Lhe >d4pdacity measurements tor all port areas in-
fi7a%e “0hAat Lie tildoletlcal practivd. Japdcity Of eAach port drea 1s much
itester “itan tne volume of trdftic sinuiated. The percentage >hange 1n
‘ApPd Ll REASUIIRENTS L3 ALl JdA$es 1y (asignlificant. This leads Zo the
TOMC L4810oN TNt trafric mandgaement .n J.S. ports, regardless of tne ap-
P2lodcn, wioi alAely Nave [litie 1mpact on the -apacity of tne port and
siwuld not be an 1mportant factor in selecting a traffic managyement al-

~ernacive,

3.0 THr t OF SIMULATION MODELING AS A TOOL

Proper simuiation modeling abstracts the essential components of
4 Joncept to provide an accurate representation of the situation being
analyzed wniie avoiding unneccessary complexities wnich obscure the de-
sired results with insignificant detail. These considerations are re-
flected in tne Vessel Traffic Simulation Model which was designed to ef-
ficiently evaluate system concepts, traffic flow, safety and capacity in

a Jdefined port without overemphasis of less important factors.

The simulation approach has very definite advantages in studying
tnese concepts. First, it has the advantage of producing a large amount
of information which would require many years of intensive data col-
lection to obtain otherwise. Second, data from the model can be gener-
ated under conzrolled conditions. Third, situations can be replicated
witn variations in the inpucts so that the effects of alternative traffic
management techniques can be compared without implementation costs and
risks. Against these benefits, however, must be weighed the risk that an

wnproper or unvalidated model may produce totally inappropriate data.




o

The Vessel Traffic sSimulation Modei developed in tnis stady pro-
‘ides a capability for expanded evaluation of the effectiveness of traf-
f1c management's role 1n wnproving port safety and assessing the con-
comitant effects on traffic capacity. The model zdn be appliwd to any
port or aarpor configuration under a hugn level of flexibility. At one
.evel, vessels can be entered 1into the system at various :imes and p.aces
tiarougynout tne port by means of model lnput alteracions. It 1s only nec-
essary to specify the vessel parameters and establisn 1ts route by se-
leccing the necessary elements of the pre-estaplished tracx line syscem.
At a nigner level the entire port configuration can be altered, again ov
perfoming only input alrarations. It 1S not necessary to change any of
tne model logic to accommodate varying port configurations. The same
flexibility applies co traffic management. By changing certain input
parameters it is possible to simulate a variety of alternative traffic

management techniques.

Other variations in the simulation of vessel traffic would re-
quire some modification to the model's logic. However, tne design of tne
computer programs follows a structured top-down approach so tnat modifi-
cations to one module or section of the model will have little impact on
others. This feature is especially important when alternatives to the
Rules of the Road for defining the conflict resolution rules are de-
sired. The conflict detection and resolution section of the model
utilizes decision tables to analyze conflicts beeween vessels and select
the correct vessel maneuvers. Other sections of the model, such as the
helmsman, vessel dynamics and track Keeping parts will not be affected by

changes in the conflict detection and resolution section.

To summarize, the Vessel Traffic Simulation Model provides a vi-
able means of simulating vessel traffic, analyzing conflict data and
measuring safety, capacity and traffic management effectiveness. It is a
flexible tool providing the researcher with a way to see the effects of

changes in a port system on vessel traffic in a way that cannot be done

with historical data.




4.3 RECUMMENDATIUNS

The points presented 1n tnis section are based Hn the centra.
recomnenidcion that the Vessel Traffic Simulation Modes shouid be regar.i-
21 43 4 OOl Tor future J4se Dy the Juast suard ratner tian a4s 4an end un

Ltself.

The Vessel Traffic Simulation Model was ieveloped -0 eva.iuata
traffic nanagyement tecinigues py analyzing tie nazard potentia. and a-
pacity of a port under various conditions. As such, 1t w#das lesijned -o
produce iata of a statistical nature., This 1s the DAsSlZ purpose of <he
modei. However, the model can be extended to the 3tudy and analys.s .t
specifi1c problems of conflict resolution between two Hr more vesse.s.
3ince i1t 1s possible to replicate tne pasic conditions of the probiem ang
vary factors sucn as maneuvering strategies, vessel spacing, Ioute 4.ter-
ation, or otner confilCt CONtroli technijues, tne moxiel can be adapted - o
tne tfollowing types of probiems:

\

1) Evaluate alternate "cr1si1is” traftfic manajement strdategies;

2) Assess impact Of tratfic .management strateygies in specific

instances on otner ctraffic;

3) Evaluate approacnes to resolution of temporary traffic :on-

gestion condit.ons;

4) Study effects of and methods of minimizing tne effects of tem-

porary hazards to navigation;

5) Reconstruct circumstances surrounding actual accidents and

evaluate methods which could have prevented them.

The model has been exercised using New Orleans for two traffaic
management schemes: one-way and area avolidance scenarios. [t 18 recom-
mended that work be continued in the area uf alternative traffic manaye-

ment gimulation. Althougn one-way and area avoliiance traffic




nandJament lave béen slMuldted, turther aiterations and refinements w~would
e oaxpected T produce e best trade-oft between hazardous encounter
3.7 34U 00NE N Che one land and tranéit delay times on the otner. Jtner

Ndndjement 30endrios Tihat merlt attention iaclude tne fol.owing:

N VYesse. separation standdrds

<+ Encounter pradiction,controi

3y mergyency procedure jeveiovpment
< spead control

v Vessel a1rival, departuare rontrui
3 AislTerndte IOutliy

o JiwecoRpoant control

3, Traffic segyregation standards

3; Effects of increased craff.ic

+J) Effects >f altered vessel :-lass iistribution

La) Effects of new locks and faciiities, oridge Construction,
dredging operations, et..

e} 3pecla., ndazardous vessel precaut:iodn analysis

It 15 recommended tnat a uniform Jddta collection system pe estap-

Lisned wnicn would extract re.revant Jdata from the individual VTs iaca

ri1.es. A lata base, preferatbly automated, should be established at a
central location and consistent Jdata collection and reporting tecnnigues

inpiemented 1n eacn VTS.

Tne minimum iata which snould be collected at an operationai VTS

source Lnciudes:

l. Vessel position as a function of time. If a4 surveiliance sys-
tem, sSuch as radar, 1s in place, this would take the form of
vessel track histories; otherwise a route Jdescription showinyg

time and position at cneck points would he established.

2. For each transit:

- type of vessel

- drafe
- size (lenytn, beam)
j. Planned lestination and route.
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The recommendation for making the model more directly useful in-
cludes developing a procedures manual. A procedures manual would sysctem-
atlize Jdata collection, analysis and input preparation for tne model. The
procedures manual would provide a complete description for the model user
of what data to collect, how to collect 1t and organize 1it, how to set up

a problem, and how to prepare the data and run the model.

It is recommended that the model be made easler to work witn.
Currently, the vessel input preparation process is cumbersome and time
consuming. Development of an input generator would significantly stream-
line the input data preparation process. An input generator would in-
volve setting up a file of vessels with their associated parameters and a
file of routes in the port. All that would need to be specified are the
class of vessel desired, the arrival time, tne initial position and final
destination point. The input generator would assign the vessel param-
eters and provide all route data, including initial speed and nheading,
based on the type of vessel and its initial position and final dest.-
nation point. The vessel route file would fill in all of the necessary
data for each referemnce track line constituting the vessels route based

on vessels' preferred routes.

Although it is possible to utilize the model in its presert form
(i.e. as a batch processing computer system), it is extremely cumbersome
to do so. A real time capability is recommended. This would permit thne
rapid alteration of parameters so that problems could be repeated with
minor variations. It would also provide a capability for dynamic varia-
tions of traffic control during a simulation exercise. An interactive

graphics display would be necessary for these purposes.




9. VESSEL TRAFFIC SERVICES MANAGEMENT STUDY REPORTS
[ e TTLE . !
NUUUBER

;e 77 EOCTIEE S et Renort o . ef et e TREDON aN tralt

HCHC ter iy loN,

mn T8 ASE:"R T3-1 1t Uter Tegorr Nl et e ation 4ng LasSi ¢t
PhRsalrls T tavigato .

Tace 77 WRECR TT-0 2w terit Renart U Ter ntiur L L esser aharat -
BgLurernenty gl tre gt o
THDRCIL BN,

.n "3 W3E U Tl Titer ~ Report oo d wopt o e f
THNAGE T e Tecnniues, ey e,
WNTENE NG Tione S!operat, n,

\or 79 ASE TR TR T rterm Yeport N oL Ternitar nocrat s
1Corient ~e.atonsrips ine
inveidpment 31 —egsures o
affpotiveness,

‘lep "R ASE TR 7.2 ter T Repert ol DevejopTent NI termnigues |

‘q,culating ~azarn sotential,

Sen 73 ASE- R "3-124 ter ™ Rpnnret Nl T Leve.opment N tecrnicues e
sapeulating oere cratfc capac .

Yot T3 WSECR T9-( 2% nteri Report oL s Jeseriotion vl the Vasse:
Tratfie Simuiatian Tocel.

sor 40 ASECR T9-in? nterim Reoort No. Taleusation S hazars ootertig,
ind safe’ using 'he . esse.
Tratfic Jimuintior “lodel.

T Apr 79 ASE "R 73-102 ‘ntem~ Reoar*t \a. 10 “aiculation oY port ~apac:ty
. 1sing the s essei Trarfic
\ Simulation \Mocet.

. Apr 72 ASETR "2-104 ntertm Report No. il “leasures of safet, ranacity o
mass-accident ~oefficient 1ir vy
revels > contrni.

20 lav 79 ASETR 79-1i15 Interim Report No. !2 Results >f the simujation

~raft Final Repor* test,
M N ASECR 79-i05 F.ral Repor: Results of the Vesse] Traffic
' Services ‘lanagement Studv.
(5 Jan 30 . ASECR 30-109 Sindei Calibration Description of the New Orleans
interim Repor* data Hase: lescription of the
model modification: mece.
caudration,

26 “lay 30 ASECR 90-196 | Test and Verification . Results of the test and

Final Report + verification of the Vessel

Vol. | Traffic Simulation “odel using
the New Orleans data dase.

Vol. Supporting derivations, data,
Todel inputs and outputs.

Vol (11 Vessel Traffic Simulation ‘lodel
program documentation,

9-1




10. REFERENCES

i Mdarine Vessel lasualty Reports, Computer Listing for FY
1271-1975, U.S. Coast suard, Washington, D.C.

- Erdricn, C.L., "Vessel Traffic and Accident Statistics in U.S.
Ports and Wacerways", Analytical Systems Engineering Corp., ASEC
Report 77-105, Feb. 1977, 25 p., Unpublisned.

3. sutherland, 5.C., "Analysis of Vessel Accidents by Time of Day",
VTS Office, USCG/New York, Researcn Memorandum 003-76, 1376, Un-
published.

3. Sutnerland, S.C., "Analysis of Vessel Accidents”, VTS Office,

JSQG, New York, Researcn Memorandum 011-76, 1276, Unpuplisned.

5. Fujii, Y., Tanaxka, K., "Traffic Capacity", Journal of Navija-
tion, Vol. 24, 1371 No. 4, PP 543-552.

0. National Ocean Survey, “United States Coast Pilot: (No. 1-9)",
NOAA, Rockville, Maryland, Publisned annually.

7. U.S. Army, Corps of Engineers, "Port Series" Part 2 (No. 1-50),
U.5. Government Princing Office, (date varies witn No.).

8. Pielow, C., "Guide to Port Entry," Shipping Guides, Ltd., London,
1973.

EN “Jane's Freight Containers", Jane's Yearbooks, Franklin watts,

Inc., New York, 1975,

1. National Ocean Survey, "Tidal Current Charts", NOAA, Rocxville,
4aryland (annual publication).

11. Brown, J., et al, "Vessel Traffic Data - New York Harbor", Report
No. CG-D-63-75, USCG, March 1975, NTIS AD-AOlY 838/2GI.

12. Brown, J., et al., "Vessel Traffic Data - Port of New Orleans”,
Report No. CG-D-111-75, USCG, June 1975, NTIS AD-A01l9 832/5GI.

Avv——"—'-—,—

13. Buhler, L., et al., "Vessel Traffic Data - Cheasapeake Bay Area",
Report No. CG=-D-174-74, USCG, October 1975, NTIS AD~AG38 432/1GI.

14. Buhler, L., et al., "Vessel Traffic Data - Delaware Bay Area",
Report No. OG-D-6-76, USCG, February 1976, NTIS AD-A038 430/5GI.

15. Buhler, L., et al., "Vessel Traffic Data - Gulf Coast Intra-
coastal Wacerway", Report No. CG-D=-27-76, USCG, March 1976, NTIS
AD-A038 434/7GI.

16. Buhler, L., et al., "Vessel Traffic Data - Long Island Sound",
Report No. CG-D=-43-76, USCG, May 1976, NTIS AD-A038 431/3GI.

17. U.S. Army, Corps of Engineers, "“Waterborne Commerce of tne U.S.",

(by calendar year), Published annually.

10-1




13.

LI,

Vessel Traffic Control, Hearings before the Subcommittee on Coast

Guard and Navigation of the Committee on Merchant Marine and
Fisneries, House of Representatives, Ninety-fourth Congress,

September 21, 1976, Washington, U.S. Government Printing Office,
1976, 392 p.

Hone, Charles W., et al., "Inland wWaterway Transportation'", Re-
sources for the Future, Inc., Washington, D.C., 1969,

U.S5. Office of Domestic Shipping, "Joint Maritime Administration,
U.S. Coast Guard Tank Barge Study", Wasnington, D.C., 1974, 107 p.

American Bureau of Shipping Record, New York, 1978.

10-2




11.

TERM

Aid to Navigation

Bank Effectcs

Basic Capacity

Closest Point of Approach

Conflict Resolution

Dead Reckoning

Decision Logic Matrix

GLOSSARY OF TERMS

DEFINITION

Any signal device external to a vessel
specifically intended to assist a navi-
gator to determine his position or safe
course, or to warn him of dangers or
obstructions to navigacion.

The bodily movement of a ship ctoward
the near bank due to a decrease in
pressure as a result of increased ve-
locity of water past the hull in a re-
stricted channel and an opposing force
which forces the bow away from the banx
due to the increase in the bow wave on
the near side. This second effect oc-
curs in a restricted channel especi .’ ly
one with steep banks, as the ship is
moved bodily toward tne near bank Jdue
to the first effect.

The level of vessel flow defined for
ideal conditions under which the maxi-
mum amount of navigable water for a
given harbor is utilized. This provides
the capacity references baseline from
which capac.ty degradation factors can
be measured.

The shortest distance realized between
two vessels as they pass near each
other.

The ability of the model to institute
slight alterations in the planned

courses of simulated vessels to avoid
collisions, rammings, and groundings.

The process by which a vessel's posi-
tion is deduced or computed trigono-
metrically, with relation to a known
point of departure.

The set of rules used in the model to
determine if a conflict exists and how
it should be resolved. Also called a
local rules matrix.
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‘TERM DEFINITION

Ef fective Domain The clear area surrounding a marine
vessel which other vessels avoid en-
tering. Also known as ship domain and
dynamic domain.

EHU Elementary harbor unit. The basic unit
in a harbor in which the shape, snore-
line, waterway type, aids to navigation,
traffic patterns, vessel types, and en-
vironmental characteristics are as uni-
form as possible. Six standard EHU
types have been identified as follows:

. EHU TYPE 1 ~ Open Water

« EHU TYPE 2 -~ Nacural Open Channel

« EHU TYPE 3 - Nacural Restricted
Channel

« EHU TYPE 4 - Diedged Open Channe.

« EHU TYPE 5 - Dredged Restricted
Channel

» EHU TYPE © - Restricted Passayge

EHU Matrix A checklist of all possiple EHU e.e-
ments that provides a systematic means
of determining the EHU type.

Encouncer A meetiny berween two venSels 1n Wwoion
a4 maneuver must be iniclatced oy one »:
the vessels i1in order 7o avoid a con-
flict.

EXt reme Maneuver A situation in whicn a vesse. 1s forcel
LO maneuver at tne extreme limnit of 1ts
physical capapility.

Fairway The main traveled part of a waterwday: a
marine tnoroughfare, sometimnes pro-
tected by law.

Hazard The cause of any undes.red evasive ma-
neuvers or tnhe obstruction of any re-
quired evasive maneuvers.

Heading The horizontal direction 1n «which a
ship actually points or neais at any
instant, expressed in angular uni:ts

from a reference Jdirection.

Local Rules Matrix See decision logic matrix.
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TERM DEFINITION

Mass Accident Co- An empirically derived measure wnicn

efficient relates the risk of accident of a ves-
sel to its draft and mass for a given
volume of traffic.

MCVR Marine Vessel Casualty Reports

Oft..:c Distance The lateral distance between a vessel's
actual path and the reference trackline
that it is following.

Practical Capacity The actual capacity level of a narbor
which has been degraded from the Basic
Capacity level due to vessel position
uncertainty and vessel domain distribu-
tion limitacions.

Range Two or more objects in line; used as a
guide to navigation.

Resource Obstructions Man-made structures or objects winich
obstruct visual and/or electronic aids
to navigation or communications. They
may affect either shoreside surveil-
lance or ships own aids to navigacion
as well as communications.

Restricted Wacers Portion of a waterway in whicn two ves-
sels cannot pass or in which passing
must be accomplished with extreme cau-
tion.

Rules of the Road The international regulations for pre-
venting collisions at sea, commonly
called International Rules of the Road,
and inland rules of the road to be fol-
lowed by all vessels while navigat-
ing upon certain inland waters of the
United States.

Ship Domauir. See Effective Domain.

Simulation Logic Use of the decision logic matrix by the
model to resolve a conflict. Also re-
ferred to as model logic.

Track Lines Straight line segments within harbor

fairways representing the general path
of vessels within tnat fairway. Track
lines mav be peculiar to certain vessel
types.
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‘raf fic Separation

Very Close Encounter
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DEFINITION

Shipping corridors marked by buoys whicn
separate ilncoming from outgoing vessels
or which separace vessel types. Traf-
fic separation schemes are improperly
referred to as sea lanes.

A situation in which two vessels are in
an encounter situation and the distance
between them is less tnan a prescribed
minimum.

Any type of craft, except aircraft,
wnich can be used for transportation
across or through water.

Vessel Movement Reporting System

Vessel Traffic Center

Vessel Traffic Services







