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ECONOMICS APPENDIX

Many organizations and individuals contributed to the success of the economic
investigation of channel and anchorage improvements conducted by the Economics
Section, Planning Resources Branch, Planning Division, Baltimore District, Corps of
Engineers. Major contributors to the Baltimore Harbor Anchorages and Channels
Feasibility Study include the Institute for Water Resources-Navigation Division; the
Waterborne Commerce Statistics Center of the Navigation Data Center; The Philadelphia
District, Corps of Engineers; the Maryland Port Administration, the Association of
Maryland Pilots and Mr. David W. Stambaugh III of the Baltimore Maritime Exchange.
This appendix represents an integrated effort on the part of these organizations to identi~
relevant issues, data needs, and sources, and to acquire and use the data to support the
economic analyses.

This Economics Appendix contains detailed presentations of several major activities. The
first presentation is an in-depth analysis of 1993 commodity flows and vessel movements
through the Port of Baltimore which is reflected in the Existing Conditions report. The
Without Project Conditions report represents the next major activity and provides the
rationale for the commodity and vessel forecasts relevant to the Port of Baltimore and the
Baltimore Harbor Anchorages and Channels feasibility analysis. The Trade and

Transportation Group of DRI/McGraw-Hill was a major contributor to these activities.

Concurrent with the development of the without project forecasts, Professor Michael
Racer, University of Memphis, developed a simulation modeling tool for use in the
Baltimore Harbor Anchorage and Channels Feasibility study and incorporated major
physical and operational features of the Port of Baltimore vessel movement system. This
simulation tool, coupled with vessel fleet forecasts, channel locations and configurations,
anchorages, time parameters and cost parameters, was employed to evaluate various
improvement scenarios. This simulation model is the other major activity reported on in
this appendix.

The sections contained in the Economics Appendix are:

Existing Conditions Report;

Without Project Conditions Report (with annexes A-G);

Expert Review of Simulation Model Development and Application;

,,Simulation Analysis of Anchorages and Channels Modifications
Baltimore Harbor Channel Simulation User’s Manual;

Example Benefit Determinations and Channel and Anchorage Alternatives,
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- Chapter 1

Thischapterwillpresentthepurposeofthestudy,aswellasprovideageneraldescriptionofthePortof

Baltimore’sanchoragesandbranchchannels,andotherimprovements.Inadditionexperienceand

qualificationsoftheamsukan~D~raw-Hill willalsobeintroducedaswellasanexplanationofthe

reportpresentation.

Purpose of Study

This study will developandprovidehistoricalandbaselineinformationonvesselmovementsand

commodityflowsforuseintheBaltimoreHarborAnchoragesandBranchChannelsFeasibilityStudy.

Theinformationtobedevelopedwillwe asinputtoasimulationmodelwhichistobethebasisforfull

developmentandevaluationofthe“withoutproject”conditionandthe%th project”condition.

Through Senate committee Resolution 23 June 1988, the Corpsof Engineerswasauthorizedto:
a...reviewthereDortsoftheChiefofEn “mmxm onBaltimoreHarborandChannels.Marvlandand

VirginiacontainedinHouseDocumentsNumber94-181.94thConmss.1stSessionandNumber 86,
\ 85th Congrem. 1stSessionandnriormmrts.withaviewtodefmdninziftier inmrovementsfor

navim.tl“OILinchdirw anchmamsandaccesschannels.areadvisableatthistime.”Asamsultofthis

authorizatio~theBaltimoreHarborAnchoragesandBranchChannelsReconnaissanceStudywas

initiatedtoexaminetheadequacyoftheexistinganchoragesandbranchchannelsnetworkinthePortof

Baltimore.Alongwithapprovalofthe~ Reportin 1992,itwas dekrmh.wdthat

queuing/simulationanalysiswouldberequhedasabasisforanyeconomicstudiesundertakenandany

decisionsmadeaspartofthef-bilitystudyeffortThis1995studyincludesdatadevelopmentand

collectiontosupporttheBaltimoreDktxict’sutibtkmofsimulationmodelingtechnologytoevaluate

potentialimprovementstothePortofBaltimorenavigationsystem.

Anchorages,Branch Channels,and otherImprovements

Since1824,theBaltimoreDistrictoftheUnitedStatesArmyCorpsofEngineers(COE)hasconstructed

andmaintainedthechannelsystemwithinthePortofBaltimore(POB).TheCOE maintainsthechannels

inordertoaccommodatethelarge,deepdmflcommercialshippingvesselscallingontheport.A number

ofanchoragesarealsomanagedwithintheporttoprovideameansforvesselstosafelylayoverforvarious

. .. -

reasons.Originallyauthorizedbetween1909and1945,theanchorageareasweredesignedtoservethe
L
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vesselscallingontheportduringthatera.Overtime,workingvesselsgrewconsiderably,makingthe

originalsizeoftheanchoragesobsolete.Forexample,theanchorageswereoriginallydesignedtosafely

accommodatea600fmtlengthoverall(LOA)vesselinah swingingberth(shipmaymovewiththe

tideandwindaroundtheanchor).Currently,over1000vesselscallingtheporthave600fmtLOA or

greater(seeChart1).Thisrepresents50?!ofthetotalmerchantfleetcallingatthePOB. Furthermore,

theolderfleetisbeingreplacedbynewgenerationvesselswhichpossessaLOA ofbetween600and990

feetVesselscallingattheportwith900LOA orgreatermakeup3% ofthevisitingfleet.

chart 1
VesselDrafts-LOAsPercentseBreakdol

~
O-299 2%

300-399 5%

400-499 10%
500-599 33%
600-699 25%
70&799 16%
800-899 6%

I 900+ 3%
-: mwIwGnw-Hill*mdE&a

m for 1993

Th~manyvesselsareforcedtowaitsouthoftheharborinthewdumllydeepwateruftheAnnapolis

Anchorage.VesselswaitinginthissouthernlocatiorLenduredelaysandincuradditionalcostsfortheir

owners,charterers,andcustomers.Forexample,in1989,vesseldelaysresultedinincmasdcostsforthe

% sea”operationofthe~ pilotagef-,andlaboramountingto$822,000fm morethan100vessels.

(Figuresbasedon April1992,US Amy CorpsofEngineers,BaltimoreDistrict‘BaltimoreHarbor

AnchoragesandChannels,MarylandReconnaissanceReport.”A morein-depthdiscussionofthese

delaycostsbasedonasepamteanalysisofcost* willfollowinChapter2.)

Duringthe1990’smanyinterestedgroupsrecognizedtheneedforthePortofBaltimoretofimdamentally

improvetheanchorageareastomaketheportmoreoperationallyefficientandattmdvetoglobal

Shipping-C. ThiS heightenedconcern and incmsed needforlargeranchorageareasledtothe

identificationofotherperformanceproblems.Branchchannelswhichservesomeofthepublicmarine

terminalsm notdeepenoughtoaccommodatethesizeofvesselscuneatlyCallingattheport.The

limitedwidthofthebranchchannelsatSeagirtandDundalkMarineTerminalsrequirestimeconsuming

maneuverstonavigatevesselssafelyduringbathingandde&xth@ operations.Thisadditionaltimefor

operationsatSeagirtandDundalktotaled$874,000forover900shipsin1989.SouthLocustPoint

MarineTerminal’sinadequatefiwilitiesresultedin$567,000extracostsforover300vesselsin1989.The

FederallyauthorizedCurtisCreekChannel,reportedasinsufficientforvesselscallingatthisfacility,

C-3



requiresvesselsto’lighten’’ordischargecargoontosmaller*. In1991,costsmmdatedwith

Iightering31 vessels to shallower drafk in order to sakly navigate the channel totaled $615,000. (1992

-~ s).

Anchors Zes - current status

Data forthissectionisbasedon informationderivedb the%akimoreHarborAnchoragesand

Channel%Marylandkmmkmce Report”,April1992.

The fw anchoragesauthorizedundertheexistingBaltimoreHarborandChannelsprojectsaredetailedin

Figures2and3.Theseanchoragcsare“mamtainedbytheFederalgovernmentandregulatedbytheU.S.

- Guard(USCG).TheQuarantineAnchoragewasauthorizdbytheCOE,butisnotshownonany

Inapssinceitisnolongerusedduetothecons&@ionoftheFrancisScottKeyBridge(regulationofthis

anchoragewascanceledbyUSCG ti&cthwJanuary15,1970).

● Anchorage#1: Fort McHemy Anchorage:
Inthe Patapsco River nearthe”mtmectionoftheFotiMcHenryChannelandtheFerryBar
Channel;35* deep, 3500 f=t long and 400 feet wide.

● Anchorage# 2, General Anchorage:
In the Patapsm River, adjacentto Seagirt Marine Terminaland Anchorage #3, depthrangefiom
19 to 35 fka

● Anchorage#3: Riverview *borage #1:
In the Patapsco River, on the nortbst side of the FortMcHenryChanne~adjacenttoSeagirt
MarineTerminal; 35 feet deep, 4500 f- long and 1500 I&t wide.

● Anchorage#4, RiveMew Anchorage#2:
In the Patapsco River, 1000 yards southwest of the IXmdalkMarine Terminal; 30 fti deep, 2400
fet long and 1300 f= wide.

● Anchorage#5, General Anchorage:
hti_Wtitim@e~F~ Hqmd Ctis~Cti; _mge
fhm 18to23f~toverthe305acrearea

There are fbw additional f&iendly regulated anchorages established at Baltimore, illustrated in chart 4.

These additional anchoragesarenotauthorizedundertheexistingBaltimoreHarborChannelsprojectand

are not maintainedby the Federal government. These anchorages are regulated by the USCG and can

accommodatevesselswithdraftsrangingindepthfrom 19 to 24 fa (Note Anchorage#7 was previously

the QuarantineAnchorageandisnowmsemedfm anypotentialnewanchorages.)Inadditiontothe

anchorageslocatedintheharbor,thereisa ~ fderallyregulatdanchorageareaattheAnnapolis

AnchorageGrounds(Chart5). This anchorage is also mgukted by the USCG and can accommodateany

c- 4
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sizevesseltransitingtheshippingchannel.Inadditiontotheestablishedanchorage~ conunem“al

vesselsalsoanchorintheareajustsouthoftheNavalAnchorage.

● Anchorage#6, reserved

● Anchorage#8,DeadShipAnchorage:
IntheCurtisBayjustsouthoftheCurtisBayChannel,betweenSleddsPointandLeadingPoint
qqtim15to Z*toverthe 165acrez.

. AnnapolisAnchorageGrounds,NavalAnchorageforDeepDmflVessels:
IntheChesapeakeBay,eastofAnnapolisandjustsouthoftheWilliamPreston-,Jr.,
MemorialBridge(ChesapeakeBayBridge).ThisanchorageislocatedinnaturaIlydeepwater
andismsemd fordeepdraftNavalvessels.The&mapolisAnchorageisalsousedbydeep
draftCommemlal- ships.

● ✠✝✍✍ AEhorage:
InthePatapsmRivernearHawkinsPoin$southeastoftheanglebetweenFortMcHenryChannel
andCurtisBayChannel;35f~ deep,3500f-tlongand600f=twide.

Procedures

UseofthedesignatedanchorageareasinBaltimoreHarborisregukd bytheUSCG,_e~

Oflice.VesselscallingonthePortofBaltimorearemquimdtono@ theUSCG 24hourspriortoarrival.

Attisti, ti~ti&tie~ qu~ti~titi do~~orti-. Thisrequestis

enteredintotheMaineSafi4yInformationSystemdatabse.Theselectionofasafeanchorageareafm a

vesselistheresponsibilityoftheUSCG inaccordancewiththeCodeofFederalRegulations,andisbased

onseveralf%ctors,includinginhmationprovidedbytheAsswiXionofMarylandPilots(AMP),berth

availabili~,dockingtime,andthephysicalchamckristicsoftheship(overallleng@beamanddraft)

FederalregulationslimitanchorageusewithinBaltimoreHarbortoperiodsof12 to 72 hours, depending

onthe anchorageused.Vesselsrequiringlongerperiodsatanchormustobtainawrittenpermitfromthe

captainoftheport.Withtheexceptionofanchorages#land#8,standarduseis72hours.hchorage#l,

FortMcHenryanchorage,islimitedto12hours.Shipsusingthislocationgenerallyrequiretugassktance

toavoidprojectingintothemainshippingchannel.Anchorage#S,DeadShipanchorage,requireswritten

permissionforanyperiodofuse.VesselsanchoredinBaltimoreHarborandthePatapscoRiveroutside

thedesignatedanchorageareasarenottoexceed24hours.Thisislimitedtosmallvesselsasthewater

depthsarelessthan20f=tandtheregulationsrequirethatnovesselbepositionedsoastoobstructthe

passageofanyvesselorextendintoestablishedchannellimits.

.=._ ‘
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cargo to amiv~ or a letter of cmxlk Container and grain ships rarely anchor due to scheduling

constraints and available bexth space. However,theywill anchor duringpoor weatherconditions. A

designatedanchoragearea located in deepwater eastofAnnapolisisusedforIong-tmnanchoringof

deqtivessels.H_ea~--mW-knot-le4tieB~%,

v-~tiezk a~~wvqtitim~eti~ gti~tieb~,rnoti~

arriveatthebathatascheduledtime.

Positim@ or npositioning of foreign flagged ships or Arnezicanvessels eagaged m fdgn trade

wilhinadea@Xedanc&ageareaisthemPonsibilityoftheAMP. Theexception iswheaveaselsare

snaneuvezingm a designatedanchorage area duringbeathingorunbexthingoperations,andkwshifting

withintheconfinesoftheBaltimoreHarbor.Ifalkxnsedpilotisnotaboar~tugassistanceanda

docldngmasteraboardtheshiparerequired.

Thedsting~ject for theBaMmore Harbor andChannelswas a@M by the River and Harbor Act

ofAugust8, 1917, dkmnod&dbytheRiwzandHarborActsof January 21, 1927; July3, 1930;

March 2, 1945; July3, 1958;and Dewmber31,1970.

The existingproject (all data basedon 1992Remnn&an ceReport) incMesa 50 feetc@rnain

charm* betwcm Cape Henry, Virginia and Fort McHenry, Baltimore Maryland The authorized

dimemions ofthechannelareasfollow:

● CapeHmryChannek

50 fw deepand 1000f- widelqth of channelIkombayto oceanis 3 mik.

. Yak Spit _ek

50 feet deepand 1000 f- wide-kngth of channeltiom bayto YorkRiveris 18.4miles.

● Rappahannockshoal Channel

50f- &ep and 1000 f- wide-ltmgth of channel tim bay to opposite Rappahannoclc River
is 10.3 miles.

“ CraighillApproachChannelto FortMcHenry

50f- deepandgtmrally800fe@widqwkknedat theentmnceandbeds, with a length@m
bayatthe mouthof the MagothyRiv= to FortMcHemyon the PatapscoRiver,a distanceof
20.7miles.
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The existing project also authorizes a series ufbranch channels, providing access to the various public and

private terminak seining the Port of Baltimore and connect@ the main channel with the C&D Canal.

The dimensions of the branch channels areas follows:

● C4mnedng Channel to Ckapeake Bay and Delaware CanalApproach Channel:

35 Ike-tdeep, 600 f~t wide, and 15.6 miles long fkomthe cuttiangle inthernain channel to the
35 fbot depth cumsinthe natural charmelonthe eastsideofthe Cksapeake Bay, which ispt
of the inland watemayfkxnthe Delaware River to the Ckmpeake Bay. The channel includes
the Brewerton Channel Eastern Extensi~ Swan Point and Tolchester Channels.

● Curtis Bay channel:

50 f~t deep, 600 fe wide, and 2.2 miles long from the main channel to and including a 1275-
fmtwidetumingbasin attheheadofCurtis Bay.

● Curtis creek:

This channel provides access to multiple fkilities which are used for several purposes: shipment and
receiving of fuel oil, petroleum produc@ liquid fertiliza, asphaQ sulfhric aci~ pot@ bulk cement
sodium hydroxide, and sodium silicate, marine repair woriG and marine cmstmch “on. Most of the
ships calling on these fiwilities are barges, although some fuel tankers also call. These tankers must
be Iightered prior to entering the channel (vessels navigating Curtis Creek are limited to a maximum
draft of 33 f-). This lightening is conducted in the Annapolis hchorage or at another berth.

1

2

3

4

5

Achannel 35deepand200 f=twidefkornthe 50fwtchannel in Curtis Bayto75Of*
dmmtmam of the Pemdngton Avenue Bridge (.9 miles).

A channel 22 f~t deep and 200 iket wide fkornthe 35 fwt channel to and along the marginal
wharf of the Curtis Bay Odnance Depot.

An imeguk shaped basin 18 fket deep and 320 feet wide, adlnt to the head of the 22-fwt
channel, a distance of600 f-t.

A basin 15 f- deep and 450 f- wide, from the end of the 22 fwt channel to the end of the
_ ww, a distance of.2 miles.

A channel 22 f~t deep and 200 f- wide, fkom the 22 f~t channel of the CSX Rail Transport
bridge to close to Arundel Cove, a distance of 2800 f=4 then 100 feet wide in Arundel Cove
fbr 2100 f=~ with an anchorage basin 700 feet square adJacent to the channel and southwest
of thewharfofthe Coast Guard Depot at Curtis Bay.

. Middle Branch:

Feny Bar East Section:
A channel 42 feet deep and 600 f~t wide, the distance fkomthe main channel at Fort McHexuy
to Ferry Bar is 1.4 miles.

(The West Ferry Bar and Spring Garden Sections of the existing project were deauthoirzed by
Section 1001 of the Water Resources Development Act of 1986, PL 99-662.)
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● Northwest Branch

1 East channel:
600 f~wideand49f=t deep for 1.3 miles, havinga 950 f@widetumingbasin at the head
of the channel.

~mm_ti--F_ b_~wMch mwm~ti~-@c-ls

withvarious public kilitiesthm@out theport, Thcbranch cha.nnels range ikorn36t042 fketdeepmd

300 to 500 f- wide. The branch channels are illustmted in figure D. They include West Seagir&Branch

channel, “~ buzting Channel WestDundalkBranch Channel; East Dundalk Branch

Channdand South Locust Poiut Branch Charmed andtuming basin. “Wmtenam of these branch

channels and the berthing areas is the responsiiili~ of the MPA.

Detailed Existing Conditions

The Port-Phvsical

The navigable portionof the Baltimore Harbor includes the Patapsm River area south of Hanover Stree~

the Northwest and Middle Branches; and Curtis Bay and its triibutay, Curtis Creek. The Northwest

B_ti~ti-~12W to3~~de~&3~~toi@M Baltimore’s Inner Harbor

is located at the head ti the Northwest Branch. The Middle Bran~ also known as Spring Ciardq

e_l.5timnti~ tiF~~~~S~d tiakti~tim 1000t04000f&t.

_B~-~.7tia *=dm*2*~titi Fofi~C-l. ~screek

empties into the head of Curtis Bay and extends in a southerly direction.

The Patapsm River, a major tributary into the bay, originates near W@minster, in CarIoll county,

M@ax@ and flows smtkstdy for 65 miles to enter the Chesapedm Bay 9 miles south of Fort

McHenry. The lower 15 miles of the river are tidal. Navigation for deep draft vessels is limited to the

area south of thelkuwver Street Bridge, where thewidth of theriverinmases abruptly to nearly 1 mile.

From this point to the mou@ the width gmdually inmasestoabout 4miles.

The mean range of tides is 2.8 f~t at Cape Henry Channel, 2.3 f~t at the York Spit Channel, 1.4 f~t at

the Rappabmock Shoal Channel, .8 f-tat the Craighill Entrance, .9 feet in the Craighi.11Upper Range,

1.1 f~t at Fort McHenry, and 1.2 feet at Pooles Island in the upper Chesape@ Bay. Prolonged high

-
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inds tim the north tend to blow water out of the bay, causing very low tides. Thus, prolonged high

winds iiom the south blow water into the bay, creating very high tides.

Thevelocity of the flood current ranges fkornlknot attheentrance to the Chesapeake Bayto

approximately.6 knots at the Craighill Entrance Channel. A vessel entering the Chesapeake Bay through

tie V@~~a~ti 12h*-~~~~to *h-prior toti@titid

carry a%mrablecurrentallthe waytoBaMmore. Avesselleaving Baltimore atthesame speed athigh

tidecancarry afavorable current about two+hMs of the way to Cape Henry.

The salinity of the Chesapeake Bay ranges ffom the highest at the mouth of the bay, where seawater enters

theestuary through thevirginia capes, to freshwater along thehsquehannaf latsat the upper bay.

Salinity also varies considerably throughout the bay along the longitudinal and depth gradients, according

to the seasondity. The salinity of the bay is easily dlkcted by periods of drought and heavy rains, and

unseasonably warmer tempmtms. At Baltim~ the salinity varies ftom an average 5 parts per

thousand (ppt) in the spring to 10 ppt in the fall. The salinity at the mouth of the Potomac River varies

timllti18~gwMeti@~it@~ti23 to29ppt. The bracldsh nature of thewaterat

Baltimore can efkzt the buoyanq of large bulk carriers, mmethmx resulting inalfoot increase inthe

draft of vessels at Baltimore over that at Cape Henry.

\ ---

The bottom sediments in the Chesapeake Bay and the approach channels to the Baltimore Harbor are

predorninatiy clay-silt& with some locations of sand-silt-day.The upper Chesapeake Bay is a zone of

deposition of sediments, with the Susquehanna River as the principle source of new sediment. Sediments

which shoal in the channels are comprised pmdomina tly of the local sediments, and are mostly ciay and

silt.

Baltimore Harbor is considered the tidal portion of the Patapsco River and the adjacent lands. The natural

water depths aregenerally lessthan20f*

The Port-Comnerad

The Port of Baltimore is located on a 32 square-mile area of the Patapsco River and its tributaries,

approximately 12 miles northwest of the Chesapdce Bay. The port maybe reached from the Atlantic

Ocean by two distinct shipping routeq from the south through the Viiginia Capes and the Chesapeake

Bay, or tim the east through the Delawaxe River, Delaware Bay, C&D Canal, and the Chesapeake Bay.



~e_kr_balong @titi~tigkk~l@8. Theportwas establishedin

1706, nearly 20 years prior to the incorporation of Baltimore City. The settlers were attmctd by the Jones

Falls’ natural water power and the naturaUy deep port at Fells Point. ~ the end of the Revolutionary

war, “Bdm0rt2 hadestablishedregularlyscheduledsailingsemices.In the 19th amtury, ship M%

warehouses, and piers conthed to~dtim~ti ~titi_gldmdm@od~.

By the 1830’$ the Baltimore Clipper, cargo canying vessels, steam powered vessels, and milmads

supported the pmpezing Baltimore mmmmialrnarket Be@nning inthe185~dredging of the

navigation channels enabled even larger vessels to call on the port. Ccdnuing into the 19% the Port

of Baltimore remains a growing commercial center.

Handling over22 millionrnetri ctonsofforeign cargo and over 11 rnillionmetrictons of domestic cargo

in 1993, the Port of Baltimore remains a major fhcil.itator in the thiving Baltimo*Washington

megalopolis.

It is a major node in the distribution networks &ding the marlmts of New YoriL Philadelphia N-

and Washington DC. ~e%tiktim@-~fimtie~~p~@~~ “Onsto

Amexica’s irldwtrial hedand. Ba.ltimore alsocontributes toeastcOast markets as fiirnorthas Bosto~

Massachusetts and as f%rsouth as Charlotte, North Carolina

The Port-Vessel Activity

Vessel types calling on the Port of Baltimore may include autocamiers, break b~ conta&rs, dIYM

tankers, RORO (roll on - roll oft) caniers, general cargo, cableships, naval shim tugq and tug/barge

combinations. DRI’s World Fleet Forecwthw Semite will use the following classes to describe the fleet:

cellular (container), bullq cornbinatiok tanker, RORO, vehicle carrier, product tankers, general cargo,

reefer, gas tankers and other ships.

,.

The Port of Baltimore is one of An&a’s busiest deep-water pints. For container business, this harbor

has ranked between 33 (1989) and 40 (1990) in the top 100 Global Container ports, (Containerization
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International Yearbook.) Within the United States, POB ranked 13th (1993) and 9th (1992) for total

foreign waterborne tonnage (based on Waterborne mmrnerxx data). POB also ranked 9th (1993 and

1992) in the nation for total value of foreign waterborne cargo (waterborne cmnmeme data). The port’s

45-mile shoreline supports many modem public and private cargo terminals which handle a wide variety

of general (co~ le) and bulk cargoes.

Foreign commerce at the Port of Baltimore is a mix of bullL general, and specWkd cargoes (these cargo

fiowsarefurther dkuased in Chapter 2). The level of international trade has varied in the last ten years

and is a topic under review in both the public and private sector of the commerci al shipping industry.

These non-standd trade flows make it difficdt for the port to dkctively plan an& as a resul~ to operate

efhciently.

Ocean Carriers

Stearnship lines have increasedthe sizeof container vessels dramatically over the last decade doubling the

length and sextupling capacity. This extreme growth wastheresuk ofmarket*dswha* ori@

container ships were constmctd In order to meet customer sewice requirements, shipowners were forced

to build enough ships to continue original call schedules. HOWWV=,W new ~n- V* =

considerably larger, resulting in the new fleet replacing the older * in the ratio of one to three.

Shipowners had to build nearly twice as many ships as the trades could support financially. Thus, their

-V ~ cargo considerably.

Overcapacityin the steamhip Mustry led many operators to merge effbrts, resulting in the consolidation

of some lines. In additio~ steamship companies charter space on one another’s vessels (vessel sharing),

substituting cooperation for competition. Due to the large size of the containerships, an oceangoing ship

is more economically efiicient when operated fkom one loading port to OIEdkkging WI. Di-g

ships after cargo is not an economically rewarding @em. Therefore, steamship lines utilize smaller

ships (fders) to distrbute and pick up c=go at O@@ m. m feeders q =W to ~d ~m the

mother ship for final loading or discharge. Feeders improve the deep sea service by sailing on a regular

schedule, enabling the larger operators to better control costs and perform a consistent seMce to the

ultimate customer.

In respse to increased competitiq the shipping ind~ has become very f- on costs and cost-

cutting measures. Stearnship lines stxive to have their container vessels complete as many annual ocean

transits as possible. To mmdmize revenue opportunities and earn a return on the huge capital investment

t- 11
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to build thevessels, Iinesmustminidzeco “ntammhip timeinport asmuch as possible. Most lines

~m&onti_ple Witismm*ti=tti &tie~mtoti stipkti=tigtie

shiptornee tthecargo. ‘Ikentircamtairm cOncept is based onthef&ct that for larger Vessels itis

cheaper tomovecargo to thevessel thanthe vessel tothe cargo. Thisconcept ofconsolidating cargo at

designated “load centers” f%ors ports closest to the ocean. Baltimore’s location 1S0 miles up the

Chesap&e Baycanputitata “dmhmta& tothe Portof Hampton Roads which is only 18 miles fium

open ocean.

Most C4mtainaid cargo iscaniedon mmurcid ships callinga tvariou sports according to afixed

schedule, unlike vessels cmmactd (~ for a Specific trip, use, or time period. On time_ is

a crucial competitive fhctor in the shipping _. Steamship lines offer their customers intermodal

door-tcAoor (moving goods via more than one mode oftmrqort to reduce handling and expense) to their

customers in order to provide the shipper with the convenience ofonebillofladin~ onerate and one

company to deal with on a shipment. This flexibility allows the operator to move cargo, to make calls

~to=h~~ejor~p~=a~~weti. Theendcustomer isnotusuall yconmned

howorwhere thecargois transpt~aslongas itamives atitsfinal destimtion ingoodconditionand

ontirne. Asaresult ofthistre@ overthelast lOyeas, Steamship lines haveshown a preference for

ports near the open ocean like Hampton Roads. Ports located in close proximity to large bodies of deep

water aregenedly have deeper harbors and can acmmmo&e larger vessels. Larger vessels can

complete operations with f-r obtrution$ enabling them to discharge and or load cargo with minimum

time hwstmmt

Another fkctor forcing ships to .mamtain astrict schedule and stay close toopenwater isthe conceptof

just-in-time distribution (J-I-T). J-I-T is a distrihtion strategy which aims for the lowest inventories

while a@im@ly striving for constant improvement in the logistics process. This @em ‘~ the

distribution process into the entire ~g~qh~p~ unneededor

unnecessary parts/products onto Supplierskustomem. With J-I-T, consumption dictates production needs.

Thus, rnanufactwm limit inventories and respond to demand. This orchestrated responsive distriition

@em also eases cash flow by avoiding intensive cash investment on goods in storage. However, because

this - is so time sensitive, schedule fhilures can have detrhental afhcts. Due to this sensitivity, a

vessel which is late because of bad weather or the required use of an anchorage, may attempt to make up

the time by increasin g its speed. This fhster travel usually poses no problem in the open ~ but vessels

seeking to gain time in the Chesap4e Bay must deal with environmental and traflic regulations,

necessitating much slower speeds for 12 to 16 hours each way. For example, Chart 6 presents the

average deep draft speeds in knots for vessel traffic to and horn Baltimore Harbor.

-
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Chart 6

Average deep draft speeds in knots for Baltimore Harbor Navigation

avg speed
location (knots) tugs

Intraharbor vessel movement (1%.Carroll to berth) 3 Y.
lFt Carroll to North Point ‘ 8to10 N I\
Nofih Point through Brewer’ton E. Extension
swarm Point up to C & D Canal approaches 12 N

INom Point to southern approaches to Cape
Henry (Brewerton, Craighill to Chesapeake City) 15 N
Channel and naturally deep waters frbm --
Chesapeake C@ to Cape Henry approaches 15t020 N
Soluu:Mbwc Ib’Mimam

Vessels seeking a short= route to the Port of Baltimore may consider utikbg the C&D Canal. As

ti~&of&&ti&M-lefmti~ofv-. Theexisting depth of the CanaI

is a disadvantage for v-s sailing with actual draib great= than 33 feet. Vessels going to or tim

POB to northezn ports with sailing drafts above 33 f- are restricted fkorn using the C&D canal and

nmstnav@esouthto theoceam ~@_tiev=d@ st-12-16timtim~Hg,

dti16~ti~ti~@tie~ tiemp~=Ktiq~titie ~H.

~epOB’s ~- accesschann~ CapeH- at 50 f= uxnpares to other major mld

ports (see Chart 7). l%e C&D Canal is thealtamtive route to the port. Cumntly, studies are being

conduoted to detemine the feasibility of deepming the C&D canal.

Ports

U.S. container ports are expading despite slow growth and skp competitio~ each ptentMy I&ding to

overcapacity and~ ratewars. Theexpansion isduein parttocontahm trade growth. Global trade

forecasts expect U.S. container traiiic to imrease. l’hisris einexport sandimport swillamtinue as

countries expand and develop trade relationships. Another reason for expansion is the shift to larger

container ships making fkwerportcalls. Inmsponse, ports are building longer ber@ bigger cranes and

larger container yards. For example, the largest U.S. port kdiastmcture inwtmmt in the U.S. is the $5

bM~3&~~_on_@~-h ~bhgelsti~ ~tititie~

shipped fromthe Far~ discharging their cargo onthewest~ and then railing across the U.S.

(kmdbridge) to east coast desthations. In additiq charksto~ south Carolina plans to invest $400

million to double its container dock capacity by the year 2005. Its rival ~ Georg@ intends to

develop Mulberry Grove, a former cotton plantation into a huge container terminal. New York (Kill Van

Kull) has no expansion undenvay. The Staten Island container terminal has not reached capacity levels

since U.S. Lines Inc. ceased operations in 1986. New Yorlq the nation’s largest general cargo po~ is

c-13
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chart7

Major Ports of Call by ContainerShip Lines

Trade Area port

North America Los Angeles

San Francisco
Baltimore via Cape Henry
Baltimore via C&DCanal
Long Beach
Charleston, SC
Norfolk
Haliiax
Mobile
Oakland
Houston
New York
Miami
New Odeans
Savannah
Wilmington, NC

Far East Singapore
Kobe
Tokyo
Busan
Hong Ko~
Kaohsiung
Keelung
Nagoya
Osaka
Yokohama

Northern Europe Antvuerp

Bremedwven
Le Havre
Felixstowe
Rotterdam
Hamburg “

Southern Europe Barcelona

FOS
Valenaa
Haofa
Piraeus
Cadiz
Leghorn

Channel depth (ft.)

Swrce: Containenfzatim international Yaadmok

I I Iwl

45.00
42.70
50.00
35.00
42.00
42.00
50.00
40.00
40.00
40.00
40.00
40.00
38.00
38.00
38.00
38.00

45.90
42.70
42.70
41.00
40.00
39.40
39.40
39.40
39.40
39.40

5020
46.60
44.30
44.00
42.70
41.00

45.90
45.90
45.90
42.70
41.00
39.40
39.40

d
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concerned that rival East Coast por&swill not recover their investments and that their overcapacity will

pti rates down.

The Port of Baltimxe established thepublicly-finamxi Maryland Port Administration (MPA) m 1956,

-~e- tOCXXX=I~e On ~~oprng g=~ _ ~~ MPA b@ axmng @h= facdities,

a marine terminal to handle specialized shipments, and within a few years handled 100,000 imported

cars a year, plus militmy quipment and a growing container trade. In 1991, it compl~ed its $250

million Seagirt Marine Tenni@ a stato-of-thea@ highly automated contain= tmsport facility. With

this additio~ the port is well positioned to take advantage of the nmv~t to mtmmddism (A

compk%e list of all facilities, including numbers of berths, cranes, etc. is contained in Armex G of the

Without Project Conditions report)

Trade

I_dtiek_q~~xt ixm~@~ti_t= d@&ahge~ti~

the U.S. and world economies. ~exportsgrewespecially~ begiming withsmall items

like toys, and mpanding to automobiles and consumer electronics in the 1960s and 1970s. The exports

originated in countries that previously had not exported substantially (espeddly Japan and other Asian

locations). Coupled with this trer@ was a large increase in U.S. consumption of these goods. This was

accompanied by structural changes in the U.S. economy as many of the ~g and producing

industries in the U.S. that had previously been the prime suppliers of these commodities lost domestic

market share to imports.

Trade through ports in the North Athntic regioq which includes the ports of New Y- philadelphi&

Baltimore and Hampton Roa@ grew 32 percentfrom 1976 to 1986. During this same period trade

through California ports grew 130 percentj South Atlantic ports 99 percent and North Pa@c ports 65

percent Sti=tispn4 tiem~rds@ds ~~Ntitic~ti ~&=ortiti

constant though the vohnne of world trade has expnded. This is due to the growing practice of

landbridging cargo (supplementing ocean tmnspmt with the use of truck or rail to move cargo over land).

Thisrnethodis usedtomove appro*ly75 percent ofcargotim the Far Easttothe Midwest and 50

percent to the East Coast. This distrlmtion method reduces operating costs and time expense as ships call

at fkwer ports and avoid navigating the Panama Canal.

just 13 to 17 days to move ftom North Asia to Baltimore.

water route through the Panama Canal. lb a resul~

European trade.

Delivery d a container via kmdbridge rquires

This compares with 23to31 days using the all

many East Coast ports now f- heavily on

c“ 14
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One major trend that could potentially work in Baltimore’s fhvor is the apparent shift in export

manuhcturhg fkom North Asia (Jam Korea and Taiwan) to South Asia (TMilan& Malaysia and

Indonesia). As more and more
.

mm&dumg moves sou@ the trend touseanew ocean route may

increase. For example, cargo exported fknn Singapore transported via the Suez and then to the U.S. east

coast willtakeabout 22days. ~sm=gomtitia @W*titoti M~tidtie28

to32days. ~stibtigtie w-tim=xclo=ti~-~

Conclusion

These issuespresent critical considerations for the Port of Baltimore. As vessel operators merge tiorts

and reduce calls, competition among ports continues to inten@. A port seeking to gain the greatest

shareofb usiness, must capitalize on recent developments. ports that understand ‘load centers” and

SuppOfi ‘feeder operations” can offkr athztive seMces for ship owners and operators. Ports that

-&ti~ti@-avoidti n&tia~d~~~_dadu-ti

DRI’s Role

For the economic study, DIWMcGraw-H.iJl(DRI) acts as the primary consultant collaborating with other

tmmp&tion and maritime experts to provide a thorough evaluatkm Work on the Baltimore Harbor

Anchorages and Channel Feasibility Study cmnnmcd in September 1994, with pdiminq’

investigations and W finding. DRI contimd to provide the majority of the data processin g required for

a concise analytical evaluation of the port’s current commercial and vessel activity. ‘Ihe data sources

Wilized include: the Baltimore Maritime Exchange (BME), Waterborne Comxnme Statkics Center of

the Water Resource Support Center, Journal of Commerce’s PIERS &abase (PIERS), Lloyd’s Maritime

Information SeMces (Lloyd’s), DRI’s World Fleet Forecast Sen&e (WITS) and World Sea Trade Service

(WSTS), and the Fairplay &abase (I%@@. These datakes and the methodology used will be

dkussedindetail in Chapter4.

DRI’s Experience and Emertise

The DIU/McGraw-Hill study team for the Baltimom Hmbor Anchorages and Channels Feasibility Study is

~ qualified to complete this study based on accumulated rnaritirne experience. Our team members

contribute unique skills which enable DRI to approach and execute this report eflkctively and efikiently.

Team members include former maritime and intermodal profession as well as, data analysts and

programmers. DRI has significant experience in maritime port feasibility studies (see details below).
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DRI/McGraw-FIill Com,)orate ouahfI“ cations

DRUMcGraw-Hill has perfbrmed economic consulting for more than 25 years, providing a wide range of

analysis and forecast@ seMces to clients worldwide. DIWMcGraw-Hill isa@ofmorc than 400

@*@sl~*titi= titi Utiti SU__, ad* Itisamcognized leader

intheareas of quantitative economic research andf recasting. DRIisalso recognized asthe leading

consldtancy f- on Mernatl .onal transportation and trade analysis. DIU bas completed dozens of

policy and planning studies for Federal clients such as the U. S. Army Corps of En@nee~ the Mmitime
. .

Mmwtmtio~ NATO, tlw Panama Canal Cornmmn“ .oQthe Federal Highway Ad . . -.o~ and the

Federal Railroad A&in&mtI on. DRI’s Trade and Tmqmtation Group has also completed numemus

P-and policy studies for public sector clients at the state and local levels.

Trammortation EXIMnence

DNs Trade ~ Tmnqa&tion Group is respmsiile fm saving DRI clients in the transportation

industry, including the 10 largest radmads, commemd“ airlines and air fteight tiers, trucking and
. .

mantune shipping _ including most of the largest global container operators, sea and air port

authorities and govemmen traqmtmt “onagencies.

DRI’s Trade and Transportation Group provides planning analysis and consulting services to a diverse

group of Clients concerned with the @ormance of tmmpm@h‘on markets. DIU has worked closely with

t?~ -> ~> =d ~ . “ens to address a wide variety of demand fomcastin~

tactical and stlZlt@C pktllIlh& business planning p- and public policy issues. The Trade and

Tmqmtation Group works closely with DRI’s domestic industry and regional economic semice groups to

provide dynamic analyses designed for indhidual clients’ needs.

DRI’s Trade and Transportation Group produces a number of ongoing and customized consulting semices

for client oeons covering both domestic and international ~ “on. In the U.S. and the rest

of North Ameriq DRI provides tailored analytical consulting semices to railmds, motor caxziers,

e= ~~es ad -e~= tiers to AS - to identi& market opportunities, evaluate

their competitive positi~ and create stmtegies and senices to address market and client demands.

The following is a partial list of recent cmpomte experience and performance.

ComDletedProiects

Maritime/Port/Navigation Studies
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Chesmeak e and Delaware Canal Studv-In this project ftity study fm the Philadelphia District of
the U.S. Army Corps of Engineers and the Maryland Port Mmh&mtI .OU DRI performed an economic
analysis of the costs and National Economic Development ben@s assockd with improving the
~ d Mm Cad. ThiS StUdyillcllldd illtti~ Withmajor shippers currently using the

port of Baltimore and inchldd an assmment onthe M@ihood of these shippers ixmsing their
commitment to the Port if the waterway were improved. Both an economic and trade f~ were
p_md D~tic-&tip ~y-tie-ad~My tig&tifitie
fhture. World Sea Trade forecasts of United States trade with the world were used along with detailed
_ of ship movements fkom D~’s World Fleet Forecasting =ce. (1994)

The National Dredzk Needs Studv of ports and Harbors -On behalfoftheu.s. hny corpsof
Engin~ Institute for Water Rmurce& DRIiscmduct@ acomprehensive national study ufd.redg@
needs. This study, when complete, will provide an analysis and esbates of thedredging needs of the
United States nowandinfie-. Inthisstudy, models are be@-@ wMch Htiregiod
economic growth in trade, both domestic and intern@ .Or@ to the chamcteristics and opemting
characteristics of the world wean vessel fleet and port system now and in the fhture. (1994-1995)

South litiantic (%ntainershiD M== Study -On behalf of the Army Co~of En_ Savamah
Distri@ DRI completed a project adyzing the market for containd@ tic through the ports in the
South Atlantic region of the U.S. This study included a detailed messment of the*dforimports
and the export genemting capacity by region of the United States. Models were developed which assmsed
thecornpetitive position ofti-A_c region based uponcompdtive costtiors and the
availabilip ofportandinland. mkmwtum mquiredt osemeinlan dmarkets. ThiSstlldy inchldedan
analysis of freight flows, by corridor, in and out of the South Atlantic states and the intermodal facilities
and links for this fight. (1992)

Roll-On/Roll-Off Market Analvsis- DRI waspartofa consultingteam which analyzd the maricetfix a
new genemtion of high speed Roll-On/Roll_ ships fix the U. S. Maritime Administration and the
Departmnt of the Navy. The study’s objective was to assess the constraints to commerd . viability for a
sdOfprOpOSed neWt%St~OSh@under COrlsi&@O1l. Thestudy requhed DRItoli.nkourtist@
long-term cargo forecasts by route and commodity with the current and potential routes fm RO/RO
deploymm~ ~t rates ~d ~mg costs and potential technology =ciencies which could increase
the likelihood of commmml“ viability. lhestudyincorporated analysis of USportsandm@- sources
of Commercml. cargo forthese vessels hcludeda spartofthis study wasa DRI developed_
Freight Rate Model designed to allow analysts at MarAd to alter vaxious parameters assdatd with these
ships in order to assess potential fm diversion *other, existing ships cumently -g. (1993)

Panama Canal Hi Fomxastm“ ~ Svstem - For the Panama Canal Commission D~ in conjunction
withaco-contractor, developedm anal@sof Panama Canal tic bad on DRI’sforecast for the
world’stanker, dry bu&mdlinerca rgomarkets. Thisproject alsoincluded ananalysis of thecanal’stou
stwtureand related fbmastsoftou nwenuesfbrthe Canal. The Canal re&vedatoll forec=tingmOdel
~tiedtitie pmj-~gti-~aatie @~totiti@tim-@d_
forecasts tim DRI to maintain its own toll revenue forecast. This project required the analysis of North
American land bridge intermodal fight corridors which compete with the canal.

Suez Canal T*IC Fonxastin~ Svstem - Du along with two subcontractors, developed long-term
projections of Suez Canal tic measured in cargo tons by type of commodity and in vessel transits. The
model incoqnates commodity demand and supply considerations from the World Sea Trade Service,
world fleet projections from the World Fleet Forecast Semite, and a cost model by route that f- a route-
choice decision model. The entire model was made available to the client in a PC format for sensitivity
analyses concerning various trafiic and economic alternatives. This project required examining
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d ternatkroutesfm” mtanatiorlal cargo flows including such competitive in-onal us-Asiancargo
routes as the Transpa@c and US landbridge versus a combined Indian Ocean—Tran@and“crouting.

Irnmutt ofWaterwav User C armsh -On behalfoftheu.s.~~T~ “Onandthe
~of~ DRImtkimpt ofwa@nvayusercharges andtheirirnpact on:
~ *G commodi~ prices, Us. -mtemationaltrade,competitive tmnsprt modes, and the
ftibility of inland watemay ‘qmmment projects.

Suez Canal EsDansion Assessment-Onbehalf of the Suez Canal Authority (SCA), DRI1ed astudy
teamwho reviewed andevabtedastdyofthe @ential fbrwidening anddeepen@the Suez Canal.
Theoriginal study was mnmissioned by the SCA to detmmme. the feasiiili~, including economic,
finmci&and ~ ~~ ofpumuing Phase II of the SCA’Slong-term expansion plans. The
SCAquested thestudyteam tope&rrnathorOu@ cvahationoftheglti economi~trade ianeand
~P-o~, ~m*mm*Pwdt i;ds--ticf~H*
byanearlierccmdant. To~~ti-,ti-m@~M&Su=tic~#@
eamOmicandfleetvariables andusedthese modclstofbreQst suez&laltic.

NATO Trade Studies - DRI u@xtookfor the North Atlantic Treaty@mdzation anumberofstudies
titi_g@fiw ~ati Nti A~cdti NA~~_. Tbsestudieswere
ti~bp__@NA~ ptititi-&a fti_lydE~ti&mt&a
warin Europe. Tbestudy’s fully imegmed DRI’s global economic outloolq dernandpmjections fbrthe
Qnkcr,d rybullq andliner markets; analysis andpqjection so fvesselavailabilit yinthe -,and
detailed projections of trade by route. In addition to studies, DRI also developed fix NATO St211ddOlM

analyticalpadages designed toallowal~ . levels afseabmxw ~(-)mb=ed.

Global FketForecast-OnbelAfofan orgmimion of major M@rWzed nations, DRI and tWO
submtmtors developcdafbrwast of theworid merchant shipping fleetby shiptype andsize, basedon.
cmmtent macmxmomic projections fbrmajorregionsofthewurld. Projections of the movement of
trade in55c0mmodm “.esacross 200routesdetemme “ thedemand fmcertai ntypesan dsizesofships,
while slrpply dat&newbuilding~ route capaci~hfbrmmim andsmppage andloss data are
combined to fbrm the supply side. The result is a &lanced outlook for the world fleeh with complete

SUPPO* =.

TVA TrafHc OutIook - For the Temessee Valley Authority, DRI studied the long-term outlook for
traffic on the Tennessee River system for major commodity groups: gra@ c@ forest produc@ chemicals,
petroleurq steel. DRI dWdO@ models which tied= in these markets to hiustry and @OIld
economic indicators, and also”mcqmtedthe impact ofmodalcompetition withmilmads.

Sea Trade Foreasthw Svstem - For the Ofiice of Poliq and Plans of the U.S. Maritime. .
Admm@mi~DRI built anocean4xxne tmdemodeling a.ndf~system~gtid
cmnmodity flows on all 28 esentid routesof U.S. foreign trade by five coastal I’e@OrlS. DRI developed
thecustomized commodity trade mute&tabase andthetrade route specific f~linked to DR1’s
Country -C fOrecast@ mOdCIS.bmlnodity fbws Originating and dCStiMting within @OUS regiOnS
of the U.S. were included in the system at the regional level

St. Lawrence Shboinr Forecast -On behalf of the St Lawrence SeawayAuthority, DRI assisted in the
development of model which f~ commodity-c freight volumes and movements on the seaway
over a 20-year f~ hmizon. The analysis covered the major market area (interlake CanadMJ.S.,
overseas), and included volume projections for throu~ local and total cargoes. A computer model was
developed to allow for pedorrning sensitivity analysis. The model includes the capability to test factors
such as changes in patterns of regional economic growth and resource avaikbility, and changes in relative
shipping costs by route and by mode.



SDeaalized Port Traffic Studies

DIUhas, overthekt-~tid outnumefous ti~of US~for&~ port

activi&. Each of these has been based on the regularly updated forecasts horn the World Sea Trade

Service. Many of these studies are performed on a reaming basis as input to the client’s planning

process. Forecasts and reports have been prepared for the:

Dela= River Port Authority
Ja&onvdl“ e Port Authority
MarykmdPoIt ~on
Port Authority of New York/New Jersey
Port of Greater Port Arthur
Ports Canada
Port of Charleston
Port Development Board of Hong Kong
Port Everglades
Port of Georgia
port of Hamburg
Port of Houston Authori&
Port of Kachsiung (china)
Port of Long Beach
Port of Los Angeles
Port of Oaldand
Port of Portland
Port of Rotterdam
Port of Seattle
Vancouver Ports Corporation
Virginia Port Authority

L
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DRI’s Interaction With Other StudV Team Elements

Forthisstudy, the DRIteamcolMmra&d with Dr. Micheai Racer at University of Memph@ the Planning

Division St@ Baltimore District Of&e @lXl) of the Corps of Engineers, and the Water I@ourms

Support Center’s Institute for Water Resmmxs. DRI provided data P==@d-mof-g

vessel trafEicrequir@ andprovidedthe datato Dr. Racer. Dr. Racerusedtbis data fbrhisport simulation

model. His analysis includes the costs fbr * using the Port of Baltimore. DRI’s contrilmtion is the

underlying economic demand for cargo and the composition of tlw world cargo vessel fleet. DRI

participated in several project planning and ~ “onrneet@s with Dr. Racer and members of the

planning division of BDO. The economic analysis fm the project was organized and managed by the

Economim Section of the Planning Division at BDO. The Mat the ~ Water Remxces support

Center, also contributed guidance in the execution and analysis for this navigation study.

Ext)lanation of the Remwt Presentation and Discussion of the Result of Existixw Conditions

&!ll@&

Thisreport pmentstheexisting economic activity atthe Port of Baltimore fkom several different

p~. F~themntpattems intradeactivity were examined. Thisactivity ispmsentedbothin

terms of thecargo moving inthe Portof Baltirnoreandalso interms of the*onwhichtkcargo is

moving. The intemelationsbip between the cargo, the routes on which commeme ~adti~of

vessels sailing is also examined. Ne~ the Port of Baltimore’s role in the regi~ countIY, and the world

ispresented interms of the existing nature of thecargo moving to, fko~ andthrough (via) the Portof

Baltimore. This analysis is followed by backup inforrnati~ documentingthe datasou.rces used in the

-.
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This chapter will present current patterns of trade activity detailed by commodity flows, fleet

characteristics, and trade routes. Levels of analysis will include global, national, regional, and local

sectors. In additio~ this chapter will discuss the intemlationships ~ the trade and the merchant

fleet

Introduction

The port of Baltimore is situated in a sheltered harbor and is amessible to major American and foreign

ports. This combination at&acted mamktmm “ g industries p- hn the inexpensive shipment of

bulk raw materials. Since the turn of the century, the bulk commodities trade has held a prominent

position inthetypes ofcargo moving through theport. Imports ofironore (from Chile&Canada) fti

Bethlehem Steel, and West Virginia cd exports provided fuel around the world In additi~ large flows

of grain have continued to move out of the port to various global destbations. The port’s proximity to

=-ad~mm~-tiba-a=onto~.

The port is the third largest handler of con@m@d cargo ontheeastem seaboa@with 200 berths used

by more than 2500 ships,handling over 25 million metric tons in waterborne foreign cargo in 1993. The

port also has the world’s largest coastal facilities for loading and unloading dry bulk commodities. It

benefits from its proximity to the Midwestern marke@ with a 150-rnile inland advantage over its Atlantic

port neighbors.

1993 Commodity Movement Analysis

Global

To better understand the commerce conditions at the Port of Baltimore, a brief study of trade in larger

geographical trading areas will be presented The discussion will begin with a global view, followed by

national, regional, an~ finally, a local Baltimore presentation. In order to present a more managed study,

using the 80/20 rule, the top 80!/o of Metric Tons moved during 1993 are analped (see Chart 8), however

a fidl detailed table of all commodities is available in Chart 9.



Chart 8

Chart DetaiKng the 10 Largest Commodities Traded in the World

80% Total Global Trade (MTONS)

mcrude petmkum

ocual&coke

■ lrulore

■ Petdeun prallxb
❑Gtain
❑ceme@Lime&stme

❑ lron&sted

❑LIEmef&wood

❑Natualmd Mamfactmde

❑uhuchemkdS

Saru: DRX/MmWdCISUTIAC Saviq 1993

Areview of80percent oftitti to_ moved around theglobe in1993, pti& a list often

commodities:. crude petro~ coal & cuke, iron o= petroleum produc@ gra@ cement lime & stone,

iron& steel, hlmber&wo@natural and~ gas, d other chemicals. crude petroleum

represents 26percent of thetotal tonnage movedin 1993. Coal &coke represents 14percen4 iron ore 10

~m~~~~l-pti*=8_ti*t@tim. Grain makes upnearly 6percentofaU

glObalmOves, withcement iime&stone atapproximat@ 5percent. Iron& steel andlumber&wood

each represent 4 percent of the 1993 total tonnage moves.

Natural and manuktured gas are 2 percent of global tonnage, followed by other chemicals (2 percent).

Based on these statistics, energy movements make neariy 50 percent of all commodity moves worldwide,

exchding lumber.

-’



chaIt9
Top Ten Commodities Comprising Total Global Moves for 1993

commodity 1993rntons %tdal

Cnldepdrdeum

caal&coke

ml we
Petroleum p~
Grab
cermnt, Lime&stone
lMn&steel
Lumber&wood

Natural and MaMaduAGas

Other Chemkak

subtotal

Percentageof*l

990,794,100
560,273,900
397,672,900
327,584,800
231,288,200
193,188,600
138,608,800
136,074,100
85,600,160
70,098,820

3,131,184,380

80.91 %

26%
14%
10%

8%
6%
5%
4%
494

2%
2%

81%
3,870,192,757

I
MKu: DRuMaeawaid saTmdesaviCG 1993

A?diod

On a national level, trade into and out of the United States varies slightly ikom the previous global

patterns. Nine commodiu groups makeup SO!%of total cargo moving to and tim the United States in

1993 (see chart lo). In Ad.itioa Us.tradeinthevarious Commodig groups represent dilfixellt shares of

the global trade thus identi$ing the_ of US commodity trade on total worldwide trade.

chart 10

Chart DetaiKng the 10 Largest CommoditiesTraded by the U.S. and the Worid

80% Total U.S. Trade with the World (MTONS)

■cnxiepetmkum I
❑Petrdempmducts

■ coal& cd(e

❑cement,Lime& 8tone

t3Lumber&wwxl

E other Chernicds

❑ Bauxite &Other Base Metal
ores

OImare

Same: DIWMacu Wciid SeaTradeSenfieG1993
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~ek~m*&tititi U.S. m_titi-~b~_mr 30percentof

total tons traded-compared to a U.S. share of global crude moves uf 28 percent. Petroleum products hold

second plalce, represent@ 15percellt oftotal tonnage traded Gminmakew pllpercento fu.s.trade

with the Worw and U.S. grain shipments represent 44 percent of total grain moves worldwide. In

*tio~d& mkq~8.6_t&~_ m-ti~~tiWU~ S~tititi

U.S.holding anearly 8percent market share of total global coal& cokemoves. _lirne &stone

holdnearly 5percentof total tonnage, lumber &wood3 percex& and fhmlly, other chemicals, bauxite,

ti-om~~ti2 ~~&tittito-@ ti~ti Ufiti S~dtiemld

trade. Toti US~titic~ti 23_ttitititie~.

The chart below, Chart 11,detailsthe relationship afeach commodity to the total number of metric tons

_~ti U.S.titie~l~ mwUmti_ti US~batd@titie. The

column’”A total’’ details theshare of each commodity toward thetotal metric tons traded between the

United States and the rest of the world The column titled ‘?! world” looks at total global trade and

illustrates the contribution that U.S. trade makes toward this global total.

Chain 11
United States Trade with the Worid Commodities- Top 8(Mo

Comparatiw Market Shares\
lw3twms %tdd % world

Petrokml-
m
W&co@
cement,l.inle?&stone
Lumbef&wal
other c~
Ba@e&cmer BaseMetal

Ironm
subtotal
%Oitlxal
Tdal

275,092,300
134,082,000
101,778,000
n,743,260
44,080,490
28,813,470
21,494,850
20,830,480

19,351,960
721,286,810

80.88%
893,984,043

31 ok

15%

11%

9%
5%

3%
2%
2%

2%
81%

28%
41%
44%

8%
23%
20%
31%
33%

5%

F a
Same: DRJMenxr Wald SaTmdem1993

EL@ Coast Raiimal

These two regions are involved in different trades at much different levels (see Chart 12 and 13). The

commodities listed in the 80 percent group for the North Atlantic are chmwtwized by several ve~ large

bulk commodities. The North Atlantic’s 80 percent market activity includes nine commodities, with 70

~- 24
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percentof total tons moved comprising crude petroleunL coal &coke, and petroleum products. The South

Atlantic, however, maintains a diverse collection of twelve commodities within its 80 percent range-a mix

of bulk and general cargo, as illustmted in the following charts (commodities in metric tons). Total

tonnage moved between the two regions varies considerably with the North Atlautic shipping almost three

times that of the South Atlantic (210 million metric tons compared to 72 million metric tons in 1993).

Charts Comparing Commodity Mix of North Atlantic Trade with the World 1993 with
Commodity Mix of the South Atlantic Trade with the WorId 1993.

Chart 12

80% of Total Market N Atlantic and the World (Mtons)

Wcrudeflemeum
❑ cctal&coke
● Petru&um products

■-Lime&stone

~lronofe

❑cmlerores&scrap
E Fad products

MIFruits &Vegetabb

R Grain

Source:DIWMma WorldSaTndc Savi% 1S93

Chart 13

80% of Total Market S Atlantic and the World (Mtons)

= Crude petfdeum

13petrdemproducts

B-Iii&stone

■ coal&wke

Oottlerchemikals

❑ Pulp&Waste paper

EPapef

❑ Bauxite &Othefmetat

mconwnefgoods

❑ Lumber& Wood

= Fruits& Ve@ables

= Food Products

Scnnu:DRI/MereerWorldSeaTradeSavke 1993
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North Athtic

Ports of the North Atlantic region areti densely poplatd andexperience~ cold weather

necessitating thedelivery ofmore petroleum and heating oil. These *infbncethis regionstrade

with the world

Liketheptious CM 11, Chart 13 below shows theweightamount of each commodi~ shipped and its

comprehedve share as a pementage of the region’s U.S. and global trade. The cohmm ‘OAtotal” reflects

the brddown of various commodities within the North Atlantic trade. The next column ‘?? USA”

descrik the North Atlantic’s con@mtiontoti trade imdvingtheUnitedStateSand@~ of the

world. In this colunq the North Atlantic’s participation in overall US trade is identified on a per

commoditybasis. Finally, ‘% Worldmpresents the North Atlantic’s influence of overall global trade on a

per Commodity’basis.

chart 13
North Atlantic Commo&ies - 86% - Top Tonnage

Commodii 19931rtom %totd %USA %mrld

I
crudepetfdem

Iboal& ooke

lP@OIWllprwhlcb
cefIlmt, Lime&stOm
Ironm
otherlx@S&suap
Food Prod,Icts

Fruits & Vegetabk

Grain

Sti
%Oftotai

70,070,480
44,683,960
34,094,710
8,503,726
6,592,207
4,379,394
3,323,292
3,257,124
2,956,134

A77,861,027
84.76%

33%
21%
16%

4%
3%
2%
2%
2%
1%

85%

25%
57%
25%
19%

34%
46%
36%
29%

3%

7%
8%

10%
4%
2%

15%
9%
7%
1%

Total 209,852,155
I

Sauce:D~ Wald SaTmdt Savke

From the chart above, the majority of commodity moves fix the region maybe reviewed. Crude petroleum

(33 percent of all trade for the North Atlantic region in 1993), coal& coke (21 percent) and petroleum

products (16 percent) are Iarge participants. It is also intcmting to note the North Atlantic’s commodity

trade in relationship to that of the nation. As indi~ 21 percent of total trade tonnage is coal & coke,

at the same time, this region 57 percent of the total national tonnage of coal & coke. Other ores and

scrap, although only representing 2 percent of the total North Atlantic trade with the world by metric tons,

actually represents 46 percent of that commodity category traded among the United States and the world.

Therefore, although other ores & scrap may seem to be a small contributor within the North Atlantic, this

region’s trade in this commodity is quite significant on a national scale. In additi~ this same commodity

-
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rnakesup 15%oftotal other ores& scrap traded ontheworldrnarket. Iron ore, 3 percent of theregion’s

tonnage, makes up 34 percent of all iron ore traded between the nation and the world. The food products

and fkuitsand vegetables commodity groups aresrnall compared withthe gross tonnage of the North

Atlantic’sbulkcargo. Howwer, these ftiitemsmpresent nearly athirdofall fdstuffStradedbetween

the United States and the world. A further look details the region’s position in other commodity

shipments around the globe, petroleum products trade (10 percent) and fti products (9 percent) hold

significant shares of global trade for their commodi~ sectors.

South Athntic

This region participates in several diverse commodity trades as shown in the relatively high number of

commodities in the top 80 percent range-a total of twelve.

Chart 14 below shows the weight of each commodity shipped and its comparative share a as percentage of

the region’s U.S. and global trade. The column’% total” reflects the breakdown of various commodities

within the South Atlantic trade. The next column ‘??oUSA” describes the South Atlantic’s contribution to

the trade involving the United States and the rest of the world. In this ml- the South Atlantic’s

participation in overall US trade is identiM on a per commodity basis. Finally,’% world” presents the

South Atlantic’s influence on overall global trade on a per cornmoditybasis.

chart 14
&mth Atlantic commodities - 80~o - Top Tonnafy

With Compantive Shares
1993lntons %tatal % USA % world

Ctudepdrdeum

Petrdwnl products
Cement,lime&stone

coal&coke

Other chemkds

Pulp &Waste paper

Paper

8auxite&dheTmetd

~@-

Lumber & Wd
FnJits& Vqetabks

Food Products

Subtotal
% of total
Total

15,765,420
14,243,520
8,451,250
2,841,412
2,629,488
2,618,231
2,237,102
2,126,302
2,103,460
1,888,126
1,636,631
1,581,881

58,122,823

81%
71,638,056

27%
25%
15%
5%
5%
5%
4%
4%
4%
3%
3%
3%

6%

11%

1996

4%

12%

27%

24%

10%

16%

7%

15%

17%

2%
4%
4%
1%
4%
8%
6%
3%

5%
1%
4%
4%

Same: DRJM4aur World SeaTr& Servkq 1993



Thetrade inthe South AtkmticregioninclX rnanydiE&ent types ofcommodm““es. crude petroleum

makes up 27 percent of this region’s trade, 6 percent lass than the North Atlantic region profile.

Petroleum products rnakeup25 percent oftotal tonnage; howevqthis is9penxxu higher than forthe

North Atlantic. Thesouth trades moreintensi@y inti~~ lime&stone hsiness, 15 percentof

X ~ tit.h * N* Ahtic (* 4 =). h dd.itiou the southern region’s accounts for

19percentofU.S. world trade inthiscommodity category. Thenorthmaintains alargershareofd&

coketonnage traded thanthe southem_21_tm_ti5- Pulp& waste paper and

- ~ti~, ~fi~gh o~ ~~m 5 -t to W * tonnage moved for the South

tic~qq-t27 pmdtiu.s. -ti**~ti24-&@titi. The

@p&_~fi~ti=tin8percent share intonnages moved worldwide. In non-bulk

categori~ the SOUth’Strade in consumer goods qmsents 16 percent of the U.S. total. Additionally,

fiuitsandvegetables makeup 15percentofoverall US*, w* ftip_hal7_tsb.

Baltimore

General CmwnditvFznw

~~&to-~~e &ti Pw&M*(_ tigtitq8@Ad~)k*to

tbatofthe Nofi Atlantic ports, inthatitmaix@ns astmngbu.lk .omntation (see chart 15). However,

where the North Atlantic profde has crude petroleum in the number one positioq in Baltimore, coal is the

primary commodity. Based on total metric tons moved during 1993, the POB’s _ tonnage category

/commodity group was coal & coke at 8.6 million metric tons-38% of its total tonnage. Baltimore’s top

moving commodities after coal are iron ore, cernenL lime & stone, gra@ oikeeds, and petroleum

products. These commodities (excluding oilseeds) are also world trade’s top six movers. Chaxt 15 details

the top 80% of total tonnage moved in 1993 ~ the Port of Baltimore and the world.
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chart 15

Chart Detailing the 10 Largest Commodities Making up Baltimore Trade

80% of Total Tradefor Portof Baltimore the Mkwtd (Mtons)

■ Ced&cdce

❑ lronore
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❑ aa@te&dherbase

Suuce: DRIkkur Waid SeaTrde SaviCG1993

Chart 16 depicts the difkmt relationships asxiatd with commodity flows at diffimmt levels. The

column ‘*A total” showsthe breakdown of vtuious commodities within the Baltimore trade. Ne@ the

column marked ‘??6NATL”reflects Baltimore’s participation in the overall trade between the North

Atlantic region and the world. The next column’% USA” describes the port contribution to the trade

involving the United States and the rest of the world In this coluxruLBaltimore’s participation in overall

US trade is identified on a per commodity basis. Finally, ‘?? World’’presents the North Atlantic’s share of

overall global trade onapercmnmodityb asis.

When comparing FOB to the total North Atlantic per@ commodities unique to Baltimore are: oilseeds,

sugar, and iron & steel. As illustmted in the chart below, these commodities are major participants in

trade between the North Atlantic and the worl~ with oilseeds maintaining an SOpercent share, sugar 46

percen~ and iron& steel 26 percent Additionally, the Baltimore port contributes to the tonnage moved

between the North Atlantic region and the world by providing the following commodities and shares: iron

ore 50 percent grain 47 percent and bauxite and other base metals 42 percent. Thus, POB’S 1993 total of

3.3 million metxic tons of iron ore made up 14 percent of the total 23 million metxic tons between

Baltimore and the world. This same tonnage represented 50 percent of all iron ore tonnage moved

between the entire North Atlantic region and the world (6.5 metric tons). Finally, this same iron ore

main..ed a 17 percent share of the almost 20,000 million metric tons of iron ore traded between the



U.S. and the globe. For total tonnage moved around the worl~ FOB’S portion is a small 1 percent share

of the 397.6 million metric ton total.

Chart 16
Baltimom Commodities - 80V0 Total (Mound+ Outbamd) Tonnage

with comparative shares

Unnmcdity 1993mtms % total % NATL % USA % worid I

coal&cdce 8,615,467 38%
km m 3,279,103 14%
cemerlt,Lime&stone 2,004,274 9%
Gridn 1,389,019 6%
aseeds 966,008 4%
Petroleum Products 727,667 3%
sugar 617,242 3%
Ifun& steel 606,644 3%
8allxRe&rM’Krhfase 462,121 2%
Suhkltal 18,667,545 82%
%Ofkltal 81.50%
Total 22,904,319

I
sauce:DRVMaurWa3d SaTrark~1993
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2%
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1%
1%
2%
o%

3%
o%

1%

.-
.Ba&nore: Trtwie Dbtcthm

Asillustmtedin Chat 17, BaltiInore handled more than 24 million metric tons ofczi.rgoin 1993. Inbound

and outbound~ were -y split.

chart 17

Baltimore’s Cargo in 1993
(in million metric tons)
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Port of Baitimore Containerized Cargoes for 1993

Of the 24 million metric tons moved in 1993, about 12 percentof these metric tons moved in contakm.

Chart 18 depicts the split in mntainerized cargoes for inboundand outbound. Importsare slightly larger

than exports-by11 percent.

I 1993 Total Containerized Trade for Port of Battimore
(000smetric tons)

El
Eltdal

■expofts

■impctds
1s93
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It isimpmtant tonote the prevalence of containerized shipping at the pxt of Baltinm~ as container

vessels play an important role m the distribution of finished goods. In additiow cargo moving in

containers is gentrally high value. Containerized cargoes are also measwed m TEUS or Twdy-

Foot E@vakmt ~ts. ~ 19 prestmtstotidcontain- cargoesm ~S. Total contain-

tradern and out of BaMmoreis balanc@wit.h thenumberofti= movingrn andoutnezufytie

same, indicatingoptimal equipment usage.

Cbmt 19
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1993 Total Containerized Trade for Port of Battimore
(000’s TEUS)
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m: DRUMaeer Wald SeaTruk SCM% 1993
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Baitimore’s Commodity Trade with the World-Inbound

Forthe1993, theinbound trade was “dommatd (in volume) by iron ore, cement and petroleum products

(see Chart20). Coalandimn-std products arealsoamajorpart of theinboundbusines.

Baltimore’s ‘f’op Import Commodities
1993

(ii thousand -C tons)

I commoditycategory 19931

~pronOR 3.3
1-- L9I
!PetrolcumProducts 0.7
lCOal&colu 1.0I

T’otal OfAbove ~
Perct@ of Total 59%
Total All Commodities 11.6
SaumeDRIMaeerWarld SaTmde Semeq1993

Orhcrpmminem w-mawdti(-ti21).~,-~m*Mw

mqxmation equipment also are mz$or comrihtas toinbound activity aswell as lumber, oils&Ms,

ti,@p&_~,-c--d~,ti--s-s. Typical bulkandtardcer

products are an important part of this trade. Bulk and tanker cargo together account for approximatdy 73

ptoftietietito~em. ImpOItd @ned GUgOprOducts mOv@tbmu@ the Port Of

Baltimore include hits and vegetables, fd pmdux and consumer goods.
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Chart 21
BtioI’’C’S Inbound 1993 Commodities

(in thousand metric tons)

Commoditv

Iron Ore
CemenL Lime
Coal&Coke
Petroleum Products
sugar
Iron & Steel
Bauxite
Automobiles
Other Chemicals
F@ Beverages
consumer Goods
Light Ind Machinery
Fmits, Vegetables
Paper
Other Min-Metallic Manf
Rubber
Me@ Fish
Lumber, Plywood
chemical Products
S- Textile Flkr
crude Petroleum
Total of Above
rotal Imports
-. DRUM=WaId SeaTrade

1993
3,279
1,968
1,053

697
612
524
453
246
213
173
146
116
112
99
75
65
60
50
39
11
0

\



Trading Partners - Imports

Since the late 1980s Baltimore has mahaind leading inbound trading ~ptiti~ and

Latin Amexica(chart 22).

chart 22

Imports for Baltimore 1993

I 1993 Impoti

Us.
Canada
N Europe
S Europe
Japan
AusUNZ
Lath America
W* cast
Eastcoiast

Caribbean
Africa
west H
EastCoast

S Africa
Far East
sEM

Fw East NIEs

chim

Middle East
Wabiwlwr
lndian Wmnthnt

Eastern Europe
Other Regions

o
3,232,172

904,319
379,333
878,422
944,086

3,630,673
396,603

2146,092

1,007,978
518,248

307,612

8,966

201,650
413,111

243,922

8om

88,911

132,650

8,~

s9a4

64,603

226,563
0

lWorld 11,259,580
SamxDRVMmerWorldATGwe

From 1988 to 1993, the port impmted an average of 3.9 million metric tons ammallyfhn Latin America

(chiefly east coast countries) and 3.4 million metric tons of fkom Canada. Northern Europe imports

averaged 1.14 million metric tons and fimn Japan 733 million metric tons. Trade iiom Eastern Europe, a

yearly average of. 132 million metric tons, shows growth during this period. However the average growth

rate is 17.4 percent with a large jump from 1992 to 1993 of 132 percent. Worldwide inbound cargo for

Baltimore between 1988 and 1993, maintained an annual average ofjust over 12 million metxic tons.

,--

-

—



,---,.

-----
Commodity Trade with the WoridOutbound

ExportshantheportofBahimoretothegiobearedomkatd bycoal&cokewhichnakesupoverhalfthetotal

--- d O* make up mob Iargepart of export categories/commodities exported

Chart 23
Baibore’s Top Outbound Commo&&s“ “ 1993

(m thousand metric tons)

coal&coke 7$61.0
Oilseeds %5.7

Grain 1,368.7

Total of Above 9,895.40
TOTAL 11,644.7

Perceat of Total
Coal & Coke 65
Oil Seeds 8

ti M

Bakixnore’scoalexpoxtswerelowerrn 1993 than 1989,mostly due to adeclinernshipments to Northern Europe,

where German~s steel indmtry was hurt by its slowing econcnny and byadroprn demand for steel byits

~~. Northern Europe's maineconomies havenowretumedto positive growth. Grain exports

declimd37.8peramt txmRen 1989 and 1993.

Rekrring to Chart 24, additionalpurnhnt Baltimore exports in 1993 include: lumber, chemical products,

automobiles,other chemicals, heavy ~ “onequipmeI& light industM machinery and mnsumer -.

‘k-’
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Baltimmw’sOatbmIMIC~ “ - 1993

(m tkmsand metric tons)

Coaldkcoke
Grain
Osseeds
Lumber, Plywmod
Chemical Products
Automobiles
Other Chemicals
Heavy Transp/Ccmstr
Li@IndMachinq
l~er Goods

Imp=

L

Iron&Steel
Other Min/Metallic Manf
Fo@ Bevmges
MeaGFish
Pulp&waste
OtherOres
Sz Textile Fiber
Petroleum Products
Liquid Bulk Cheznicals

d-

1993
7>61
1J68

%5
262
123
119
109
89
87
88
85
82
78
68
49
47
44
35
32

d
ll$U
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Trading Partners - Outbound

The Port of Baltimore’s largest outbound trading partner region for 1988-1993 (Chart 25) was Northern

Europe, averaging 2,62 million metric tons of cargo each year. For the - five years, the annual average

_ m~ for this trade was nearly 8 percent.

Chart 25

Exports for Baltimore 1993

1993 Exports

‘-%s-

U.s.
Canada
N Europe
S Europe
Japan
Aust/NZ
Latin America
Wastcoast
Eastcoast
Cambaarl

Africa
west -
Eas!coast

S Africa
Far East
SE Asia

Far East NIEs

china

Middle East
ArabianGulf
Indians~

IEastern Europe
Other Regions

c
144,532

3,269,002
2,006,878
1,565,546

4,118
1,033,314

120,S7C
774,932

137,76i

216,609
24,107

31,13CI

161,372
201,871

44,252
201,871

9,494

2,098,904
333,066
57,550

1,668,288

1,103,970
0

lWorld 11,644,7401
S(nme DRIMemrW(xid ScaTmiesenrke

Exports to Southern Europe and Japan have yearly averages of 1.918 million metric tons and 1.678

million metric tons, respectively. Trade to the Middle East averages 1.7 million metxic tons per year on

average for the same time period. The Meditemanean makes up most of this with a yearly average of 1.4

million metric tons of cargo received Ikom the Port of Baltimore. Other destimtions which are receitig

growing amounts of cargo fkom Baltimore are: Eastern Europe (.783 million metric tons on average each

year, with average annual growth rate of 37.5 prcent), Latin America (.714 million metric tons per year

and an average annual growth rate of 33 percent), which is consistently positive and largely due to the

east coast), the Caribbean (.136 million metric tons , with a growth rate of 30 percen~ influenced by a
-----



@~ between years 1989 and W90), South Mkica(.094 million metrict~a growth rateof

12.2 percent fm 1988-1993) and Canada (.063 million metric ~ a growth rate of2400 percent based on

very high peak from 1990-1991). Baltimore exports to the world averaged over 12 million metric tons

each year fm the time period 1988-1993.

1993 Fleet Analysis

To@acl= -oftic~ti @e&& tip_ tiPotidWtiom, atifi-a

onshiptypes onabroader scale wiII bepresentd Aglobal vicwwill introduce all ships sailing all

trades. N-a national pmmtation will examine the types of vessels calling in the United States. More

localked cowagewill include the North Atlantic regiQthe South AtlantiCregiOu au& fh@,

Baltimore.

Global

-.,

Difikrent commodities require various vessel types. Below, Chart 26, details the @hated 1993 World

Shippopdation. ll.tisworldwidefle etissplit arnongeachvessel type based onsize. Sizeofavessclis

~ by DWT, dead weight tons, absolute weight carried by the ship, or for container vessels, TEU,

Twenty fmt Equivalent Units.

.-



Chart 26

Estbated 1993 World Shipping Market (number of vessels)

‘“l.

No. of Vessels in 1993

Gent Cargo > 10K DWT 3449

Genl Cargo < 10K DWT 6127

Cellular< 1000 TEU 565

Cellular 1000-2499 TEU 635

Cellular 2500-3999 TEU 229

lCelluiar 4000-5999 TEU I 351

Cellular 6000-7999 TEU o

Cel[ular= > 8000 TEIJ o

RORO>1OKDWT 380

RORO<1OKDWT 1591

Reefer 1176

IBulk c 20K DWT I
Bulk 20K40K DWT 2574

Bulk 40 K-80K DWT 950

Bulk 8OK-1OOK DWT 61

Bulk 1OOK-175K DWT

Bulk >175K DWT

229

65

Combo <20K DWT 43

lCombo 20 K-40K DWT q

Combo 40 K-80K DWT 78

Combo 8OK-1OOK DWT 28

Combo 1OOK-175K DWT 152

lCombo > 175K DWT I
Tanker <16.5K DWT 1080

Tanker 16.5K to 25K DWT 417

lTanker 25K to 45K DWT I 2001

Tanker45K to 80K DWT 277

Tanker 80K to 160K DWT 590

fTanker 160K to 250K DWT I 1681

Tanker > 250K DWT 374

Prod Tanker< 16,500 DWT 1218

Prod Tanker 16.5K to 25K DWT 320

Prod Tanker25K to 45K DWT 697

Prod Tanker45K to 80K DWT 181

Prod Tanker80K to 160K DWT 57

Gas Tankers I 593

Vehicle Carriers I 275

Other Ships 545

Total 26269

ti: DRULMISWald Flat F~ Sen’& 1993
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These are followed by RORO, Cellulars and Reek.m.

Chart 27
Chart Mailing the Number of Vesseis in 1993 by Ship Type

GasTatkem

ProdTarlkr

Tanker

Reefer

RORO

Cdl

GenCarg

o lm2000m 40cu)sooo 6000 7ow8000mlm

~ of ships

Same DRUIMSWoridFleetFaeastbg Sem& 1993
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Chart28 below illustmtes total global tormage moved byvarious shiptypes. Tankers and bulkcarriers

are dominant caniers, designed to carxy large volumes uf dense commodities. A discussed previously in

the commodities sectio~ a large portion of global ocean moves are devoted to liquid and dry bulk

materials.

chart 28
Chart Detailing Metric Tons Carried For Each Vessel Type in 1993 on Global Basis

Global Ship Types in 1993

From Chart 29, below, there is an indication that cellular (container) vessels in the range of 1,000 to

2,499 TEUs carq the majority of conta@xid tonnage worldwide. GC (geneml cargo) vessels less than

10,000 DWT move the majority of general cargo tonnage around the gkibe. This is probably due to their

great accessibility at any port and their amtriion to large fder operations. RORO (roll on - roll @

cargoes are driven or hauled oxdoff the vessel with mafi trailer via a ramp) vessels under 10,000 DWT

handle the majority of RORO global tonnage. However, on a worldwide basis this type of vessel carries

only 1.6 percent of total tonnage. Reefkr (vessels which maintain refrigerated units or sections in order to

~ p@@le items) are not divided into various size classes for this stu@ ~ ~ kss ti .5

percent of overall global trade. Bulk carriers carry 33 percent of worldwide total tonnage, with the

majority between 20,000 and 80,000 DJIT. Combination carriers (designed to cany more than one type

of commodity - breakbulk and containers, bulk and containers, etc.) move just 2 percent of global tonnage

with the most cargo moving on vessels with DWT in the range of 100,000 to 175,000. Tankers move the

largest portion of the world’s tonnage - a fidl 35 percent. The majority of these moves involve tankers

sized at 80,000 to 160,000 DWT. Product tankers, which carry finished petroleum products, move over 6

percent of total global tonnage. Vessels ranging be-n 25,000 and 45,000 DWT carry the majority for

‘.-.
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Chart 29
Chart of Global Vessel Types for 1993

* Inetlictms %pergroup %pertotal

GC>loK~ 2?6,549,072 85.86% 9.45%
GC<lOKM 37,650,= 14.14%
ceJl<l~~ 23,036#2M 9.37%
cztll K-249Kte!u 136,181,646 56.22%
Ceu25K-3.9K* 69JB3,984 28.19%
Cell4K3.9Kteu 15J46,731 6.20%
Cell6K-7.9Ktau 19220 O.U)%

8.73%
RORO > 10K DVVT 39$51,666 84.53%

RORO < 10K DWT 7,312/187 15.47% 1.68%

Reefer 11,823,174 0.42%

B@<~K~ 36,433,268 4.13%

Bulk 20K40K 289,661,184 31.16%

Bulk 40K-60K 313,730,944 33.75%

Bulk 8OK1OOK 3O,O1O$M6 323%

Bulk 1OOK-175K 1Z519,104 19.63%

Bulk >175K 75,349~ 8.10% 33.01 %

combo < m o O.m’%

Cunbo 20K40K o O.m%

combo 40K-80K 2$70,124 525%

2amb08oK-lmK Z706,937 4.79%

COmbO1OOK-175K 34,269,416 60.57%

combo>mK 16,628,619 29.3696 201 %

T*<16.5KDW 3,904Z4 0.40%

Tank 16.5K-25K 37,489,- 3.80%

Tadcer 25K45K 42#54,648 4.34%

Tanker 45K-80K 125,090,1@l 1266%

Tanker80K-160K 376,491,520 38.17%

Tanker 160K-250K 136~336 13.62%

Tankar> 250K 264,352,736 26.80% 35.03%

Pmd Tzrk < 16.5K 27,634,026 16.05%

Pmd Tank 16.5K-25K 36,574,736 2241 %

Prod T* 25K45K 67,171,646 39.02%

Prod T- 45K-60K 30,158Z4 17.52%

Prod Tank60K-160K 8,621,066 5.01 % 6.11%

Gas Tankem n,169,472 2.74%

Vahiie Carriem 5,556,532 0.20%

Other ship6 17,667,676 0.63%

Tutal 2,816,374,612 _.

,
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-.,.f National

Chart30 describes the lypes of vessels comprising the U.S. fleet versus the Global fleet and their various

tonnage share. Tankers and bulkers are again the majority carriers, however bulks do not hold as

prominent a position in the national market as they do in the global market. In additio~ general cargo

ships are not as prevalent in the United States trade as they are worldwide. Because the U.S. is such a

developed natioq the concentration of cellular carriers is much higher compared with the global profile.

Also, since the United States is a large consumer ofpetroleum products, there is aninmased presence of

product tankers. Combination carriers are not as common inthe UStradeasin total world trade.

chart 30

Chart Detailing Metric Tons Carried For Each Vessel Type in 1993 for tbe United States and

the World

US Vessel Types vs Global Vessel Types for 1993

m. ,

m. .

sm. .

400.,

300.

-: DI?JLMISWaridFleetFaeast Service



Ntiod@~e isdm~ht_gtiu -prtip~ti CM31. Theleadingvcssel typeis

tanker (42Y0share), and of this type, the leading size is 80,000 to 160,000 DWT. Two other classes split

~-ttiti__ ~~45,-,~D~ ~kti_~250,~D~.

Bullccmriersa mthesecondbiggestr novers,
.

tmqmtmg ovcr26percent of national trade tonnage. The

biggest movers in this type are vessels fimn 40,000 to 80,000 and 20,000 to 40,000 DWT. The most

common size of cellular vessel is 1,000 to 2,499 TEU for 1993. Ships with a capaci~ of 2,500 to 3,900

TEusarethe ncxtlargestmovers. Product tankers arethef~largest carrier ofnational trade tcmnage.

Tankers m the range of 25,000 to 45,000 DW’I’ move the most tonnage (49 percent)- nearly half of

national trade. -@~tipmn~8 _ttititi _,tititimj@~tid~

ships less than 10,000 DWT. RORO carri= m~ under 2 percent of national tonnage, with vessels

less than 10,000 DWT canying the majority. Other vessels: reefkrs (.26 percent), combo (.56 pemeM),

gas tankers (.66 percent), vehicle camiers (.38 percent), and other ships (.56 percent), collectively cany

2.42 percent of U.S. trade with the world. In the combination type, most cargo is moved by vessels in the

100,000 to 175,000 DWT range. The fleet of vessels calling in the United States reflects the commodity

flowtoandfkmnthen ation.



Chart 31
Cargo Vessels Calling the United States in 1993

L

-

m nlatrktuns %pargroup %paftatal

GC > loKD~ 59,751,752 93.10% 7.93%

GC < 10KDWT 4,425,164 6.90%

Wi<lmtau 4,552#61 4.12%

Icell lK-249Ktau 57,m,476 51 .64%

Call 25K4.9K teu 40,934,168 37.05%

ICdl 4K-5.9Ktau 7,926,606 7.17% I

ICdl 6K-7.9K tau 1- O.m% I
13.65%

RORO > 10K DVVT 12,975,957 66.16%

RORO < 10K DW 2,084,463 13.84% 1.66%

Radar 2,107,392 0.26%

Bulk < 20K DWT 10,599J?96 4.-

IBulk 20K40K 84,204,504 36.90%

Bulk 40K= 95,693,784 44.21 %

Bulk 6OK-1OOK 5,084,769 2.34%

Butk lU)K-175K X1256,110 9.36%

IBulk >175K 619,543 0.29% 26.74%1

Combo <20K o O.m

Combo 20K-40K o 0.00%

ICombo 40K-80K 1,303,372 26.73%

Canbo 8OK-1OOK 294,622 6.49% I

ICombo 100K-175K 2,851,006 6264% I
ICOM40>175K 87,932 1.94% 0.56%1

Tank <16.5 K DWT 1,104,399 0.36%

Tank 16.5K-25K ala530 7.12%

ITankar 25K45K 20,649,600 6.65%

Tankar 45K~K ~134240 20.00%

ITanker 80K-160K 129,846,920 41 .79%

Tankar 160K-250K 15,325,140 4.93%

Tankar > 250K 59,507,666 19.15% 38.36%

Prod Tank < 16.5K 2$)16,594 4.@Y16

IProd Tank 16.5K-25K 15,848,521 21 .74%

Prod Tank 25K-45K 35,881,404 4922%

IProd Tank45K-80K 14,729,804 2021 % I
IPrd Tank80K-160K 3,52330 4.63% 9.01%1

Gaa Tankars 5,365,926 0.66%

Vahii CaTials 3,m6,431 0.36%

4,561 a 0.56%

Tdal 609,430,622 1J I
SOUICC:IXUKMIS WaidFlee& Fauastiq Savia



Us. East Coast Reziond

A review of the two east coast regions indicates two vmying profiles (see Chart 32). As discussed bedim,

the total tonnage fix the North Atlantic is three times that of the South Atlantic. However, the North

Atlantic trafiic is -dommatdbytankers and bulkcamiS andthesouthem mgionrcfiects heavy tanker

and container calls. Additionally, tbe southern profile maintains a larger proportion of calls in general

cargo and RORO tic. The northern ports mintain slightly higher degrees of reefer and gas tanlax

m-~.

W 32
1993 North Atlantic w South Athntic Vessel Types
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North Atlantic

As indicatedin the commodity sectiou this region has a large percentage of tonnage devoted to crude

petrolem, the occumence of tonnage tied in tankers is therefore high (refer to Chart 33).

w 33
North Atlantic 1993 Vessels by Tomage

NorthM8ntic VesselTypesin 1993

some DWL.MIS WorIdFleetF~ Savia

Tankm carry over 41% of trade to and iiom the North Atlantic. Of these tanks, those m the range

of 80,000 to 160,000 DWT move ovex 55 percmt of tank cargo (see Chart 34). The northezn ports

arealsoheavybulkportAdk opmtkmsaccountfor over26 percent oftradern this region. This type

of ship split the majority and use twm class sizes: 40,000 to 80,000 DWT nmve 39 percent of these

cmnmdtiesaad 100,000 to175,000nmveovtr 30ptmxnt. CeMarvessels move!inishedgood inand

outofthenorthan ~canyingov= 10_toftrade. Containervessels intheclass size1000to

2499 TEUs move ovez 57 pement of contain- tonnage. Those m the 2,500 to 3,900 class move

over 28 ~-t. Petroleum products are the third largest cmnmodity traded in this region. Product

tanktzs canynedy 10 ~.t (about the same as contain= vessels) of the metric tons n.mving m and

out of this region. The product tmdttxs m the 25,000 to 45,000 range move ovff 47 p-t of all

petroleum products for this area while vessels in the range of 45,000 to 80,000 carry 27 percent.

General cargo vessels OVmll carIY 5 percent of total tonnage. In this category, those vessels with

greater than 10,000 DWT carry 95 pmxnt of the total rnetxic tons. RORO vessels move nearly 3

ptmxmt of roll on-roll off cargo for the north-region. Vessels less than 10,000 DWT carry OV= 97

percent of this tonnage. Combination cani= transfer nearly 2 percent of trade between this region and

thewurld The majority of ago rxmves on vessels in the range of 100,000 to 175,000 DWT. The rest

of traded tonnage is split among the following ship types: gas tanks (1 percent), reefm (.75 pem=t),

vehicle carriers (.57 percent), and other ships (.31percent).

P-47L



Chart 34
Cargo Vessels Calling the North Atlantic m 1993

me Inetrictims %pergrwp %peftdd

Gc < 10KDW 480,704 5.00%
~<1~~ 1,498,615 7.35%
CdllK-249KtW 11,726,ml 57.53%
cell 25K-3.9K teu 5,730,697 28.12%
Cell 4K+.9Kteu 1,425,922 7.00%
cell 6K-7.9K teu o 0.00%

1O.MY
RORO > 10K DWT 4,955,724 97.75%
RORO < loK H 114= 225% z=?

Reefu 1,413,559 o.74q
B@<20KDwT 630,755 124%
Bldk 2oK40K 10,907,095 21 .50%
BUlk40K-80K 19,782X? 39.00%
BUk SOK-l00K 3,347,075 6.8096
Bti lX-175K 15,576>1 30.71 %
B~ >175K 475,912 O.w% 26.479
canbo<20K o 0.00%
CoInbo 20K40K o 0.-
combo 40K-80K 607,343 16.39%
Canbo 8OK-1OOK Im, m 4.36%
Conbo 1OOK-175K 2#47,561 76.87%
canbo>175K 07,932 2.37% 1.mq
T~< 16.5 K D~ 17= 0.02%
T ank 16.5K-25K 476,874 0.61 %
T anker 25K+5K 5,871,716 7.47%
T anti 45K-80K 19,318,722 24.58%
Tanku 80K-l~K 43,599,456 55.48%
Tim ker 180K-250K 6,695,975 8.52%
T X>250K 2,612/147 3.32% 41 .02%
Prod Tzmk< 16.5K 210a 1.15%
Prod Tank 16.5K-25K 1,801,720 9.85%
Prod Tank 25K-45K 8,673,164 47.43%
Prod Tank 45K~K 4,947,899 27.08%
Pmd Tank 80K-160K 2,651,677 14.5096 9.54%
Gas Tankers 2,148,537 1.12%
v ehiclecarriws 1?-647 0.57%
other ships 587,568 0.31 %
Total 191,614,005

-: DRI/IMs Waid Flea Fcmusing Scrvia



South Atlantic

The fleet working the South Atlantic to the World trade is dmimted by tankers, container ships and bulk

operatom. There are three vessel types move over 75 percent of the tonnage moving in and out of this

region: tanker, cellular and bulks (see Chart 35). The amount moved by the tankers reflects the efkct of

the southern region’s number one commodity by weighL crude petroleum.

chart 35

South Atlantic 1993 Vessel Types by Tomage

25

20

15

?0
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Chart 36 provides tier details. Tankers carry 35 percent of the metric tons tmqmted in this region.

Within this group, those in the 80,000 to 160,000 DWT move 51 percent of tanker cargo. Container

vessels are the second largest movers fbr this regiom carrying over 25 percent of total rnetxic tons. Such a

high concentration of container ships refiects this regions’ f- on high value goods. Cellular ships with

1,000 to 2,499 TEU capacity move over 64 percent of all containerized cargoes. Bulk carriers move 15

percent of total tonnage traded. Vessels in the 20,000 to 40,000 DWT range move the majority of bulk

shipments (67 percent). General cargo vessels calling this region move 8 percent of the total trade, with

over 90 percent shipped on vessels under 10,000 DWT. Most petroleum products are carried by vessels in

the 25,000 to 45,000 D~ range, with all product tankers moving nearly 7 percent of total traded metric

tons. RORO ca.miers calling the southern region carry 50 percent less tonnage than those serving the

northern region. Bug in the southern profile, RORO’S move nearly 5 percent of total trade compared to

2.65% in the north. This Mkrence is due to the northern region’s greater bulk orientation which makes

it more dMicult for other cargoes to gain prominence. If 75 percent of tonnage is bulk relat~ it is

d.iflicult to see substantially greater volumes of high value goods being shipped in the fiture. Most



_.

RORO’ssuving thesoutha,re leSStil0,000DWT. l’herestuftota ltonnageismove dby~fo~-

vessel types: other ships (2.8 percent), vehicle carriers (.95 percent), combination (.23 permn~ with most

on 20,000 to 40,000 DWT ships (97 percent), rccfiws(18 percent), and gas tan&s (11 percent).

chart36
Cargo Vessels Calling the Smth Atlantic in 1993

‘w nlattictona %pergjrolq) %paftotal

Gc>loK~ 4,979j52 9029% 8.29

GC < loK~ 535m 9.71 %

m<l~a 1,478,154 8.60%

calll K-248Ktau 11,104,103 64.61 %

call 25K-3.9K teu 3,709,274 21 .58%

Cdl 4KS.9Ktau 893,671 5.20%

call 6K-7.9K tau 0.00%

25.61~

RORO > 10K DIATT 2,198,033 71 .92%

RORO < 10KDWT 858,320 28.06% 4.56%

Rafar 120,851 0.18%

~<20KD~ 256,782 252%

Bulk 2oK-aK 6,893,833 67.24%

Bulk 40K-80K 2@7,337 2826%

Bulk 80K-l~K 193,102 1.86%

Btd( 1OOK-175K 9,377 O.ow
B@ >l~K o O.m% 15.28%

Cunbo<20K o 0.00%

Combo 20K40K o 0.00%

Combo 40K-80K 147,164 97.00%

Canbo80K-100K 4,551 3.W%

Combo lWK-175K o 0.00%

Camb>175K o 0.00% 023%

T-< 16.5 KD~ o 0.00%

Tank 16.5K-25K 1,941,822 824%

Tankar 25K45K 1,409,482 5.98%

Tankar 45K40K 3,698,512 15.68%

Tanker 60K-160K 12,144,826 51 .50%

Tankar 160K-250K 2#47,309 10.38%

Tanker > 250K 1,938,090 822% 35.14%

Prod Tank < 16.5K o 0.00%

Prod Tank 16.5K-2SK 1,459,483 31 .59%

Prod Tank 25K45K 3,066,851 66.39%

Pmd Tank 45K~K 93,455 202%

Prod Tank 80K-160K o 0.(Kt96 6.89%

Gas Tankers 74,021 0.11%’

Vahii Canh 637,281 0.95%

Othafwpa 1,902,758 2.84%

Tdal 67,095a

SOUU DRI/LMISWorldFleet Ff===ms-
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Baltimore
--

Nearly 60 percent of tonnage moving in and out of Baltimore is bulk cargo, a commodity mix of coal &

coke, iron ore, cement lime & stone, grain and oilseeds. Over 15 percent of the total trade between

Baltimore and the world is containetile. General cargo vessels carry and additional 12 percent.

Finally, RORO cargoes contribute nearly 5 percent to total tonnage moved. (See Chart 37).

chart 37

Battimore 1993 Vessel Types by Tonnage

10

2

0

J
bwcc:DR15ALISWaki FleetFmec4ng Servia

Refkrring to Chart 38, carriers moving the majority (40 percent) of these large volume cargoes are those

in the 40,000 to 80,000 DWI’ range. The rest of the bulk cargo moves on 20,000 to 40,000 (29 percent)

DWT and 100,000 to 175,000 (23 percent) DWT vessels. Cellular vessels transpt contakdzed cargo

between Baltimore and the worlt 15 percent of the total tonnage traded. Ships in the 1,000 to 2,499 TEU

range any the largest amount of cargo-nearly 57 percent of all containaized tons. General cargo vessels

under 10,000 DWT move over 96 percent of this tonnage. The majority (95 percent) of RORO cargo is

carried by vessels that are less than 10,000 DWT. Roll on - Roll off vessels transport 5 percent of the

total tonnage traded. Combination * cany just over 2 percent of total traded metric tons, of which

nearly 75 percent is carried on ships in the 100,000 to 175,000 DWT range. Other ships contributing to

this trade include: product tankers (2.6 pert@ with 25,000 to 45,000 DWT vessels carrying 48

percent), vehicle carriers (2 percent),tankers(.87percent-with25,000 to 45,000 DWI’ carriers moving

48 percent of these commodities), gas taukers (.02 percent), other tips (.33 percent), and reefers (.05

percent).



Chalt 38
Cargo Vessels CaIling Baltimore in 1993 ‘-

we mebktons % per group %pwtotal
I

GC > 10KDW 2,181,814 =.31% 11 .95%

Gc<loKD~ 63,635 3.69%

a<l~~ 257,459 8.~%

ce!lll K-249Kte!u 1,673,369 56.98%

Cell 251Q.9K teu 796,552 27.12%

Cell 4K*.9Kteu 209,609 7.14%

Cell 6K-7.%teu o 0.00%

15.49%

RORO > 10K DWT 687,662 95.62%

RORO<1OKDUW 38,717 4.16% 4.69%

Reefer 9,095 0.05%

~k<20KD~ 30,724 027%

BuIk 20K40K 3243,327 28.94%

Bulk 401WOK 4,539,562 40.51 %

Bulk 80K-lW 710m 6.34%

Bulk 1OOK-175K 2,604,112 2324%

B* >175K 79,312 0.71 % 59.13%

combo<20K o 0.00%

Combo 20K40K o 0.00%

Combo 40K40K 90,658 1824%

Combo BOK-1(X)K 17,787 3.57%

Combo lU)K-175K m,m 75.64%

Combo >175K 11,670 234% 263%

T+< 16.5 K~ o O.w%

Tank 16.5K-25K 4,133 251 %

Tanker 25K45K 78,665 47.82%

Tanker 45K40K 60,362 36.60%

Tanker 60K-160K 20,966 1271 %

Tanker 160K-250K 0.36%

Tanker >250K o 0.00% 0.87%

Pmd Tank< 16.5K 273 0.05%

Prod Tank 16.5K-25K 38,450 7.74%

Pmd Tank 25K45K 241,060 48.52%

H Tank 45K40K 127,653 25.69%

Prod Tank 60K-l~K 6.9,428 18.00% 262%

Gas Td(er$ 4J?23 0.02%

whide ~ 363,396 2.-

Othershps 61 ,~0 0.33%

TotaI 18,954,662

Soucc:DIWLMIS Waid Flat Fonxasbg&w&
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As discussed in the Ocean Carrier section in Chapter 1, vessels have alternate routes in the POB, Cape

Henry orthe C&D Cana.1.

During the year 1993, almost double the number of vessels used Cape Henry during their call at the POB.

up 35 pereent of total inbound Port of Baltimore vessels, W- outbound canal transits are 25 percent

of total outbund calls.

Chati 39
Alternative Routes and Number of Transitst

Chesapeak & Delaware Canal Cape Henry Total
Inbound 787 1414 2201

, Outbound 558 1695 22S3
-: FOB,Suuxnmyof W@abane Facigu Tn& BMB

Chart 40 below, indicates the dMbrences between inbound moves and outbound moves at the Port of

Baltimore. This inequality may be due to recording procedures at BME, whereby a vessel may enter or

exitthe portduring hours in which the BME dice is closed. The dHerence finds the inbound records to

be 97 percent of the outbound voyage records.

Chart 40
Baltimore’s Fleet Movement in 1993

(number of moves) .
Total Baltimore 4454

2253
Inbound 2201
Inas%ofout 97%

sxU:~wiuhBMBti
Thenumber ofvessels exiting theportis madeupofavariety ofships (see Chart 4l). The shiptypes

most frequently counted at the POB are container carriers and dry bulk vessel reflecting the types of cargo

most prevalent at the port. In additio~ the ‘&her” ship category which includes RORO’S, reefers and

other assorted vessels, including a large number of vessels. General cargo vessels also indicate the

significanceof breakbulk business attheport.

chart 41
Vessel profile’- Existing Conditions in 1993- Outbound

578

so-: DRIMcOmv-Hillb BME &a ●otbcrimluk reefer,RORO,andda.
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Contains: themajodyof COnhhErvesselssailingrntioutof the Poxtof Baltimoremaintain drafts intherange

of 24t035 f- Gllularvesselswith drafk of36 fahadincreasin gmp-titi-wm

of41%, from 1991 to 1993. However, with the exception ofvesels with drafts of 38 feet (average gxwthrate

w2W%), ti~tiA(37f*d X)tinotfi*__

Gemral Cargo: themajodyof general cargo and breakbullcvessels have dratis m the range of 20 f=t to 32 f-

Howwa, average grwthrates forvesselswith 33 feetand34f* draRsare9% and4%, respe&elyfmthe

years 1991-1993. Vesselswith drafkgreatertban35 feetdonotindicate positive growth

RORO vessels: the majority of RORO vessels have drafts ranging between 24 feet and 31 f- Vessels with

drafts of32f*33f* and35feet haveaverage growth rateSof45_ 101perce@ and50percen4

reqwtively. Allothervessels withdrafk_tban31 f-donotexhibitpositive growth

Bulkvessels: themajmityofbulkvessels have drafts ranging ihm 20 feet to 42 f= Vessels with drafts 47 feet

and48f*maintam “ averagegrowth rates of230pelmlt and250percentfioIn 1991 to 1993. AIlothervessel

SizeSgreater tban42fedo notexhibitpositive growth.

Tankers: themajoxityof these vessels have drafts ranging fkom20 feet to 33 fet. Vessels with drafts of 35 feet
. .

mamtamanaverage growth rateof50percent hm1991to I993. Allothervessels gyeatertban 33 feetdonot

exhibit positive growth

Other Vessels: the majority of dl other vessels not previously discuss@ have drafts ranging km 24 f~ to 29

f- Fm~*ti_ti29 f~v*tititi of30f--timommco_g _-

~of300_ti 1991to 1993. WhikthOSe WithdI’dtSof33f*Mvemwq_@eof 100

percent Allothervessels gl’==ti29f**wta~ positive growth
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Chart 43

I Borge Traffic far Port of Baltimore 1993 I

IW-I iwex 4= dv ccwwo~, *W@ -) Barge w/cargo Barge w/o cargo Total

I

Total number of movements 2610 1,961 4,571

lntr~Port Movements 671 791 1,462

Total TOnnOV 9,742,784 0

htra-Port Tonnage 1,342,679 0

Sume: DNAAcGmw-HilliiunB&@ ti

The following chart presents all barge tonnage moved in and out of the Port of Baltimore by mmmodity.

4MshcnwL coal to__~~4_&tie toM~goti~~& titie~B. The

large amounts of coal moved by barge are due to the consumption demandsufBG&E. Although coal is

not the highest paying cargo-it is definitely the most voluminous. Fuel oils and gasolines makeup nearly

19 percent of total tonnage. Energy product tonnage therefore makes up 59 percent of total tonnage

moved by barge. Barges also move more revenue intensive cargo one of the highest paying of which is

containers. The Port of Baltimore has several barge operators wbkh support a ‘f’ operationusing

barges to transportContairws toandfrom other port areas. Thissemice offersanattxamv “ e product for

ocean tiers and trucking companies seeking ways to reduce surhce costs. For example, a liner may

call Notiollq discharge a container and then loaded this same container onto a barge. The barge then sails

to Baltimore where the container is put on the rail or on a truck.

The Chart 44 depicts all moves to and fkom the port. Among these moves are several intra-port

movements, where a barge travels horn terminal to terminal loading and discharging cargoes. This

commodity breakdown is presented in Chart 45.
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chalt44
Chart Of Total Barge Moves (InterPort And Intraport) 1993

TOTAL TONNAGE BY COMMODfTY -1993

DESCRIPTION SHORT TONS

COAL WHErHER OR NOTPULVERIZED.BW NOT AGGLOMERATED

FUEL OILS. N.E.S.

GASOLINE INCLUDING AVIATION (~CEPT Jm FUEL

PEBBLES, GRAVEL CRUSHED STONE (SPEC USE), ETC

CEMENTS, PORTIAND. ALUMINOUS, SLAG. ~C.

PITCH & PITCH COKE FROM COAL TAR ETC

MISCELUiNEOUS MANUFACTURED ARTICLSN.ES.

UGHT OILS FROM P~ROL & BITUM MINERALS NES EIC

SULFURIC ACID OLEUM

BEH/CANE SUGAR RAW IN SOLID FORM, NO FLAVOR/COLOR

SANDS. NATURALOF ALL KINDS,WHHHER OR NOT COLORED

LIMESTONE FLUX EIC USED FOR MFR LIME OR CEMENT

BENZENG PURE

CORAL SHELL CUTTLEBONE UNWORKED ETC, & WASTE

LUBRICATING OILS FROM PETROL & BITUMIN NES ETC

FERROUS WASTE AND SCRAI%REMELTING INGOTS OF IRON OR STEEL

MINERAL OR CHEMICAL FERTILIZERS, NITROGENOUS N=

SODIUM HYDROXIDE IN AQUEOUS SOLUTION (UQUID SODA)

ACYCLIC HYDROCARBONS. N.ES.

KEROSENEr INCLUDING KEROSENE TYPE JET FUEL

FERTILIZERS. N.ES.

P~OLEUM JELLY MINERAL WAXES ETC, COLORED OR NOT

MANUFACTURE OF MINERAL MATERIALS, N.ES.

WATER (NATURL/ARTFCL/AERATED) NO SUG/FLVR lCE/SNOW

IRON ORE AND CONCENTRATES

CRUSTACEANS, MOLLUSCS, AQUATIC INVERTEBRATES

STONE GRAVEL N.ES.

RESIDUAL PHROLEUM PRODUCTS, N.ES.

JET FUEL (GASOLINENPE)

SIAG & ASH. N.ES. INCLUDING SEAWEED ASH (KELP)

CLAYS & OTHER REFRACTORY MINERAIS, N.ES.

SLAG. DROSS. SCALINGS & WASTE OF IRON & STEEL MFR

OTHER TRANSPORT EQUIPMENT

AMMONIUM SULFATE FERTILIZERS

ANTIKNOCK PREPARATIONS

MANUFACTURERS OF M~A15.N.E.S.

COKESEMICOKE ~C OF COAL LIGNITE ETC; RE CARBON

MACHINERY SPECIALIZED FOR PARTICULAR INDUSTR15N.ES.

MIXED ALKYLBENZENS & MIXED ALKYLNAPHTHALENES NES

3,972887

915,874

897,070

726,730

677,052

655?586

472489

460321

213.658

96S4

83,887

54,958

52832

47.636

43,312

42676

42001

35,960

35.134

28,816

17.980

16,609

16,097

15,850

13.131

12886

12409

11225

9,677

7.688

7.000

6.326

5.565

5.u9

5,137

3,986

3.801

2649

2499
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MEDIUM OILS FROM P~ROL & BITUM MINERALS N= SC

CHEMICAL PRODUCTS AND PREPARATIONS, N.ES.

WOOD AND RSIN BASED CHEMICAL PRODUCTS

OTHER CRUDE MATERIALS, N.E.S.

XYLENES. PURE

MECHANICAL HANDUNG EQUIPMENTAND PARTS THEREOF,N.~.

MINERAL MATERIAS, N.ES.

IRON AND STEEL BARS,RODSANGLESsHAPB AND SECTIONS (SHEET PIL

NON-FERROUS BASE METAL WASTEAND SCRAP,N.~.

COMMODITIS, N.E.S.

COMMODMS, N.ES.

WOOD IN THE ROUGH OR ROUGHLY SQUARED

SAWDUST AND WOOD WASTE AND SCRAP, AGGLOM OR NOT

WOOD MANUFACTURB,N.E.S.

TOTAL

2a5B

1,956

1,690

1,s00

1,394

1,190

600

44s

373

114

74

60

50

15

9,742,7B4
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DESCRIPTION

chart 45
Chart Of Intraport Barge Movements 1993

COALWHEIHER OR NO PULVERISED,BUT NOT AGGLOMERATED

FUEL OllS, N.E.S.

SULFURIC ACID OLEUM

ACYCUC HYDROCARBONS. N.E.S.

WATER (NATURL/ARTFCL/AERATED) NO SUG/FLVR lCE/SNOW

PEBBL~, GRAVEL CRUSHED STONE (SPEC USE). EIC

SODIUM HYDROXIDE IN AQUEOUS SOLUTION (LIQUID SODA)

LUBRICATING OUS FROM PEfROL & BITUMIN NES ETC

OTHER CRUDE MATERIALS. N.ES.

SANDS. NATURALtOF ALL KINDS.WHEIHER OR NOT COLORED

CHEMICAL PRODUCTS AND PREPARATIONS, N.E.S.

MANUFACTURES OF MINERAL MATERIALS. N-E-S.

MINERAL OR CHEMICAL FERTILIZERS, NITROGENOUS NES

MINERAL MATERIALS. N.E.S.

MECHANICAL HANDUNG EQUIPMENT AND PARTS THEREOF

IRON AND STEEL BARS.RODSANGLESSHAPES AND SECTIONS(SHEH PILING]

MACHINERY SPECIALIZED FOR PARTICULAR INDUSTRIES

LIGHT OILS FROM PETROL & BITUM MINERALS NES EIC

COMMODITY=, N.E.S.

MANUFACTURERS OF MHALS, NES

WOOD IN THE ROUGH OR ROUGHLY SQUARED

WOOD MANUFACTURES.NJ2S.

MISCELLANEOUS MANUFACTURED ARTICLES. N.ES.

TOTAL

SHORT TONS

777310

192800

17366

lSBSO

7519

2112

lsm

920

916

705

612

600

500

445

100

96

74

69

60

15

10

1342679

These intraport maneuvers make up 14 percent of the totaltonnage moved in the Port of Baltimore.

Movements of coal by barge within the POB terminals @e up 57 percent of the total tonnage moved

within the port. However, these intra-port moves ofcoal make up only 20percent oftotalc0al

--. Fuel oil mtdxItH 24 _ to total tonnagq and the intro-portfuel oil tonnage is 35

percent of all fhel oil moved in and out of the POB. Thus, the majority of tonnage (80%) moved within

the port is related to energy products.
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Patterns of Trade: The Interrelationship between Trade and Merchant Fleet Liner

Global markets direct& aff~ti ~-d p~ ofdiifimmt~of tips. lldssedon will

present global ~C (kWdqment during 1993 and the way these events tied the baSiC Ship

classes. This analysis will cover liner shipp~ dry bulk trends, and tanker operations. The next section

Willcoverglcibal trade routes andti cmmection tovarious~~. Thetrade laneanalysiswi.Uk

presented at a broad global level, and then concentrate on the US, North Atlantic, South Athtic, and

finally, Baltimore.

Chart 46 pqts totalworld Ship- of ~ Ie goods in 1993 and indicates that these

container goods maimAnd a slow growth rate (3.5Yo). This reduced expansion was due to weak

Japanese imports and a slowing economy in Germany.

Chart 46
I

I Global Growth of Containerized Trade
(% change in total trade for developed countries)
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Global regions grow at varying rates, as shown in the Chart 47 below.

Chart 47
I

I
I

Regional Growth in Liner Trade: Exports and Imports
(annualaverage percentagegrowthin TEUS 1992-1997)
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United States Liner Trade - Inbound

The United States’ economy in 1993 had real GDP growth of 2.7 percent. Low interest rates supported

housing and business investments, and consumers were busy borrowing to continue buying. However,

employment did not improve quickly, but bottomed out later in the hsiness cycle. Productivity has

improv~ indicating that more goods can be genemted with lesslabor.

US inbound liner trade iiom Nor&hem Europe should grow at 9.4 percent. The US currently drives

outbound European trade. General economic growth in the US will energize growth in consumer goods,

paper, and light industrial machinery.

US inbound trade from Southern Europe has a growth rate of 6.9 percent. Iron and steel products and

other rnineralandmetal~ will continue to climb due to fixed inwtments by U.S. business.

The eastbound tmspadic flow which is related to three diflkrent areas should grow 2.6 percent.

Inbound shipments from China and soutbst Asia (low cost producers) should grow 12 percent and 3.9

percent. Chinese trade is w strong although it does not contain a diversityin the commodity mix. Most

of the trade is consumer goods (75Yo),with electrical equipment making up 7.8 percent of the trade.

Southeast Asian trade in containerimble goods has 3.9 percent growth - a greatly reduced number fhm

1992 (27.lYo). After this cooling offperi@ trade should grow again at a steady pace.

In Japan -US trade, total TEUs were greater than 1 million. Many of Japan’s traditional products are

beingpoured out of Sou&ast Asia and China ~ coupled with the weahess of the dollar, put a slight

damper on this trade recently. Most of liner goods in this trade were down in 1993, emything fkom auto

parts to electrical equipment and consumer goods. Light industrid equipme@ however, did very well.

US trade with NIEs (Hong Kong Tai~ South Korea) declined in 1993, due to product price inflation

because of higher wage costs, lack of strong brand identity, and market saturation in the US for many of

the traditional expo* fkom this region.

Northbound liner trade from Latin America grew in 1993, mostly as a result of trade in the Caribbean.

Longer term outlook for the U.S. inbound liner traffic calls for 5.4% growth in the 1992-1997, and the

1993”1997 forecast periods.
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United States Liner Trade - Outbound

Total 1993 TEUsshould tilinetiti previous year by2.3_duc to_ @XIWmic

PeJf” abmad(Europe and Japan). Also, portions of the U.S.economy~ tigti@oti

suppliers of containaiA cargoes.

Theeasthmd ~tradein 1993wasdcmm tit8.9_*&~~~

withminimal growth in France andvtqww&_m h& Utiti~om Below, in Chart 48, is

achartofmal GDP forkeycountries in_:

Chart&

GDP for Key European Countrks

Annual Real GDPgrowth(’?A)

country 1993

-1.6

France -1.1

United Kingdom +1.7

spain -1.0
Italy -0.6

= ~Wddsa TmdcsaviCC

The1993weakpoints inthistrade are forest products d@pdm paper. DuIing1993, theseus

commodities werercplaced byotber sources. Global owmqxmy“ intheliner trades haspushedxates

dowQand onlythose suppliers wiIlingto cut @cesgained inthis market. Newentmnts, Chile and

Brazil, havelowercost~ amihavein&uded onthe US f~pmductstra& AdditionaUy, these

commodities were cllec@ by United States e “~ -Ons mcemingthe spotted owl.

Japan’s recession has redwxd trade in U.S. products on wesbund routes. T’hemodest growth forecast

reflects the economic projections for Japan.

Southeast Asia’s export market is ~ making its requirements fm liner imports Ml in 1993. The U.S.

Inaylos emarketshaminsmheast AS* as other suppliers move 4 espxiauy

US shipments to China have We% qaially in pulp and skins, textile fibers.

Shipments to the Far East NIEs were down in 1993 due to slowing exports,

products. Chemical products utiked in export productio~ have also fidlen.
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Southbound trade to Latin America was slow due to a reduction in shipments to Brazil and Venezuela.

Argentina is still a healthy market for U.S. goods.

Dry Bulk Trade

Total dry bulk shipments in 1993 were down - a continuing trend fkom the previous year. World

shipments of dry bulb in 1993 were about the same as in 1988. Principal growth markets were in the Far

East and Japan. Coal and coke shipments were all more than 5’%0this year, with Northern Europe the

chief cause of the reduction. Iron ore shipments experienced a 1 percent drop in 1993. However, long

term outlook is not good due to ediciencies in steebkm “ g and the use ufrecycled steel. Grain shipments

fell nearly 8V%with US shipments to Northern Europe the prime cause, as this region achieved good

production in 1993.

Coal&Coke

Due to the weak economies in Europe, US exports of coal f&ll greatly in 1993. The majority of this

downturn (60%) is related to the fhlloffin shipments to Northexn Europe, where &many’s steel industry

has been t&cted by the collapse of the domestic economy and the drop in demand by neighboring

nations. Southern Europe’s demand for US steel remained the same. Japan’s purchases of coal & coke

also remained unchanged.

Coal exports fhm Austmlia will continue to grow to markets in JaparL the NIE, and Northern Europe.

Australia maintained a fwthold in Europe by utilizing competitive pricing.

-’S Sb.ipXIElltsskxved in 1993 and south AfIiQ’S coal exports also fill. Most of south ~=’S

market isin Europe, where demand is low. Therest of themarket islocated in the Far East and

shipments to this region are usually carried by ships orighating in the U.S.

Iron Ore

Global (OECD) shipments of iron ore in 1993 were 277 million metxic tons, a slight decline of 1 percent

compared with the previous year. Most of the decline is connected to the slower economies in Northern

_ ad JWWLoE~ *d fm iron ore ~ dec~ on IQO~SUPPIYmutes: Southern M&L the

West Coast of Mica and the East Coast of South America (chiefly Brazil). India’s shipments will also be

reduced.

I 1 I I



Japan’simports ofironore weredowntilW3. The~—and~ Asia imported larger

amounts of iron ore in 1993 than in 1992, up to 10.5 percent. Strong domestic growth and the decision by

Japan to outsource some of its steel products, will stimulate demand for iron ore. ~ New Zealand

andhdiawilla lsobenefitfkom” mcmseddemand inthe Far East.

Us. importsof Caadian imnorewilI continue to MwWe imports hnLatin America (Brazil)
.

Continue to inmease.

Grain

In 1993 there was an 8 percent drop in global (OECD) grain shiprnen~ down to 180.5 million metric

tons. This decline is mainly due to OECD expmts to non-OECD nations (i.e. U.S. to Eastern Europe).

Shipments to the Middle East rose 7.3 percent in 1993. This demand is based on the region’s growth rate

and its plans to become more self-suflkient in meat production. The U.S. will -t prima@ fhm this

=itis~kg~a~fim titifdtif~~ti.

Grain shipments to Japan in 1993 were similar to 1992. If trade rules on Japanese rice change, the U.S.

could also export rice.

Europe’s grain imports were slow in 1993, down 1.4 percent shipments to Eastern Europe decreased due

to strong domestic grain prOdUCtiOI1.

Tanker Trade

Global shipments of tanker commodities in 1993.mmeased aslightl.7 percent This is based ongrowth

in OECDimports ofl.4_t~d2_t_ti OE~ exporrs. Imports mahngupthemajority

of thetotal aresteadiedbythe~ nations’ imports from Latin Anerica and the west mast of

Afi@ helping to cover North Europe’s reduced demands.

Global shipments of crude rose 1.7 percent in 1993, with growth patterns similar for tanker trades.

Shipments fiorn the Arabian Gulf did not rise in 1993, while Latin America’s share of OECD imports

increased. The newfound sources of crude in Latin America will put it in a very competitive position

-y for the U.S.
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OECD imports of petroleum products in 1993 were d= mainly due to the economic downturns m

Northern and southern Europe, and weakness in the Japanese markets. However, this will be ofhet by

OECD exports of 105.6 million metric to= quite bi~ with strong growth in shipments to the Far East

and the Middle East.

Crude Petroleum

Seventypercentofthe global (OECD) tanker trade is crude petroleum. This year, crude shipments were

859 million metric tons - an increase of 1.7 percent over the previous. The OECD imports of crude oil

this year reflect the general economic conditions in Northern and southern Europe and Japan. OECD

nations’ reliance on Northern Europe (North Sea) crude fti slightly in 1993, while imports ikom Latin

America incmsed

The growing U.S. eoonomywill demand morecrude oil, in 1993 growth incmsed by 9.1 percent. The

Arabian Gulf is one of the beneficiaries of this increase, but Latin lhnerica’s share of the U.S. market is

-~ increase again in 1993, to 39.6 percent. Latin America shipped 106 million metric tons to the

U.S. in 1993. The expcted inmease in this trade is due to their close proximity , improved trade

dtiO13S, and new petroka.un supplies in the Caribbean and tiloxnbia.

Japan’s economic slowdown in 1993 is reflected in the year’s import records. The cooling off of the

economy willcreate amuchweaker dernandfbr-od.

Northern and Southern Europe continue to rely on the Gulf for petroleum impor@ although demand fell

slightly in 1993.

Details of shipments for the four largest suppliers of crude oil are listed below in Chart 49:

Chart 49
\
Country/Region 1993 Shipments

(millions of metric tons)

ArabianGulf 388.33
LatinAmerica 137.n
Meditemanean 107.88
Western Africa 97.37

ScnRCC:DRUMaca Wdd sea Tra& SavicG 1993



It is expected that the_ growing mppiier will be Western Mica (Nigeria) with its market position

improving in the U.S. In additioq new supplies in Latin Anerica will most likely compete with West

African supplies in the U.S. -as Latin America will be able to price its product more attradvely.

Petroleum Products

In 1993, global petroleum product shipments “mcmased 1.7 percent due to growth in OECD shipments of
. .
mu=date products tothe Far East(Q Southeast ~andthe NIEs). HW=XX, this year’s

ixrease, 246.4 million metric tow cannot mmpema& forlarge lmsessince ahighin19900f256

million metric tons.

The United States, the world’s largest impmter of petroleum products “mcmased imports of 1.1 percent

resulting from a total af80.7 million metric tons in 1993.

suppliersto the U.S.>mainlytheCaribbnandthehtcoastof southAmericabeneiitthemostfkOrn
this strong growth. The Arabian G~amuchs mailers upplier, isexpect dtogainadditiona lmarket

share in the unitedstates.

Japaq the Second largest importer ufpetroleum products, maktahd similar volumes in 1993 (42 million

rnetrictcms). The AalianGulfwiUlx mefitftomth isslowgm wthinimports. Other suppliers inthe Far

East (i.e. Indonesia) should also see some grow@ but the ArabiarI Gulf should gain share in the Japanese

market.

The European market’s imports in 1993 kreased due to the economic downturn. - of petroleum

products are not expected to krease much in the near future (35 million metric tons), even with the

_ed r=er’y of Northern and So@em E-.

Trade Routes Commodities and ShiD TVKW

-’

Trade at the Port of Baltimore is part of the massive global trade route system. To better understand these

systems and explain their efikcts on cargo -cat POB, the following section will present various levels

of trade routes and their interrelationship with the merchant fleets. This section will be divided into the

following parts: Global, United StateS, No* Atlantic, sOUthAtlantic and port of Bahixnore.
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The ten largest volume trade routes are listed in Chart 50. These routes are dominated by crude

petrolenq and do not truly illustrate the diverse commodities traded worldwide. Because crude

petroleum encompasses over 54V0of the total metric tons moved within the top ten trade routes, a more

diverse presentation is provided in Chart 51. In this ch@ crude petroleum has been exclud@

mtructuringthe order of thetraderoute leaders. Incompiuing Chart 50with Chart51 , the Arabian Gulf

region is positioned as a major supplier of crude petroleum In additiorL the only heavy U.S. trade was

droppedwith the exclusion of crude petroleum.

Chart 50
I

I Top 10 World Trade Routes

IWabian Gulf to Japan

AustratiafNZ to Japan

Other Msdto Southam Europe

Arabian Gutf to Northern Europe

Other Msdto Northam Europa

souttl East Asiato Japan

Arabian Gulf to Far East NICS

Austrdii to Far East NICS

China to Far East NIC’S

Arabian Gulf to US Guif Coast

93 Total Mtms

176,574,364

151,691,660

98,107,464

94,044,660

93,755,352

=,641 ,168

78,585,592

6z,m,052

61,890,420

59,009,144

Chart 51

Top 10 World Trade Routes Excluding Crude Petroleum
93 Total Mtons

AustmWNZ to Japan 149,515,790

South East Asiato Japan 69,885-

AustmWNZto Far East N[cs 62m9,8s3

China to Far East NK’s 50,110,101

South Arnsdca East Coast to Northam Europe 49,844,812

South East Asis to Far East Nl~s 44,721,570

South AmarioaEast Coastto Japan 34,829,734

Canida West Coast to Japan 31,667,617

Japan to Far East NC’S 31,611,032

Othar Mad& Northern Europe 31,027,134

--L -.
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~W~&tim~~e dmtitotie- of~ls_tigkagM. The first

example, Chart 52, where the largest commodity is crude petrol- is likely to have a heavy

concentration of takers. To analyze this trend Chart 53 explains the distribution of vessel &pes. For

example, in Chart 52, the commodity detail indicates that 146 million metric tons of crude petroleum

(87%of~tic tom-titis ~)ti~titih WdJ~. Chart53 lists

the vessels active in this trade, and tankers carried over 153 million metric tons. Over 80V0of all tonnage

inthistrade wasmovedbytankrs. Additional obsemtions include trade between the Arabian Gulf and

Northern Europe where 93% of all commodity metric tODSis crude petroleum (88.9 million) and tonnage

moved by tankers is 92$’o (87.2 million metric tons) of total trade. Finally the relationship of commodity

titi_~fi _~~titie titi@totie U.S. Gulf trade. 0ver53 rnillionrnetric

tonsofcrude petroleum isdeli~ makingup 90%oftotal tonnage rnovedinthis lane. Onthevessel

side, tankers are involved in 94V0of total metric tons moved fkom the Arabian Gulf to U.S. GuIf region.

From these char@ it maybe noted that crude petroleum is a major commodity traded throughout the

world.
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Chart 52

Chart of 1993 World Trade for 10 Lmpt Trade Rmtes (iidcs Cntde Petrokmn Rank) and._.
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More diverse trade is illustrated in Charts 51 and 54. In these charts and all analyses, the crude

petroleum rank is ignored and other commodities begin to gain significant importance. Chart 54 indicates

the prominence of the dry bulks and other commodities in relationship to total metric tons traded

worldwide (with crude petrokum ignored.) For example, in the trade lane AustmWN ew Zealandto

JaparL coal& coke makes up 44% and iron ore 36V0of total tic tons traded when excluding crude

petroleum is excluded. These same commodities are prevakt in AustmWNew Zealand to Far East

NIC’strade. South Amexica f~imnomti d&de ontwotradelanes: South American East

Coast to Northern Europe and South America East Coast to Japan. Thetitrade lanemovesover50%

of its total metric tons as iron ore, with coal& coke making up just 4% of the adjusted total. The second

South American trade lane includes over 80% of its total metric tonnage (2S million) as iron ore tonnage.

Thetrade fkornthe Canadum“ West Coast to Japanis “dommatdby coal& cokewithover55%or 17

million metric tons moved Over 10?? of this lane’s trade is gra@ with moves of mm 3.6 million medic

tons in 1993. China moves large amounts of~lime &stone, aswellas, coal& cdce,andgrainto

the Far East NIC’S. Trade h Japan to the Far East NIC’S involves large moves of cement lime &

stone, and iron & steel. Total metric tons for cement etc was 10.4 million metric tons, making up over

30V0of total tonnage moved. Iron& steel shipments made up 16V0of the total trade lane, with over 5

million tons carried.

“b-

.~.;.,>...



Chart 54
Chart of 1993 World Trade for 10 Largest Trade Routes (ignore Crude Petroleum Rank) and.-
Commodities TYaded
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This more diversified trade includes a more varied fleet. Chart 55 illustrates that when the efkct.s of

crude petroleum on trade are igno~ dry bulk and other carriers become more important. The bulk

carriers move over 83’XOof non- petroleum tonnage (124 million metric tons) tim AustdiaNew

Zealand to Japan. These vessels also move over 85V0of the cargo moved (52 million metric tons) horn

‘tlown under” to the Far East NIC’S. On the South American trades, over 70% of cargo to Northern

Europe is carried in bulk camiers and over 50V0of total metric tonnage to Japan moves on these same

carriers. From the west coast of Canada to Jam over 8670 of total metric tons move on bulk carriers.

About 70% (35 million metric tons) of the total cargo camied from China to the Far East NICS moves

4



onboard bulk carriers. About 10 million metric tons (33V0total) moved *m Japan to the Far East NICS

is carried by bulk carxiers and 17% or 5.5 million metric tons goes by general cargo vessels. In additiou

cellular vessels move another 5 million metric tons.

Chart 55
Chart of 1993 World Trade for 10 Largest Trade Routes (excludes Crude Petroleum Rank) and the
Ship Types Working per Route
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Utitedsates

The 10largest tonnage trade routes fmthe U.S. areprovided in Chart 56. Over halfofthese routes are

ti~~-ep~l- ~_titi~eti _ti53_ti Wp= All

Of~tXt(k I’OUttSiIIVOh/e-impOItS. Because cnxiepetroleum imports makeup over56percentof

tietti_~ti ti@Mti_for tie U.S., a_sdti@-A+. Inthis

way, amorediverse mixofcommodity moves may beexamind Inthecharts detaihngthe trade mutes

while excluding crude, the routes order is @a@ elkimthg the non-varied trades. Crude intmsiw

routes include: Arabian QCariibbean Bas@ and West Atikatot heGu.lf~a ndWestAfricato

Northeast Coast.

chart 56

TopU.S. Trade Routes

ArabianGulfbu.s. GutfcOa@
cwbbOwlBasintou.s.Gutf-
Swth Arnerka East Coastto U.SGuKComst
U.s. mlfwesttohpwl
sOllh A#mrka EadcOastlB u.s. N@lmastcwst
U.S. Sdhwst ~ to Jqxan
U.S. Gdf CoI@to Northern Emp
West Africa to U.S. Ndhead Cd
Nuthem Empeto US Northwk Coast
West Afrka to U.S. Gdf(kast

59,00e,144
58,813,SI
53,708,672
26,s09,496
28,430,s56
25,s21 ,808
24,6Q784
23,84s,024
23,714,%?8
20,676,-

Top U.S. Tde Routes Excluding Pdrokan

U.S. Gulf Casstto Japfan
u.s. SOlmkQ&codto Japsn
U.S. GM Coast to Nortbn Europe
caabeanBasintou.s.GIJlfchSt
U.S. Northast CoasttK) Northern Europe
sOUUIAmeficaEastcoasttou.s.Ndh=5tcoest
U. S. Gulf Coast to Cwibtmn8asin
U. S. GM Coiistto Sdhem Europs
U.s.lwheast coasttosdhmlm fop
U.S. So@hwst Coast to Far East lW~S

26,509,495
2s,521 ,713
24,602,784
21 ,824,60s
2Q2U7,1O5
17m,461
16,964Z1O
16,010,827
14,503,441
13,266,n4

~eW*dti mtimmMb*--*g ti*mmgE. Inthefirstsection

of Chart 56, a crude oriented trade will often usually have intensive tanker use. Upon reviewing the

vessels invol~ there is a strong orientation toward tanbs-as over 59 percent of the total tonnage in the

top ten trade lanes is carried aboard tankers. For the Arabian Gulf to US trade, the majority of crude

moves aboard super tankers with over 250,000 DWT. In the other crude related trades, the most popular

tanker sizes are those between 80,000 and 160,000 DWT.



Moving on to the non-crude analysis, the grea@st amount of tonnage moved involves dense cargoes:

~ ~ & ~ke, =d ~ (CM 57). ~ additiou lumber and wo@ petroleum products and otk

chemicals includes heavy cargoes, as well. For example, in the U.S. Gulf Coast to Japan grain made up

over 55percent oftotal tonnage movedin 1993. Coal &coke was 15percen~oilseds 13 perce@ and

lumber and wood 8 percent of total tonnage moved on this trade. In ~ in the U.S. Southwest Coast

to Japan trade, over50percent oftotaltonnage_~ huuberandwood. Grain rnadeupanother

28 percent and natural and mamktured gas was another 5 percent of total tonnage traded. The other 17

percent of this trade encompasses a large variety of commodities: meat fish& dairy products, paper,

tits and vegetables, bauxite, other chemical% non-ftmous metals, fti products, textile Iibers, plastics

and others. The U.S. Gulf Coast to Northern Europe trade includes grain (29’??), oilseeds (19%),

petroleum products (16Yo),and coal& coke (15%). The other 21 percent of total tonnage includes other

chemicals, plastics, lumber & wo@ pulp & waste paper, liquid bulk chemicals, paper, and others. The

Carii Basin to the U.S. Gulf Cuast with crude exclud@ involves petroleum products (30%), cement

(24%), bauxite (24%), other chemicals (6%), - & vegetables (5%), sugar (2%), manuktured

fkrWizm (29’0)and others make up the last 9 percent of total tonnage. The U.S. Northeast Coast to

Northern Europe is dominated by coal & coke, which is 81 percent of total tonnage traded The rest of the

commodities traded lumber & wo@ plastics & chemical products, fbod products, petroleum products,

consumer goods, pulp & waste paper, graiQ and others. Inadditio~ of thetoptrade lanes basedon

tonnage, thistrade isthehas thegmatest tonnage for~ cars. South Anerica East Coast tothe

Nmtheast Coast (excluding crude) brings large amounts Of~kmm p- (63Yo)and iron Om (13~o).

The other 24 percent of total tonnage imported on this trade includes cement lime& stone, f~ products,

pulp & -~, -, fits& =gdks, other chemicals, iron& steel, and other commodities.

Nearly all the tonnage traded between the U.S. Gulf to the Carii Basin is either grain (35VO)or

petroleum ptillct!l (35?fo). The Oth~ 30 percent uf total tonnage traded includes: OiklX?ds,liquid bdk

chemicals IMPX, OilS & fk@ plastks ~d chemical pmduc@ lumber& woods, and other commodities.

Also, this trade has the largest amount uf tonnage for airmail and ships. In the U.S. Gulf cuast to

Southern Europe trade the chief tonnage commodities are petroleum products, 40 percent of total tonnage,

grain is25 percent and coal& coke makesup 11 percent ofallmetric tons tied. The other 24percent

of total metric tons includes a variety of commodities, including lumber & wo@ pulp & waste paper,

PPCZ o~er chemi~s, OdS& ~ ad otir COmmtiti=. From the U.S. Northeast Coast to Southern

Europe, coal and coke makes up over 80 percent ufthe total tonnage carried. The other 20 percent of total

tonnage involves: other ores and scrap, oilseeds, grai~ lumber & wocx$ petroleum products and other

commodities. The U.S. Southwest Coast to Far East NIC’S trade has neariy 50 percent of total tonnage

camied as grain. Lumber and wmd make up another 15 percent of the total tonnage. The other

commodities exported fkom the U.S. in this trade involve: coal & coke, oilseeds, pulp & waste paper,

paper, other chemicals, as well as, other commodities.
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chart 57
Chart of 1993 United States Trade for 10 Largest Trade Routes (@non Crude Petroleum Rank) and
Commodities Traded

.. _olLi2)mFimmkYFrabJcb 517 206.4ss] 1s.s72 1s.04s S7.000 92,666 s= 3,7ss 2s.6s2] 162,269
(3)Fnbt~ 21$7s S6a ~ l,- ~ ~~ ~~ 7,m6 23s.269
AA)- ●AAm774n 7mn* 7,s61*l ncoss m 2S5 5s3.in 4,1~030 =2.= 6,5n,797

a?.036 7S75 47&s3s 27s.7ss 44#o o lm 5,422
‘- ?36 -w 27W60 303.00s a3,431 am 41.64s

T~m~
67.646

I 5661 131.= 66,633 &151 64,153 lam 302s0 27,?SI =.556 240.308
. -. ,s441 S.563 4m7m3 15X6 3,0s3 6424s7 f .m20B S37.on SS.234

-) -m mm 16261 W115 Z.sm m,ooo 37Qg40 n,~ 4g~

b

UUJ —

14”” -

S66 11s,181 4.417 31.677 %262 10,OI3 11,104 4#2 17.07s
--- I ls,w,m 404s1 42.s44 4msl

2)Pmbtw*-
2ss,103 3oo.m am l,60s~

I 42!s tnl M&m 499- n %9 m - MA mm u. M. -- ----

,.,-.—- .-,—,..- .,—.q
(3 - Q71O --
mFd~ al 1*,
— — .

m 1 4*Iv,

~--,.— “ v u
3* 26s; 60.; SSi90S& u u Q o

(14)~Un0&e 46,4n ~lw 140,664 6.=
(ls)~~

7S3 123.W
o 0 0 =,467 o Zs 4.713 0 0

.rlmrubom
o

e * n n m 2.267.aM n a n n— .---
3060q W671 %330,127110207 374,m 136 1s.692 100 129.a

1,077S60 435,470

6.3oa6a s36.2m mmo 1.744.464 11,- ~w
SI nl ~~1 46 Sm.ls o 0 0 0

&S16S71I =A!m mm- 5 u,$m ~,~ lQas o

067 73 667 s7m2

mm 76.034 36.424 1,6M
P-, — a ma -a ~ fW.341 263,642 27#7 420.as
@5)Pnb m mm 10.044

=&3 2S9 as64 66.7s6 2: so,:
9.649

eqma~~
16.620

65.446 la7m 31s VO,lm
@7)Ta#QL4d14r&M- M - 2SW7 14.4ss m sl,021 36,141 6,67S
m- 56s

U.sn 44.935
5324SI 362= 3.707 %30.4s6 7sp36 42g367 148,4s0 mm 4n.605

@9)06Wti&Mu~ 367 17.s02 2&546 m,lm S6m 30.346 S,74S lm
(301m&std

57.246
1 44672 lu~ 2s,1$3 31s210 47,137 ls,m 6s,763 9,s7 24,446 =,351

@l) NaB.FurollsMM I ml am W6s 4s7 @@26 24.s02 m 8.636 14,7e n3.241
@2)whMlsMdMBdlhq 221 6,6791 W.s21 73 56,726 15,067 10,076 1,7ss 7.mo a,~7s

au
Mls)ouluoruAsm I Zla]

W6,7161 6343j moms[ 01 1
I 01

v --1 --
i2iFumIlmlPr4m 17w I 0] 4,0WS371 L_... ., ——, .-——, -—
w-wld~w OJ 1,123.6s4$1 alla[ 33s.117] 5.6651 22904s la
Q3)IMMl .— —— , -.-, -,. -. I ..FJ w

*MI - U141 1--=1 --f -- -

b I 1.a

l@3)lMMlsbu~ I 2441 21.call 24Md ml *—.— .=4s4 141M 16,S42 Sso 20.341 n.w
W)=vTNlvdasm E&Ult I 3ss[ 6.633{ Z&l ;01 67271 7.n7 76.s21 4,726 9313
m~k

12,512
*I nsd 1ml ~m lW 2.077 6,M6 244 ls,la 1s,2s6

ls.ml *42 5,ss6 2s0]
If37i~LsM19 -

--- 7344 13,W
I ml * 9%1 Mnl 41 7463 11 4.m6 ml 34!S7 Am

lw)—~ I 34sI ls.wol 937 I ~

,_.,_. .———_-
1 1 .— —, .1 r ,= ,

(36)em@bd~
---- -. - -.—.

13 14,018
—

17,S16 1*1 n,ls2 11.616 19,0s6 1.4s1 1s.066 20.274

w CUMUrUw 1s7 41,7s0 47.03s zsmo mm 117366 45,4n 8,061 31.7M 43,424
@fh~ NES A Am 3m 6,504 1s,734 16,724 7246 m 2S34 9,312., ----.__. .— 1 I --

r ,

I I t —. t —. t l—

.9

— f
W3061,46512$S2W061 24,SU27641S6.613,3S5120207,151I 2S,430,65S1fSxji~16.010&271 14.S03,441 j326s,n4

I 1 —— — — —— — —

sauce ~WaUsaTbti



These commodities in the various tradesrelateto the vessels in each trade (see Chart 58). For example, it
can benot~for the U.S. Gulf ~to J~~~~mch m@nd~uea@e~ of tie
total tonnage. Therefore, over 89 percent of the total tonnage carried is on board bulk type vessels.
Similarly, the trade fkom the U.S. Gulf Coast to the Caribbean Basin is largely grain and petroleum
products. The vessel chart indicates that the vast majority of total tonnage is evenly split between product
tankers and bulk carriers.

chart 58
Chart of 1993 United States Trade for 10 Largest Trade Routes (excludes Cmde Petroleum Rank)
and the Ship Types Working per Route
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North Athntic,

Chalt 59

Top North Atlantic Trade Routes
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Top North Atlantic Trade Routes Excluding Petroleum
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The Chart 59 above presents the top ten tonnage trades for the U.S. North Atlantic and Chart 60 excludes

petroleum. Our analysis will fbcus on the trade table which ignores crude petroleum.

In the largest trade, (see Chart 61), the U.S. Northeast mast to Northern Europe, trade maybe broken

down into the following commodity ~ where coal& coke form the largest share at 80 percent of total

tonnage, and other commodities make up the other 20 percent. Lumber & wo@ plastics & chemical

products, f~ products, other chemicals, pulp & waste paper, grain and other commodities makeup the

.
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rest of the 20 percent of total tonnage. The South America East Coast to Northeast Coast trade has the

greatest amount of tonnage in petroleum products453 percent of total tonnage. Iron ore makes up over 13

percent of total tonnage. The other 23 percent of total metric tons imported in the U.S. Northeast

included: coal & coke, cem~ lime & stone, pulp & waste paper, food products, sugar, tits and

vegetabl~ and other commodities. The U.S. Northeast trade to Southern Europe has nearly 80 percent of

itstotal tonnage ascoal &coke. Theother 20percent oftonnage is other ores& scxap, oilseeds, gra@

lumber & wo@ and other cmnmodities. Northern Europe to US Nmtheast Coast trade (excluding

crude) identifies petroleum products (37VO),paper (10%), and fd products (10??) as the major tonnage

commodities. ~g-,-~~,tin&~~=~~fih&@p~~

andother commodities makeup the rest oftotal tonnage fmthistmde. The Caibban Basin to the

Northeast Coast (excluding petroleum) has nearly 45 percent of total tonnage in petroleum products.

Other imported tonnage includes ceme@ lime& stone (23?’o),hits and vegetables (169’0),and sugar

(8%). The US Northeast Coast export trade to Japan is d .ommatedbycual&coke. Thiscommoditygroup

makes upover78percent ofallthemetxic tonscamkdtoJ apan. The Other metric tonnage includes

oilseeds, lumber & _ pulp & waste paper, paper, plastics and other commodities. The Southern

Europe to U.S. Nortkst Coast trade has the majority (51VO)of metric tons imported in the commdty

petroleum products. Other large scale commodities include: cement lime & stone (16’70),iron& steel

(6%), consumer goods (4’%0),fd products (7%) , tits and vegetables (4VO)and other commodities

(12%). The outbound trade Ikom the U.S. Northeast Coast to Far East NIC’Sincludes large moves of coal

&coke, which makeup 40percentofaU rnetrictonscanied Other ores& scrap makeup anadditional

33percent Theother27 percent includes pulp& wastepaper, paper, hunber&woo&rne@fi@&dairy

produq as well as, other commodities. The import trade tim South America West Coast to the U.S.

Northeast Coast has the largest amount of its tonnage as petroleum products, which makeup nearly 50

percent oftotaltons carried tothe U.S. Nmtheast Fmitsandvegetables makeup 20 percent coal & coke

12_tmdanQbe &sone-W6_t titi Wt~~@ti. The Nor&heastCoast

to Smti M=-- M~~tiepmtie~ ti@&~mti commodity makes up80

percent of the total tonnage. The other 20 percent of total tonnage includes the following commodities:

plastics & chemical products, graiq pulp &wastepaper, other chemi~ as well ~ other commodities.
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Chart 61
Chart of 1993 North Atlantic Trade for 10 Largest Trade Routes (l-ore Cmde Petroleum Rank)

and Commodities Traded
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Asdiscuss@ thepresence of various commodities is linked to specific vessels. The North Atlantic trade

lanes have the majority of their metric tonnage aswciated with coal & coke (outbound) and petroleum

products (inbound), as shown in Chart 62. Similarly, most of the tonnage moved on vessels in these trade

lanes is onboard bulk tiers and product tankers. However, this is not to say that there is not

considerable containerized tic. Cellular vessels carried a nearly 13 million metric tons of rate

intensive cargo within the top ten trade lanes. Of the top ten lanes present.@ Northern Europe to

Northeast Coast and U.S. Northeast to Northern Europe had the greatest containerized tonnage totals for

1993.
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Ch- 62
Chart of 1993 North Atiantic Trade for 10 Largest Trade Routes (excludes Crude Petroleum Rank)

and the Ship Types Working per Route
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chart63

Top South Atlantic Trade Routes
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chat 64

Top South Atlantic Trade Routes Excluding Petroleum
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In Chart 63 details are provided for the 10 top trade routes based on tonnage. The top section presents

total tonnage for the top 10 and includes all commodities. Chart 64 provides total tonnage moved within

the top 10 trades while excluding crude petroleum.
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This analysis will concentrate on the non-crude tables. Chart 65, indicates that within the U.S. Southeast

trades, the most prominent commodities in tonnage are petroleum products, bauxite and cernen~ lime &

stone. For the South Arwrica East Coast trade to U.S. Soutkst Coast (excluding petroleum) the largest

commodity in metric tons is petroleum pmducts-rnaking up over 60 percent of the total tonnage imported.

~@(13%) tim~@&sou (WA)A~a~tio~ 20_ Thelast20perc@of

commodities isamixw hichincludes: ironore, fbodproduc@ other mineral andmetdman@@rm,

iron & steel textile, leather, and rubber mataids, as well as other commodities.

The Carii Basin to the U.S. SOutkst coast (excluding petroleum) again shows large imports of

petrok?urn pMdUCtS(48%)and cemen~ lime, and StOXE(23%) which makeup over 70 percent of all InetliC

tons imported in this lane. Consumer goods, other chemicals, sugar, and fits and vegetables makeup an

additional 20 percent of all metric tons. TheSouthhlericawestmasttotheu.s. sOUtkaStcoast
trade’s largest imported commodity groups are coal & coke (45%) and petroleum products (34%) making

upnearly 80percent ofallmetric tons imported. The U.S. Southeast Coast to Northern Europe trade is

dominated by exports ofcernen~ lime, & stone. This commodity makes up 24 percent of total metric tons

carried. In additio~ pulp & waste paper (lo%), paper (8%), coal & coke (7YO),plastics & chemical

products (5VO),fkuits & vegetables (5VO)and sugar (3%) make up 38 percent of total metric tons. The rest

of total metric tonnage is made up of other various commodities. The U.S. W@heast Coast exports tothe

Caribkn Basin isamixofavariety ofcamnodities. Lead bypetroleum products exports (20%), then

consumer goods (13Yo),food products (1OVO),and lumber& wood (6Yo). Imports fkom Northern Europe

to the U.S. Southmstmn Coast (excluding crude) has the following major commodities which make up

over 50 percent of total metric tons moved include: iron& steel (12940),petroleum products (12VO),food

products (10%), cement lime & stone (9%), and other ckmicals (9Yo). S- demands fix American

consumer goods isreflected inth.is samecommodity within the U.S. Soutkst to South America East

Coast trade. Cmsumer gmdsmake upthe largest tonnage segment within thistrade lane, about12

_ ~P&-~r&Wm Mtidll~-L~=* aWr9prmnt These are

followed by electrical equipment (7%), other chemicals (6%), pklStiCS& chemical products (5$’0)and

auto partdmotorcycles (5’%0). In con- the trade U.S. Soutkst exports to Japan are largely ceme~

hme, & StOIle(37VO),lumber & wood (27VO),and @p and waste paper (14%). ~ time commodities

comprise nearly 80 percent of the total tonnage exportd Nearly half of the tonnage imported from

Southern Europe into the U.S. Southeastern region is ~n~ lime, & stone. Other minemls and metal

manufacturers make up another 17 percent of total tonnage and petroleum products represent 10 percent.

Over 75 percent of the U.S. Southeast region export tonnage to the Far East NIC’S is: pulp & waste

paper (19’Yo),other chemicals (16%), cemen$ lime, & stone (15VO),paper (12%), lumber& wood (9%),

and iron & steel (5Yo).

.
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Chart 65
Chart of 1993 South Atlantic Trade for 10 Largest Trade Routes (ignore Crude Petrokmn Rank)
and Comwdities Traded
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As previously di- the presence of various commodities is linked to specific vessels. The South

Atlantic trade lanes have more diverse trade flow, in comparison to the North Atlantic. Of the top ten

(excluding crude) trade lanes dia the largest moving commodities are: petroleum products (31%),

cemen~ lime& stone (16VO),coal & coke (7’XO)and bauxite (4Yo). Thus, product tankers, tankers and&y

bulk carziers should be apparent. By mfkrring to Chart 66 below, tanker type vessels move over 40

percent of all metric tonnage in the top ten trades and buk cmiers transport nearly 25 percent of all

cargoes. In additio~ container vessels contribute to these various trades, about 30 percent (12 million

—



metric tons) of total tonnage is transported via these tiers. ContainMml tonnage is greater for the

export trades, with U.S. Southeast Coast to the Caribbean Basin with the largest tonnage, about 2.3

million metric tons in 1993.

chart66
Chart of 1993 South Atlantic Trade for 10 Largest Trade Rmtes (excludes Crude Petroleum Rauk)

and the Ship Types Working per Route
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commodities

CW68p~=&tia_tim_tionzh~~. Coalandcoke isthemrmber

onecommodity moved onthistrade, the largest andheaviest route forthe FOB in 1993. Cd and coke

tie~72pmt&Wtictommtiati=. Theother27 percent oftonnagetransported

incl*. lumber & wo@ fruits and vegetables, textile fibers, other chemicals, plastic & chemical

products, paper and passenger cars.
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vessels

@ti~wlwe~~,~63_t&titQis_~W caniers(see Charc

69). Incon~13percent ofthcisrnovedby~ “ rships and 11 percentbymmbinationcmim.

ROROvessels andgeneral cargo ships each amtxiibute bymoving 5pement of thetota.1. Tankers and

vehicle carriers tmnspmt the mmahing 3 percent

Chart 69
Chart of 1993 Baltimore Trade for 10 ~ Trade Route%and the Ship Types Working per Route
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South America Eisst Coast to the Port ofllaltimore

commodities

Thisroute, second inmagnitude fmthe POB, brings inavariety afraw materials and some finished

goods, as indicated in Chart 68. Iron On represents 25 percent of the total inbound tonnage and

petroleum products make up 17 percent. CemenL lime& stone comprise 15 percent and pulp& waste

W=13_Ladm~9pem~ Light industrial macbinerymakes up3percen~ iron&steel

2.3 perce@ mto parts and motorcycles 2 percent and paper makes up 2 percent of all cargo. In addition

to these listed (89 percent of all tons), another 11 percent of total tonnage is made up of other ores,

consumer got@ food products, other chemicals, and bauxite.

vessels

The tonnage on this route is split among several types of ships as shown in Chart 69. Bulk camiers move

over 33 perceng general cargo vessels over 27 percen~ container (cellular) camy 20 percent , product

tankers move nearly 19 percent and RORO carriers move about 1 percent of total tonnage to the port

Port ofBabnore to Sbuthem Europe

. . .

commodities

This trade route is the third largest for the ~ although in tonnage terms, it is very close to the largest

route. Thu Europe maybe considered a significant trading partner. Four commodities makeup over 95

percentoftotalmetric tons coal& coke (60?!), oil seeds (25Yo),grain (9%), and lumber (2%). The rest

of thecargo isrnadeupufpsenger GUS,pk=tk and Chemical pI’OdUCtS,Other ti@S and rnetzds

~iron&steel, other chemi~ consumer goods, heavy ~on equipment and other

commodities.

vessels

Over 95 percentof tonnage is carried on four ships types: bulk tiers, general cargo, combination and

RORO. As the majority of cargo is buk based commodities, it is reasonable to note that bulk carriers

mfi 72 -t Of to~ ~C tons ad gCM@ -O W-S mm over 13 percent. COrnbination

carriers move over 6 percent and RORO vessels carry nearly 3 percent. Other vessels move the remaining

6 percent of total metric tons.

, “.

-,
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Port ofZWimore to Other Mediterranean

“W==W Al- Lii EW T- FormerYu@ati Ixl?muLISMCL~ swia)

commodities

Over 98 percentof metric tons carried to the other Meditermneanregion involves three bulk mmmdities.

These arex coal& coke, grain andoilsee&

vessels

Not surprisingly, the high concama “Onofblil kcommoditie scarriedt iti region requimsthe useof

buIkcaniers. Fortitib, ~W_tdtititic ti~on W_. General

Cargo camiersmovesspercento ftdcommodl “tics and container vessels carry close to 4 percent.

Tankers and RORO operators any the last 1 percent of total metric tons.

Port ofBaltimore to Japan

commodities

Bulk ~ti=X~98pti dtiefic-ti ontitil-. Coal& cokemalwsup

74 perce@ oilseeds over 18 percent and grain over 5 pement of total metric tons carried. Together,

w~~ ad l-r ~jw owx 1 percent of the total.

vessels

‘IMstrade lanemoves 75percent ofitstonnage in buIk _ while cellular vessels carry 23 percent.

Co* vessels may be utdizkg nonumtainmmb“ lebulkstofill theshipforthe retumvoyagehome. .

General cargo vessels carry justl percent of thetotal tonnage and ROROo~ors rnovecbsetol

percent.

Port ofBaltimore to E&tern Europe

commodities

--

J~~W_ttitti tictm~4tim~B~_Empk related to bulkcargoes.

~&mk@e~68_ d@20-tti@ tictomtid. MeagfisL anddairy,

oilseeds, and commodities NES make up 9 percent total tonnage moved. The other 3 percent of total

metric tons is represented by a vaxietyof commodities.

v-”



vessels
--

Bulk carriers move nearly 75 percent of total metric tons and general cargo vessels carry close to 18

percxmt. The use of these vessels reflects the types of commodities traded in this lane. RORO operators

move nearly 6 pement uf total metric tons to Eastern Europe and cellular ships transport 1 percent

The Carz”bbean Bm”n to Port ofBaltirnore

commodities

The Caribbean region brings a variety of bulk commodities to the port cernen~ lime & stone, sugar,

petroleum products and other chemicals make up 99 percent of all metric tons carried.

vessels

Aga@ the prevalence of bulk commodities creates demand for bulk carriers. The Caribbean region moves

87 percent of total tonnage to POB via bulk carriers. Additionally, tankers carry 7 perce~ cellular ships

3 percent and product tankers 2 percent &total metric tons.

AusbwIiaAkw Zealand to Port ofBaltimore

commodities

This route is the eighth most voluminous route for the POB, over 99 percent of total metric tons are

related to bulk commodities: iron ore, bauxite, coal&coke, non-f~ metals and sugar.

vessels

Bulk tiers and general cargo ships cany 79 percentand 12 percent of total metric tons, rqectively.

Container vessels move close to 6 percent and RORO operators nearly 3 percent of the total. Althoug&

this trade route is largely a bulk trade, dii%erenttypes of vessels maybe utilizd as a means to fill ships on

thelongwaybackfkorn AustdWNew Z@and.

Northern Euro IX to Port ofBaMmore

commodities

This was the ninth largest trade route for the port in 1993; however it has the greatest mix of bulk and

non-bulk commodities. Iron and steel is the heaviest commodity transported from Northern Europe to

Baltimore, making up just over 20 percent of total metric tons. Heavy transportation equipment makes up

II (1 u u u u WSSWWS*SS+SWXS.>’ II II II [l [1 II [Jl (J



lopercent@therchemicals8per cenLpassengercars 8percent#mdcement lime& stone makeup rlwrly

8 percent of total metric tons.. Food products represent 6 percent of total metric tons, and paper nearly 5

percent. Petroleum products make up just over 4 percent of total tonnage impmted from Northern Europe.

The other 30 percent of total metric tons includes a variety of commodities which include, among others:

nonfkrmus metals, heavy”mdmtrid umchineay and light M- machinery.

Vessds

B~hmtiti~m~g atistim*mm ti, ati~tiv_fitisti.

M-mm- ~ls~=&29_t &tificwmtoti~B. General cargo ships

bring over 22 percent of total metric tons. RORO operators and vehicle carriers transprt 19 percent and

17 percen~ mpectidy. For this trade, bulk carriers are only involved in 5 percent of the total metric

tonsandtankers carry just3permnt.

Jamn to Port ofBaMimore

Commodities

Thistrade route is POB’stenth largest -asthetrade routes become less bullgth eyincorpom teagreater

varie& of commodities. Inthiscase, thetop87percent oftotal metric tonsincludes coal&coke,

~r ~ light -dustrid machinery, heavy industrid machinery, electrical equipment and iron and

steel.

vessels

Carriers working this trade include bulk ~ers (65 percent-mostly coal& coke), vehicle cmiers, RORO

operators, cellular ships and general cargo carriers which together make up 99 percent of the total rnetxic

tonsmoved. Whencoal &coke isexcl~ the significance of thevehicle carriers androllon-roll off

ships is accentuated.

4
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Chapter 3

Introduction

This chapter will study the economic role the Port of Baltimore holds for the region. U.S. inland

distribution (based on metric tons), developed fkom Journal of Commerce PIERS data will also be

presented.

Patterns of Port of Baltimore Activity-Historic Role of Baltimore

Baltimore has a potential advantage over Hampton Roads because of its clear proximity to a large

conmming and producing market. In additioxL Baltimore has excellent rail and highway systems and a

modern port infhstmcture.

In the early 1980s ships charged the same amount to haul a ton of fight across the Atlantic whether it

went to Notiolk or to Baltimore (150 miles fbrther up the Chesapb Bay). Baltimore had an edge

because overland transportation of that shipment to its final des@ition was based on a standard per-mile

rate, putting Norfolk at a 1S0 mile competitive dkadvantage. Today overland transportation rates are no

longer regulated. The Staggers Act in 1980 allowed milmads to charge whatever rates they wanted

regardless of distance. Trucks were similarly deregulated This has led to more competition esp=ially

among therailroads. Mo~r, stip-w~d @ti-on~wlti--a@e

W for all ports. Deregulation of the transportation industry in the early 1980s ended Baltimore’s prior

advantage since milmads could now charge whatever the market would bear.

Today, rail rates are dMerent for Wkrent ~ and customers. All other things being equal,

rates fkorn Chicago to Baltimore are cheaper than rates from Chicago to Hampton Roads. However since

milmads set rates by contract with individual shipping lines, in some cases the per container rate finm

Chicago to Hampton Roads for high volume customers is cheaper than the rate that a low volume

customer would pay tim Chicago to Baltimore. To take the advantage of lower high volume rates, MPA

has instituted a program called Baltimore Port Linlq U.S.A. that pools smaller shipments to get high

volume rates for low volume shippers.



—-

Although rail volume amounts forordy about 25percent of the cargo thatmoves through Baltimore

(trucks move 75VO),it represents the gratest p@mtial for gnmvth. Rd defines the Pen@ation into the

inland market Historically, that market has not extended much beyond Chicago. The ~ “on

tier, CSL has agreements withother milmads besides itscmpomte relative, C~ that permit itto

mcwecargo coast tocoast

Illeseagirt terminal opemtes well below capacity. In1993, justtwo tmins Oprated outofseagirtdailY,

one ftorn Chicago thatarrived inthe rnoming andonebound for Chicago thatlefijus taftermidnight.

~htitixe~fi -mdo~aetiti -maknku.

*t75-tdNtisa~er~~ti~d~ti Because this cargo moves

viasur&ce, POB'scompetitors may fiditcMcult toatternptto lurethis cargo totheirpmt. Truck rates

are closely related to dktance, and PC)B’Slocation enables it to ofkr ~ _tion paclcages.

Bd~a~a@~ti~ ~~tititi~d~ti of@_wtichm~d

produce, within a 200 to 300 mile radius. However, it should also be emphasized that shipping lines

consider total costs in moving containers, not just truck costs.

Notwiths&nd@ dereguMoq transportationcosts toandfiwm Baltimore to the Midwest are still

.
~mtiforqotir- COast port Whenacornparison is made between

tmqmmtion costs fmlandand~ Costs atseaare srnaummparedto Overlanci costs. Although
.

gendmtions aredifEculQ average Costs pertonmile areabout one cent pertonmile fm vessels

compared to fivecents per ton mile entrains andabout eight amtspermile by truck. Therefore land

tmqmt@mc astswillb et hecritical fhctordeciding theportsof entry and exit. Per@ suchas

Bakimore, C]OSeto ~ “ gandcmmming centers will have a comparative advantage over other

ports since theyare ableto minkize landside tmmport costs. In the longer ~ without subsidiixd

inland costs, this should work in ikvor of Baltimore. Xn ordez for POB to remain competitive with

Norfo~rail rates mustdezmase tothepointwherethe lower overland costs tithe increased vessel

operating costs of steaming up the Cksapeak Bay or the pilotage charges through the C&D Canal.

~tim~~~titi~~~p~for~titi~. Because of their fierce competitio~

it is ~cult to lure cargo away tim these ports. One Pos@le source of incmsed cargo could come fkom

rerouting some of the trade from Asia that currently goes to West Coast ports and is railed across the

country to its final dest@tion. With increased rnanu&turing capaci~ being set up in South Asia

designed for e- it maybe practical - both in cost and time savings - for shippingcompaniestouse

theSuez Canal to transport containerized cargo from Asia through the Mediterranean to the Atlantic

Ocean andontothe East Coast.. kti@md~mtipb_offerwhawfim.
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Current role Baltimore Maintains for the Nation

The Port of Baltimore supports the nation’s commeme as a major national seapor& The Journal of

Commerce data documents Baltimore’s importance as a key distribution center that reaches far beyond

nearby states. Goods manuhctumd throughout the U.S. move via the POB. Similarly, volumes of

tonnage is imported through the port for U.S. firms in nearly ewxy state.

Chart70 illusbatesthe dishibutionflows provided by the Journal of Commerce’s PIERS data for exports.

The data tracks the origin of all exports exiting via United States ports. Origins include goods from

Canada that enter the U.S. and then exit via U.S. per@ goods tim fdgn sources that enter the United

States and then exit again via U.S. per@ goods b unidentified ftign sources which then enter the

U.S. and exit via U.S. ports; goods orighuting in the U.S. goods which exit via U.S. ports; and goods

originating fkom the U.S. in which no state is indicat@ which exit via U.S. ports. This process is the

same forirnports butrevmed. PI.ERSdata is based on @al &mments which ocean carriers must file

with the U.S. government in onier to enter or exit the country. These legal documents are ship rnanif&t.s

(for imports) and bills of ladings (for exports).

---



chart 70

Chart Tracking the Origination Points for U.S. Exports

U.S EXDOIt Origins

Us.

9

on

Unidentified US origins for US exports
Canadian origins for US exports

Foreign controlled origins for US exports

sourcePIERS
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Current Role of POB as a Trade Center

Chart 71 illustmtes the actual state-by-state origin uf cargo (in tic tons) that flows out of the United

States through the Por&of Baltimore. The chart indicates New Y* Pennsylvania and Maryland move

the largest amount of tonnage through the Port of Baltimore with Ilhnois being the next largest

contributor. The Port of Baltimore’s relationship with the U.S. Hinterland is fhrther illustmted by the

large tonnage of export cargoes originating fkomMissmri, Kansas, Michigaq Indiana and Ohio.

chart 71

1993 U.S. Exports via Port of Baltimore: States of Origin*
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1991 and 1993.
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US. DcPOt?lsVia Port of -BduTKxe 1991-1993

Total Mehic Tom per U.S.State and other Ccxmtry Origins

STATE

AK

AL

AR

AZ

Bahamas

CA

Canada (general)

co
Costa Rica

CT

Dc

DE

FL

GA

HI

IA

ID

IL

IN

Jamaica

KS

KY

IA

MD

ME

Ml

MN

MO

Ms

MT

Mexico

NC

ND

NE

NH

NJ

NM

TOTAL M.T.(91 )

322

543.W

53.99

445.19

3,736.00

71,409.95

17.5

2/569.1 3

1,576.44

578335.58

12527.39

39s1.70

46,017.07

9,174.86

NA

1om.09

434.77

109,061.38

54,481.91

42.44

33,185.37

18,193.51

5.282.85

24X96.~

1,436204.88

137.57

136,694.04

266,324.67

44262.31

601.96

22.3

NA

19,767.09

4,477.23

4/521 .49

482.35

34X358.73

26.79

TOTAL M.T.(92)

0.95

4,756.02

176.77

39622

3,677.90

37,651.50

118.43

6,875.17

4,049.78

1210,61028

8,637.74

40,902.08

24223.16

13,727.04

NA

7,600.82

1,078.63

200,078.97

72553.06

42.3

3,455.53

60,799.51

5,330.36

25,701.01

1505,073.16

651.91

117,411.27

358,050.02

22533.87

48201

14036

16.46

24,154.09

1,680.88

2,453.50

477.64

152256.90

42.83

TOTAL M.T.[93]

3.31

48,08525

124.69

1792

450.01

45.655s4

5.51

5,967.89

1,499.51

977,958.97

10,97727

34533.OCI

27,795.49

18598.98

32.06

628827

491.46

755,757.26

83/574.60

NA

132030.31

9226.58

110237.38

19,879.57

1,178,C%)0.81

246.14

124,863.82

468,518.68

134,287.76

1,363.38

224

67.29

22,138.55

194.67

3,267.74

1,116.46

60.248.54

17.81
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NV

Netherlands Antilles

NY

OH

OK

OR

PA

Puerto Rico

RI

SC
SD
I
TN

TX

UT

VA

Virgin Islands

w

WA

WI
Wv .
WY
Unidentified State

Alberta

New Bmmwick

British Colombia

Mmitoba

Nova Scotia

Ontm-o

Quebec

Saskatchewan

Unidentified Non-US origin

Total Mtons Exported fm US

Canadian origin

Unidentified Non-US origin

Identified NorFUS origin

Total Non-USA origin

Unidentified US origin

US state origin

TotcalUSA

191.16

14.13

3.428,498.64

268,998.87

877.8

2,316.62

3,459,526JM

2844.45

240.52

2,053.68

73.08

4,60023

53,476.37

90.12

119,09027

NA

3.83

18,025.38

34207.03

173,448.36

3.05

1,419,773.65

209.73

371.76

370.81

13.61

311.08

59,973.66

109,866.03

NA

909,771.39

13,447,75279

1,989,25224

909,771.39

8,230.96

2,907,254.59

1,419,773.65

9,120,724.55

10,540,49820

46.96

NA

2130,673.02

181,344.44

43127

1,807.84

3,079,416.37

1,563.30

589.88

2X)34.69

49.08

2629.32

49,979.88

146.51

253,684.95

6.93

64.72

13,097.91

39,40524

29338827

8.16

1s27#3w63

273B

NA

708.15

4.95

2.54

8,014.67

142662.19

3&28

733,614.41

12380,908.57

2328,95829

733,614.41

9,475.10

3,072047.80

1,527,354.63

7,781,506.14

9,308,860.77

184.75

NA

1,882389.84

139396.05

314.08

4,350.02

2,875,714.90

164.88

326.5

1,076.68

73.83

3362.49

49,807.09

100.93

114,300.60

20.94

3.4

5,79120

42.098.72

6&50.35

NA

570,640.90

148.53

NA

306.48

66.84

NA

5,823.94

4,367.84

-NA

353,442.04

10,347,310.19

8(X),33327

353,442.04

2,373.03

1,156,148.34

570.640.90

8,620,520.95

9,191,161.85
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~73_hti~mpti ofgden*gti Uti S_titie Ptiti~.

Thestatewhich isthefinal dest@!ionfm thegmatest~t of tonnage isklaryland. New York isthc

second greatest receiwr ofgoods impoxtcd viathe PoBmd New Jersey the third. _the trade

relationship between the POB and the U.S. Himerhd is illustmted by the cargo inflows to Michi~

Ohio, Illinois, Pennsylvania and Mimemta

Chart 73

1993 U.S. Imports via Port of Baltimore: States of Destination*
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Chart 74 c~es each Wtination state’s metric tonnage @m 1991 to 1993. These statistics reflect the

change and magnitude uftrade volumes overtime.

Chart 74

US. IMPORTSvia Portof Baltimore 1991-1993
Total Metric Tons per U.S. State and other Country Destinations

STATE

AK

AZ

3ahamas

2A

Canada (genri)

:0

:osta Rica

3

>C

>E

‘L

3A

+[

A

D

L

N

A

AA

Al

Jc
JD

4E

dJ

TOTAL M.T.f91 ) TOTAL M.T.[92) TOTAL M.T.(93]

NA

3326

159

16304

NA

250.506

NA

4,355

NA

129,924

10,979

38,315

103,491

17,426

NA

4,655

10

123,787

36,186

124

12,132

35,064

46,725

63U383

21

88,484

210517

2,964

11,926

2

1

6273

107

1,181

27,795

300265

29

7

2.508

949

13,121

NA

238,432

10

613

355,678

7,608

40,158

30,419

16,965

41

4,346

NA

128,025

42+066

259

13,975

29,530

40,437

6.802,467

523

76,580

349/527

4,927

185

NA

NA

6,719

116

832

184

223,607

NA

21

3255

827

14,939

1,406

222,754

36

320

37

162,497

6,124

45244

74,112

10,193

308

8,778

168

223S)6

43,071

6,939

23,588

31,926

8,820

7393,930

61

101,700

216,023

54,412

NA

14

11,801

118

435

25,339

308,946~

2
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Nethertand Antilles

NY

OH

OK

OR

PA

Puerto Rico

RI

Sc

SD

TN

lx

UT

VA

Vlr@n Istands

Vr

WA

WI

w

WY

Unidentified States

Alberta

WV/ B~”ck

Wish Colombia

Wvfoundbd

Manitoba

~ova Scotia

3ntario

Webec

Saskatchewan

Unidentified non-US
destinations
Total Mtons imported into
USA
Canadm destinations

Unidentified non-us
destinations
Identified non-us
destinations
Total NON-USA destinations

Unidentified US state

US States destinations

~otal USA destinations

202

3,438

733,791

113,330

539

1,967

190,575

66

708

4,476

75

4,655

144,355

182

34,004

NA

175

2,822

37,253

7,674

NA

822,075

35

NA

102

FM

8

37

8,772

1,007

17

3,787

10,163,942

9,978

3,787

3,505

17270

8Z075

9,324397

10,146,672

268

NA

709,166

136&59

472

2533

308,669

895

16,212

3

3,844

147,830

57

33,345

17,958

369

2160

35,717

6,548

29

1,403,650

407

27

391

76

235

87

10,364

3,660

NA

9255

11282.887

15,258

9255

18,946

43,459

1,403,650

9,835,778

I 1,239,428

1,687

76

1,0W,982

222400

3.6071

283,841
523

1825+

77

5,899

94,135

48

35,915

NA

34

2343

25,335
I

3,557

NAI

1,214,881

1661

12,1

1,027

141

166

229

15,495

1,308

NA

4,858

50,182

19,017

4,858

2,056

25,93:

1,214,881

10,909,36$

12,124J?5C

-
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The Port of Baltimore’s Effkct on the Region

Thelargestinfluence of the port is fklt t.broughout the region. Beyond the large amount of cargo which is

imported and exported dimctlyfiom the state ofMary~ numerous industries rely on the business of the

port (see chart 75).

chart 75

I~a&
Jobw Direct*
Jobs: Indirect
Job* Related
Total Jobs

Personal Income (SB)
Direct
Indiwct
Total

Business Revenue (SB)

I State& Local Tases ($B)
k %iwrqof- 1992”FOB

Direct Jobsaredescribed in CM76:

Nw?lber
18,051
6,625
62#00
87,176

$.60

$1.10

$.14

---- - - .

NUMBER OF DIRECT JOBS BY CATEGORY.—— —-———---——-—-——--—————

Sur&ce T~ .on
Rail 1044
Truck 1844

Maritime Sexvice Sector
Terminal @OrS 1202
ILA 1048
Towing 48
Pilots 105
Agents 372
Sumeyors 128
Fomardem 498
Wm+mwmen 424
Container = 138
Gmmmnent 1151
Marine CmMmctl.on 1435
Linehaul Barge 74

shippers Consignees 8135

MPA 347

Banking 58
TOTAL: 18051
SCIWCC:“JobImps by CaegCXY,1992” POB

“L-
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Mti@ti1993, W-@_HM* -ti~l.3_itis_ti~me

in the upcoming years (2.6 percent annually through 1995.) At the start of a healthy cycle following ten

comecutive quartms of decline, the BaltimorE area can look toward stabilized employment mtes in the

tnmqmlAon indu!my.



Chapter 4

Introduction

This chapter will describethe technicalnature of the &tabase sourcesutdized inthis report. Database

structurewill be detailedin orderto providea clear unkstandm“ g of the linkages involvedin producing

this study. @tabase structureandrelationshipsare illustratedin Chart77).

DataSmmes:

WSTSAW?FS

DRI’s World Sea Trade Service (WSTS)and World Fleet Forecast&mice (WFFS) datakes hold CMOmS

trade data for all modal moves (water+rail+highway+pipelinti). WSTS presents data by semice (liner,

tanker, or tramp) and by commodity(40 aggregate definitions.) The WFFS depicts movesby route. These

datakes hold annual, historical,andforecastedinformation.

Waterborne Commerce Data (WCSC)
—-

This historicaldata sourceholdscustomsdata displayingonly U.S.watermoves. The NonPublicUse me

provides vessel name and provides a means to iden@ vessel type using these links: vessel

namdLRN*~l type. WCSCdataprovidescargoby route,ship, and locationcode. This data file is

a vital sourcefor detailedcargomoves.

*Lloyd’sRegistryNumber

BME Data

In this study the BME data coveredfknn 1991 to 1994. The BaltimoreMaritime Exchange is another

historicalsourcewhich describesBaltimoreharborvesseltic in the greatestdetail. Data coverstic

in and out of the po~ as well as, moveswithin the harbor (anchorages.) This data is critical for this

study,as it is the onlyknown collectioncoveringanchorageactivily. ‘IIdsfile gives sailing dr@ but not

vessel design specikations-which are needed to understand whether ships are operating full or light

loaded. This informationalso supplementsthe WaterborneCommercedata Linksused are:



vessdnamdLRN*anddateofcall

*Lloyd’sRegistryNumber

WSTS U.S. port Forecast

The WSTSU.S. Port Forecastprovidesthe predicteddemandfa tmqortation for individualU.S. per@

~, New YoX ~c-). ~ f~ is ba=d on commodig and vessd semice (liner, tanker,

-). ~ ~~~ ~ fo~ = b~ght d- to tie port level fkomthe original WSTS U.S.

coastalf~ The Standardforecasttime periodextendsto 2010, however,for this pqje@awry low

tam forecastextendsout to 2050. The WSTSPcxtForecxts providethe underlyingdemandat the cargo

level. ~~k Mti@WSW iti@ti~fir~tipti. lnadditioqthis

forecastprovides arneans to link sailing draft iiomthe BMEand WaterborneCommemedata to the

forecastsOffuture trade..

JOC/PIERS

The Journalof COmmmce’sPIERS datake dommnts Us. inland flows by commodity and by region

(i.e. PAW, SW, Midwest) by utiking the shipperhmignee residence fields. JOC also provides
. .
~n data links-to the LRN-andthe namesof the vesselscalling U.S.ports.

Detailed Vessel Characteristic Data

Lloyd’sand Fair’playdatakes both provide similar informationon vessel design characteristics. These

designdimensions are crucial for this study. Details such as leng@ beam and design d@ provide the

basisfor measuring each port’sabilityto accommodateirldividualdeepsea*.

Reebie Data

-

ReebieAssociatedata details inland origin to &tination links. This informationprovides a means to

understand surke cargomovesin and out of coastalareas. Data includesboth domestic(i.e., U.S. origin

to U.S. ddnation) and international (i.e., foreign origiq Iandbridgedvia U.S., foreign destirdon)

surikcemoves.



DRI Primary Research Data: Port Profdes

This databasesupplementsport informationby detailing current conditionsat some selectedU.S. ports.

Details are by port and by krminal and include: doubl- ondock rail facilities, fbture development

plans and availabletechnology.

Chall 77

Data Sources and their Linking Relationships

CXUGIN
DEST.

COMMODrI’Y
VESSEL

-EL ~ SIWTYPE~ PROVIDES COM

D. DRAFI’ VE=L ROUTE

BEAM DJmWI’ A VESSEL SHW’IYPE*

LENGTH BEAM ID CODE
LENGTH
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Chapter 5 -PORT OF BALTIMORE VESSEL ACTIVITY

TERMINAL AND ANCHORAGE USE

Detailed records mintained by the Baltimore Mmitime Exchange (13ME)were examined

dmingthe early phases of the Baltimore Harbor Anchorages and Branch Channels Study to

assist m identifying vessel movements within the Port of Baltimore. Destinations for the

inbound vessel tic were kkIKMed for both the publicly-owned tennkutk and the private

terminal MMes operating m the Port of IkMxxlore. Chart 78 is a general profile of the

~m_~ti~~ti Ptiof_~qtie ~~@tiof1991-

1993. Dxybulkvessels andcontainervt?ss& qR%R@?d tist 50 percent of the total vessel

caMotheva&lstemhlalsw ithvehiclec aIIierswMrkting an additional 22 percent of the

total cans.

Oftk more than 20 tennimlsm thePort of Baltimore, three of the publicly-owned termimls

exhibited the highest levels of vessel activity during the 1991-1993 time &me. Dun&k

Marine Tmninall South Locust Point Marine Termh@ and Seagirt Marine Texminal

combinedto sezvicemorethan45 percent ofthetotal inbound trailic during this time pexiod.

This information is ilktrated m Charts 79-82. Due to the large size of Dmdallc Marine

Teminal and the locations of its many berths, Charts 79-82 disaggregate vessel destinations

to Ihmlalk Eastaml DundaIkWest. DmkiIkand South Locust Poiut Marine Tmnimdshave

recently completed modernization programs to improve sewice kvels that have been

consistentlyhigh. Seagirt Marine Terminal is the state-of-the-art container handling fkility

whichhas experienceda steady increase m activity levels since its opening m late 1989. The

branch channelsseivicingvessels that call at these ikilities are the most heavily used branch

channels m the Port of Baltimore.

Refkningagain to the BaltimoreMmitime Exchange&@ available information on anchorage

use was compiledfor the 1991-1993time ikime. Of the various anchorage locations available

m the Port of Baltimore, four locations were hcxwilyutibed. These rncMed Anchomge 2;

hcliorage 3; hchmage 4; and the general anchorage area at Annapolis. As Shown m

C-108
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Charts 83-87, buk vesselswere the most frequentovenill users of the anchorages. Relatively

fm container class vessels required use of an anchorage. ‘Iliese anchorages were m high

demand because of their proximity to teminal (ktimtions and because the remaining

anchmige locations were not of sufficient depth or area to solelyaccommodatethe vessels.

Chart 78

Port of Baltimore - profile of

Tnbound Vessels, 1991-1993

VehicleCarnem lz%
PnnhrnBr

(iicl. RoRo) —

GeneralCargo —~

13% Tanker

22%

8%

Bum
23%

m.. ----- .

Same: naunore M~ &xcnange
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chart 79

Port of Baltimore
Berthing By Terminal Area, 1991*

sootbti Poid
T~

Dmddkbchfm’be (26s -)
Termhak 7-12

.—
28% ‘

(332Te9sds)
3s%

Sagirt T~

~werthbke (148 Teuds)

T~ 14 15%

(296 Tasek)
22%

● Terminal areas rqwesent44.4% ofdlintmmd balhiivessels
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Chart 80

---

-.

Inbound Vessel
Port of Baltimore
Berthing By Terminal Area, 1992’

southLecustPoint
Terrnids

IhnMldkEastMariQe (2s7 W!sds)
Terminals7-12 26%

(385 Vessds)
35%

DomJaIkwesthfarine (227 vessels)

Tendnals 1-6
20%

@2 Ves5eb)
19%

* Terminal areas represent 49.4% of all inbound berthing vessels

Source: Bdthore MaritimeExchame
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chart 81

IhmdalkE8stMaliM
T~

.
@se’L)

3s%

Port of Baltimore
Inbound Vessel Berlhing By Terminal Area, 1993*

\

F

1
● Tennidamas mpresent45.4%of aUinbamdbwlhing wssals

Solnw: Bolt&nom Mdtiln8Ekdmg8
\

Sathti?dd
Tadnak

(276Wsu!l$)
27%

(20s vessds)
20%

Profile of
to the

Inbound
Port of

Vessels by Terminal Area
Baltimore 1991 - 1993

Terminal ZWea 1991 1992 1993

South Locust Point Terminals 265 I 276

Seaqirt Terminals 148 I 227 I 188

Dundalk West Marine Texminals 1-6 206 212 205

Dundalk East Marine Terminals 7-12 I 332 I 385 I 350

Total of Select Texminal -eas

Percent of Overall Inbound Vessels

951 1,111 1,019

44.4% I 49.4% I 45.4%

Overall Inbound Total 12,144 I 2,249 I 2,241

-

C-112

-v, ,-”



Chart 83

L

..

,
----

Port of Baltimore - Profile of Vessels Anchoring

in Baltimore Haibor Anchorage #2, 1991-1993*

VehicleCarriers
(iid RoRo)

Other Container
13% 2%

ieneral(
19%

4%

‘Ilk
mm

3Y %9

&nuce: BdCimoreMan”fime-e
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Port of Baltimore - Profile of Vessels Anchoring

in Baltimore Harbor Anchorage # 3, 1991-1993

VehicleCarriers Other Container
(iid RoRo) 4% 8%

leneralCargo
20%

Tanker 44%
9%

Source:Baibwr* Maridne ExcAange
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Chart 85

Port of Baltimore - Profile of Vessels Anchoring

in Baltimore Harbor Anchorage #4, 1991-1993

VehicleCarriers Other
(inclRoRo) o% container

15% 10%
~ 1~

Bulk
35%

GeneralC
36% Tanker

4%

Source:Balfhore Mm-timeEduange
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GeneraIC
8%

Tanker
9%

70%

-

Port of Baltimore - profile of Vessels Anchoring

in Annapolis Anchorage Area, 1991-1993

VehicleCarriers Her
(ii RoRo) ~% container

7% 1%

‘Ulk

Chat 87

Profile of Vessels Anchoring on
AITivalto Port of Baltimore 1991-1993

Vcssd Tocaiof AU Inboumi Bakimom BalIimm
Cbss -~

if- v&s so ~CirIWC AnchonQc $2 AnchonEe X3 Anclnmm #4 raEeAm
t

cominer 1.488 2 34 14 5

Galcrd Can70 937 23 90 49 32

Vehiie & RORO 1.437 3 65 21 29

Tcrd 6.757 118 449 137 410

Source: BaMmoreMaritimeExchange

Othcc Includes cancnt, naval, newsprint. passenger, research, cug and other dassificmiom.
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VESSEL ROUTING ACTIVITIES
L

It is important to understand commodity flows and vessel flows through the Port of

Baltimore and the potential for impediments to smooth vessel flows in the port system.

Therefore, efforts were made to identi& the routes traversed by the vessels. Vessel speed,

travel time, activities, decision points during the voyage, and interaction with various

elements of the mtitime community were some of the elements identified. Two routes

provide access to the Port of Baltimore. A southerlyapproach to Baltimore involves entering

the Chesapeake Bay at Cape Henry, Virgini~ and steaming to Baltimore. This route offers

a 50-foot deep main channel. A second route connects the northern portion of Chesapeake

Bay with the Delaware River and Bay. This route, through the Chesapeake and Delaware

(C&D) Cd providesa 35-foot channeldepth into the Port of Baltimore navigation system.

The following discussion details, by route, the logistics involved with vessels entering and

departing the Port of Baltimore. Charts are provided to assist in understanding the network

of entities and decision-making that culminates in a vessel calling on the Port of Baltimore.

“\

Cape Henry Inbound Route

The itiorrnation and communications network involved with deep draft vessel

movement in the Port of Baltimorehas been integrated into flow charts represented by Chart

88 through Chart 90. As observed in the flow diagram provided as Chart 88, the networks

involvedwith vesselmovementare complex. Pilot associations are constantly collecting and

disseminating Mormation on vessel arrival and departure times, and making logistical

amngements with pilots, drivers, tugs and docking pilots. To assist in their duties there is

an itiormal network among the pilot associations along the east coast where essential

tionnatio~ suchas estimatedtime of arrivals(ETA’s),are relayed and conveyed among each

other. Organizationssuch as the non-profi Baltimore Maritime Exchange (BME) also assist

pilots and others in the port commundy. The BME serves as a relay, conveyor and

clearinghouseof varioustypes of essentialMommtion includingweather, vessel tracking, and

ETA’s to the numerous or@zations which are members of the Exchange. Members of the

BME include the Association of Maryland Pilots (located in same building), steamship
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companies,agents,tug companies,terminals,line handlers, government agencies, and others.

The BME uses the radio, f- telephone, and print mediums to share information with its

members..

Deep draftvessels which enter the Port of Bahimore eithercane from the C&D Canal

in the north or Cape Henry in the south. Ocean vessels headed into the Poti of Baltimore

from the south enter the Chesapeake Bay at Cape Henry and proceed north for about 10 to

12 hours and 151 miles to Baltimore. The Maryland and Virginia pilot associations have

offices in the Cape Henry area at Lynnhaven Inlet (Maryland pilots also have offices in

Baltimore, Solomons Island and Chesapeake City). These pilot offices sewe as a staging

point where pilots wait for the launch service to deliver them to the inbound vessel.

Typically, the Maryland pilot will be driven south to the Cape Henry pilot office from

Baltimoreby one of their fleet vehicles. Generally, Maryland pilots require a vessel ETA for

one of their pilot stations 48 hours before tival with confirmation 24 hours before vessel

ETA including any change in ETA in excess of 2 hours. If an inbound vessel does requires

a Maryland pilot the pilot will be brought out to the vessel via a pilot launch boat. The pilot

boarding actually occurs in the designated “precautionary” navigation radius area. Inbound

vesseIsentering Cape Henry can either head north which requires a Ma@nd pilot, or head

into the Norfiolkarea with the assistance of a Virginia Pilot.

In many instances the inbound vessels that are berthing in Baltimore can provide

notice of their arrivalto the Maryland pilots by telex while in the Atlantic. A Maryland pilot

is required to board deep draft vessels entering Cape Hemy if heading to Baltimore (unless

a Federal pilot is boarding). As mentioned, there is a navigational radius area designated as

a “precautionary area” near Nofio~ Virginia. It is in this “precautionary area” where the

Maryland,vii- or other pilots, such as a Federal pilot, will board the vessel via either a

private or commercial launch boat.

.-
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Not all vessels heading north out of Cape Henry are headed to Baltimore. A large

number of tanker vessels headed north into the Chesapeake Bay are to berth at Piney Point,

MD. Piney Point is a petroleum facility located at the mouth of the Potomac River and the

Chesapeake Bay. Vessels that enter the Chesapeake Bay at Cape Henry and berth at Piney

Pornt either load or unload, and than return back to Cape Henry. The typical vessel trip to

Piney Point averages 6 hours each way.

Maryland pilotswho have boarded vesselsin Cape Henry and are headed to Baltimore

have the option of obtaking assistance on their 10 to 12 hour journey. Relief pilots typically

board vessels in the Cove Point (mid-point Cape Henry to Baltimore) area. The Maryland

pilots have a satelliteofficein Solomons Isla@ Ma@@ along with a launch service to take

the Marylandpilot out to Cove Point for a boarding. At the Maryland pilot headquarters in

Baltimore there is a centraldispatcher, sleepingquarters for pilots, and a fleet of vehicles and

drivers to take the pilotsto Solomons Isl@ Cape Heruy, Chesapeake City, or, alternatively,

to pickup pilots that have disembarked from vessels.

There are speedand time related criteria related to the ability to pick up a relief pilot

when passing Cove Point. Relief pilots are not always asked for and in many cases a relief

pilot is not picked up. If an inbound vessel bypasses Cove Point, then the average time for

the trip is 10 to 12 hours to Baltimore. If the vessel bypasses Cove Point and goes to

AIUMPO~Anchowe, the trip W run approximately 9.5 hours. Picking Up a retief pfiot in

many instances will not significantly slow down the overall trip time to Baltimore. It usually

take about 4 to 6 hours to travel from Cove Point to Baltimore.

Not allvesselsthat proceed north up the Chesapeake Bay go directly to their berth in the

Baltimore area. Some will anchor in the Annapolis anchorage arq located below the

Chesapeake Bay Bridge. It takes approximately 3.5 hours from Cove Point to the Annapolis

anchorage area. The Maryland pilots have launch boats to pickup pilots, one in Annapolis

and one in Baltimore. If a vessel does anchor at Annapolis anchorage (designated as

anchorage number 9 by the BME) a Maryland pilot launch boat based in Annapolis will be

sent out to take the pilot off the vessel (TPO). Once on land the pilot will be picked up by d

I I=i
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one of the Ma@nd pilot drivers. Once a vessel is anchored at the Annapolis anchorage it

could be boarded by the U.S. Department of Agriculture (USDA), U.S. Customs, surveyors,

inspectors or others. Customady the agent for the vessel in the Baltimore area will board

the vessel ifit is anchored for any length of time.

If an inbound vessel is headed to the Port of Baltimore is docking on arrival, or

anchoring in one of the Baltimore anchorages it will customarily radio the BME when it

passes the North Point are% an unofficial entry point to Baltimore. The inbound vessel will

radio to the BME its current draft and time passing North Point. Once an inbound vessel

radios the BME denoting its draft and time at North Point the dispatcher will proceed to

make a series of phone calls to tug companies, agents, line handlers and others in the Port

communityto give appropriate notice. Recently, the Maryland pilots and BME installed an

antenna on top of the World Trade Center in Baltimore with enhanced radio capability to

Cape Hemy.

Ifthe inboundvessel is docking on arrival at a berth in Baltimore, or even anchoring

in Baltimore, it will require the assistance of tugs. The agent and Master of the inbound

vessel are responsiblefor orderingtugs to meet the vessel, giving two hours notice to the tug

companies. The docking pilots are a separate entity from the tug companies. The Docking

pilots are part of the Baltimore Harbor Docking Pilots Association. Docking pilots are

requiredto board the inboundvessel when it reaches the Francis Scott Key Bridge area (Key

Bridge). The tugs companies are responsible for ordering the docking pilots and for

providing sticient advanced notice (2 hours) from the tug companies.

The main tug companies in the Port of Baltimore include McAllister Towing and

Moran Towing along with a local company, Krause Towing. It k in the interest of these tug

companies to tightly schedule the docking pilots since they are the ones paying for their

sefices. Usually tugs will meet an inbound vessel at the Key Bridge area extending to

hchorage #2.

\ Typically, the Ma@and pilot will disembark from the inbound vessel on a Maryland
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Pilot launch boat, in roughly the same time fiarne that the Baltimore Harbor docking pilot

boards the same vessel from the assisting tug. Not ail Maryland pilots are picked up by the

pilot launchboats. There is the possibility that the Maryland pilot could stay with the vessel

untilit reaches its her@ and then depart, especiallyunder adverse weather conditions. Once

the docking pilot boards the vessel he or she can request additional tugs for assistance if they

are not cotiortable with the tug situation. It usually takes between one and six tugs to berth

a vessel, with two tugs the average number used. The number of tugs required to assist a

vesseldepends on the size of the vesse~ the weather, and the specific pier and berth the vessel

is to occupy. The Master of the vessel, the Docking piloq and the vessel’sagent have a role

in determining the number of tugs to hire.

Not all vessels that come into the Port of Baltimore dock on arrival. There is the

possiiil@ they could anchor in Baltimore to wait fbr a berth to clear for mechanical problems

or for a variety of reasons. Vessels could anchor in one of the 6 designated Baltimore

anchorages for varying lengths of time. The designated anchorages are regulated by the

USCG. Anchorage # 1 officiallyhas a 12hour restriction. Anchorages # 2 through #6 have

72 hour restrictions. The USCG has regulations on these anchorages, though the Maltese

ship Durmitor has been at Anchorage # 2 for over two years, under “seizure” by the U.S.

Customs Sexvice. The Baltimore Anchorages can each handle vessels with specific drafts:

Anchorage #1 --33’; Anchorage #2 –24’; Anchorage #3 --33’, ~chorage ~ –28’;

Anchorage #5 --20’; and Anchorage #6 –20’.

For vessels that do plan to anchor in Baltimore, the usual procedure to determine the

specific anchorage to use is for the Maryland pilot and the Master of the vessel to contact

the BME while in the North Point vicinity. The Maryland pilot aboard the inbound vessel

establishes radio contact with the BME, and asks the dispatcher to determine which

anchoragesare curTentlybeing utilized. The dispatcher will know what vessels are on what

anchoragesby looking at the daily log sheet. The daily log sheet tracks what vessels arrived

at or left the Poti that day, times, drafts, berths, countries of orig@ vessel shifts and

anchorage use.
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To determine in which anchorage area the vessel will anchor, the dispatcher at the

BME will check the log sheet then check with the pilot launch either in Baltimore or

Annapolis for a visual check of the anchorage area. The BME is operational from 4:00 am

to 7:00 pm evexyday. BME cotiers with the launch to determine what vessels anchored

during the hours the BME is not operational. In many instances barges (sugar barges) come

to anchoraga areas late in the night or early morning when the BME is closed, or tug

companies shRvessels (berth shift) during the night hours and don’t always noti~ the BME.

Inbound vessels also consider the anchorage draft restrictions in deciding which anchorage

to utilize -A&r the visual check is made by the pilot launch the Mormation will be

cornmunicatedto the dispatcher at the BME. The dispatcher then will proceed to radio to

the vessel the anchorage availability Monnation for decision making purposes. As

mentione& if an inbound vessel does not anchor in one of the Baltimore anchorages it will

dock on amival. Another set of transactions involves vessels leaving one of the Baltimore

anchorages for a Baltimore berth.

At berth, vessels will either load or unload their respective cargoes. While at the

her@ the vessel is subjectto boarding by USDA U.S. Customs, U.S. Immigration and other

parti~ dependingon the type of vessel and previous port of call. If the vessel is leaving the

Pofi, or shifting to another her@ arrangements need to be made with agents, lines, tugs,

BME andtk M.a@and Pilots, along with advance notice when required.

C&D Canal Inbound Route

One option for vessels coming to the Port of Baltimore is to take the C&D Canal.

vessels trading-withEuropean ports can save approximately 125 miles by utilizing the C&D

Canal and avoiding Cape Henry. Chart 89 illustrates the flow ne~ork utilized by vessels

traversing the C&D Canal. Vessels which head into or leave the C&D Canal are referred to

as heading eastbound or westbound. It is generally accepted temi.nology to refer to C&D

Canal inboundvesseltraflic to Baltimore as westbound tra.flit, and C&D Canal outbound to

C-125
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the Delaware Bay and River, as eastbound traffic. Restrictions for vessels entering the C&D

Canal include a draft restriction of 33’6” along with a 136 maximum vertical clearance

(bridge), and a combined beam restriction of 190’.

The geographical area where the Delaware Bay is adjacent to the Atlantic Ocean is

referred to as the Overfklls area. On average it takes 9- 10 hours for most of the larger

vesselsto move from the Overfhllsarea to the Port of Baltimore via the C&D Canal. canal

inbound vessels horn the Delaware River and Cape Henolopen (Overfklls) areas which are

headed towards the Port of Baltimore are required to call the Association of Maryland Pilot

Office in Baltimore to give at least3.5 hours advance notice of their estimated a.nival time

at Chesapeake City. ChesapeakeCity is located along the C&D Canal and is 58.5 miles from

Baltimore via Swan Point Channel, or 46.2 miles from Baltimore utilizing the Brewefion

ChannelEastern Extension. It is at Chesapeake City where the Delaware Pilot disembarks

and the Maryland Pilot boards the same vessel. The total journey from the Ovefihlls area to
.

Baltimore is a dishce of approximately 124.5 miles and takes most vessel 10 to 12 hours.

& mentiont@ advancednotice of Chesapeake Cityarrivaltime is required by the Association

of Maryland Pilot in Baltimore for inbound ships from the Delaware River and Overfhlk

areas. The Association of Maryland Pilot utilizes arrival tionnation to organize its fleet of

drivers in Baltimore in order to take one of its pilots to Chesapeake City for a boarding, or

to pickup a Maryland Pilot on an eastbound journey.

The Corps of Engineers has a dispatch office in Chesapeake City. The Corps

dispatchers have the responsibfity to track vessel movement in and out of the Canal and

re=@te tic. The Corps dispatcherusuallyis in phone contact with the Baltimore Maritime

Exchange (BME) and other groups, and in radio contact with other vessels in the Canal

heading -bound out of Baltimore, or heading westbound towards Baltimore. To regulate

trafEcflow, the Canal itselfhas traffic lights and sixearn-which are used by the dispatcher

to monitor vessel movement activity. One of the most serious problems tiecting vessel

navigation in the Canal is fog, which in many instances wilI close down all traflic already in

the Canal, and inbound Canal traflic.

-
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The entrance point to the C&D Canal horn its eastern side is a geographic reference

point referred to as Reedy Point. Reedy Point is 59.2 miles from Baltimore through the

Eastern Brewerton Extensio~ and 71.5 miles through the Swan Point channel. Usually

vesselswhich enter into the Canalcome from either the Adantic Ocean via the Delaware Bay,

or fromthe Delaware River. Vessels entering the Canal from the Delaware River typically

comefrom the ports of Philadelphi~ Wtigton or Camden. For vessels inbound horn the

AtlanticO-it takes approximately4 hours for most of the larger vessels to get to Reedy

Point from the Overfkllsarea.

The next westbound Canalrefkrencepoint along the Canal is Chesapeake City. The

Corps of Engineers, the Ma@nd Pilots and the Delaware Pilots all maintain offices in

Chesapeake City. Chesapeake City is, on average, 75 minutes from Reedy Point for most

vessels. A westbound vesselin the Canal coming in from the Overfalls area or the Delaware

River, will typically have either a Delaware, Philadelphia Pilot, or possibly a Federal Pilot

aboardwhen the shipreaches ChesapeakeCity.

or Philadelphia Pilot will disembark the vessel

Typically, at Chesapeake City the Delaware

and the Maryland Pilot will board.

Usually the Federal Pilots, if elected on the vessel, will stay with the same ship from

original destination point to final destination point. Specific criteria must be met before a

vesselcan elect a Federal Pilot. Federal Pilots can be elected to board the vessels if the ship

is a coastwise vesse~ with a US Flag and US crew.

The next reference point coming from Chesapeake City for westbound vessels is

TownPoint 5.5 milesfrom ChesapeakeC@. It takes most vessels approximately 60 minutes

from Chesapeake City to Town Point depending on weather and other factors. Town Point

is the last reference point for westbound Canal trailic before entering the Chesapeake Bay,

and is located near the Elk River.

Vesselsheading to the Port of Baltimore have the option to take the Brewerton Channel

EasternExtension to the Port. If vessels elect this route they will save approximately 60-75

minutesof travel time which translates into 12.3 nautical miles. Approximately 95°/0- 99°/0

C-131
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of the vessels elect the Brewerton Channel Eastern Extension Route. The total time from

Town Point to the Port of Baltimore utilizing the Brewerton Channel Eastern Extension is 4

hours. If vessel do not elect the Brewerton Channel Eastern Extensio~ the total time born

Town Point to the Port of Baltimore is 5 hours. Vessels not using the Brewerton Channel

Eastern Extension Channelcome down from Town Point, past Tolchester to Swan Point, to

the CraighillChanne~to the Brewerton Channel, to the Fort McHenry Channel into the Port

of Baltimore.

In certain instances, vessels will take the longer route to Baltimore if they elect to

clear specific situations delaying their entrance to the port. These delay situations could be

due to circumstances where tugs are not ready to meet the inbound vessels due to their

specific scheduling conflicts. Not all vessels leaving the C&D Canal head into the Port of

Baltimore. Some vessels heading out of the Canal include vessels in transit heading to Cape

Henry or vesselsplanningto anchor in the Annapolis Anchorage area below the Bay Bridge.

Vessels which come down the Chesapeake Bay and anchor in the Annapolis

Anchorage area will be met by the Maryland Pilot Annapolis Launch Boat to take the

Marylandpilot off (TPO) the vessel. Foreign and coastwise vessels which anchor are subject

to impection on the AnnapolisAnchorage by both the U.S. Customs, USDA sumeyors, and

others. Customarily,the agent for the vessel in the Baltimore area will also board the vessel

at the anchorageto make general trave~ provision logistics, and other assistance to the crew,

depending on the time period of the anchorage.

The determination on the number of tugs to meet the inbound vessel, the anchorage

at which to anchor and many of the other decision points once the vessel passes the North

Point area to its berth are identical to the descriptions found in the discussion of Cape Henry

inbound vessel movements.

C&D Canal Outbound Route

After loading or unloading cargoes there is the possibility that the vessel will either

-
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depart the berth and leave the port or move to another berth in the Pofi, to unload or load.

When a vesselgoes to multiplebaths it is referred to as a berth shift. If there is a berth shiil,

the BME, tugs, lines, and agents are either given notice or tiomned. If the vessel is exiting

the port, the following parties will be notified: agents, lines, tugs, BME and Association of

MarylandPilots. Usually the agents for the vessels are responsible for resewing pilots, tugs,

linemen, stevedores, and for their vessels inbound and outbound. The outbound activities

typically encountered during a vessel movement are presented in detail in Chart 90.

I I=lwt II =IN
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BALTIMORE HARBOR ANCHORAGES AND CHANNELS FEASIBILITY STUDY

Without Project Conditions

Purpose

This report describes the without project conditions developed for the Baltimore Harbor

Anchorages and Channels Feasibility Study for the year 2000 and beyond. This discussion

includes a presentation of the without project forecasts of commodity volume and vessel fleet

distribution for trade through the Port of Baltimore. The distribution of trade by route is

presented for the major trade routes discussed in the Existing Conditions report prepared as

part of this study. Also included is a description of the methodology used for ident~g and

forecasting the cargo and ballast moves for the Port of Baltimore for the without project

conditions. Detailed presentations on the various econometric models used to develop the

forecasts are presented in the annexes following the report, along with a detailed breakdown

of vessel calls on the Port of Baltimore.

Methodology and Assumptions

Forecast Methodology

This section is divided into three sections: (1) the methodologies used in DRI’s forecast and

(2) the assumptions underlying those methodologies; and (3) a discussion of the risks and

uncertainty factors that should be mnsidered when analyzing forecast results.

The baseline forecast for this study uses the “First Quarter 1995 DRI/Mercer World Sea

Trade Sexvice(WSTS) Forecast” released in March 1995 to make special projections for the

Baltimore Harbor Anchorages and Channels analysis. (Annex A explains the WSTS forecast

in detail.) At the time of the forecast Europe was in the midst of a recession and topical issues

Baltimore Harbor Anchorages and Channels Study
page 3
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included the “peso crisis” from December 1994 and an all time weak dollar against the yen

and the Deutsche Mark. While Mexico is not

crisis status dissipated quickly, it illustrates the

markets which is key to the DRI approach.

terribly important to Baltimore itself and its ~

recuming theme of interdependence of world

..

The WSTS model itself is derived from the more complex DRI trade models. The trade
,

models forecast trade in value terms using a complex econometric approach in which goods lt
I

traded are subdNided into 59 product groups for 34 repofiing countries’ trade with major
;,

p~er countries and regions. Each of those product groups is modeled separately

incorporating macroeconomic forecasts for prices, market size, productio~ consumptio~

relative weakh (to size fiture markets) and historic trading patterns. The forecast covers

trade through 2010. The WSTS model converts those dollar figures to tons and assigns the

cargo to a shiptype. For the U.S., tiormation for six standard coastal ranges is also available.

The long-term parameter forecast is an extension of the trade forecast beyond 2010. It covers

the same information available in the standard WSTS and is first estimated in value terms. It

uses a parametric model to keep the growth rates within reasonable boundaries.
w

In the World Fleet Forecast Service (WITS), the WSTS output is assigned to 38 different

vessel types and sizes of vessels by route. This model uses supply data born Lloyd’s Maritime

Monnation Setices (LMIS) and demand data from DRI’s WSTS model to project the fiture

structure of the world merchant shipping fleet. For each route the model aggregates over

commodities to generate the total amount of trade moving on each route by vessel type. Total

cargo by shiptype is used to project shiptype capacity based on projected capacity utilization.

The WITS model then calculates the number of voyages needed to carry the allocated cargo,

based on exogenously determined per-voyage capacity and voyages per shipyear. The ratios

are generally projected to be decreasing as larger ships come on line in response to increased

international trade and/or replacement.

Baltimore Harbor Anchorages and Channels Study
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The coastal outlook is then linked to port specific itiormation and the port’s trade and vessel

activity is forecasted based on the assumption that the port’s share of the coastal region it is

part of will remain constant in the forecast period. For this proje~ additional vessel detail

based on the Baltimore Maritime Exchange data on movements within the port and to and

from anchorages was also linked to the forecasts. The projected growth by commodity

between 1993 and 2000 is shown in Table 3 (Exports) and Table 5 (Imports). The projected

growth by vessel type is included in Table 19.

BaseYear2000

The forecast for the year 2000 is the base year for the proposed project and therefore the base

year for the study. The forecasts of trade and vessel fleet distribution are based on data as

available in March 1995. The underlying U.S. regional, national, macroeconomic and world

industry forecasts are the most current available as of March 1995. From these forecasts, new

cargo and fleet forecasts were prepared for trade through the Port of Baltimore.

Years 2000-2050

The underlying forecast of world commodity trade and the cargo fleet for the years 2000

through 2010 were taken directly from the regular DRI/Mercer World Sea Trade Service and

DR17LMIS (Lloyd’s Maritime Mormation Service) World Fleet Forecast Service (WITS)

forecasts available in March 1995. (Annex B is the methodology for the WFFS forecast;

Annex C contains the methodology specificallydeveloped for this long-term forecast.)

These forecasts of long-term activity in the Port of Baltimore are grounded in DRI’s short-

tenn forecasting models and include First Quarter 1995 commodity and vessel fleet

itiormation. These econometric models are based on global economic, demographic, and

Baltimore Harbor Anchorages and Channels Study
Page 5
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political activities and related trading patterns and are not constrained by factors such as

existing infrastructure. The port-specific forecasts for the Port of Baltimore are also

unconstrained. Indeed, one of the many purposes sewed by forecasting commodity and vessel

activity is the estimation of fiture infras@ucture needs.

The commodity and vessel fleet forecasts developed by DRI and presented in this report were

used as input to a simulation model developed for the Baltimore District, Corps of Engineers

and the Maryland Poti Administration as part of the Baltimore Harbor Anchorages and

Channels Feasibility Study. This model simulated vessel movements within the Port of

Baltimore for specific “benchmark” years and contributed to the establishment of the “without

project” condition. The simulation model also sewed as the tool by which various alternative

deepwater improvements were evaluated.

During execution of the many simulation runs, model output indicated that the port system

experienced inordinate delays in moving the projected vessels through the system in the year

2030 tirnefkrne. It was determined that known infktructure and productivity rates (both

existing and planned) would not satisfactorily accommodate the tonnages and vessels forecast

for the Port after the year 2030 (all other infktmcture elements remaining the same). For

this reaso~ the evaluations utilizing these forecasts conducted by the Baltimore District Corps

of Engineers excluded consideration of commodity and vessel MC growth reflected in the

unconstrained forecasts for the years 2040 and 2050. Chart 1 illustrates the forecast process.

Baltimore Hmbor Anchor~es and Channels Study
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CHART 1

DRI’S FORECAST PROCESS
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Assumptions Used in the Forecast Process

Forecast assumptions used in this project essentially f~ into two categories: those relating to

the port and transportation and those economic in nature that drive the trade forecast.

Transport~”on & Port-Levei Assumptions

The forecast model is demand drive% that is, it assumes that. there will be the capacity in place

to handle the trade (demand) projected and does not specifically address supply issues. It also

assumes that each portion of the cwent mix of traded commodities and partners will increase

at the projected growth rate. The forecast does not assume changes in the port’s market area.

It is the filly forecasted total U.S. outlook and each port’s relative share that drives projected

port figures. Ports will therefore have dtierent outlooks because of their different trade

concentration (commodity and partner) based on the different growth rates each commodity

and partner is expected to have at the national level. The mapping of cargo to types of vessels

is based on the cargo carried on specific vessels and voyages in the base period.

Economic Assumptions used in the Tradk Maid

Assumptions underlying the cargo and fleet forecast are based on detailed forecasts of the

U.S. and global economies. At the time of the forecast in March 1995, many of the major

economies were grappling with periods of slow growth or recessio~ and unlike the United

States, most had yet to experience a sustained recove~. On the other hand, many of the

newly industrializing regions of Latin Anerica and Asia were growing strongly. Because

Baltimore trades heavily with Europe, Europe’s recession impacted the outlook for Baltimore.

In other words, the recessions that occurred in the industrialized countries between 1991 and

1994 impacted the forecast for Baltimore due to the significant proportion of Baltimore trade

\.- Baltimore Hahor Anchorages and Channels Study
page 9
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represented by trade with Europe and the impact of the declines in those markets on the base

trade levels for Baltimore. At the same time, the declines in the European trades

overshadowed the strong growth in trade with developing markets in Latin America and Asia.

While the WSTS forecasts are based on forecasts for each commodity traded with each of the

individual trade partners, the magnitude of the European trades and the short term declines in

key commodities in that trade had a significant effect on the base Baltimore trade levels and,

as has been discussed, while WSTS forecasts growth in those significant commodity flows,

the pace of recovery was ultimately f~er than the growth projected.

Short-Term Outlook – 1990-1996

After a period of strong economic growth in the late 1980s, expansion of world economic

activity, especially among the industrial countries, was disappointing in the rnid-90s. Since

1990 the world economy’s growth had averaged under 2 percent, and unemployment in the

major developed countries had risen.

-

Overall world growth was hampered by a desynchronized recession in the industrialized

countries. Recessionary pressures had been building for some time due to asset deflation and

high debt levels, but the downturn was triggered by the August 1990 Iraq-Kuwait conflict and

the consequent rise in oil prices. In some economies, such as the U.S., U.K., Canada and

Australi~ these developments destroyed the confidence of consumers and businesses, a

confidence that had allowed them to shrug off the impact of rising interest rates during the late

1980s. The downturn that followed was sharp, drastically cutting average growth in 1990 and

leading to sharp falls in output in 1991.

The recession in output growth in Europe did not begin until the middle of 1992 and

continued through the start of 1994. High rates of inflation in Germany,triggered by the

heavy cost of reunification of the two Germanys, led to a succession of rate hikes, which were

Baltimore Harbor Anchorages and Channels Study
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passed on through the exchange rate mechanism to other countries. A a result, growth

slowed through 1993 and 1994. In the next few years, the forecast analysis indicates that

world growth will again accelerate slowly. Demand growth will continue to accelerate in

most of the industrialized countries during 1994-95, while the newly industrializing and

developing economies will continue to show strong growth that is often 3 to 4 percent higher,

in real terms, than the industrialized economies. Although the gap between industrial and

developing country growth rates is expected to narrow over the next few years as the

industrialized countries recover, it still will be significant. This higher growth path is

sustainable, particularly in Aia and much of Latin Ameri~ because of higher savings rates,

higher investment, rising domestic consumption levels due to rising income, and increased

export competitiveness among themselves and with the industrial countries.

In 1995, Europe and Japan were expected to continue their recovery buoyed by lower interest

rates and rising consumer demand. The U. S., however, will exhibit slower growth as Federal

Reseme tightening dampens the strength of the economic recovery. The result of all these

changes is that U.S. expoti growth should be f=ter and U.S. import growth slower in 1995.

lhe Medium Term Outlook, 1997-2000

In dete-g the ou~ook for the world economy until the end of the century, OUT analysis

focuses on ~o key aspects:

1.

2.

The likely extent of any spare capacity in the world economy and its affect
on inflatio~ interest rates and, hence, potential economic activity,

The expansion of potential supply coming from increased labor availability,
rising capital stock and technological improvement.

In the industrialized countries, growth over the next few years is unlikely to be fast enough to

remove all the cwent large overhang of spare capacity. Despite economic recovery,

Baltimore Harbor Anchorages and Channels Study
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continual debt overhang and government deficits will moderate the speed of the recove~.

Moreover, unemployment will continue to be him especially in Europe. At the same time,

the existence of this spare capacity means that inflation will remain subdued. The combination

of spare capacity and low inflation will allow output growth to outpace capacity growth over

the latter part of the 1990s.

It is usefil to put the forecast for capacity growth into a historical context. During the long

expansioq which lasted from 1982 to 1991, the world economy grew at an average rate of 3.2

percent. Over the 1996 to 2000 period, world economic capacity is projected to grow at

around 3.3 percent a year - very near the performance during the 1980s expansion. In

supply-side terms, this growth comes from various sources. The contribution from the capital

stock is slightly higher as investment rates have improved. However, contribution from labor

is fag as world population growth slows, while the contribution born technological

progress remains around 1 percent a year. While this represents the world average, it is

important to note the significant difference between the growth tracks of the average mature

industrial economy (about 2 to 2- 1/2°/0) and the more successful developing economies (5-6°/0

per year).

The growth projections represent the most likely scenarios, but it is important to consider

which downside risks may alter these scenarios. Two sets of assumptions are most critical.

First, as noted in more detail later, oil prices (and associated energy prices) are assumed to

grow moderately without significant disruption. A detailed examination of demand and supply

conditions support this as the most likely outcome. Second, it is assumed that trade

conditions under a concluded GATT will, in general, continue to improve. While bilateral

trade disputes are inevitable, no significant rise in protectionism between the U.S. and Europe

and Asia is assumed in this forecast. Clearly, a significant trade war or protectionist

movement would lower the outlook for trade growth but this remains as a less probable risk

at the time of this analysis.

w

.4
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Traditionally, a one percent expansion in world output has been accompanied by a more than

1 percent increase in world trade, where a 3 percent economic growth normally led to a 5 to 6

percent growth in trade. This trend is expected to continue over the medium and long term.

Over the 1996 to 2000 period, world trade volumes are projected to expand by 5.7 percent a

year, over one and a half times as fast as the rise in world output.

l%e Long Term Outbok – 2001-2050

In the first decade of the 21st century, overalJ economic growth is expected to moderate to

approximately three percent per year. Compared with the previous five years, the

contribution from labor is lower, as population growth is slowly declining, while in the

industrialized countries, participation rates (the proportion of the population enrolled in the

labor force) are stabilizing after a long period of trend increase. Slower growth in the labor

force causes world investment levels to increase as firms replace labor with capital. This

maintains growth in the capital stock and helps maintain the expansion of world economic

capacity, and given the significance of capital goods trade to the United States, insures

relatively strong growth in U.S. expotis well into the next century. Supported by rising

investment, the contribution from technological progress remains close to one percent a year,

although total factor productivity growth in this period is beginning to be slowed by the

elimination of the easiest cases of technological catch-up. Asia is still expected to provide

most of the leading growth economies, although some successfidly transformed areas of

Eastern Europe should be showing rapid improvement as they slowly integrate economically

into the European market.

Trade growth within this context can be expected to moderate slightly on an overall basis.

Much of the impetus for rapid trade growth in the 1980s and 1990s was due to liberalization

and marketization trends that will have reached maturity. Moreover, the gap between trade

L Baltimore Harbor Anchorages and Channels Study
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growth and economic growth will narrow as foreign investment substitutes local production

for exports in many regions. As a mtural consequence, trade cannot continue to expand

indefinitely as a percentage of economic activity. Given the significant number of factors that

do encourage cross border interactions, however, this namowing of the trade and economic

growth gap can be expected to be quite gradual.

Within the context of dflkring patterns of growth are underlying assumptions and forecasts

that relate to the larger economic, political and social fhctors that shape the development of

the world economy. Key fiwtors include moderate increases in crude oil prices, a continuation

in the pace of reform and positive regionalization of global trade and economic activity. The

following charts illustrate some of the economic trends.

CHART 2

WORLD ECONOMY MOVING OUT OF
SLOW GROWTH PHASE

1984 1986 1988 1990 1992 1994 1996 2000 200s

_lndustrislized Countnes ODeveloping Countries ~World
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CHART 3
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Risk & Uncertainty Factors

Based on the information about current and fbture trade and vessel patterns as specific as

those for Baltimore, the Amy Corps can effectively evaluate Baltimore’s problems associated

with its limited anchorages, circuitous channels and associated hazards.

As with any forecast, there are risks and uncertainties that could be associated with any of the

DRI models used or for that matter with any of the assumptions or any piece of underlying

data. Some of the more general risk elements include:

1. Alternative outlooks for U.S. regional activity that could affect port activity

the U.S. North Atlantic coast was growing more skndy than other U.S.
reg”ons, ~“cularly noticeable was the reldiveIy SIOWtrade growthjiom

the North Atkzntic region

2. Alternative international growth scenarios could tiect port activity

had growth been better in Europe in 1992 through 1994, the conservative
base vohnnes and tradk volumes projected WOUUhave been higher in

BaItimore

3. Port may not maintain constant share of coastal trade at historic levels

the base WSTSforecasts for the Port of Baltimore assume maintenance of the base historic
port share of the North Atlantic Coast. l%is could be aitered in di~erent scenarios

4. Alternative local industrial specialization

a di~erent industrial emphasis in a locaI re~”on may @ect its commodity
mix & thus t?ade

5. Marketing by the port to attract new trade or by competitors could affect commodity
mix

e.g., Norfolk could arrange competitive inland rates to attract
Pennsylvania > coalfiom Baltimore

Baltimore Harbor Anchorages and Channels Study
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6. Port technology and availability of inland transportation facilities (trains, roads, etc)

capaci~ is assumed avaiMIe to handle the dkmand (refer to Annex Gfor information on
Port of Baltimore cqabilities)

7. Underlying assumptions linking cargo to specific vessels.

ahemative changes in vessel technolo~ &or size maybe tested The baseIine forecasts

8.

9.

10.

are based on the J77?FSforecasts by vessel @e.

Consemative forecast means remaining risk on greater cargo and tic is higher

Because the forecast of Bahimore b exports conservatively
inchuikdgrowth in key markets that decIined in the 1993/’994

overseas recessions and did not incorporate short tezm recoveries
of the magnitudk that have since occurred the probability or risk
ofjldure market levels faIIing short of the forecasts is Iess than

the probability thatfiture markets will exceed theforecast.

Oil prices (and associated ener~ prices) are assumed to grow moderately without
significant disruption

G@ Wm triggered oilprice rise

Trade conditions assumed to continue to improve (under GATT)

a traak war or protectionist measures wmdd lower traak outlook

Major Commodities Forecast

Baltimore handled 23 million metric tons of foreign cargo in 1993. By

international cargo handled in Baltimore was forecasted to increase to

1995 the volume of the

25 million metric tons.

(Actual foreign tonnage through the Port of Baltimore in 1995 totaled 28 million metric tons.)

Both economic growth abroad and continued economic growth in the U. S. (locally and in the

U.S. mid-West) were believed to spur this growth. Much of this tomage is fkom bulk

commodities. Outbound the largest export by fu is coal -- much of it used to generate

electricity in Europe and Japan. Inbound, historically iron ore (much of it from Canada and

Baltimore Harbor Anchorages and Channels Study
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Brazil) tops the imports by weigh~ but the product mix is more diverse than outbound. By

2000, it was estimated that foreign cargo handled would grow to 29 million metric tons and to

56 million metric tons by 2020. The 2050 forecast figures show increased trade strength with

the volume of foreign trade up to 118 millionmetric tons as reflected in Table 1.

The relationship between outbound and inbound foreign cargo flows has changed over time

(see Chart 5). In the early 90s, exports exceeded imports in tomage terms. In 1993, the

amount of exports to imports was almost the same as export cargoes declined. In 1994

Baltimore’s imports grew rapidly, especially iron ore imports from Brazil, while exports fell,

particularly in grains. This created a trade imbalance for Baltimore that year in which exports

represented only 84 percent of imports total tonnage. Because that imbalance occurred

historically, the (port share of the coast) forecast method employed for the port of Baltimore

consewatively carried that imbalance and the lower exports into the forecast. In 1995,

exports were expected to be 86 percent of imports. By 2010, exports were projected to be

just 75 percent of total imports and by 2020, 70 percent of imports. The release of

subsequent historical da~ however, shows 1995 foreign trade for Baltimore in virtual balance

-- about 13 million metric tons in each direction (with increases particularly noticeable in grain

and coal exports by 1995). The increase in exports in 1995 would increase the projected

volumes and reduce the projected imbalances. The forecast used for the “without project”

analysis, therefore, was and continues to be a conservatively low projection of titure volumes

through the Port of Baltimore since the recent figures indicate projected import tons are likely

to be achieved while the recovery in exports indicate export flows will exceed projected

levels..

Baltimore Harbor Anchorages and Channels Study
Page 18

4



CHART 5
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PORT OF BALTIMORE TOTAL FOREIGN TIWDE,
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The commodity profile of Baltimore’s foreign cargo in tomage terms is projected to continue

to closely resemble its historical patterns. The commodity detail available for Baltimore based

on the 40 WSTS commodities is shown in Table 1. Bulk commodtiles especially will remain a

significantportion of this trade’s total tonnage.

Referring to Table 1, commodities are listed in decreasing order for the total trade for the Port

of Baltimore for 1993-2050. A indicated, bulk commodities dominate by total metric tons,

however growth rates for cargoes will vaxy; many non-bulk products will expand fa more

rapidly than bulk products. For example, healthy growth rates exist in auto parts/motorcycles,

light industrial machinery, heavy transportation equipment, and pharmaceuticals.

‘k-. Baltimore Harbor hchorages and Channels Study
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When total foreign trade is reviewed by direction, Baltimore’s outbound cargo is

characterized by large bulk moves of coal and coke, oil seeds, and grain.

TABLE 2

BALTIMORE’S TOP FOREIGN OUTBOUND COMMODITIES
(in thousand metric tons)

I
I Commodity 1993 2000 2010 2020 2030 2040 2050
Coal & Coke 7,561 8,893 8,750 13,474 15,018 15,454 15,136
Oil Seeds 965 809 722 705 648 616 601
Grain 1,368 1,411 2,013 1,954 1,766 1,513 1,268
Total of Above 9,894 11,113 11,485 16,133 17,432 17,583 17,005
TOTAL 11,644 13,748 16,154 23,310 27,640 31,759 36,358

Growth Rates (~0)

Coal & Coke 2.35 -0.16 4.41 1.09 0.29 -0.21
Oil Seeds -2.49 -1.13 -0.24 -0.84 -0.51 -0.25
Grain 0.44 3.62 -0.30 -1.01 -1.53 -1.75
Total 2.40 1.63 3.74 1.72 1.40 1.36

Shrce: DRlZi4ercerWorldSea Trade Sewice, 95Q1forecast

Table 2 indicates the prominence of these three dry bulk items, showing that their total

tomage was 85 percent of total foreign tonnage exported in 1993. Over time the forecast

projected these bulk commodities to decline in importance to 81 percent of Baltimore’s

exports by weight in 2000 and 69 percent in 2020.

The trade in these commodities through Baltimore was not forecasted to grow rapidly over

the years. By the year 2000, these commodities were expected to exhibit a modest average

decline of 2 percent. A generally negative trend was expected to continue in the following

decade, as tomage of oilseeds and grain declined. Coal tonnage would double by 2030 and

then stabilize through 2050 at 15 million metric tons.

This forecast was impacted by a drop in U.S. exports of coal in 1993 that continued into

1994. This included almost all export markets from Europe and the Far East and a large

Baltimore Harbor Anchorages and Channels Study
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portion of these exports would have been handled in Baltimore. The U.S. outlook called for

improved exports (in the So/Orange) the next year even as Australia was increasing its coal

exports. In fact, U.S. coal exports were much stronger than expected and Baltimore’s exports

alone increased to 11.97 million metric tons in 1995 (above the historical 1991-92 levels).

Baltimore’s coal exports to Northern Europe, where Germany’ssteel industry has been hurt by

its slowing economy and by a drop in demand for steel by neighboring European countries,

were expected to decline by -0.72 percent b the years 1993 to 2000. However, grow&hrates

move upward by the year 2020, based on the assumption that Northern Europe’s main

economies continue to have a longer-term growth trend and that there will be no increase in

trade bamiers.

A change in technology is impacting the coal trades. Steel made in electric fhmaces does not

require coal. In general, demand for cooking coal is declining as the use of a technology

called pulverized coal injection increases. Thus, the demand for metallurgical coals for steel

making is flat while coal used to make electricity is growing. On a cautionary note, one must

continue to monitor environmental developments in Europe aimed at reducing carbon dioxide

emissions that could ultimately ai%ct imports from the U.S.

Baltimore’s grain exports were expected to remain basically steady through 2000 in the 1.4

million metric ton range, with growth resuming after 2000 through 2010. The years after

2010 (to 2050) will see small declines, based on growth in alternative global grain sources.

Baltimore Harbor Anchorages and Channels Study
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Manufactured products (although a much smaller portion of the tonnage) are expected to

show significant growth over time. Table 3 indicates that Baltimore’s finished goods exports

will grow within a range of 6 to 10 percent a year through 2010 with a fm categories of

manufactured products growing at an increased pace to 2050. Automobile expofis are

expected to grow very rapidly through 2010 as U.S. exports and auto production increase to

meet global demands.

Many of the fastest growing export commodities would be included among intermodal cargo.

On the inbound side, Baltimore’s imports will grow overall at a slow, but continuous, pace.

By 2010, they will have again reached the levels of the late 1980s in tonnage terms. Typical

bulk and tanker products will remain an important part of this

tanker cargo will maintain approximately 73 percent of the trade

there is a short-term decrease to about 71 percent in 2000.

TABLE 4

trade. Together bulk and

in tomage terms, although

BALTIMORE’S TOP FOREIGN IMPORT COMMODITIES
(in thousand metric tons)

Commodity Category 1993 2000 2010 2020 2030 2040 2050

CementLime, & stone 1,968 3,242 5,277 8,638 11,283 14,778 19,294

IronOre 3,279 4,386 5,240 8,267 7,828 11,697 17,614

PetroleumProducts 649 1,134 1,667 2,930 4,808 7,421 10,844

Coal & Coke 1,053 1,007 643 561 521 572 651

Total of Above 6,949 9,769 12,827 20,396 24,440 34,468 48,403

Total of all commodities 11,260 16,037 21,436 33,623 42,139 59,083 82,4291
Source:DR/..ercer WorldSea TradeService, 95Q1forecast

Increased imports of both cement (mainly from Canada) and petroleum products (increasingly

from Venezuela and Trinidad and Tobago) reflect the positive outlook for the U.S. economy

over this period in general. & is tme for most of the United States, Baltimore’s imports of

iron ore horn Canad~ are expected to continue to fall, but imports from Latin America

(especially Brazil) will increase.

-
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These four products will represent the bulk of inbound trade (60%), but they will not

necessarily be the products showing the most growth (see Table 5).

Table 5, above, includes all inbound foreign mmrnodities in 1993-2050. Growth rates for

certain products are expected to be as high as 5.6 percent annually for the period from 1993

through 2010. Faster growing cargoes include major commodities such as petroleum

products as imports of petroleum products for large consumer markets on the East Coast are

increasingly required. Other growing inbound cargoes include: non-femous metals, heavy

transportation equipmen~ light industrial machinery, paper, manufactured fertilizers, other

mineral and metal manufacturers, auto parts/motorcycles, meat, fish & dairy products, and

textile, leather goods.

An increase is also anticipated for consumer and industrial manuf%tured goods, reflecting the

predicted economic recovery over this period and the likelihood of increased d-d for

commodities of this type. By 2010, these products are expected to become a more signih.nt

part of Baltimore’s imports, increasing from 9 percent in 1993 to 10 percent in 2010, fbrther

climbing to 16% in 2040. Other imported commodities due to decline over time are coal &

coke, passenger cars, rubber, and textile fibers and hides.

-
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Containerized Foreign Cargo Forecast
-’+--

CHART 6

TOTAL FOREIGN CONTAINERIZED METRIC TONS FOR 1993-2050
(000smetric tons)
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Previous discussions regarding trade for the Port of Baltimore have included all metric

tomage-containerized and noncontainerized. This section will describe the expected growth

of metric tons moving in containers.

trade is forecast to grow significantly

From Chart 6

through 2050.

above, it is apparent that containerized

Containerized trade will be balanced for

the most part, with impoti tonnage nearly the same as export tonnage.

Outbound Containerized Commodities

Table 6 details the exported containerized commodities for the 1993-2050 .timefiame. The

first three commodities, lumber & wood, plastics & chemical products, and other chemicals,

maintain a leading edge with steady growth. By 2050, the top four containerized commodities

have been replaced in rank by the following commodkies: other chemicals, consumer goods,

light industrial machinery, and other mining and metal manufacturers.
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TABLE 6

TOTAL BALTIMORE OUTBOUND CONTAINERIZED TONNAGE, 1993-2050

(11) Lumber & Wad

(26) Plastics & chemical Products

(24) Other (%ernicals

(4) Grain

(39) Consumer Goods

(33) Light Industrial Madhely

(26) Paper

(8) Oilaeeds

(29) Other Mm& Metal Manuktures

(30) Iron & Steel

(6) Food Products

(31) Non-Ferrous Metals

(2) Meat, Fish & Daii Products

(36) Auto Parts/Motmydes

(36) Eledrkal Equipment

[32) Heavy Industrial Machinefy

[12) Pulp & Waste Paper

(7) Textile Fiberq Hides

[40) Commdii, NES

[27) Textile, L-& Rubber MUs

(25) Phammcdicals

[=)~-
(10) Rubber

[3) Fruits & Vegetables

[14) cement, Lime & Stane

[18)othwores/3=_

[5) Sugar

[23) w Bulk Chemicals
[9) Oils & Fak

TOTAL

171,616

114,247

104,634

86,427

85,269

83,976

73,863

m,995

68,063

66,272

60,751

47,373

45,566

45,093

39,362

37Z4

30,916

30272

23,434

23,045

20,236

17,679

15,529

12,645

10,262

7,346

4,386

3,792

1,010

244,249

171,263

152,444

69,497

129,962

105,180

94,364

56,305

114,047

90,869

104,728

48,835

91,249

76,633

63,564

49,565

40,352

27,648

Zsl 1

%376

31,942

40,077

21,069

19,672

18,865

10,436

7,567

4,565

1,617
1,400,503 1,963,753

352,761

278,613

239,960

96,656

226,828

171,329

136,574

52,645

223,967

156,770

197,427

51,882

179,451

160,916

112,366

87,604

68,962

35,810

21,146

46,533

66,901

107,889

30,994

29,065

34,462

18,395

15,800

6,463

2,730

495*1
420,663

436,362

63,131

427=

311,721

250,944

48,002

339,982

302,699

267,314

122,444

307,135

176,751

194,465

116,169

90,369

42,793

42,280

74,201

109,079

141,439

34,096

45,501

42,409

23,517

25,971

9,931

2,863

3,210,966 4,964,960

573,842

566,314

nl ,736

64,456

715,633

546,023

391,478

44,803

500,854

429,497

312,749

204,262

427,546

209,873

315,189

136,629

76,557

46,910

73,038

102,453

167,937

211,774

48,076

67,585

53=

23,403

35,532

13,475

2,458

656,392

776,163

1,326,721

56,417

1,063,385

859,690

566,079

45,249

759,1W

586,264

376,496

329,916

575,350

247,618

474,222

147,271

105,886

46,126

97,662

127,m

258,629

292,244

51,362

93,345

65,344

21,591

46,627

19,655

2,046

719,854

993,315

2,046,921

51,140

1,611,150

1,293,358

794,830

45,768

1,114,190

803,963

459,951

544,07

791,230

321,305

695,727

159,065

163,730

45,855

135,577

163,161

374,864

371,649

57,487

125,908

83,741

19,797

57,906

29,371

1,714

7,155,356 10,096,690 14,076,8201

Total tomage for inbound containerized commodities in 1993 is 11 percent greater than that

of containerized export tomage for the same year (see Table 7). From 1993 to the year 2000,

expotis are approximately 77 percent of total containerized import tonnage. However,

between 2000 and 2010, containerized exports take off, as inbound cargoes slow, resulting in

exports at 88 percent of total inbound containerized metric tons. By 2030, containerized
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exports are 92 percent of total containerized imports. By 2050, containerized import and

export flows have resumed their 1993 relationship.

TABLE 7

TOTAL BALTIMORE INBOUND CONTAINERIZED TONNAGE, 1993-2050

Commodii 1993 2000 2010 2020 2030 2040 2050

(30) Iron & 8teei

(6) Food products

(39) Consumer Goods

(12) Pulp & Waste Paper

(31) Non-Ferrous Metals

(5) Sugar

(28) Paper

(33) Light Industrial Machinery

(24) Other Chemicals

(29) Other Min & Metal Manufactures

(3) Fruits & Vegetables

(27) Textile, Leather & Rubber Mtls

(32) Heavy Industrial Machinery

(2) Meat, Fish & Dairy Products

(26) Plastics & Chemical Products

(14) Cement, Lime & Stone

(38) Electrkal Equipment

(11) Lumber& Wood

(36) Auto pWtShbtOrC@eS

(35)Passenger Cars

(4) Grain

(10) Rubber

(7’)Textile Fibers; Hides

(40) Commodii, NES

(18) Other Ores & Scrap

(25) Pharmaceuticals

(9) Oik & Fats

(23) LiquidBulk Chemicals

(15) Manufactured FerWzers

(8) Oilseeds

TOTAL

190,678
156,793

139,152

129,400

120,613

81,530

80,547

78,350

71,044

64,797

58,900

47,027

46,328

40,797

35,688

34,659

33,963

32,549

31,408

24,119

20,298

14,627

10,692

10,263

9,362

4,539

3,429

2,188

767

263

309,734

202,979

207,272

260,471

244,274

90,912

127,365

116,612

127,463

91,331

85,929

81,405

84,716

41,818

70,856

56,038

68,602

65,357

53,475

35,818

23,n2

16,151

10,956

13,765

19,885

6,075

4,651

1,718

732

352,861

237,930

265,042

538,671

418,896

80,505

195,646

138,897

184,836

110,508

106,524

117,585

136,489

40,201

146,083

70,584

117,554

102,166

89,797

42,261

41,996

19,661

9,922

21,623

28,082

7,237

7,859

1,270

615

124

434,118

383,610

497,643

610,609

866,174

217,476

302,975

204,430

268,918

192,234

198,367

200,049

148,805

93,539

224,186

166,840

160,238

133,626

129,476

27,124

53,606

22,057

10,239

24,340

38,847

10,560

13,897

1,595

1,476

327

1,574,771 2,520,358 3,631,425 5,637,380

424,234

555,546

742,676

484,850

1,432,743
317,201

580,560

354,737

394,367

282,701

246,478

301,287

148,970

138,477

237,169

285JZ28

201,869

149,440

239,383

15,086

49,460

24,784

10,081

26,510

67,511

13,981

15,510

2,136

1,583

434,654

845,679

1,186,314

597,163

2,207,117

382,6@

966,503

632,114

616,101

407,854

306,624

438,651

156,901

200,119

262,646

436,792

264,136

152,528

446,895

9,700

48,125

25,350

9,834

28,915

114,106

18,660

16,941

3,039

2,620

1,044

464,996

1,311,131

1,793,532

711,222

3,221,091

452,197

1,432,996

1,048,041

953,624

601,197

367,417

616,038

169,901

286,595

305,546

631,288

341,437

157,525

825,912

7,151

48,754

25,672

9,715

34,144

168,685

25,549

18,566

4,089

4,196

1,608

7,745,192 11,219,790 16.037.820

Over the time period, containerized exports move toward more finished products. In 1993,

the largest tonnage groups are iron & steel, food products, consumer goods, pulp & waste

paper, and non-ferrous metals, sugar and paper. By 2050, these larger moving commodities
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are non-fmous metals, consumer goods, paper,

other chemicals and auto ptitimotorcycles.

food products and light industrial machinery,

Containerized Cargo Forecast - TEUS

The containerized metric tonnage described above, can also be reviewed on a TEU (Nenty

foot equivalent unit) basis. In this way, the volume or number of TEUS or containers maybe

reviewed for each commodity traded. From Chart 7 below, the movement of containers

through the Port of Baltimore is fkirly balanced for the time period. For every inbound TEU

there is an outbound TEU. It is important to note the steady rise in TEUS. By the year 2050,

there are over 3.7 million TEUS moving through the port, compared with the cument 336,000

TEUS. Tables 8 and 9 provide detail for outbound and inbound containerized activi~.

CHART 7

i

1500

lmo

o

Total ContainerizedTrade for Port of Baltirrme 1993-20S0
(000s TEUS)

1993 2000 2010 2020 2030 2040 ZCm

I
+ im~
+ exports
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TABLE 8

OUTBOUND CONTAINERIZED TRADE FOR THE PORT OF BALTIMORE FROM
1993-2050 IN TEUS

(11) Lumber & Wood

(39) Consumer Goods

(26) Ptastios & Chemical Products

(33) MM Ind@l MaOMlery
(4) Grain

(36) Auto t%irtS/hhtO~

(24) Other Chemicals

(28) Paper

(38) Electrical Equipment

(6) Food Products

(29) Other Min & Metal Manufactures

(30) Iron& steel

(8) Oilseeds

(40) Commodities, NES

(2) Meat, Fish& Dairy Pralucts

(32) Heavy Indusbial Machinety

(31) Non-Ferrous Metats

(35) Passenger Cars

(27) Textile, Leather & Rubber Mtis

(25) PhamaceWca“ Is

(12) Pulp & Waste Paper

(7) Textile Fibers; Hides

(3) Fruits& Vegetables

(10) Rubber

(14) cement, Lime &S-

(18) Other Ores & Scmp

(23) Liquid Bulk Chemioals

(5) Sugar

(9) Oils& Fats

T OTAL

19,016

17,956

12,948

12,310

9,573

9,019

8,828

7,948

7,097

5,400

5,159

4,949

4,827

4,687

4,658

3,758

3,755

3,501

3,139

3,120

3,077

2,624

1,371

1,202

337

331

101

162,082

30,071

27,365

19,412

15,419

11,014

15,327

14,264

11,284

11,464

9,309

9,604

7,539

4,021

4,502

9,328

5,004

4,301

7,936

4,410

4,924

4,462

2,414

2,133

1,631

1,629

721

162

240,627

43,430

47,753

31,576

25,116

11,895

32,183

22,454

16,329

20,264

17,549

18,863

13,006

3,631

4a

18,344

8,845

4,569

21,364

6,339

10,314

7,625

3,104

3,153

2,399

2,973

1,271

574

1,194

400,620

60,973

89,945

47,675

45,696

1o=

35,350

40,831

30,002

35,083

23,761

28,631

25,130

3,310

8,456

31,396

11,729

10,783

28,008

10,106

16,816

9,992

3,710

4,932

2,639

3,659

1,625

1,962

288

623,584

70,648

150,660

66,449

60,336

7,932

41,975

72,209

46,804

56,830

27,800

42,179

35,633

3,090

14,608

43,705

13,794

17,986

41,935

13,956

25,890

8,465

4,066

7,326

3,721

4,595

1,618

1,198

2,685

246

80,812

228,081

87,965

126,024

6,943

49,524

124,138

67,679

85,504

33,466

63,932

48,805

3,121

19,572

56,814

14,869

29,053

57,870

17,378

39,872
11,706

3,999

10,119

3,975

5,636

1,492

1,747

3,523

88,625

339,189
112,576

189,596

6,293

64,261

191,525

95,028

125,442

40,885

93,830

66,702

3,156

27,115

80,881

16,059

47,913

73,633

22,225

57,792

18,104

3,975

13,649

4,449

7,225

1,368

2,611

4,375

171

908,342 1,285,826 1,798,6561
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TABLE 9

INBOUND CONTAINERIZED TRADE FOR THE PORT OF BALTIMORE FROM
1993-2050 IN TEUS

(39) consumerGoods

(30)lrun&steel

(6) Food Products

(12) Pulp & Waste Paper

(33) Light Industrial Machinery

(31) Non-Ferrous MaWs

(28) Paper

(3) Fruits & Ve@ables

(27) Texlile, Leather& Rubber Mtls

(36) A@o ~
(5) Sugar

(38) Electrical Equipment

(24) Other Chemicals

(29) Other Min & Metal Manufactures

(35) %ssenger Cars
(32) Heavy Industrial Machhry

(2) Meat, Fti & Dairy Products

(26) Plastics & Chemii Products

(11) Lumber&Wood

(14) cement, Lime & stone

(4) Grain

(40) Commodii, NES

(10) Rubber

(7’)Textile Fibers; Hides

(25) Pharmaceutical

(18) Other Ores & Somp

(9) Oils & Fats

(23) LiquidBulk Chemii

(15) Manufactured Fertilizers

(8) Oilseeds

TOTAL I

29295

14m

13,937

12,877

11X

9,535

8,667

6,529

6,406

6,282

6,160

6,124

5,983

4,911

4,~6

4,677

4,192

4,045

3,606

2,990

2,248

2,063

1,163

700

194

51

18

174,840

43,636

25,697

18,043

28,800

16,773

21,468

15,228

9,499

11,089

10,695

6,889

12,369

11,926

7,691

7,093

8,553

4,312

8,030

8,046

4,835

2,925

2,753

1,285

937

1,374

153

49

16

291,558

55,798

29,275

21,149

59,561

19,995

36,832

23,391

11,785

16,017

17,959

6,083

21,195

17,295

9,306

8,368

13,780

4,172

16,556

12,578

6,090

5,168

4,325

1,557

1,116

1,941

786

113

41

9

423,101

104,767

36,016

34,099

67,515

29,326

76,150

36,223

21,926

27,250

25,895

16,432

28,891

25,162

16,189

5,371

15,024

9,704

25,408

16,451

14,394

6,597

4,868

1,742

1,628

2,685

1,390

142

98

23

65232

156,353

35,196
49,382

53,610

50,720

125,929

69,411

27,175

41,041

47,8n

23,966

36,398

36,900

23,807

2,987

15,040

14,339

26,879

18,398

24,608

6,087

5,302

1,952

874

2,155

4,666

1,551

190

106

44

902,942

249,750

36,061

75,171

66,029

90,113

193,975

115,553

33,754

59,752

89,379

28,912

47,624

57,647

34,347

1,921

15,841

20,704

29,767

18,n8

37,684

5,922

5,783

1,987

2,8~

7,887

1,694

270

175

72

1,330,283

3i7,586

38,578

116,545

78,640

148,899

283,079

171,326

40,392

83,915

165,182

34,166

61,562

89,228

50,629

1,416

17,154

29,631

34,628

19,394

54,464

6,000

6,829

2,004

842

3,939

11,659

1,857

111

1,930,298

Trade Route Forecast

In the existing conditions report, the global trade route systems were introduced and

discussed. In this sectio~ forecasted changes or shifts in trade will be introduced. This will

be followed by a more detailed analysis for the Port of Baltimore. These trade routes to be

discussed are exclusive of crude petroleum. The impact of global trade developments and the
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vessels and vessel types seining global trades will impact the vessels and vessel types calling at

the Pofi of Baltimore. However, due to the significant volumes of crude petroleum in global

trade, the major global trade routes tend to be dominated by the crude flows and the tankers

that carry the crude. Therefore, in order to focus on the vessels and vessel ~es serving more

diverse trades, the global analysis focused on trade routes excluding crude petroleum. While

the levels of crude included in Baltimore’s trade flows are relatively small and would not limit

the diversity of cargo and vessels in the trade, for consistency with the global analysis of

commodity flows and vessel types on key routes, the crude petroleum flows were excluded

from this analysis.

TABLE 10
TEN LARGEST GLOBAL TRADE ROUTES FOR 2000 AND 2050

(EXCLUDES CRUDE PETROLEUM)

Globe Year 2000

AustraliiNew Zealand to Japan

Australiiew Zealand to Far East NICS

SE Asia to Far East NICS

SE Asia to Japan

China to Far East NICS

South America EC to Northern Europe

Japan to Far East NIC’S

China to Japan

AustraliiNew Zealand to Northern Europe

South America EC to Japan

Metric Tons

185,537,792

107m6,408

89,803,856

88,692,664

85,340,376

80,516,588

49,si7,360

44,736,920

43,252,044

41,105,120

Globe Year 2050

SE Asia to Far East NICS

AustmliiNew Zealand to Far East NICS

Arabian Gulf to FE NIC’S

Chim to Far East NIC’S

South America EC to FE Nlc’s

Far East NIC’S to South East Asia

Far East NICS to China

Australia/New Zealand to China

Southern Ewopetoother Med

Other Mad to Northern Europe

Metric Tons

2,012,670,080

1,340,825,472

1,237,114,368

933,136,192

915,116,224

800,354,624

791,052,480

751,717,120

438,107,840

437,500,512

Table 10 indicates the changes in the largest global trades for years 2000 and 2050. The

largest global trade lanes do not include the United States. However, these trade lane

projections indicate the importance and strength of trade among other trading nations,

especially those in proximity to the Pacific Ocean. The Far East Newly Industrialized

Countries (NIC’s) become prominent trading partners during this time period, as we~ as

South East Asia and AustraliaNew Zealand.
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TABLE 11

TEN LARGEST UNITED STATES’ TRADE ROUTES FOR 2000 AND 2050
(EXCLUDES CRUDE PETROLEUM)

us. Year 2000

U.S. SaAWmst Coast to Japan

Caribbean Basin to U.S. GuN Coast

U.S. Gulf Coast to Japan

South Amerioa EC to U.S. Natheast Coast

U.S. Gulf Coast to Northern Europe

U.S. Nodheast Coast to Northern Eurupe

Other Med to U.S. Gulf Coast

U.S. Gulf Coast to Caribbean 8asin

Northern Eu~ to U.S. Ndheast Coast

U.S. Guff Coast to Other Med

Metric Tons

30,648,078
28,125,620

25,761,348

24,029,980

22,576,104

21,668,590

20,521,084

20,404,6%)

19,438,216

18,814,962

us. Year 2060

C@Wean Basin to U.S. Gulf Coast

Arabian Gulfto U.S. Gulf Coast

South America EC to U.S. Natheast Coast

Caribkn Basin tou.s. SOuWast coast

U.S. Nodhwest Coast to Far East Nlc’s

U.S. Gulf Coast to Far East NIC’S

Caribbean Basin to U.S. Nmtheast Coast

Chm to U.S. Nmthvest Coast

South America EC to U.S. Sadheast Coast

Arabian Gulf to U.S. Northeast Coast

Metric Tons

249,996,560

22s,991 ,392

192,734,272

182,721,344

173,931,760

153,035,296

151,214,160

12S,592,712

115,693,S76

10S,810,792

Table 11 details the top trade lanes on a total metric ton basis. In additio~ it provides a view

of the forecasted changes in trade. In the year 2000, the majority of the top trade lanes utilize

the Gulf coas$ followed by the Northeast Coast. However, by 2050, trade has diversified to

include activity at all coastal regions. Trade relationships with Northern Europe, Japaq and

the Caribbean Basin are relevant in 2000. However, these relationships appear to change, so

that by the year 2050, the relative significance of trade with Japan and Northern Europe has

declined. Large trading partners by 2050 are the Caribbean Basin and the Far East NIC’S. As

stated previously, the trade routes shown in Table 11 do not include the major crude

petroleum trade routes. The 226 million metric tons forecast to flow horn the Arabian Gulf to

the US Gulf Coast and the 105 million metric tons from the Arabian Gulf to the US East

Coast are petroleum products and not crude petroleum. Many of the oil producing countries

in the Middle East are now constructing and operating refining operations. Instead of

expotig only crude petroleu~ they are increasingly exporting refined petroleum products.

Growth in the import of petroleum products is due to constraints on refining facilities in the

NorthEast United States. Due to relatively outdated existing refining facilities and the

environmental requisites associated with upgrade and construction of new facilities,
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constrained growth is represented in the forecast. Within the NorthEast United States, a shift

is occurring away horn crude petroleum refining and toward the import of refined petroleum

products.

TABLE 12

TEN LARGEST U.S. NORTH ATLANTIC STATES TRADE ROUTES FOR 2000 AND 2050
(EXCLUDES CRUDE PETROLEUM)

N- Atlantic Year 2000

South America EC to U.S. Northeast Coast

U.S. Nodheast Coast to Nottham Europe

Northern Europe to U.S. ~Ofthti Coast

U.S. Northeast Coast to Southern Europe

Caribbean Basin to U.S. Northeast Coast

Southern Europe to U.S. Ncdheast Coast

U.S. Northeast Coast to Far East NICS

South America WC to U.S. Northeast Coast

U.S. Northeast Coast to South America EC

U.S. Northeast Coast to Japan

Metric Tons

24,029,980

21,868,590

19,438,216

13,827,891

10,871 ,S82

9,255,135

7,889,427

6,~,117

6,466,713

5,415,466

North Atlantii Year 2050

South America EC to U.S. Nodheast Coast

Caribbean Basin to U.S. Northeast Coast

Arabiin Gutfto U.S. Northaast Coast

Northern Europe to U.S. Northeast Coast

South Amerioa WC to U.S. NortheastCoast

Southern Europe to U.S. Northeast Coast

U.S. Northeast Coast to South America EC

U.S. Northeast Coast to Far East NIC”S

SE Asia to U.S. Nortkast Coast

Chm to U.S. NortWast Coast

M%-c Tons

192,734,272

151,214,160

105,810,792

73,926,344

52,701,756

41,445,360

39,940,168

34,680,872

32,089,802

28,357,340

Table 12 presents the top ten trade lanes for the North Atlantic trade. The forecasted trade

for year 2000 and 2050 indicates that South America will become the largest trading p~er

for the Notih Atlantic region. However, Northern Europe and the Caribbean Basin will

continue to be important trading partners. Also, by the year 2050, the Arabian Gut

Southeast Asia and China will become significant trading partners, as well.
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TEN LARGEST U.S. SOUTH ATLANTIC STATES’ TIU4DE ROUTES FOR 2000 AND 2050
(EXCLUDES CRUDE PETROLEUM)

south Anantlc- Year 2000

South America EC to U.S. SouMaest Cast

CarMean Basin to U.S. Soubast Coast

South Arnarb WC to U.S. Sdheast Coast

U.S. southeast Coast to Northern Europa

Northern Europe to U.S. ~ Coast

U.S. Southaast Coast to Caribbean Basin

U.S. southeast Coast to South America EC

southern Europe to U.S. Sdhaast Coast

U.S. SouWast Coast to Far East NIC

U.S. Southeast Coast to Japan

Matric Tons

14,293,927

11,915,591

5,962@8

5,421,460

5,020,645

4,666,924

3,647,579

3,557,979

2,998,652

2,870,376

ntii Yaiar 2060

CarWean Basin to U.S. Soutkast Coast

South America EC to U.S. southeast Coast

U.S. southeast Coast to South Amarioa EC

south Amarioa Wc to Us. So@kast coast

U.S. Southeast Coast to Far East Nlc’s

U.S. Southeast Coast to Caribbean Basin

Southern Europe to U.S. ~ Coast

U.S. Soutbaast Coast to Northern Europe

U.S. Southeast Coast to SE Asia

Indan Subcontinent to U.S. Southeast Coast

Matric Tons

182,721,344

115,693,576

71,631,400

38,859,472

28,715,644

27,382,032

24,462,808

18,101,106

17,580,706

15,544,088

Table 13 exhibits the top ten trade routes for the South Atlantic region of the United States.

The Table for the year 2000 indicates the importance of the South American trade, as the

number one trade lane based on total metric tons. This trade continues to be an important

part of the South Atlantic region’s trade, as it becomes the second largest lane in 2050. The

Caribbean Basin is also important to the South Atlantic ports. Northern and Southern Europe

remain important trading partners, as well. In 2050, the Indian Sub-Continent becomes an

active trading ptiner in the top te~ as Japan is removed from the list.

TABLE 14

TEN LARGEST BALTIMORE TRADE ROUTES FOR 2000 AND 2050
(EXCLUDES CRUDE PETROLEUM)

BaltimoreYear 2000

POB to Northern Europe

South America EC to POB

POB to Other Mad

POB to Eastern Europe

POB to Southern Euro-

Northam EurqE to POB

POB to Japan

Caribbean Baain to POB

AustraliNew Zealand to POB

POB to South America EC

MetricTons

3,610,443

3,100,703

2,057,362

1,968,306

1,895,802

1,425,128

1,364,443

1,359,816

1,160,371

1,130,708

BaltimoreYear 2060

South America EC to POB

Caribbean Basin to POB

POB to South America EC

POB to Eastern Europe

POB to Other Med

Northern Europe to POB

POB to Northern Europe

AustraliiNew Zealand to POB

POB to Southern Europe

POB to Japan

MatricTons

21,039,706

14,~8,280

8,944,902

7,851,74

5,010,291

4,657,715

4,345,646

4,334,074

1,733,204

832,256
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The Port of Baltimore’s prominent trading partners remain the same over the time period

1993-2050 (see Table 14). However, by 2050, South American imports are the largest trade

lane, followed by the Caribbean Basin. To fbrther study this activity, refer to Table 15 below.

The trade lanes shown in Table 14 are directional trade lanes, that is the table ranks the trade

volumes separately for each dmection of trade. For instance, by the year 2050 the largest

trade lane is inbound to the Port of Baltimore horn the East Coast of South hwric~ while it

was the second largest trade lane in the year 2000. Significantly, the projected traflic for the

outbound direction in this trade lane from the Port of Baltimore to the East Coast of South

America ranked third in Table 14 for the year 2050, up from tenth place in the year 2000.
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In the year 2000, the POB’S largest export partner is Northern Europe at 3.6 million metric

tons, with South tierica as the largest import partner with over 3 million mtic tons. POB’S

lagest ewort to Nofiem Europe continues to be cod & coke, making up over 70 percent of

total metric tons transpo~ed. South American (East Coast) cargoes include iron ore,

petroleum products, pulp & waste paper, sugar and iron & steel. POB’S exports to the

Mediterranean are largely coal & coke and grain. The port’s exports to Eastern Europe

parallel the Mediterranean’s with 90 percent of total metric tons in coal & coke and 5 percent

as grain and mea; fish& dairy products.

Referring to Table 15, the Port of Baltimore’s export trade to Southern Europe is mostly coal

& coke (63%) and oilseeds and grain. Imports from Northern Europe at year 2000, are

characterized by iron & steel, heavy transportation equipment, cement, lime & stone, and

passenger cars. POB’S exports to Japan are nearly all coal& coke (71%) and oilseeds that are

18 percent of total metric tons. Caribbean Basin imports into the port are cement, lime and

stone making up 62 percent of total tons tied. Also, sugar ( 17°/0)and petroleum products

(18%) make up another 35 percent of total tonnage. AustralidNew Zealand brings iron ore,

bauxite, and coal & coke to the port in Year 2000. The port’s exports to South America’s

East Coast have developed to support a more industrial partner. The POB’S majority (82Yo)

of outbound tonnage includes coal & coke, other chemicals, plastics & chemical products, and

iron & steel.

‘L
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As shown in Table 16, South America remains the largest import ptiner at Baltimore, and is

also the largest trading partner for the port (21 million metric tons). The commodity mix in

this trade lane now includes: cement, lime & stone, petroleum products, iron ore, pulp &

waste paper, paper, and light industrial machinery. Imports from the Caribbean are largely

cement, lime & stone and petroleum products. These two commodities total 13 million metric

tons, about 93 percent of total Caribbean metric tomage carried to Baltimore. Port of

Baltimore’s exports to the South American East Coast are dominated by other chemicals

(19%) -- which have grown considerably since Year 2000. POB’Slarger export tonnage also

includes coal & coke (180/0). Additional prominent commodities include other mining and

metal manufacturers, plastics & chemical products, light industrial machine~, and consumer

goods- these totaling 31 percent of total tonnage exported. The port’s main export to Eastern

Europe is coal & coke, which makes up 91 percent of total metric tons carried in this trade.

Exports to the Mediterranean are still largely coal & coke (70%). Grain shipments make up

13 percent and petroleum products 5 percent of total expoti tons. POB’S imports from

Northern Europe include heavy transportation equipment (46%), food products (7Yo),paper

(7%), cement, lime & stone (6%), and petroleum products (6%). Pofi of Baltimore’s greatest

export to Northern Europe is passenger cars, which make up 20 percent of total metric tons.

The port’s other large exports are lumber and coal & coke which make up 12 percent and 9

percent of total tonnage. Light industrial machinery, consumer goods, and iron & steel make

up nearly 8 percent, 7 percent and 5 percent, respectively, of total tonnage. Austraha/New

Zealand imports are largely iron ore (62Yo)and bauxite (35Yo). The port’s export to Southern

Europe and Japan are quite similar. The two top commodities in each export trade lane are

coal & coke and oilseeds.

Vessel Forecasts Based on Metric Tons

Below in Tables 17 and 18, forecasts of vessel type are presented. In Table 17, vessels are

listed for the year 2000. Overall for the top ten trade lanes, bulk camiers will continue to
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carry a large part of the tonnage. The Northern Europe to Baltimore trade involves a large

part of metric tons in passenger cars and heavy transportation equipment. Due to this

commodi~ ~ this trade lane utilizes vehicle camiers (210/0)and Roll-on Roll-off vessels

(16%) to transport nearly 37 percent of total tons. Container vessels carry another 30 percent

of total tomage. In the next My years, trade profiles will change resulting in dtierent

commodity mixes and di&erent vessel types in the trade lanes.
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Table 18 lists Baltimore’s vessel activity for year 2050. In this analysis, the vessels that carry

the majority of tomage are containers, vehicle carriers, and bulk camiers. Although the bulk

carriers are involved in a large part of tonnage moves, they are not utilized to the same extent

in 2050, as they were in the year 2000. In the South America East Coast to POB trade, 39

percent of cargo tomage will be carried by container vessels, 24 percent on product tankers,

and 18 percent on bulk camiers. Some transport of bulk commodity on container vessels is

reflected in the 2050 forecast. This relates to the overall effort to balance and properly match

as best as possible, the vessel movements. Over 72 percent of export tomage to Eastern

Europe will be on board bulk camiers. Imports from the Caribbean Basin will be mostly

cement and sugar, thus over 50 percent of this tomage will move on bulk carriers.

Additionally, imported petroleum products (21?40of total tomage) wilI move on tankers. The

inbound trades from the East Coast of South America shifts to petroleum products as crude

producing countries refine an increasing amount of their output. However, the second largest

trade lane from the Caribbean Basin to the Port of Baltimore is still dominated by crude

petroleum through the year 2050. In the Northern Europe trade, 43 percent of total metric

tonnage will be ca.n=iedby vehicle carriers. This is in line with the fact that nearly half of this

trade lane is devoted to passenger cars. The Baltimore to the Meditemnean trade will involve

large moves of coal& coke. Nearly 75 percent of this trade’s total tomage is transported by

bulk camiers. Over 65 percent of imports horn Australia/New Zealand will move on bulk

cmiers. Nearly half of the Baltimore to Japan cargoes will move on bulk carriers, thus

relating to the large moves of coal & coke to this destination.

-
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Vessel CalJ Forecasts

This section of the report describes the process used to forecast the vessel calls that were

utilized in the simulation models to analyze with and without project conditions. As discussed

in the previous sections, DIU produced forecasts of cargo camiage by vessel type based on

forecasts from the World Sea Trade Service (WSTS) and World Fleet Forecast Sefice

(WFFS). These were combined with WSTS forecasts for the Port of Baltimore and detailed

vessel calls and sailing drafts derived horn the Waterborne Commerce Statistics Center data

(WCSC) and vessel entrance and clearance data plus vessel characteristics from Lloyds

Maritime Information Services (LMIS) and Fairplay. The analysis also related the forecasts to

inland distribution patterns derived from Journal of Commerce PIERS data (JoC) and Reebie

Associates Transearch data. Finally the projected vessel calls by sailing draft were combined

with the vessel movements by terminal and anchorage within the Port of Baltimore from the

Baltimore Maritime Exchange (IX@ database (which is discussed in Annex D). The BME

database provided tiorrnation on the arrival/dep~re patterns (C&D vs. Cape Henry) and

the detailed terminal and anchorage activity utilized in the simulation models. —

The forecasts of vessel calls were derived by applying the DIU WSTS forecast growth by

commodity and trade p~er to the commodities identified on each WCSC vessel call to and

horn the Port of Baltimore. This procedure produced an initial forecast of vessel calls by

vessel type based on projected commodity growth. The results of the vessel call forecast

based on cargo growth were then combined with the vessel type forecasts from the World

Fleet Forecast Service in order to incorporate changes in activity levels by vessel type. The

projected vessel calls by direction were then modified to reflect fiture ballast voyages

necessary to accommodate the vessel calls required in the dominant direction of cargo

carriage. The individualvessel calls from the WCSC &tabase were also linked to the Lloyd’s

vessel characteristics and sailing drafts from entrance and clearance files. These data sources

allowed the projected vessel calls to reflect vessel characteristics and sailing drafts. The

projected vessel calls by individual vessel type and sailing draft are included in Annex E. Table
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projected vessel calls by individual vessel type and sailing drafl are included in Annex E. Table

19 below includes a summary of the projected inbound and outbound vessels calls.

Table 19

PROJECTED PORT OF BALTIMORE VESSEL CALLS
BY DIRECTION 1993 TO 2050

Dkdon 1993 2000 2010 2020 2030 2040 2050

Inbound 2,208 3,429 4,793 7,667 10,435 14,595 20,323
Outbound 2,210 3,430 4,793 7,667 10,435 14,595 20,323

Annex E alSOincludes a summary of total vessel calls by vessel type. Containership and

tanker calls are projected to increase as a percentage of total vessel calls. Vessel calls by the

General Cargo class and the “Other Vessel” cJass will experience the largest declines in share

of total projected vessel calls.

By the year 2050,overall vessel calls are projected to increase approximately 9.2 times (not a

compound annual factor) the base calls obsewed in 1993. The increase in vessel calls

compares to increases in import tons (7.3 times) and export tons (3.2 times). Vessel calls

increase faster than projected tonnage since vessel calls are required to serve the dominant

direction of trade (imports in the base forecast). The growth in vessel calls is also due to the

increase in share of containership calls which are growing faster (increased share) than the

slower growing bulk trades. This tradates into more calls, for a given amount of tonnage,

than required of bulk and tanker services. In addition, ballast voyages are projected to

increase with the increases in the vessel calls in the dominant direction. Calls can increase

futer than tonnage where imbalance trades are growing given the procedures utilized by

DIU which first project vessel calls necessary to carry the projected cargo and then add the

computed ballast voyages required to balance the vessel movements.
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The projected vessel calls were utilized to drive forecasts of vessel movements by terminal

area and anchorage within the Port of Baltimore. Vessel movements within the Port of

Baltimore were based on the analysis of the BME database of vessel movements. In the base

year the BME vessel movements were matched to the vessel calls identified from the WCSC

databases. This allowed approaches via Cape Henry or the C&D Canal to be identified as

well as the linkage of voyages to calls at the major terminals and anchorage areas. A summary

of the vessel calls by terminal area is included in Annex F: VESSEL ACTIVITY -

TERMINAL USAGE. The BME vessel movement data ako provided the baseline

information on vessel movements by terminal related to baseline vessel calls.

The DRI forecasts of vessel calls by sailing draft were determined to be the same for the with

and without project conditions. This was based on a review of the channel depths for the with

and without projects, which indicated that the vessel types and sizes calling the Port of

Baltimore would not be altered by the with project changes in branch channel depth. This

result reflected the constant main channel depth and the relatively small branch channel depth

changes, which, combined with the constant main channel depth, were deemed to not

contribute to changes in the vessel types and sizes calling the Port of Baltimore. As a result,

the benefits measured for the with project condition are identified from the simulation models

based on the efficiencies in handling the forecast vessel activity relative to the without project

condition. Thus the baseline DRI projections of vessel calls by vessel type and sailing drafi

were utilized as inputs to both the with and without project simulations.
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ANNEX A

WORLD SEA TRADE SERWCE FORECAST METHODOLOGY
Introduction:

The DRI World Sea Trade Service depends upon a complex set of models. International
trade is modeled for individual products over time. Individual models of worldwide trade for
more than 59 commodities ye included in the general sewice. Specific forecasts showing
inbound and outbound trade of OECD member countries, newly industrialized countries in
Asi~ ASE~ countries, and selected Latin American countries. At the present time there are
32 reporter countries in the system. For each of these countries a complete trade data base
exists showing trade with all 56 p~ner regions or countries worldwide.

Forecasts are derived from a set of econometric and parameter models. Econometric models
generally include both demand and price variables. Over the past seven years, DRI has refined
these models so that they. are generally robust and stable representations of global trade
patterns. In general, price elasticities calculated are of the correct sign and size.

World trade models are commodity specific. They define the interaction of importers and
exporters on a global basis. Unlike other attempts at world trade model development these
models do not begin with a top down estimate of total trade demand but rather are built up, in
logical steps from demand and supply to patiner regions. For the most pm econometric
models define import demand and export supply. Parameter models are used, in relationship
with econometric models (for total demand from world for country i, commodity k, and
partner j, as of time period t) if separate econometric models are inappropriate due to the
scarceness of the data available or a failure to find a statistically significant model using
econometric techniques.

Imports and exports among the major developed market economy countries (32 reporter
countries for which pnmay trade data are available) are balanced with exports flows to
reporter countries and regions. The result is a forecast that takes into account both the past
pattern of international trade from the perspective of the importer and the potential of
individual exporters to improve their trade performance in these same markets as a result of
changes in investments, relative wages, exchange rates and growth in total factor productivity.

Forecasts are based on estimates of macroeconomic variables drawn from DIU’Sextensive set
of macroeconomic models (over 50 countries are modeled regularly as part of the DRI World
Trade models, while depending upon macroeconomic factors, are not directly linked to
countsy-specific trade forecasts. Despite the diilerence in approach we have found that the
trade forecast - developed from the collection of individual commodity forecasts covering
reporter country trade to and from more than 56 partner regions - tends to agree with the
broadbased macroeconomic projection of trade.
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Theoretical Framework International Trade Life Cycle

The underlying theory for these trade models comes from an understanding of the changing
structure that is impacting world trade. As nations develop, they require different inputs.
Moreover, the change from a goods-intensive to a sefice-intensive producer forces a shift in
the pattern of trade. In general, DRI trade models are based on a theory of a long term
product life cycle theory that is roughly generalized in the diagram below. When a count~ is
poor and underdeveloped it can buy little from the international market. As it develops,
however, demand will increase. The developing industrial base and the expanding consumer
sector requireinputs fiorn outside to sustaindevelopment. O&n in this phase the country is
exporting low value manufactures or attractingforeign investments. Once development is in
place, then the domestic market may begin to substitute for the foreign market. ‘His
substitution is often a result of foreign investors’ having set up manufacturing facilities to
export similar products and also to supply the local market demand that is now growing f-t
as a result of the economic activity In this growth stage foreign demand declines for the
product. When the country becomes advanced, it may reverse this pattern and begin to buy
more from abroad. This shift is nommlly the result of the elimination of low value producers
of these type products in the home market because of rising levels of wages which force
manufacturers to shift to high value production. During this final phase, impoti demand will
increase.

As we know to be true for many of the most advanced and wealthiest nations this final phase
has sttied. Import demand rises faster than economic growth as foreign producers substitute
for domestic producers who have shifted from less-valued to more-valued production. At that
time, the imposition of trade barriers would be counter productive since the cost to the
economy of rebuilding this lost industrial base (lost not necessarily to foreign competition but
rather to costly capital and labor) maybe higher than the gains associated with job creation.

u

“y ;
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The Underlying Quantitative Model

The underlying quantitative model for exports and imports is a pooled cross sectional time
series estimation procedure. The basic structure of this model is drawn from a somewhat
traditional model for trade demand. In its simplest and most straight fommrd fo~
economists believe that changes in international demand can be related to changes in real
income growth in the economy. We can hypothesize this model as follows:

M=f~ or M= APM*Y,
where APM = Average M/Average Y.

The APM in the above equation can be simply interpreted to be the average propensity to
import as income changes. But APM is not a static relationship. It changes overtime -- for a
country and for the world in general. As a country becomes more intensively involved in the
world economy, the expected additional imports will diminish. Moreover the beta itself must
depend upon the structure within the economy. In DRI’s trade models we have abstracted a
somewhat more complex form for this equation. We know that as nations develop, there has
been a tendency to substitute demand for services for demand of products. This shift must
necessarily impact the average propensity to import or if we transform this equation from a
level to a flow, it becomes the marginal propensity to import, i.e., the change in imports
relative to the change in income.
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In the 1960s, 1970s, and 1980s, the trade intensity of most nations increased with the demand
for traded goods declining as the demand for services increased. The APM may be divided
into two parts:

CG M
APM= ——

Y CGX ‘

where CG is the consumption of traded goods defined by CG = PG - E + M.

The trade intensity measure, WCG, movestowards 1.0while the CG/Yhas tended to decline
over time. Thus the marginal change in the APM while increasing will gradually slow down
over time. We know for most smaller countries in Western Europe the integration has already
led to trade intensity measures that are approaching uni~ (1.0). Over the past thirty years
nearly all growth has come in this ratio as the general trend
negative.

Income can also be divided into two parts: market size and
demand can be related to market size since larger markets

for most countries for CG/Y is

wealth per capita. The shifl in
tend to demand more of some

products but also to yield economies of scale that allow home market production to substitute
for foreign production. The wealth effect on trade is sometimes positive since wealthier
markets attract more foreign suppliers; and sometimes negative as wealthier markets may
demand products that cannot be produced inexpensively abroad (high technology imports
relative to market size maybe higher the less wealthy the market).

Using these relationships we can reform our model for imports to be as follow:

where A is the constant intercept, CG/Y is the average consumption of traded goods
to income, M/CG is the trade intensity m~ure, N is market size (population), and
Y/N is per capita income or wealth.

A similar structural model can be hypothesized for exports:

where A is the constant intercept, PG/Y is the average production of traded goods to
income, E/CG is the trade intensity measure, N is market size (population), and Y~ is
per capita income or wealth.

-

Since we have formulated our model in terms of a multiplicative relationship adjusted by the
estimated values for the betas (P). This form can be transformed using a logarithmic
transformation so that the betas (~) are, in fact, point elasticities. If all betas ((3) were
approximately equal to 1.0 then the equation would be close to the original specification
whereby imports are a finction of the average propensity to import and income.
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The current version of the DRI World Trade Model embodies structural relationships for
consumption and production. The import model, however, has been formulated to mirror
more comctly the short term patterns in market demand as reflected by the demand for
consumer products (personal consumption expenditures) and investment goods (business
fixed investment spending). A relative price term has also been introduced, as well as a
commodity specific forecast of total consumption. Commodity specific consumption and
production is introduced using broader based categories developed by DIU from OECD and
United Nations data on production at the four digit ISIC group level of detail.1 Per capita
wealth is used in the export equation along with other factors such as productivity growt~
relative wages, and prices. In both export and import models relative import and export
prices are included. Population growth tends to be slow across time and is better captured by
an individual country intercept than by a cross-country variable related to population size.

Translating Nominal U.S. Dollar Trade into Real Volume
Trade Using Price and Exchange Rate Deflators

One of the most difficult to solve problems involves the question of intetiemporal and
intercountry comparisons of trade volumes. Econometric models are best described in terms
of real volume rather than nominal value. Prices are both descriptive of the current value and
also structurally important describing behavior of consumers as they change. Moreover, for
internationally traded goods finding a common measure of purchasing power and the best
procedure to judge volume changes is key to describing real activity in international trade.
Since most trade data are stated in terms of a single denominator currency (U.S. dollars),
changes in the local currency/dollar exchange rate can suggest that trade is growing faster or
slower than is the case. A revalued currency against the dollar will suggest that dollar based
trade is lower than it is in terms of trade volume since for the same amount of local currency
more products can be purchased. Similarly, if the value is higher due to the devaluation of the
currency against the dollar the actual volume of goods shipped may, in fact, be less.

A standardized approach to adjustment of trade value to volume has been developed that
takes into account both commodity prices (in terms of U.S. dollars as measured using SITC
based export and impofi price indices) and cross-exchange rates. Individual country
differences in price inilation relative to U.S. prices are taken into account using export price
indices. Two principles have guided our approach:

1 International Standard Industrial Classificationsexist at the 2, 3 and 4 digit levels of detail. Generally,
data are available from the OECD at the 4-digit KIC categoryfor most OECD member countries. Less
detaileddata are available from the United Nations. This sourceis generally severalyears out of date and
there are oftengaps in the coverage[many countriesdo not provideftdl detail). DRJhas developedspecialized
interpretative models to fill in data where necessay. Apparent consumption is constructed from ISIC
productiondata and ISIC levelaggregatesfor internationaltrade to and fkomthe world. Specializedmodels
for relating production and consumptionto trade using a unifie~ input-output model to relate intermediate
demandacrossproductcategories,have also beendevelopedso that forecastsfor both productionand apparent
consumptioncanbe introducedinto the WorldTradeModel.

“.-.

Annex ~ page 5



1. Real changes in commodity prices should be captured;

2. Exchange rate changes should not be introduced mechanically, in order to
avoid assuming that the fidl effect of the change in international prices is
passed onto buyers by sellers.

The lack of fidly consistent, trade-specific prices for commodities included in our studies has
led to the development of a hybrid methodology using United States price statistics, exchange
rates, and general export price indices. These synthetic measures are specific to OECD
countries, specific to the commodities analyzed, and also specific to the direction of the trade.

We depend upon United States Department of Labor price indices for U.S. imports and
exports. These indices are developed using sutvey data from U.S. importers and exporters,
are commodity specific, and are available qutierly. They are not, however, specific to the
direction of trade. Thus to understand the effect of U.S. dollar changes on Japanese export
volumes we need to abstract from these commodity-specific U.S. dollar price indices by
includlng the impact of changes in exchange rates and general export price trends in Japan.

In general for OECD country exporters U.S. export commodity price indices for historical
data and DRI developed price forecasts for forecast periods are used. For expotis of LDC
regions, U.S. import commodity price indices are applied. For imports from OECD regions,
we deveiop synthetic import price indices, specific to commodities, importing countries, and
exporters -- i.e., for the French imports of product k from Japan, we use Japanese export
prices to the world of product k. When applied to the dollar denominated (at cument -
doIlar/franc exchange rates) value for French imports the result is a volume measure of French
imports I%omJapan in constant 1980 U.S. dollars and exchange rates.

While the system is somewhat synthetic -- using U.S. dollar commodity indices rather than
country specific indices -- it is also dynamic in that it takes into account intercountry
differences in price inflation. The generalized export price term for any reporter country i and
any commodity k is :

Index of Exchange Rates j (1980 = 1.0 based on LC/$)
Export Prices jk =

BLS Commodity Price Export k (1980 = 1.0) *
(Export Price j (1980 = 1.0) / GDP Price Deflator U.S. (1980 =

1.0).

A currency that is revaluing relative to the dollar has an index that is declining. The
adjustment of the commodity price for product k is designed to relate the export price of the
exporter to the U.S. general price level. For example in the mid-1980s, the yen appreciated
against the dollar the Japanese export price declined (in yen terms). A decline in the export
price counters the appreciation in the yen/$ exchange rate (fewer yen per dollar).

To translate French imports from Japan into real import volumes we apply this export price
relationship against the nominal dollar imports of France from Japan, i.e.:
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‘jj k = ~ljkt x Export Prict?jk

where RM is real impofis, i is France,)” is Japan, and k ISany commodity categoty.

The index of exchange rates translates the nominal dollar trade into real dollars at a fixed
exchange rate. The real imports are then divided by the commodity price adjusted by the
differential rate of inflation between Japan and the United States (the basis for the commodity
price data).

These synthetic measures capture some of the dynamic movement in prices paid by importers.
Given the importance of the U.S. dollar, the Ametican market, the commodity price shifts
apparent and as reflected in U.S. SITC-based price statistics, appear to be reasonable proxies
for true, commodity-specific and countsy-specific price series. Even if selected trade -based
commodity prices were available for other repofiers, differences in definitions would lead to
difficulties. Thus this standardized method provides a good universal translation for all trade
data no matter what the source.

In the case of trade between OECD reporters and developing countries, imports are deflated
using a combination of U.S. import prices and exchange rate adjusted import prices. It is
assumed that to remain competitive, export prices and exchange rates are adjusted within the
larger U.S. market. To a limited extent, however, a revaluation of a currency against the
dollar may be reflected in higher export prices and, as a result, imports from that country -
when nominal dollar import values are restated in real volume measures -- will show a smaIler
growth in terms of vo[ume. The degree of adjustment included is, however, generally smaIl
since less developed country expofiers are very sensitive to how changes in their export prices
afkct their export market shares.

The Structure of the Model

Each trade model includes a filly described set of ~storical and trade data for the 32 reporters
trading both exports and imports with the 54 pmtner regions. For some reporters, such as the
United States, Canada, Germany, France, United Kingdom, Italy, Japan, Hong Kong, Korea
Taiwaq IndiA Malaysi~ Philippines, Thailand, Singapore, Indonesia, Brazil and Mexico there
is a filly described matrix of bilateral trade flows among these countries. Thus, within the
system there exists German exports to the United States, United States imports from
Germany (exports from the German trade data and imports from the U.S. trade data) as well
as United States exports to Germany and German imports from the United States. 2 In the
case of other regions data exists for imports of each reporter from nonrepofier partner groups
or regions, Thus, Swedish trade with Other Northern Europe exists but not Swedish trade
with Norway (a member of Other Northern Europe).

2 For the threeNTEs,SoutheastM]a India Mexico and Brazil esports.and imports are the same. Therefore,
Brazilian expms to the United States are the same as United States imports from Brazil, since for these
countrieswehavechosento utilizeU.S., rather than Braziliandata.

L-
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Reporter countries are those for which reliable detailed trade data and DRI macroeconomic -
forecasts are available regularly (see List A). Countries highlighted in italics on this list are
those for which there bilateral trade is feasible. The 32 countries included in the current
system cover roughly 90% or more of world trade. Partner countries are destinations and
sources for trade for each reporter country (see List B).

The Process: The Multistage Approach to Global Trade Forecasting

Econometric models for imports and exports are based on a pooled-cross-sectional time series
model with idvidual country intercepts (this is essentially the covariance model). Pooled
cross-sectional models combine information on many countries over a relatively shortened
time spaq rather than rely upon countty-specific time series models over longer time periods.
Because international trade data are consistently available only from 1978 (at revision 2 of the
UN’s Standard International Trade Classification), and horn 1988/89 using SITC Revision 3
(or harmonized codes), pooled cross-sectional time series models offer the best approach to
trade analysis. Moreover, cross sectional models when combined with time series models, are
capable of predicting both short-term patterns and long-term trends.

Cross countty models are based on a theory that suggests patterns of fbture trade can be
determined by observing the relationship between market size and economic wealth of more
than a single country. Thus the pattern of trade of an advanced, service dominated economy
like the United States may serve as a template for fbture patterns of trade for other countries,
not as large or as wealthy.

Currently models are based on data starting in 1982 and running through 1993. As additional
monthly data are available for selected repotters, they are included as annualized data and
models are filly restated each quarter. To minimize possible diflierences in data between
outbound and inbound trade on similar routes for non-OECD reporters, trade with OECD
countries and regions data based on OECD repotier country statistics are used. 3 For
example, Itdlan imports of steel from Taiwan are based on Italian imports from Taiwan and
not Taiwanese exports to Italy.

The econometric relationships vary depending on whether import or export data are used.
Most of the variance, however, is explained by the more general economic variables for the
entire set of 22 OECD countries included in the estimating equation. To assure that
noneconomic factors that afFectthe propensity of a country to import or its ability to export a
speciilc product, individual count~ intercepts are also calculated. The form that these
intercept terms take -- i.e., the independent variable that they modi~ -- differs depending if it

3 Data for non-OECDcountriesare drawn from a varietyof sources.United Nations data are generallyonly
availableat the 4 digitlevelofproductdetailfor mostcountries.More detaileddata is avdable for Taiwan
and HongKong,while data forKoreahas varied in qualityovertime. To minimizepossiblediscontinuities,it
has been generally deeidedto use OECD Trade Series C data as a proxy for LDC data to and from OECD
members.LDC data are, however,usedfor non-OECDtrade routes.

-,
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is an export or an import model. Thus for each country, the econometric equation is made up
of three pats:

1. Coefficients specific to that country;
2. Coefficients common to the set of countries, and
3. Country-specific intercepts.

In general the equation has the following form:

M,nt= @ +J3X+ zui,

where i is the reporter country for which there is a single intercept term for each ($), k

is the product type andj is the partner region. The beta (~) represents the generahzed
coefficients jointly estimated, while m is the coefficient for reporter and region specific
variables. Generally, region-specific variables are used for differential price effects.
We have found, for example, quite different reactions to changes in import prices
among countries and regions.

Econometric Variables Included in the World Trade Models

Imports of OECD Reporters from Partner Regions

Import equations may depend upon:

o Traded goods consumption as a share of Gross National Product;

o Import share of traded goods consumption;

o Personal consumption expenditures;

o Investment expenditures;

o Import prices (the adjusted local currency price after taking into account
ch~ges-in loc~$ rates, cross rates of -‘-”-- -‘- ‘-J “‘ 0 --——-J:L. -L. -

trends);

0 Import prices for specific importing
Europe);

excnange, ana u. a. commucuty prwe

regions (U.S., Japw and Northern

o Consumption of commodity

o Production of commodity ;

o Country specific intercepts;

+... ”
,-. . ..
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and

o Country-specific adjustment variables (for refining estimates using a two-stage
estimation procedure).

Exports of AI1Reporters to Partner Regions

Exports are a fbnction of the following variables:

o Goods production share of Gross Domestic Product;

o Exports of merchandise, adjusted for service component, as a share of
production of goods

o Local currency wages;

o Real factor productivity;

o Investment share of output;

o Exporter’s price (iicludes adjustments for commodity prices, general export
price trends relative to U.S. price trends, and exchange rates) in importer’s
currency (index);

o Production of commodity;

o Country specific variables measuring demand growth and relative prices in
importing regions,

and

o Country specific adjustment variables (developed using the iterative method of
model adjustment).

Imports of Non-OECD Partners from All Reporters

Import demand for non-OECD partners are based on a pooled-cross-regional time series
model. Total exports of all OECD and non-OECD reporter countries to each partner region
are used as dependent variables in this model. It thus captures the dynamic nature of trade
with newly industrializing nations. This model reflects the changing demand structure of
developing nations. The coefficients reflect the shifl that naturally occurs as a nation moves
from complete dependence on foreign sources of supply to partial dependence and finally to
expofis (with a net trade bakmce that shifts from negative to positive as exports outstrip
imports).
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The following regional variables are used in this sub-model:

o Population size (the market to be reached);

o Per capita GDP (the region’swealth);

o Long term debt outstanding

o Relative prices - a combination term combining export prices and exchange
rate movements;

o Consumption estimates for commodiW,

o Region-specific coefficients for Total Imports;

and

o Region specific intercepts (noneconomic factors affecting imports from
OECD).

Integration of Econometric Forecasts with
Noneconometnc Trade Results

As discussed above, the World Trade Model has to combine elements of both methods to
insure that results are reasonable estimates of fiture patterns of growth. To do this the
system uses a weighted distribution of estimates for trade from the stochastic propensity and
econometric models.

Because of the large number of trade flows forecast and their interdependence, it is critical
that the world trade models incorporate internal tests and limits to insure that valid, reasonable
forecasts are developed. Since logarithmic forms used in the econometric models are
sometimes explosive, limits are imposed in the models assuring the quality of forecasts not
singly, but rather for all countries and regions included in the modeling system.

The testing is done through an
simple rules that continuously
preliminary flow is assumed to
substituted.

Generally, we have developed a

expert system. The expert system works with a number of
check results against past trends in trade. Whenever a
be moving erratically, an alternate, more stable method is

hierarchy of choice. If there are sufficient observations, then
econometric models are es~mated. Ifl however, there are insufficient degrees of freedom for
accurate statistical models to be developed, then alternative, noneconometnc approaches must
be used. If the volume of trade is particularly small or erratic, then noneconometric
approaches are again favored.
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If an econometric model is sufficiently accurate -- judged by the Standard Error as an initial _.

test, then its forecasting accuracy is tested over the historical period (1982 through 1992) in
order to determine on which countries in the cross-country sample, trade forecasts should be
based on econometric models and for which propensity models should be used.

To accomplish this an average error over the period (the cumulative average percentage
deviation of the forecast from the actual) for each reporter is estimated. The pooled
cross-sectional model technique allows the easy separation of each of the 32 reporters once
the multi-country model is estimated. If the standard error for country i from region j for
product k calculated over the forecast intend (1982-92) over a pre-determined limit -
MaxError - then the propensity model forecast is used in place of the econometric forecast.
When the standard error for the count~ is less than Max%or, but greater than MinError,
then the noneconometrically determined estimate of trade is used. A formula is used to fix the
weights:

ADJUST = (Standard Error - MinError)/(MaxError-MinError)

From this formula we can see that if the Standard Error is close to MinError, then the majority
of the intluence will be derived from the econometric specification. It on the other hand, the
Standard Emor is closer to the MaxError then the opposite is the case.

If the standard error of the equation is less than the Mifirror, then only the forecast, adjusted
by the estimated standard error for the flOW(from the econometric model), is utilized. In t~s <
case, the forecast depends solely on the econometric results.

To insure that the best estimation and forecasting approach is used to project trade, a built-in
expert system is used by the model software. The accuracy of the econometric model
projection over the historical period is used as a measure of success. It determines when an
alternative, noneconometric, approach should be used to project trade flows.

Parametric Models for Trade:
A Noneconometric Approach to Forecasting Trade Flows

In cases where the econometric approaches may not be sufficiently accurate (generally
occurring when there is an insufficient number of observations), stable, noneconometric
estimates of trade flows are developed using average patterns associated with historical
periods. Such methods must, necessarily, choose criteria on which to base estimates, and such
est”nates are typically less volatile than the actual data they represent.

Noneconometric estimates are based on special propensity model that relates trade of a
partner to total trade:

APM ijkt =Mij kt / M i,World,kt,
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GRAPM(ikj) = %Growth(APM(ikdt,1985-1992)),
where ‘/oGrowth is the compound annual rate of growth for the period 1985-92, so

that

M(ikci,t+l) = (APM(ijkt))*(l+.Ol *GRAPM(ijk))*M(i,World,kt+l),

where M is imports of country i, of product k, from region d, for time q APM is the
propensity to import k fiomj relative to k from World for all reporters i; G&%PM is
the growth rate of the APM; and M(iLWorld) is the impofis of the commodity fi-om
the world.

If the APM were held constant in the forecast intexval then the growth would be limited to the
growth from the world for commodity k. To include the true change that has occurred, a
growth parameter is introduced for the APM that reflects the change in the APM over the
historical period and the projected growth in the APM into the forecast period. This growth
is, however, constrained by a limit on the amount of growth allowed.

Thus the parameter model assumes that the market share, as measured (in the case of imports)
by the ratio of imports from one subregion relative to imports from the world, will change
slightly based on the general direction of change recorded in the past. If the market share is
growing then the share is growing relative to the imports from the world. Imports from the
world is based on an econometric model

Integration of Import and Export Estimates

This marks the end of the first stage of forecast development where preliminary forecasts of
exports and imports are developed. Now in the second stage these preliminary, independent
estimates are merged to yield a jointly consistent forecast. The sum of the parts in the model -
i.e., the demand by regions - is compared to the demand estimated by the model’s equations
from all sources (flom the OECD, from the LDC, and from the World). For each commodity
these other estimates seine as additional int!ormation and are averaged with the forecasts
developed by summing the regional values.

The model also integrates information on import demand with information on export supply.
For intra-OECD trade, the import demand forecast serves as the template and the export
supply models are used to measure market shares of individual reporter countries. Through a
series of steps the export and import estimates -- for countries and regions - are merged
together.

The DR.I World Trade Modeling System fits together stmcturally, not through a set of
interlocking bilateral relationships, but through a set of interrelated regiona~count~
relationships. For example imports of the United States are defined by the import demand
models, i.e., imports from Japaq from Canad% from Germany, from Other N. Europe, from
East Afkica. United States imports from the OECD is the collection of the pieces of OECD
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compared to U.S. imports from the OECD (an aggregate model estimate). Exports to the
United States by OECD reporters is separately developed. -

While it is possible that the German export market share in the U.S. market (from the export
model) when multiplied by the aggregate U.S. import from All OECD yields in the forecast
interval a reasonable estimate comparable to the U.S. import from Germany (one partner
region within the OECD partner region set), there is no guarantee that they will be the same.
To insure that they are, a separate adjustment procedure is applied in which the forecast
pattern for import demand horn Germany is given a 75% weight and the forecast Germany
exports to the U.S. is given a 25% weight. The revised U.S. import flom Germany and
German exports to the U.S. for commodity k will then have the same growth pattern into the
forecast interval.

Summary

World Trade Models are based on an integrated framework that analyzes data for 32
countries, exports and imports, with more than 54 major import or expofi regions/countries.
At the present time there are 59 individual commodities for which trade models exist. At the
present time the system includes information on over 200,000 separate trade flows worldwide.

Commodity specific forecasts are developed based on a combined econometric and average
propensity framework where exports and import flows are filly integrated to insure global
consistency. All forecasts are based also on the latest macroeconomic model variables related
to patterns of trade appropriate to the commodity being traded. -

Trade forecasts are updated quarterly using monthly data available for 12 countries (soon to
be upgraded to 20 countries). Annual data are updated as available from the OECD Trade
Series C data base. At the present time annual information through 1993 is included, with
monthly supplements providing 1994 data for selected countries. For estimates of current
year dat% a weighted average of actual and forecast data are used.
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Lkt A: Repotier Countries included in World Trade System

MAJOR INDUS~LEED REPORTER COUN=S

Australia
Belgium
Denmark
France
Greece
New Zeakrnd
Jqan
Norway
Spain
Switzerland
United Kingdom

Austria
Canada
Finland
Germany
Ireland
Italy
Netherlands
Portugal
Sweden
Turkey
Ukited States

NEWLY INDUSTWLUING ASIAN DEVELOP~G

Hong Kong Taiwan

South Korea

SOUTHEAST ASIAN DEVELOP~G NATIONS

Philippines Indonesia

llailand Singapore

Malaysia India

LATIN AMEIUCAN COUN=S

Brazil Mexico
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List B - Partner Regions in the World Trade Model System

WORLD — All countriesincludingSocialists.

OECD — All 24 membersof the OECD.

NE — NorthernEuropeanCountries

FRANCE
GERMANY
UNITEDKINGDOM
OTHERN. EUROPE

SEU — SouthernEuropeanCountries
ITALY
OTHERS. EUROPE

JAPAN — Japan
CANADA — Canada
Us. — united states
Aimz — Australia/NewZealand

AUSTMLIA
NEw zEALAND

LDC — LessDevelopedCountries

LATINAMERICA

WLA- WesternLatin America
ELA - EasternLatin America

ARGENTINA
BRAZIL
OTHERE. LATINAMERICA

CLA - CentralAmerica,Mesico,and
CaribbeanIslands

MEXICO
OTHERC. LATINAMERICA

MEDITERMNEAN/PERSIANGULF
MED- All countriesborderingon the Meditemnean

Sea includingcountriesin NoxthAM- Egypt,MiddleEast
PG - Allcountriesborderingon the Persian Gulf

SAUDIAIU4BIA
OTHERPERSIANGULF

IS - Indi&Paki~ Bangladesh Afghanistan Sri Lanka
INDIA
OTHERlNDIANSUBCONTINENT

FAREAST

NICS- NewlyIndustrializingCountriesin Asia
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KOREA
TAIWAN
HONGKONG

SEA- Countriesin SoutheastAsia (membersof ASEAN)
SINGAPORE
MALAYSIA
INDONESIA
PHILIPPINES
THAILAND

CHINA- IncludingNorthKoreaand Mongolia

AFRICA

SAF- SouthernAfricaincludingAngola,Zambia,Zimbabwe,Malawi,
and south Africa

EAF - East AfricaincludingKenya,Ethiopia, Uganda
WAF- WestAfricaincludingGhana,Togo, Nigeria

EASTERNEUROPE- All countriesin Eastern Europeincluding
the FormerSovietUnion and formerYugoslavia

FORMERSOVIIZfUNION
OTHERE. EUROPE

-.
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Commodity Descriptions and Codes

Commodiq
WST1
WST2
WST3
WST4
WST5
WST6
WST7
WST8
WST9
WSTIO
WST1l
WST12
WST13
WST14
WST15
WST16
WST17
WST18
WST19
WST20
WST21
WST22
WST23
WST24
WST25
WST26
WST27
WST28
WST29

WST30
WST31
WST32

WST33

WST34
WST35
WST36
WST37
WST38

Wscnt)tion
Liveanimals
MeS~fish d (b@ PfOdUCtS
Fruitsandvegetables
Gra@animalfeedsmffs
sugar
Flour,fdodpreparations,beverages& tobacco
Animal skins, tex%lefibersand waste
oil seeds
Animaland vegetableoil and tits

hunk, plywoodand processedwmod
Pulp and wastepaper
Phosphates
Cement lime, stone,and crudematerials
Manufacturedfertilizers
Iron ore
Bausite and non-ferrousores
Other oresand scrap
Coal and coke
Crudepetroleum
Other petroleumproducts
Natural gas
Liquid bulk chemicals
Otherchemicals
Pharmaceuticals,toiletries
Explosives,plastics,and other chemicalprod.
Leather, rubber,and leatherproducts
Paper and paperboard
Other non-metallicmineral
and metal manufactures
Iron and steel
Non-ferrousmetals
Heavyindustrial machinery

Light indtil machinety

Heavytransportation& constructionequipment
Automobiles
Motorcycle automotiveparts
Aircraft and ships
Electricalequipmentand parts

SITC Rev.2 Categories
00
01,02,03
05
041 thru 045,08
06
046 thru 048>07,09,11,12
21,26,29
22
4
23
24,63
25
271.3
27 (exeept271.3), 661
56
281
287
282,286,288,289
32,335.42
333
334,335 (except335.42)
341
511
512thru 516,52,53
54,55
57,58,59
61,62,65 (except658,659)
64
66 (except661,665, 666),69
(exeept696,697,699.1,699.2, 699.3)
67
68
711,712,714, 718,721,
725,728,736,737
713,716,724,726,727, 741,
742,743, 745, 749
722,723,744,782,783, 786,791
781
784, 785
79 (except791)
75, 76, 77

-
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Commoditv

WST39

WST40
WST41
WST42
WST43

WST44
WST45
WST46
WST47
WST48
WST49
WST50
WST51
WST52
WST53

WST54
WST55
WST56

WST57
WST58
WST59
WST60
WST61 “
WST62
WST63
WST64
WST65

WST66

WST67

WST68

WST69
WST70

Dcscrbtion

Consumergoods,misc. manufacturing

Commoditiesand transaction,nes.
Semiconductorsand eldcal parts
Computers
lntemal combustionengines
and transmissionshafts
Automotiveparts
Consumeraudioand video
Oflke equipment
Electricpowermachineryand equipment
Householdappliances
TexUefurnishings
Appareland clothingaccessories
Foowear
Scientificquipment
Misc.light industrialmachinery

Motorcyclesand cycles
Misc.telecomand ekctronic quipment
Misc.consumergoods

Enginesand motors
Misc.heavyindustrialmachinery
Pulp
Wastepaper
Textileyarn and fabrics
Leatherand rubberproducts
Non-metallicmineralmanufactures
Othermetal manufactures
MeaLfish and dairy,requiring
refrigeration
Meat fish and dairy,not
requiringrefrigeration
Fruits and vegetables,requiring
refrigeration

Fmits and vegetables,not requiring
refrigeration

Rtilned petroleumproducts
IMdua] petroleumproducts

SITC Rcv.2Catc~oncs

658,659,665,666,696, 697,
699.1,699.2,699 .3,8
9
776,778
752
713,749.3

784
761,762,763
751
771,772,773
775
658,659
84
851
871,872,873,874
716,724,726,727, 741,742,743,
745,749 (except749.3)
785
759,764,774
665,666,696,697,699.1, 699.2,699.3,
81,82,83,88,89
714
711,712,718,721,725, 728,736,737
251 (except251.1)
251.1
651,652,653,654,655, 656,657
61,62
66 (except661,665, 666)
69 (except696,697,699.1,699.2, 699.3)
01 (except014), 022.3,022.41,023,
024,025,034,036
014,022.4 (except022.41),035,037

054.4,054.59,054.61, 054.84,054.88,
057 (except057.52,057.6,057.71,
057.72,057.75,057.79, 057.96,057.99),
058.5,058.61,058.62
054.1,054.2,054.51,054.62, 054.81,
054.82,056,057.52,057.6, 057.71,
057.72,057.75,057.79, 057.96,057.99,
058.2,058.3,058.63,058.64, 058.9
334
335
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ANNEXB
WORLDFLEETFORECASTSERVICEMET’HDOLOGY
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Introduction:

The demandside used for forecasdng shipsin the World Fleet Forecast Sezvice(WFFS)is supplied
by the World Sea Trade Semite (WSTS). WSTS produces trade forecasts by commodityand by
trade route and these forecasts are then combmedwith ship characteristicsand shipmovement data
to produce a fleet forecast by vessel type and by route. To produce the fleet forecast the model
goes through the followingsteps:

1.

2.

3.

4.

5.

6.

The WSTS forecast is allocated to the 38 vessel types and sizes in the WFFS system by
trade route.

For each trade route, the model sums the trade moving on each vessel type to produce the
total amount of trade movingon each trade route by vessel type.

The capacity (ii DWT) needed to carry the cargo by trade route and by vesseltype is then
computed.

The number of voyages needed to cany the computed capacity is then calculated.

The number of voyages is converted to shipyearsto give an approximation of the number
of shipsneeded to cany the cargo per year.

F@y, the shipyears are adjusted to account for ballast voyages or voyages needed to
reposition ships.

Each one of these steps, as weUas the inputs to the mode~ is discussedin more detailbelow.

Model Irmuts

The two areas of model inputs are the WSTS cargo forecasts and the ship characteristics and
movement files. WSTS forecasts trade by 40 commodity categories for approximately700 trade
routes. WSTS embodies a globrdapproach in tha~ for example, one must look at world trade to
see how the U.S. competes with other countries to forecastU.S. trade.

The ship characteristics are based on 1995 obsemd characteristics. They are collected by trade
route and cover the followingconcepts:

Ship Capacity: Total observed DWT capacityby shiptype traveling on each route
for the year 1995.

Maximum Load FactorS:The percent of the DWT capacity which can be used for allocation of
cargo.
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Number of Voyages: The observed number of voyages by shiptype on a particular route
in 1995. In the case where a ship travels to more than one region
on a trip @e. leaves Rotterdam and travels to Hal&x and Boston
bdore returningto Europe), the number of voyages depends on the
number of regions in which the ship stops. In the Rotterdam to
Halifhx to Boston example, one voyage would be recorded for
North Europe to East Canada and one voyage would be recorded
for North Europe to North Atlantic U.S. So as not to forecast a
surplus of ships in such cases of multiple voyages being recorded
on one trip, a reallocationi%tor is calculatedas descrii below.

Time Spent in Por6 Average number of days spent in poxtin each regionby vessel type.

Average Design Speed: Design speed based on Lloyds Registry data

Average Actual Speed: Average speed obsetved by vessels traveling on that route.

Dntancc Number of miles from coast A to coast B for the route. This
number may diifii by vessel type for a route depending on the
routing of the particular vessel type (i.e., some of the large vessels
may not be able to go through a canal and must take a longer
routing).

Canal Days:

Off-Hke Days:

Reallocation Facto~

Number of &ys waitiig to pass through a canal.

Average number of days per year which a ship is off-hire. WFFS
assumes 15 days per year.

This is a fkctor which compensates for a ship which may unload
and load cargo at more than one WFFS region on a tip. For
example, the around-the-world container ships load and unload
cargo at a number of d~erent regions on their trips around the
world. If a ship moves from the AraMan Gulf to the U.S. Gulf
coast and unloads all of its cargo, the realkmtion factor of 1.0. Ifit
unloads 50 percent of the cargo on the Gulf coast and 50 percent of
the wrgo on the South Atlantic co~ the reallocationfktor would
be 0.5 on the Arabian Gulf to U.S. Gulf route, as well as the
AraIian Gulf to U.S. South Atlantic coast.

The above factors constitute the inputs to the WFFS model.
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Model Structure

.--. ,.

The first step in producing the fleet forecast is to allocate the 40 WSTS commodities across the 38
WFFS shiptypes. This is done for each route in the WFFS systemand for each year being forecast.
The shiptypeallocation is based on historical&ta when available. Lloyd’sMaritime Mormation

Sewices providesthe expertiseon the shiptypeallocations. A matrix is produced for each route for
eachyear whichlooks similarto the examplebelow.

Example

Shiptype

WSTS 1 300 0 20 0 500 0 0 0 ...

WSTS 2 20 0 2000 0 0 0 0 ...

The letters in the example represent the dtikrent shiptypesand the commodities are the 40 WSTS
commoditycategories.

Step 2

Each of the allocation matrices is summed to produce a total amount of cargo being carried by
shiptype. The total cargo by shiptype in 1995 (the base year for the ship characteristics data) is
compared with the shiptype capacity on each route to be sure that more cargo has not been
allocated than capacity is available. If there is not enough capacity on a shiptype to cany the
allocatedcargo, the cargo allocationin Step 1 is reviewedfor that route and adjusted accordingly.

Step 3

Once the cargo has been allocated by shiptypeby trade route by year, the total capacity needed to
carry that cargo can be calculated. The capacity required depends on a key assumption - capacity
Utilization.D&rent scenarios can be run using differentcapacityutilisation assumptions. K a 90
percent capacityutilizadon assumptionis assumed:

Required Capacity = (Cargo/.9O)/LoadFactor

The maximumload f%tor is the percent of DWT capacity(by shiptype) which can be used for
cargo. The required capaci~ computed above is the true DWT capacity needed to cany the
allocatedcargo at a 90 percent capacityutiliition rate.

Step 4
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The next step is to calculatethe number of voyages needed to carry the allocated cargo. The -
projected voyage capacity is dtided into the forecast to compute voyages. This average capacity
per voyage is increased over the forecast period to acamunodate the larger ships coming on line.
Therefore,for a singlerout~ singleyear and singleshiptype

Forecasted Voyages = Forecasted Capacity * (1995 Voyages/1995 Capacity)*
Percent Increase

Step 5

Once the voyages are forecasta the number of shipyearsrequired to make those voyages can be
cakxdated. A shipyear can be definedin terms of the cargo a ship can cany in one year. The cargo
carriage will vary as a fimction of speed, time in pom off-hire days and days spent waiting to go
through a canal.

Conversely,one can look at the numberof shipyearsrequired to carry the specifiedcargo volumes.
She the WFFS system is a route based model, it looks at the number of shipyearsby shiptype on

each route as folIows:

1. Calculatethe number of &ys of one voyage for each route.

# days per voyage= .5* time on coast A + 5* Tme on coast B + Canal days (ii
applicable) + (IXtance in miles/Average Actd Speed in d.
Miles per Day)

2. Calculate number of shipyearsper voyage.

# shipyearsper voyage =# days per voyage@65 daysper year - Off-hiredays)

3. Calculate the number of shipyearson each route.

shipyears- shipyearsper voyage *#of voyages

Thus the total shipyears on each route for each shiptype is calculated, which is to say the total
numberof active shipsneeded to any the cargo during the specificyears on each route.

At this poir% the shipyears, voyages and forecasted capacity are adjusted by multiplying the
reallocationFactorto compensate for ships loading and unloading in more than one WFFS region
on a trip.

Step 6

When lookingat ship movements, it is apparent that not all ships are filly loaded. A ship carxying
oil from the Arabian gulf to the U.S. may return to the Arabiangulf without any cargo or in ballast
to reposition itself for the next load of oil. Similarly,some ships sail on triangular routes or use -/
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random trampingpatterns. WFFS does a final “ballastadjustment”to address the differentshipping
patterns.

It is assumedthat the patterns obsewed in the historical data are representative of what will occur
in the fiture. WFFS compares historicalvoyages with forecasted voyages by route pairs. Each
route pair consistsof tie inbo~d ad outbo~d vowges from a SPtiC WFFS region to a specific
WF’FSregion. Thert%ore,the NoW- Cm of the U.S. outbomd to Northern Europe is paired
with the Northeast Coast of the U.S. inbound from Nofiem Europe. This pair match is made for
all routes in the WFFS system. The historicalratio of shiptypeson each route pair is maintained by
adding shipy~ voyages and capacityto the form years to mainttin that ratio. For example, if
for large tankers the model showed:

Base year Arabh Gulfto U.S. Gulf Coast as 300 voyages
U.S. GulfCoast to ArabkmGuifas 240 voyages

Forecast yearArabian Gulfto U.S. Gulf Coast as 600 voyages
U.S. GulfCoast to Arabian Gulfas Ovoyages

The forecast U.S. Gulf Coast to habian Gulf large tankers would be adjusted to 480 to maintain
the historicalratio.

The ballast adjustment also checks for shifis in flows and limitsthe ballast growth in those cases.
For example,if for a large containershipthe model showed:

Base y= Northern Europe to NICSas 300 voyages
NICSto Northern Europe as 200 voyages

Forecast yearNorthern Europe to NICSas 400 voyages
NICSto Northern Europe as 600 voyages

If the model merelykept the voyages in the same ratio ~ 1992,Northern Europe to NICS would
be increasedto 900 voyages. It is unliiely that this many voyages (and ships) need to be added to
the route. Therefore, the model increased now back haul route voyages to equal the new fore haul
route voyages.

Non-WFFS Structure

While WFFS covers an immense amount of trade routes, it is not exhaustive. An estimation by
shiptype of shipyears, voyages, capacity and cargo carried is made annually based on actual
numbers. This yields the total number of ships by shiptype and the estimated cargo canied by
shiptype. The Non-WFFS portion is arrived at by subtracting out the WFFS numbers. The
shipyears numbers are carried forward, making adjustments to them based on Lloyds Register.
The average cargo per ship is assumed to remain the same. The voyages and capacity for these
ships are calculatedby taking the averagevoyage per ship and capacityper ship for the WFFS ships
in the base years.

—
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ANNEX C

DR1/McGRAw HILL GLOBAL ECONOMICPARAMETER(LONG-TERM)
MODEL (2020 - 2050)

The extension of a global trade model from the standard World Sea Trade Semite
(WSTS) forecasts wiUbe refereed to as the Parameter Model in this annex. The trade
forecast model (from which WSTS is derived) ordinarily covers trade and macroeconomic
tiormation from 1980 through 2010. This time horizon is typically long enough to
understand trends in trade and transportation demand but not sui%cientlylong to properly
address irdbstructure issues. To address infiastmcture issues, the time horizon is
extended more than 50 years, resultbg in the need for the long term model. There are two
elements that are modeled separately in the DRI parameter approach:

. the changing economic environment including the stmctural adaptation of economies
from those that begin largely driven by goods production to those which are
dominated by growing service endeavors

. a commodity or industry-group specific trade model that takes into account stmctural
parameters and long-term patterns of growth.

Like other DRI trade models, this model reflects the cross-country pattern following a
“stage of Economic Development” model of economic and trade growth. As the rest of
the world matures, changing productive abilities and requirements will impact demand.
While developed using a large, multi-country sample of trade and economic data, a
simplified structural form of the equations is used to capture the “long term” growth:

● National wealth, as measured by per capita personal consumption expenditures
. Market size, as measured by population and share of population that is located in

urb~ rather than rural areas.
. Industrial structure, as measured by the relative share of manufacturing or sewices in

total output

This model incorporates the full range of the WSTS detail - the 40 WSTS commodities
and the 38 partner regions. The forecast output from this model will cover the period
2020 to 2050 in ten year increments.

Any extension of economic data fifty years ahead is prone to a number of problems -
especially related to the availabMy of technology. The difference in technology available
in 1935 and 1995 is telling. In 1935, in the midst of worldwide depression, unemployment
stood at close to 25°/0throughout the Western world. The production of automobiles in
1935 was roughly 300,000 cars per year tequating to about 10 days’ worth of production
in 1995. The economy in 1935 was concentrated in manufacturing and agriculture with
sefices playing a less important role. The technology was vacuum tubes, computers had
not been invented, and communications were slow -- no satellite dishes, no aircrafi that
could cover the distance across the Atlantic much less the Pacific without refbeling several
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times. Travel “revolvedslow moving seaplanes and ocean liners. In short, the world was a
quite different place than it is today. It was insular where we are international today. The
dominant unit of political and economic power was the nation state and the predominant
business unit was organized around supporting the nation’s objectives, not those of the
global economy. Thus, it is not a simple matter to extrapolate the fiture horn even the
ptlst trends.

While the WSTS system draws on DRI’s macroeconomic forecasts, the parameter model
extends the macroeconomic outlook fkr into the fiture using a more structural model. A
indicated above, vexylong term economic theory suggests that growth depends on the
pace of technological change that impacts labor productivity and the overall growth in the
labor force as measured through population growth. This world view ignores short term
fluctuations that are caused by budgetary adjustments or extemaI shocks (oil shocks,
earthquakes, mistakes of political and economic judgment, wars, fmines, droughts, etc. )
Growth in technology and embodied learning depend upon the emerging economic
structure that is the mix between hard and soft type products (goods and services).

Economic Structure

Economic stmcture involves individual choices. The American economy, as a case in
point, moved from a largely agrarian society in the 18th and early 19th century to an
industrial society in the mid-19th to early 20th century. It finally evolved to today’s
service economy. Even within this service economy, there are changes that are pushing
semices from the distribution of goods and towards the social welfare of individuals.
Where the service economy may have started with the concentration in wholesale and
retail trades, it has shifted towards the provision of business and individual semices and of
late to services that can be considered to be community or health related, i.e., education,
medical, and community related (including police, prisons, and the expanding need for
courts of law). Each of these “sectors” is associated with a general coefficient of
efficiency.

The shifts that occurred in an economy as it moved through this structural change occur
because efficiency gains are always being appropriated by the less efficient sectors. This is
the iron rule of social and economic change that predates modem economic thinking.
Even in the very earliest and most primitive of societies these gains have been taken
through commerce. The shift from hunters and gatherers to agricultural communities is
the only exception to this general rule. This change “wasdictated by the inefficiency of the
latter and the greater efficiency from the point of both production of food and stability of
community provided by the later. A.flerthis transitio~ successive waves of economic
structures tended to take vahe-added from improving efficiencies in the preceding
economies. So, less efficient slash and bum gave way to crop rotation and comporting,
fmers’ surplus production could be sold to the emerging class of craftsmen through the
auspices of traveling merchants. Efficiency of shopkeepers and crafts were taken by
bankers and governments (royalty in the early period and parliamentary governments in
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the latter). Each provided something that the other lacked. Bankers created mediums of
exchange and stores of value, while governments provided rules and protection from
threats. This transition flom one me of econotic leader to another has continued to this
day. Efficiency in agricukural production that forced 90% of the population from earning
a livelihood from the land to produting mnufatired goods and services in the cities was
first taken by manufactufig. Manufacturing efficiencyhas been appropriated by services.
And now, the efficiency of agricultural, manufacturing and services are being
appropriated by social welfare and health expenditures.

To effectively develop a model that extends the economic timeline, models need to be
developed that measure how the type of economic structures described in the paragraph
above change over time. The resulting macroeconomic model is solved simultaneously
yielding economic concepts that can be applied to the individual products traded
internationally. Because there is a need to make this system filly endogenous, (i.e., not
dependent on any assumptions other than those embodied within the relationships among
the variables estimated econometrically but reflective of the broader sweep of historical
change in economic growth that occurs), these parameters are based on the cross-country
model that reflects the stages of economic growth. No single country’s factors are
reflected in the model’s coefficients, but rather the coefficients reflect the “common”
framework through which all countries will pass on their way from poor to rich. Even the
rate of population growth can be made endogenous. There is a strong negative
relationship between the rate of economic growth and the level of income per capita and
the rate of population expansion.

The Long-Ternz Parameter Model

The long-term forecast depends critically on population growth. Once population growth
rates are determined through simultaneous models of output growth, they are used in a
parameter version of the trade (WSTS) model which depends upon calculated point
elasticities. Growth parameters for each product, both imports and exports, are applied to
the trade figures from 2010, the last year of the WSTS forecast and the last year available
for the macroeconomic forecasts. Expoti shares depend on both the reporter countries’
growth path and on the growth projected for competitors. Exports, however, are derived
horn export shares by p~ner market among the 33 reporters and on the rate of import
demand in the buying market.

Mijkt = (1 + (Git x Ejk))** 10 x Mijk (t-l), where

I = reporter
j = partner region
k= product
t= time at ten year intemls, starting in 2010
M = imports
G = Vector of Compound GrownhRates

.-—..
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for Macroeconomic Variables (10 year intends)
E = Vector of elasticities for macroeconomic variables.

The above equation is based on growth elasticities that are raised to the 10th power,
which expands the last year’s imports to a point that is ten years later. Elasticities are
derived from econometric models for individual products and regions. As in the primary
trade models, the pooled cross sectional time series structure is applied across all
reporters. Unhke the trade models, the data set used is not only the historical period but
also the forecast intend. The coefficients reflect the long-term view of the general trade
model. The parameters estimated are then used to develop growth estimates.

To insure stability, it is assumed that the import demand of a reporter country from a
partner region is the critical determinant of export growth. Export market share,
however, varies as countries specirdiie. Relative export growth rates determine export
market shares. Actual levels of expofis depend upon a combination of import demand
growth for the importing region and the projected export share. As a final step in the
process, the rate of growth across all the repotier-partner combinations coming from the
import direction and from the export direction are averaged. The net result is a consistent,
global forecast for trade for each commodity group.

Worldwide Output in the Very Long Term

The model projects worldwide output to grow at a generally sustained rate of over 3
percent for the next six decades. It is important to note that this comes in the midst of
steady decline in the real rate of growth of individual economies over time. What we are
observing in this upward growth trend in real output is a shifi in the weight attributed to
the faster growing but population rich nations of the “third world” toward “first world”
status. So far, this long theorized “narrowing” of the gap between rich and poor has not
taken place. However, within the confines of this structural modeling syste~ it is possible
for this to take place. Thus tila’s share of the worldwide output increases dramatically.
The general trends embodied in this model are likely to be sustained with the share of %ia
and Latin America growing in importance as the more advanced market economies slow
their economies’ growth toward rates consistent with their population growth.

Driving this growth is a steady shift in the share of output across different industrial and
service industries. Looking at the world economy, we can see this in the steady movement
from manufacturing into setices. In 1990 about 33% of total worldwide output was
produced by manufacturing sectors, by 2050 this share is expected to be only about 22’Yo.
Simultaneously, the share accounted for by finance, insuraqce, business services will
increase from about 16°/0to 310/0and for community and personal services from 12°Ato
20%. Transpofi and communications -- seining different industries -- increases from 6%
to 8°/0,while wholesale and retail trade declines slightly from 1So/O to 8°/0

Commodity Trade Patterns

-
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The long term framework model is used to drive more detailed commodity models,
developed fkomthe World Sea Trade Model (see Annex A) baseline simulations. These
models are generally consistent in form to the models developed for the on going forecasts
but are estimated across the entire time period and thus are based on both historical and
fhture patterns of trade as defined by the World Trade model scenario, The rate of
growth for imports and expofis is thus defined by the elasticities for the factors included in
these models. Only price terms are excluded and it is assumed that relative factor prices
do not change in the long term. This is a reasonable assumption given uncertainty about
fbture prices charged and fiture exchange rates.

United States Imports from the world - Growth Rates

Product Group
Agriculture
RawMaterials
Energy
Chemicals
Intermed.I@.
Non-electricEq.
Electrical
Electronics
Autos& Parts
OtherTransport

1990 2000 2010 2020 2030 2040 2050
2.8 4.2 3 6.2 2.9 3.1 3.3

35 3 3.2 0.8 1.3 1.5
1.9 4.5 2.2 3.4 3.6 3.6 3.4
10 7.5 3.8 3.9 2.2 3.2 3.3

4.4 6.6 3.2 5.2 3.2 3 3
8.1 6.1 3.2 3.2 3.1 3.5 3.5

12.1 6.5 2.1 3.5 1.5 1.4 0.6
16.8 10 4 3.6 1.7 2.1 2.4
7.6 5.8 3.2 0.5 0.8 2.2 3.1
8.7 7.1 5.5 6.7 3.5 3.8 3.7
9.7 7.4 3.1 5.9 3.7 4.6 4.2

Total 7.1 6.7 3.4 4.2 2.8 3.4 3.4

United States Imports from the World - Market Dktribution

Product Group
Agxicuhure
RawMaterials
Energy
Chemicals
Intenned. Mfg.
Non-electricEq.
Electrical
Electronics
Autos& Parts
OtherTransport
Consumer

1990 2000 2010 2020 2030 2040 2050
5.8 4.6 4.5 5.4 5.5 5.3 5.3
3.9 3.4 3.3 3 2.4 2 1.6

13.3 10.8 9.7 8.9 9.7 9.9 9.8
3.6 3.9 4.1 4 3.7 3.7 3.7

10.1 10.1 9.9 10.8 11.3 10,9 10.5
6.1 5.8 5.7 5.2 5.4 5.4 5.5
2.6 2,6 2.3 2.1 1.9 1,6 1.2

12.4 16.8 17.8 16.8 15.2 13.4 12.1
14.3 13.1 13 9 7.4 6.7 6.5
4.5 4.7 5.7 7.3 7.8 8.2 8.5

20.1 21.5 21 24.7 27 30.4 33
Total 100 100 100 100 100 100 100
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United States Exports to tbe World - Growth Rates

Product Group
A@uhure
RawMaterials
Energy
chemicals
Intend. Mfg.
Non+kctric Eq.
Electrical
Electronics
Autos& Parts
OtherTmnsport
Consumer
Total

1990 2000 2010 2020 2030 2040 2050
0.9 4.3 4.6 3.9 1.8 2 2.4
0.6 1.8 4.4 3.3 0.2 1.9 2.7
3.4 0.5 0 8.2 4.8 5.1 4.6
2.7 5.6 4.6 4.9 3.7 3.9 3.9

0 5.4 4.5 4.6 3.9 3.7 3.6
0.8 4.9 5.3 5.3 4.3 4.3 4
7.6 6.2 5.7 3.9 4.2 3.7 3.4
8.2 7.8 5.9 4.6 3 3.2 3.6
2.4 8.7 6.9 1.3 3.1 3.9 3.6
0.3 3.7 5.8 5.6 3.8 4.5 3.8
3.2 8.3 6.4 6.7 4.5 4.4 4.2
2.7 5.7 5.4 4.7 3.5 3.8 3.7

United States Exports to the World - Market Distribution
Product Group 1990 2000 2010 2020 2030 2040 2050

Agriculture 11.2 9.7 9 8.4 7.1 6 5.3
RawMaterials 7.3 5 4.5 4 2.9 2.4 2.1
Energy 3.2 1.9 1.2 1.6 1.8 2.1 2.2
Chemicals 8.2 8.1 7.5 7.7 7.8 7.9 8
Intermed.Mfg. 7.5 7.3 6.7 6.6 6.8 6.8 6.7
Non4xtric E(I. 9.3 8.6 8.5 9 9.8 10.2 10.5
Electrical 2.5 2.6 2.7 2.5 2.7 2.7 2.6
Electronics 16.8 20.4 21.2 21.1 20 18.9 18.6
Autos& Parts 8.5 11.3 13 9.3 9 9.1 9
OtherTranspat 12 9.9 10.3 11.2 11.6 12.5 12.6
Consumer 9.6 12.3 13.5 16.3 18 19.1 20
Total 100 100 100 100 100 100 100

----
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Anrtes D
BALTIMOREMARITIME EXCHANGEPCEXPRESSDATABASE

The Baltimore Maritime Exchange (MAE) dau has t=en stmctmd into a PCEXWCSSdatabase. This
databaseincludesa recordand field smcture capturingthe movementrecordsand includesa numberof
vmiablesshowingrecordcounts,distributionsand soon.

Reeds

There are a total of 18,145recordsin the databasecoveringthe three-yearperiodfrom 1991 to 1993. A
summaryof these recordsis as follcms

Move Tvoe Records vessels Vessel/Davs DUII
Inbound 6,869 2,145 6,795 74
tichorage 4,425 1,053 4,269 156
Outbound ~ ~ 6.760 U
Subtotal 17.824 321
Total 18,145 2.843 16,253

A fewnotesconcerningthesesummarystatistics:

1. The movementrecordsare all unique recordsread from BME files. Vessel counts include unique
spellingsand the actualnumberofvesselsis thereforesmaller than the 2,843count.

2. Thevesselklaynumbersnoted aboveare unique instancesof a vesselon a day and these representthe
large majority of movementrecords. There do appear to be a few duplicate records for at least
inboundmoves. In additiou the anchoragerecordsincludesomeapparentduplicates. Other records
notedas duplicatesare legitimate. For example,a vesselat anchorageon a specificdaybut movingto
a newanchorageresultsin two recordsfor that vesselhy combination.

3. Of the 6,795 inboundvessWdaycombinations,there are 746 which are also in the 6,760 outbound
count. Thus, 1l% of inboundvesselsleaveon the sameday.

VksselMatch withLMISData

Of the2,843vessels, 1,935are currentlyidentMedas havingLloyd’sRegistryNumbers. This matchingis
derivedprirnsuilyfrom the BME “Cards” file. Somepotion of the 908 differencewill be identifiedby
fhrther matching of misspellednames. These unidentifiedvessels accountfor 9% of inbound moves in
1991,6% in 1992and 8% in 1993.

The 1,935subsetincludes 1,678differentLloyd’svessels-257 duplicatevessels. Of the 1,678 Lloyd’s
vessels,thereare 427 for whichdata is not availablefrom currentLloyd’sfiles. Thesematchedvesselsfor
whichLMISdata is not availablerepresent21°Aof inboundmovesin 1991,7% in 1992and 10%in 1993.
Vesselsmatchedwith Lloyd’sregistrynumbers,and whichhavevesselcharacteristicsidentiled, represent
70% of inboundmovementsin 1991,77% in 1992and 82’%in 1993.

Database Sructure

The databaseincludesa single dimension representingall 18,145records. Them are separate variables
for each field. This structurenaturally allowIsfor the analysis of vessel itinerariesby soting on vessel

.. .
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name and date. This structurealso allows for the analysis of point-to-pointsummariesby selectingon
certain fieldsand using countsof the results. Individualfields (variables)areas follows:

1.
2.
3.
4.
5.

6.

7.

8.

Recmrdtype- inboun~ anchorage,outbound
vessel name
Date
Route(inboundandoutbound) This is eitherCapeHenry or the Chesapeake-DelawareCanal.
Dr@ feetand dmft inchesare combinedin a decimaldrafi variable.This is filled in for most inbound
and outboundrecordsbut only rarely in the anchoragerecords. Anchoragedrafts could probablybe
derived ffom copying the appropriate inbounddata.
Inboundanchorageindicates. There are three fieldsshowing if the inboundmoveis going to anchor.
(DOA- Dock on lkival) is Y if this is the case. The great majorityof inbound records (5,884 of
6,869 or 86VO)areDOA The other twofieldsare TPO (TakePilot O@)or ANCHOR which indicate
that the ship is anchoring.
Bath. This indicates the ultimate becth for a DOA inbound movemen~where the ship will be
berthedwhen clearedfor an anchoragereco~ and where the ship came fkomfor an outboundrecord.
This maybe differentfrom the inboundrecord- Keep in mind that manyvesselsmovearound within
the pon may comeinto one berth, unload or load, and then move to anotherberth, unload and load
and then leave. Thereis no data in the BMEdatabase on such movementsother than the inboundor
outboundberth.
There is a varietyof other data in the BME filesthat is not includedin the pcExpressdatabase. This
includes tug information,flag of sh]p, agents,various time fields, comments,etc. This information
can be read in with little additionaleffoxt.

Description of Data Edlsfor Bd2irnore Maritime &change

DR1/McGraw-Hillanalyststhoroughlystudiedthe data from BME. DRI recognizedthat, for purposesof
cargo analysis, the BME data could te refhed to more accurately reflect the movementof goods to and
from the Port of Baltimore.

From the perspectiveof analyzing cargo,DRI is prirnaily interested in the movementsof goodsbehveen

distinct ports. The BME daa however,accountsfor vessel movementswithin the Port of Baltimore.
Betweentrips into and out of the POKvesselsoftentravel within the pofi. Althoughthis intra-port travel
constitutesvesselmovementswithin the Port ofBaltimore,it does not accountfor the movementsof goods
betweenhVO differentports. Furthermore,the BMEdata may countvesselsthat rest at the port overnight
twice. This inclusionof intra-port movementsand the double countingof overnightvesselswoulddistort
the actualgoodstHUISpOrt.i3tiOII kh-n ports.

In most cas~ duplicateentries were recmrdedby BME in behveen a vessel’sanchorageand berth, and
then during its movementout to sea. To avoid the double-countingof voyages,the DRI projti team
completeda comprehensivesearch for duplicaterecords within the BME data. Records that appeared
twice in the BME data were only desired once in DFU’Sstudy. DRI located duplimte mrds by
identifyingthose vesselcalls when a vessel nameappeared twice on the samedate. These recordslvere
definedbyDRJas repetitiousand weresubsequentlydeletedfrom the database.

DRI editedthe BaltimoreMaritimeExchangedatafor its analysisof trade at the Port ofBaltimore.

.>
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L- ANNEX E

FORECASTSOF VESSEL CALLS BY VESSEL TYPE AND SAILINGDWPT

This annex documents all vessel calls, inbound and outbound, by shiptype and by sailing

drafi. The following tables are arranged by shiptype and show actual calls in 1993 and

those forecasted for the years 2000,2010,2020,2030, 2040 and 2050.
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DR3/McGraw-Hill 1995 Q1 Forecast for
Baltimore Anchorages and Channels Study

Number of Movementi by Sailing Drafi in Feetfor Vizmel Type: AA

Defwition of Shiptype: General Cargo > IOKDWT

INBOUND OUTBOUND

—— .
2010 2020 2030
-- -

——

2040 2050
——

——

1993 2000
--

——

1993 2000 2010 2020 2030 2040 2050
--—

0

0

0

0

0

0

0

0

0

0

0

0

0

0

7

0

7

7

0

15

59

30

45
30

59

89

74

119

134

162

74
89

45

15

15

0

0

0
0

0

0

0
0
0
0
0
0
0
0
0
0
0
0
0
9

0

9

9

0

18

71

35

53
35

71

106

89

142

159

181

89

106
53

18

18

0

0

0
0

0

28
0
0
0
0
0
0
0
0
0
0
2
0
0
0
0
0
0
7
6

22
9
7
9

33
13
15
26
20
28
9

22
9
4
0
0
0
0
0
0

37

0

0

0

0
0

0

0

0

0

0

2

0

0

0

0

0

0

10

7

30

12

10
12

44

17

20

34

27

48

12
30

12

5

0

0

0

0

0
0

40

0

0

0

0

0
0

0

0

0

0

3

0

0

0

0

0

0

11

8

32

13

11
13

48

19

21

37

29

59

13
32

13

5

0

0

0

0

0
0

62
0
0
0
0
0
0
0
0
0
0
4
0
0
0
0
0
0

17
12
50
21
17
21
75
29
33
58
46
99
21
50
21
8
0
0
0
0
0
0

83

0

0
0

0

0

0

0

0

0

0

6

0

0

0

0

0

0

22

17

66

28

22
28

99

39

44

77

61

137

28

66

28

11

0

0

0

0

0

0

0

0

0

0

0

0

0

0
0

0

0

0

0

0
2

0

2

2

0

4

16

8

12
8

16

24

20

32

35

26

20
24

12

4

4

0

0

0

0
0

0

0

0
0

0

0
0

0

0
0
0
0
0
0

3

0

3

3

0

5

21

11

16

11
21

32

26

42

48

45

26
32

16

5

5

0

0

0
0

0

0

0

0

0
0

0

0

0

0

0

0
0

0

0
3

0

3

3

0

6

23

11

17
11

23

34

29

46

51

57

29
34

17

6

6

0

0

0
0
0

0

0
0
0
0
0

0

0

0
0

0
0
0

0
4

0

4

4

0

9

36

18

27

18
36

53

45

71

80

95

45

53

27

9

9

0

0

0
0

0

0

0
0
0

0

0

0

0

0

0

0

0

0

0

6

0

6

6

0

12

47

24
36

24

47

71

59

95

107

131

59
71

36

12

12

0

0

0

0

0

104

0

0

0
0

0

0

0

0

0

0

7

0

0

0

0

0

0

28

21
83

35

28
35

124

48

55
97

76

169

35

83

35

14

0

0

0

0

0
0

124

0

0

0

0
0

0
0

0

0

0

8

0

0

0

0

0

0

33

25

99

41

33
41

148

58

66

115

91

190

41
99

41

16

0

0

0

0

0

0

Note: numbers in zero sailing&a# were reportedin hisZon”calBME dataatan undetermined soling drafi Consistent
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DRUMcGraw-Hill 1995 Q1 Forecast for

Baltimore Anchorages and Channels Study

Number of Movementi by Sailing Dra@ in Feetfor V2ssel Type: AA

INBOUND

.— —— .
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0
0

0

0

0

0
0

0
0

0

0

0

0

0

0

0
0
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OUTBOUND

1993 2000 2010 2020 2030
-- -- -
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0
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0

0

0
0
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0

0

0
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0
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0

0

0

0

0

0
0
0

0

0

0

0

0

0
0

0

0

0

0

0
0

0
0
0

0

0

0
0

0

0

0

0

0

0

0

0
0
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0
0

0

0

0

0
0

0

0
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0
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0
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Note: numbers in zero sailing &a@ were reportedin historicalBME &a at an umikterminedsailingdraji. Consistent
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DRI/McGraw-HiIl 1995 Q1 Forecast for
Baltimore Anchorages and Channels Study

Number of Movementi by Sailing Drafi in Feetfor Vessel Type: DB
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DRI/McGraw-Hill 1995 Q1 Forecast for
Baltimore Anchorages and Chanoels Study

Number of Movemen& by Sailing Dra@ in Feet for Vkssel Type: DB
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Number of Movements by Sailing Draft in Feet for Vessel Type: DC
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——

2040 2050
-—

—. —.

2000 2010 2020 2030
—— .—

-- -- --

21 31 51 59 92 141

1
4
3
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2
5

10
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2
5

20
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2
6

36
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2
5

46
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2
7

76
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

3
9

120
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

.—

1993 2000
- -

0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
6
0
0
0
0
2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0

OUTBOUND

—. .
2010 2020 2030
- ——

0
0

17
0
0
0
0
2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0

32
0
0
0
0
2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0

43
0
0
0
0
2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

—.

2040 2050
——

0
0

72
0
0
0
0
2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

-- - - -- —

o
0

114
0
0
0
0
3
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

13 21 31 51 59 92 141

Note: numbers in zero sailing drajl were reported in historicalBME dataat an undetermined sailingdrafi Consistent

growih rateswere m“ntained over theforecastpo”od Anuex E, page 26
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Note: numbers in zero sailingdrafi were reportedin historicalBME dataat an undetermined sailing drafl Consistent

growth rateswere maintainedover theforecasZpm”od Annex E, page 27



DRI/McGraw-Hill 1995 Q1 Forecast for
Baltimore Anchorages and Channels Study

Number of Movemen@ by Sailing Drafi in Feetfor Vessel Type: DE

INBOUND

—— —— —— .

1993 2000 2010 2020 2030 2040 2050
- —— —.

o
0
0
2

0

0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
2
0
0
0
0
0

28
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
2
0
0
0
0
0

113
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0

0
0
0
3
0
0
0
0
0

253
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
3
0
0
0
0
0

346
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
3
0
0
0
0
0

670
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
3
0
0
0
0
0

1259
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

-- -- -- .

37 67 145 301 399 721 1310

OUTBOUND

—— —— —— —
1993 2000 2010 2020 2030 2040 2050
.— —— .— —

o
0
3
0
2
2
3
9
9
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
3
0
2
2
3

10
10
23

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0

0
0
3
0
1
1
3
8
8

113
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
4
0
2
2
4

12
12

253
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
4
0
2
2
4

13
13

346
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
4
0
2
2
4

13
13

670
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
4
0
2
2
4

13
13

1259
0
0
0
0-
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

-- -- -- —

37 67 145 301 399 721 1310

Note: numbers in zero sailing &a> were reportedin historicalBME &a atan undetermined roiling drafi Consistent

growth rateswere maintained over theforecastperiod Annex E, page 28



DRI/McGraw-EiII 1995 Q1 Forecast for
Baltimore Anchorages and Channels Study

Number of Movementi by Sailing Draft in Feet for Vessel Type: DF
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Note: rzumbersin zero saifingdrajl were reported in historicalBME dataat an undetermined sm-lingdrafi Consistent

growth rateswere maintainedover theforecwstperwci Annex E, page 29
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Note: numbers in zero saiiingdrafl were reported in historicalBME dataat an undeterminedsailing&a~ Consident

growth rates were maintainedover theforecast period Annex E, page 32
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Note: numbers in zero sailing drafiwere reported in historicalBME data at an undeterminedsailing &afi Consiiient

growth rates were maintainedover theforecast period Annex E, page 34
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Note: numbers in zero sailingdraflwere reported in historicalBME dataatan undetermined sailing drajZ Consistent
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Note: numbers in zero sailing&afl were reportedin historicalBME dataat an undeterminedsailing drafl Consistent

gronth rateswere maintainedover theforecast period Annex E, page 38
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DRI/McGraw-HiU 1995 Q1 Forecast for
Baltimore Anchorages and Channels Study

Number of Movements by Sailing Drafi in Feetfor Vessel Type: FC

Definition of Ship&pe: Tanker 4&80KDWT
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DIU/McGraw-Eill 1995 Q1 Forecast for
Baltimore Anchorages and Channels Study

Number of Movements by Sailing Drafl in Feetfor Vessel Type: FC
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DIU/McGraw-Hill 1995 Q1 Forecast for
Baltimore Anchorages and Channels Study

Number of Movemen& by Sailing Drafi in Feetfor Vessel Type: FD

Defin of Shijgype: Tanker 8&100KDWT
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DRI/McGraw-Hill 1995 Q1 Foreeast for
Baltimore Anchorages and Channels Study

Number of Movements by Sailing Dra@ in Feet for Vessel Type: FD
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DRI/McGraw-Hill 1995 Q1 Forecast for
Baltimore Anchorages and Channels Study

Number of Movementi by Sailing Dra@ in Feetfor Vessel Type: FE

Definition of Shiptype: Tanker100-17SKDWT
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growth rates were maintainedover theforecast pm-od Annex E, page 56
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Note: numbers in zero sailing&a@ were reported in historicalBME @a at an undetmmined sailing &a@ Consistent

growth rateswere maintainedover theforecasfperiod Annex E, page 58
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1993

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
1
1
0
1
1
1
3
0
3
3
0
0
0
0
0

2000 2010 2020 2030

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2
0
0
0
2
2
0
2
2
2
4
0
5
4
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0

,0
0
0
0
0
0
0
0
0
0
2
0
0
0
2
2
0
2
2
2
4
0
8
4
0
0

0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
4
0
0
0
4
4
0
4
4
4
8
0

14
8
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
6
0
0
0
6
6
0
6
6
6

13
0

21
13
0
0
0
0
0

——

2040 2050
- -

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
9
0
0
0
9
9
0
9
9
9

18
0

29
18
0
0

0
0
0

(

(
(
(
(
(
(
(
(
(
(
(
(
(
(
[
(
(
(
(
(

11
(
(
(

11
11
(

11
11
11
z
(

3$
z
(
(

(
(
(

OUTBOUND

—— —— —

1993 2000 2010 2020 2030
-- —. —

3
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
3
1
1
2
1
2
1
0
1
1
0
0
1
0
0
0

4
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
3
1
1
2
1
2
1
0
1
2
0
0
1

0
0
0

5
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
4
1
1
2
1
2
1
0
1
5
0
0
1
0
0
0

10
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2
7
2
2
5
2
5
2
0
2
8
0
0
2
0
0
0

16
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0,

4
12
4
4
8
4
8
4
0
4

12
0
0
4
0
0
0

——

2040 2050
—-

22
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
5

16
5
5

11
5

11
5
0
5

17
0
0
5
0
0
0

27
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
7

20
7
7

13
7

13
7
0
7

22
0
0
7
0
0
0

Note: numbers in zero sailing dra> were reported in historicalBME data at an undetermined saiLing &a& Consistent

growth rafes were maintained over the forecastperiod Annex E, page 65



DRUMcGraw-HiU 1995 Q1 Forecast for
Baltimore Anchorages and Channels Study

Number of Movements by Sailing Drafl in Feetfor J4ssel Type: PC

1993 2000 2010 2020 2030
.— —— .

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

——

2040 2050
—-

0
0
0
0
0
0
0
0
0
0

0

0

0

0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

(
(
(
(
(

c
(
c
c
c
c
c
a
a
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

.— —— .— —

17 23 29 54 86 119 15(

OUTBOUND

.— —— .

1993 2000 2010 2020 2030
-- -- =

o
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
4
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

——

2040 2050
——

0
0
0
0
0
0
0
5
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
7
0
0
0
0
0
0+
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

17 23 29 54 86 119 150

Note: numbers zk zero saifing &aJ were reported in histortial BME data at an undetermin ed sailing dFafl Consistent
growth raZes were maintained over the forecast period Annex E, page 66



DRI/McGraw-HiU 1995 Q1 Forecast for
Baltimore Anchorages and Channels Study

Number of Movements by Sailing Drafi in Feet for Vessel Type: PD

DejiiitiOn of Sh~pe: Rodkt Tanker 80-IOOKDWT

.:----
k..

.

1993
-

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
1
0
0
0
0
0
0

2000

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2
0
0
2
0
0
0
0
2
0

2010
-

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2
0
0

2
0
0
0
0
5
0

2020

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
3
0
0
3
0
0
0
0

12
0

2030

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
5

0
0
5

0
0
0
0

23
0

——

2040 2050
--

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
6
0
0
6
0
0
0
0

38

0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
8
0
0
a
0
0
0
0

56
0

OUTBOUND

—— .— —
1993 2000 2010 2020 2030
—— -—-

1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
1
0
1
0
0
1
0
0
0
0
0
0
0
0

1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
1
0
1
0
0
1
0

0
0
0
0
0
2

0

1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
1
0
1
0
0
1
0

0
0
0
0
0
5

0

2

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2

2

0
2

0
0
2

0
0
0
0
0
0

12
0

3
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
3
3
0
3
0
0
3
0
0
0
0
0
0

23
0

——

2040 2050
--

4
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
4
4
0
4
0
0
4
0

0
0
0
0
0

38
0

5

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
5

5

0
5
0
0
5
0
0
0
0
0
0

56
0

Note: numbers in zero sailing drajY were reported in hisioricaf BME data at an undetermined sailing draj% Consistent

growth rates were maintained over the forecastpm”oa! Annex E, page 67



DRI/McGraw-EilI 1995 Q1 Forecast for
Baltimore Anchorages and Channels Study

Number of Movements by Sailing Dra$ in Feetfor Vessel Type: PD

INBOUND OUTBOUND

.— .— .
1993 2000 2010 2020 2030
-- —- —

2000

—.

2040 2050
- -

——

2040 2050
—-

1993 2010 2020 2030
- —

0
0
6
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
a
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0

0

0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0

0

0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0
0
0
0
0
0
0
0

0

0
0
0
0
0

0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0

0
0
2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
3
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0

0
0
5
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0

0
0

0
0
0
0
0
0
0
0
0

0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0 +
0’
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

— --

37 57

— :——

4 6 11 21 79 4 6 11 21 37 57 79

Note: numbers in wo sailing drajl were reported in historica[BME data at an unaktermined sailing drafi Consisicnt

granth rates were maintained over the foreaz.stperbd Annex E, page 68



-----.

._.

DRUMcGraw-Hill 1995 Q1 Forecast for
Baltimore Anchorages and Channels Study

Number of Movements by Sailing Drafi in Feetfor Vi?sselType: PD

INBOUND

1993

0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2000 2010 2020 2030
-- -

0
0
2

0

0

0

0
0

0

0

0

0

0

0

0

0

0
0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
0
2

0

0

0

0

0

0

0

0

0

0

0

0

0

0
0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
0
3

0

0

0

0
0

0

0

0

0

0

0

0

0

0

0

0

0

0
0

0

0

0

0

0

0

0

0

0

0

0
0

5

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
0

0

0

0

0

0

0

0

0

0

0

——

2040 2050
——

0
0
6

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
0

0

0

0

0

0

0

0

0

0

0

c
c
8
c
c
c
c
c
c
c
c
c
a
c
c
c
c
c
c
c
c
a
a
c

a
c
c
c
c
c
a
c

4 6 11 21 37 57 79

——

1993 2000
--

0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0

0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OUTBOUND

—— —

2010 2020 2030
—. .

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

——

2040 2050
——

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0

-- -- -- —

4 6 11 21 37 57 79

Note: numbers in zero sailing dra~ were reported in historical BME Azta at an undetermined sailing drafi Cons&tent

growth rates were maintained over the forecastperwd kmex E, page 68



DRI/McGraw-HiU 1995 Q1 Forecast for
Baltimore Anchorages and Channels Study

Number of i140vemen&by Sailing Drafl in Feetfor Vessel Type: PE

1993
—

o
0

0
0
0
0
0
0
0
0

0
0

0

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2000

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Definition of Shiptype: Rodkct Tanker > IOOKDWT

INBOUND I OUTBOUND

—— —— . —— —,— _,

2010 2020 2030 2040 20s0 1993 2000 2010 2020 2030
-— —- - -- -- -

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

——

2040 20s0
——

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0 -
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Note: numbers in uro saiiing &a# were reported in historical BME data at an undetermhed sailing &afi Consistent

growth rates were maintained over the forecmtpen”od Annex E, page 69



‘.-.-.<,

%-.

DRI/McGraw-Eill 1995 Q1 Forecast for
BaJtimore Anchorages and Channels Study

Number of Movements by Sailing Drafi in Feetfor Vi?sselType: PE

INBOUND I OUTBOUND

1993
-

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2000
-

0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2010
-

0
0
0
3
0
0
0
0
0

,0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2020

0
0
0

10
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2030
-

0
0
0

23
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2040 2050 1993 2000 2010 2020 2030
- - —— —. —

o
0
0

48
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0 1 3 10 23 48

2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

1
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
3
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

10
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0

0
0
0

23
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

—.

2040 2050
--

0
0
0

89
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

-- -- -- .

89 2 1 4 10 23 48 89

0
0
0

48
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

89
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Note: numbers in zero sailing &a~ were reported in historicalBME data at an undetermined sailing dafi Consistent
growth rates were maintained over the forectiperiod Annex E, page 70



DRI/McGraw-Eill 1995 Q1 Forecast for
Baltimore Anchorages and Channels Study

Number of Movemen@ by Saifing Drafl in Feetfor Vessel Type: ~

Defintin of Sh~pe: OTHER

INBOUND I OUTBOUND

-

2050
—

o
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0

43
43
43

0
129
86
43
86
86
0
0
0
0
0
0

0
0
0

2010 20501993 2000 2010 2020 2030 2040 1993 2000 2020 2030 2040
- - - — - - — - -

0
0
0
0
0
0
0
0
0
0

0
0
0

0
0
0
0
0
0
0
0
0
8
8
8
0

25
17
8

17
17
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0
0

0

0
0
0
0
0
0
0
0

11
11
11
0

34
23
11
23
23
0
0
0
0
0
0

0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0

0

0
0
0
0
0
0
0
0

14
14
14
0

42
2a
14
28
28
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0

0
0
0

0
0
0

0

0
0
0
0

0
0

0
0

20
20
20
0

61
40
20
40
40

0
0
0
0
0
0
0
0
0

0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

26
26
26

0
77

51
26
51
51
0
0
0
0
0
0

0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

33
33
33

0
100
66
33
66
66
0
0
0
0
0
0
0
0
0

8

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
8

0
0
0
8
8

24
16
8

24
8
0
0
0
0
0
0
0
0

11
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

11
0
0
0

11
11
32
21
11
32
11
0
0
0
0
0

0
0
0

13
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

13
0
0
0

13
13
39
26
13
39
13
0
0
0
0
0

0
0
0

19

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0

19
0
0
0

19
19
56
38
19
56
19
0
0
0
0
0
0
0
0

24

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0

24
0
0
0

24
24
72
48
24
72
24

0
0
0
0
0

0
0
0

31
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

31
0
0
0

31
31
92
62
31
92
31

0
0
0
0
0

0
0
0

40
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0 M

o
0
0
0
0

40
0
0
0

40
40

120
80
40

120
40

0
0
0
0
0

0
0
0

Note: numbers in -o sailing &a~ were reported in historical BME Ala at an unaktermm“ ed sailing &afl Con&tent
grmw!h rates were maintained over theforecastpm”od Annex E, page 71



DRI/McGraw-Hill 1995 Q1 Forecast for
Baltimore Anchorages and Channels Study

Number of Movementi by Sailing Drafi in Feetfor Vessel Type: XX

INBOUND OUTBOUND

—.

2040 2050
- -

.— —— — ——

2040 2050
--

1993 2000 2010 2020 2030 1993 2000 2010 2020 2030
- - - —— —— —

o

0

0

0

0

0

0

0

0

0
0

0

0

0

0

0

0

0

0

0
0

0

0

0

0

0

0

0

0

0

0

0

c

G

a

a

a

a

a

o
0
0
0
0
a

o
0
0
0
0
0

0
0
0

a

o
0

0
0
0
0
0
0
0

0

0

0

0

0

0

0

0

0

0

0

0
0

0

0

0

0

0

0

0
0
0

0
0

0

0

0

0

0
0

0

0

0

0
0

0

0

0

0

0

0

0

0

0

0

0
0

0

0
0

0
0

0

0

0
0

0
0

0

0

0

0

0

0

0

0
0

0
0

0

0

0
0

0

0

0

0

0

0

0

0
0

0
0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
0

0

0

0

0

0

0

0

0
0

0

0

0

0

0

0

0
0
0

0
0
0

0

0

0

0

0

0

0

0

0

0

0
0

0
0

0
0

0

0
0
0

0

0

0

0

0

0

0

0

0
0
0

0

0

0

0

0

0

0

0

0

0

0

0

0
0

0

0

0

0

0
0
0
0
0

0
0
0
0

0
0

0
0
0
0

0

0
0

0

0

0

0
0

0

0

0
0
0

0

0

0

0

0

0

0

0

0

0

0

0
0
0

0

0

0
0

0

0
0

0

0

0

0

0

0

0

0

0
0
0

0

0
0

0

0
0

0

0
0
0

0
0
0
0
0
0
0
0
0

0

0

0
0
0

0
0

0
0

0
0

0

0

0

0

0
0

0

0

0

0
0

0

0

0

0

0

0

0
0

0

0

0

0

0

0
0
0
0

0
0
0
0
0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
0

0
0

0
0

0

0

0

0

0

0

0

0

0
0

0

0

0
0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
0

0

0

0

0

0

0

0

0

0
— -- -- -- —

110 149 181 263 334 432 561110 149 181 263 334 432 561

Note: numbers in zero sading dra~ were reported in historical BME data at an undetermined sailing &ajii Consistent

growth rates were maintained over theforecastperioa! Amex E, page 72



DIU/McGraw-HilI 1995 Q1 Forecast for
BaItimore Anchorages and Channels Study

Number of Movements by Sailing Drafl in Feetfor Vi?sselType: TOTM

INBOUND

—— —— —— —

1993 2000 2010 2020 2030 2040 2050
—— —. —— —

13
0
0
0
0
0
0
0
0
3
0
0
2
0
6
5

21
19

7
25
32
44

68
76

164
195
163
228
230
193
169
144
132
68
54
38
37

7
11
7
2

15

20
0
0
0
0
0
0
0
0
5
0
0
2
0
6
6

25
22

9
32
42
60
95

107
274
280
234
341
345
308
243
259
191
97
75

112
49
26
16
10
43
17

26
0
0
0
0
0
0
0
0
6
0
0
1
0
6
7

24
20
10
37
47
76

117
127
400
343
286
435
438
424
299
424
236
120
89

244
57
63
21
13

185
16

41
0
0
0
0
0
0
0
0
9
0
0
2
0
8

11
37
29
13
52
68

104
164
185
647

421
639
654
642
442
668
353
191
143
465

90
125
38
24

471
22

51
0
0
0
0
0
0
0
0

13
0
0
2
0

11
16
48
37
13
59
82

123

191
230

654
543
822
852
839
559
866
443
255
191
727
113
184
54
39

937
20

63

0

0

0

0

0

0

0
0

17
0
0
2
0

12
24
58
43
13
68
95

151
227
286

1207
851
707

1079
1124
1096
715

1127
566
342
264

1112
148
244
75
58

1763
25

77
c
c
c
c
c
c
c
c

21
c
c
1
(

13
34
&
47
11
7$

107
18(
26f
w

154t

908
1407
1465
1408
908

1448
719
447
359

1622
191
301
10CI
85

3178
3a

OUTBOUND

—— —— —— —

1993 2000 2010 2020 2030 2040 2050
,.-- -- -—

150
0
0
0
0
0
0
0
0
0
0
2
0

11
8

17
17
17
27
19
55
69

104
86

131
163
184
198
165
119
142
120
74
85
40
77
31
13
17
7

12
5

208
0
0
0
0
0
0
0
0
0
0
2
0

13
7

20
20
21
37
26
75
99

149
121
227
244
277
291
246
198
209
215
107
127
59

166
45
32
23

9
53

7

250

0

0

0

0

0
0

0

0

0

0
3
0

12
5

18
17
22
43
31
90

124

192
150
339
314
356
365
312
281
260
352
132
162
76

310
56
69
28
11

194
9

366
0
0
0
0
0
0
0
0
0
0
4
0

16
7

27
25
31
63
44

128
175
263
212
569
455
523
538
466
439
387
579
201
255
122
562

92
131
48
20

484
14

465

0

0

0

0

0

0

0

0

0

0

6
0

17
9

35
31
37
80
51

152
207
294
252
817
572
676
694

599
496
781
255
331
164
850
123
187
65
30

950
16

591
0
0
0
0
0
0
0
0
0
0
7
0

16
9

42
36
42
99
62

179
248
341
306

1117
737
892
919
811
802
646

1041
329
433
225

1267
167
244
92
44

1777
21

732
0

;“!
0
0
0
0
0
0
0
0
0
8
0

15
8

47
38
47

120 e

73
205
294
398
369

1448
947

1168
1208
1066
1045
831

1356
419
559
305

1814
223
294
126
62

3196 :, ‘-
30 ~

Note: numbers in zero saiiing &afi were reported in historical BME data at an undetermined sailing &@ Consistent

gron#h rates were maintained over theforecastpdd Annex E, page 73



DRUMcGraw-Hill 1995 Q1 Forecsst for
Baltimore Anchorages and Channels Study

,.,-

Nutnber of Move?nent$ by Saiiing Draj7 in Feetfor Vessel Type: TOTAL

2000

21
8
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

30
11
8
0
0
0
0

28
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

3429

2010

INBOUND

-

39
14
26

0
0
0
1

113
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

-

2020
-

63
26
52

0
0
0
3

253
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2030

72
41
96

0
0
0
5

346
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2040 2050
-

110 162
70 117

176 309
00
00
00
8 15

670 1259
00
00
00
00
00
00
0 0
00
00
0 0
00
00
00
00
00
00
0 0
00
Oc
00
Oc
00

4793 7667 10435 14595 20324

——

1993 2000
--

4

0

5
5
5

16
11

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

11
2

14
6
5

17
12
28
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OUTBOUND

—— —— —
2010 2020 2030 2040 2050
-- —- -

20
6

32
5
5

15
11

113
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

37
15
60

8
7

22
17

253
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

48
30

105
8
7

24
19

346
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

78 121
57 101

184 319
9 9
7 7

25 28
21 29

670 1259
0 0
00
0 0
0 0
0 0

00
0 0
0 0
0 0
0 0
0 0
0 0
0 0
00
0 0

0 0
0 0
0 0
0 0
0 0
0 0
0 0

-- -- -- —

2210 3430 4793 7667 10435 14595 20323

Note: numbers in zero soling &a> were reported in historical BME dizta aZan undetermined saiIing &aft Consistent

growth rates were maintained over the forecastperid Annex E, page 74
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ANNEX F

VESSEL ACTMTY - TERMINALUSAGE

The following tables detail vessel movements in and out of the five major terminals. ‘

The numbers are based on shares of aggregate Baltimore Harbor Channel use by vessel

class and direction based on historical BME berth use data (i.e., these factors were

applied to the total vessel calls shown in Annex E). Inbound and outbound shares are

presented on pages 2 and 3 of this annex. The six sets of tables following the share tables

apply these factors to the vessel call.hessel type information in Annex E. This produces

activity di~”bution by texminal of total port activity and results in actual calls in 1993

and forecasted calls for the years 2000, 2010, 2020, 2030, 2040 and 2050. This Annex is

divided into seven sections, as follows:

Pm I: Calls in and out of North Locust Point Marine Terrniml
Part II: Calls in and out of Dundalk Marine Terminal
Part III: Calls in and out of South Locust Point Maxine Terminal
Part IV: Calls in and out of SparTowsPoint Ore Terminal
Part v: Calls in and out of Seagirt Marine Terminal
Part VI: Calls in and out of aIl other terrnimls
Part VII: Grand total, by shiptype and forecast year, of all movements

It should be noted that the totals in Parts I through VII may not match the totals in Annex

E due to rounding of numbers.

* AU statistics are based on historical Baltimore Maritime Exchange (BME) da@ (see Annex D)

Annex F, page 1



SHARES OFAGGREGA TE BALTIMORE HARBOR CHANNEL USE
BY ZESSEL CLASS AND DIRECTION UNDER WTHOUTPROJECT

CONDJZIONS 2
DIREcTloN: hdwund

Shiptype North Dundalk South Sparrowa seagirt AUOther Total Shares
Locust Point Marine Locust Point Point Ore Marine Tenninak

Marine Terminal Marine Terminal Terminal
Terminal Terminal

0.272

0.273

0.262

0.327

0.141

0.507

0.474

0.478

0.000

0.044

0.232
0.000

0.000

0.000

0.000

0,000

0.000

0.000

0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.410
0.045
0.000
0.037
0.000
0.000
0.338

0.216
0.000
0.286
0.216
0.000
0.000
0.102
0.000

0.500
0.158
0.071
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.600
0.000
0.000
0.000
0.000
0.000
0.000
0.006
0.114
0.000
0.000
0.000
0.000

0.183

0.004
0.018
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.018
0.083
0.637
0.929
0.059
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.063
0.000
0.000
0.000
0.000
0.000
0.023
0.000
0,ooo
0.000
0.000
0.028

I
AA 0.101
AB 0.182
Al O.000
A2 0.000
A3 0.000
A4 O.000

AE 0.003
AF 0.000
BA O.000
DA 0.079
DB 0.113
lx 0.038
DD 0.000
DE 0.000
DF 0.000
&i 0.000

EB 0.000
EC 0.000
ED 0.000

EE 0.000
EF 0.000
FA 1.000
FB 0.000
FC 0.000
FD 0.063
FE 0.000
FF O.000
FG 0.000

GA O.000
HB 0.006
PA 0.205
PB 0.000
Pc 0.481
PD 0.000

PE 0.000

xx 0.014 i

0.004
0.000
0.167
0.182
0.577
0.000
0.003
0.000
0.000
0.140
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.058
0.000
0.000
0.000
0.000
0.000

0.014

0.403
0.527
0.286
0.275
0.282
0.493
0.418
0.522
0.500
0.561
0.500
0.325
0.071
0.941
Moo
1.000
Looo
1.000
1.000

1.000
1.000
0.000
0.400
1.000
0.875
I.000
1.000
1.000
I.000
0.520
0.614
1.000
0.481
1.000
1.000
0.423

1.00
1.00
1.00
1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1,00
1.00

2 Baltimore Maritime Exchange data. Shares are held constant throughout the planning horizon

Annex F, page 2



SHARES OF AGGREGA TE BALTIMORE HARBOR CHANNEL USE
BY VESSEL CLASS AND DIRECTION UNDER W7THOUTPROJECT

CONDITIONS 3
l)lRl?CT1ONz (Mhmmd---—- ---- .. —------- --—

Shiptype North Dundalk South Sparrows Seagirt All Other Total Shares
Locust Point Marine Locust Point Point Ore Marine Terminals

Marine Terminal Marine Terminal Terminal
Terminal Terminal

AA 0.019 0.228 0.201 0.000 0.004 0.s9 1.00

AB 0.000 0.200 0.018 0.000 0.000 0.782 1.00

Al 0.000 0.310 0.238 0.000 0.071 0.381 1.00

A2 0.002 0.287 0.194 0.002 0.140 0.373 1.00
A3 0.000 0.077 0.000 0.000 0.526 0.397 1.00
A4 0.000 0.549 0.000 0.000 0.000 0.451 1.00

AE 0.000 0.371 0.102 0.000 0.003 0.524 1.00
AF 0.000 0.478 0.022 0.000 0.000 0.500 1.00
BA 0.500 0.000 ~ 0.000 0.000 0.000 0.500 1.00
DA 0.018 0.000 0.132 0.000 0.009 0.842 1.oo~
DB 0.054 0.083 0.077 0.012 0.000 0.774 1.00’

Dc 0.050 0.000 0.000 0.025 0.000 0.925 1.00’
DD 0.000 0.000 0.000 0.071 0.000 0.929 1.00
DE 0.000 0.000 0.000 0.000 0.000 1.000 1.00
DF 0.000 0.000 0.000 0.000 0.000 1.000 1.oo~
EA 0.000 0.000 0.000 0.000 0.000 1.000 1.00

EB 0.000 0.000 0.000 0.000 0.000 1.000 1.00
EC 0.000 0.000 0.000 0.000 0.000 1.000 1.00
ED 0.000 0.000 0.000 0.000 0.000 1.000 1.00
EE 0.000 0.000 0.000 0.000 0.000 1.000 1.00

EF 0.000 0.000 0.000 0.000 0.000 1.000 1.00

FA 0.000 0.000 0.000 0.000 0.000 1.000 1.00

FB 0.000 0.000 0.400 0.000 0.000 0.600 1.00

FC 0.000 0.000 0.000 0.000 0.000 1.000 1.00
FD 0.000 0.000 0.000 0.000 0.000 1.000 1.00
FE 0.000 0.000 0.000 0.000 0.000 1.000 1.00
FF 0.000 0.000 0.000 0.000 0.000 1.000 1.00
FG 0.000 0.000 0.000 0.000 0.000 1.000 1.00

GA 0.000 0.000 0.000 0.000 0.000 moo 1.00
HB 0.000 0.133 0.000 0.000 0.058 0.809 1.00

PA 0.000 0.000 0.045 0.000 0.000 0.955 1.00
PB 0.000 0.000 0.000 0.000 0.000 1.000 1.00

Pc 0.037 0.000 0.000 0.000 0.000 0.963 1.00

PD 0.000 0.000 0.000 0.000 O.OQO 1.000 1.00
PE 0.000 0.000 0.000 0.000 0.000 1.000 1.00
xx 0.000 0.254 0.113 0.000 0.000 0.634 1.00

.—

3 Id.

Annex F, page 3
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DRI/McGraw-HiII 1995 Q1 Foreeast for
Baltimore Anchorages aud Channels Study-

Number of Movements by Sailing Drafi in Feet by Vessel Type: AA at North Locust——
Point Marine Terminal
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Note: numbers in zero sailing &a# were reported in historical BME dizta at an undetermined sailing drafi Consistent
growth rates were maintained over the forecartperiod Annex F, Part I, P. 1
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Note: numbers in Uro sailing &a@ were repotied in historical BME data at an undetermined saiiing &a@ Consistent

growth rates were maintained over the forecastperioo! Annex F, PartI, P. 2
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Note: numbers in zero sai[ing &afi were reported in historical BME data at an undetermined sailing drafi Consistent
growth rates were maintained over the forecast perioa! Amex F, Part I, P. 3
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Note: numbers in zero sailing a%a~ were reported in historical BME data at an undetermined sailing drafi Consistent

growth rates were maintained over the forecizstperiod Annex F, Part I, P. 4
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Note: numbers in zero sailing dra$ were reported in historical BME data at an mmkterrnined sailing draft Consistent
grd rates were maintained over the forecastperiod Amex F, Part I, P. 5
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Note: numbers in zero sailing iira~ were rquorted in htiorical BME data at an undetermined sailing drafi Consistent
grtih rates were maintained over the forecasi period Annex F, Part I, P. 9
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Note: numbers in ~ro sailing drafl were reported in historical BME data at an undetermined sailing draf& Consistent

growth rates were maintained over the forecastpen”od Annex F, Part I, P. 10
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Note: numbers in zero sailing drafl were reported in historical BME data at an undetermined sailing &afi Consistent
growth rates were maintained over the forecart period Annex F, Part I, P. 11
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growth rates were maintained over the forecast period Annex F, Part I, P. 16
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Note: numbers in -o sailing&afl were reportedin historicalBME dataatatzundetermined sailing drafi Consistent

growth rateswere maintainedover theforecostpm”od Annex F, PartI, P. 31
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Note: numbers in zero sailingdrajl were reportedin historicalBME dhtaat an undeterminedsailing drafl Consistent

growth rateswere maintainedover theforecast perioa! Annex F, PartI, P. 32
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Note: numbers in zero sailing ha> were reported in historicalBME dataat an undtierrninedsailing drajil Consistent

growth rateswere maintainedover theforecast period Annex F, Part I, P. 35
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Note: numbers in zero sailing &aji were reported in historicalBME dataat an undeterminedsailing tkayl Consistent

growth rateswere maintained over theforecast period Amex F, Part 1,P. 36
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Note: numbers in zero sailingdrafl were reportedin historicalBME dataatan undetermined sailing &afi Consistent

growth rateswere maintainedover theforecastperiod Annex F, Part I, P. 37
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Note: numbers in zero sailing drafiwere reported in historicalBME dataat an undetermined sailing drajl. Consistent

growth rateswere maintained over theforecast period kmex F, Part I, P. 38
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Note: numbers in zero sailing draftwere reported in historicalBME dataat an undeterminedsailing drajl Consistent

growth rates were maintainedover theforecasiperiod Annex F, PartI, P. 40
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Note: numbers k zero sailing&aJl were reported in historicalBME Ata atan undeterminedsailing drajk Consistent

growth rateswere maintainedover theforecast perioo! Annex F, PartI, P. 41
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Note: numbers in zero sailinga%ajlwere reprted in htiorical BME dataat an undeiem”ned sailingdrafi Consistent

grouth rateswere maintainedover theforecastperiod Annex F, PartI, P. 53
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Note: numbers in zero sailin~ draftwere reportedin historicalBME dataat an undeterminedsailin~ &a#. Consistent

growth rat- were maintainedover thefor;castperwd kex F, PartI, P. 55
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Note: numbers in zero sailing draftwere reported in historicalBME dataat an undetermined sailingdrafi Consistent

growth rates were maintainedover theforecast period Annex F, Pm I, P. 56
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Baltimore Anchomges ad Channels Study

Number of Movements by Sailing Draft in Feet by Vessel Type: GA at North Locust-
Point Marine Terminal

Definition of Shi~pe: Gas Tanker
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Note: numbers in zero sailing &a~ were reported in historicalBME dhtaat an undeterminedsailing drafl Consistent

grow% rateswere maintainedover theforecast period ~ex F, Part I, P. 57



DRUMcGraw-Eill 1995 Q1 Forecast for
Baltimore Anchorages and Channels Study

Number of Movements by Sailing Draft in Feet by Vessel Type: GA at North Locust _
Point Marine Terminal
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Note: numbers in zero sailing &aJl were reported in historicalBME dataatan undeterminedsailing &afi Consistent

growth rateswere maintainedover theforecastperwa! Annex F, PartI, P. 58
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Number of Movements by Sailing Draft in Feet by Vessel Type: Jill at Nortlt Locustb.
Point Marine Terminal

Defi%ntionof Shi~pe: VehikleCarrier
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Note: numbers in zero sailingdrajl were rqoorted in historicalBME Ata at an undetermined sailing &afl Consistent

growth rateswere maintainedover theforecastperiod ~ex F, PartI, P. 59



DRUMcGraw-HiII 1995 Q1 Forecast for
Baltimore Anchorages a~d Channels Study
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Note: numbers in zero saiiingha> were reported in historicalBME dataatan undeterminedsailing drafi. Consistent

growth rateswere maintainedover theforecast perwd Annex F, Pan I, P. 60
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Note: numbers h zero sailing dra) were reported in historicalBME dataat an undeterminedsailingdrafi Consistent
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Note: numbers in zero sailing&ajZ were reportedin historicalBME dataat an undetermined sailing drafi Consistent

growt%rates were maintainedover theforecastperwd Annex F, Part I, P. 67



DRUMcGraw-Hill 1995 Q1 Forecast for
Baltimore Anchorages md Channels Study

Number of Movernenfi by Sailing Dra~ in Feet by V&sselType: PD at North Locust
Point Marine Terminal

*

1993

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0

INBOUND

.— —

2000 2010 2020
——-

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0

—— .

2030 2040 2050
-- -

0
0
0
0
0
0,
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

—.— —— ——. - ——-—-——-—_— --_—. —— - - -— —-—.

0000000

OUTBOUND

—— —. .

1993 2000 2010 2020 2030
-- -- -

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

——

2040 2050
——

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

—— —— ——— - —= =.= —-z

0000000

Note: numbers in wro sailing&QJ were reported in historicalBME data at an undetermined sailing&ajZ Consistent

growth rateswere maintainedover theforecastperioa! Annex F, Part I, P. 68
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Note: numbers in zero sailingdrafiwere reportedin historica!BME dataat an undeterminedsailing draj’k Consistent

growth rateswere maintainedover theforecastperwd Amex F, Pan I, P. 69



DRUMcGraw-Hill 1995 Q1 Forecast for
Baltimore Anchorages and Channels Study

Number of Movements by Sailing Drafi in Feet by Vessel Type: PE at North Locust _
Point Marine Terminal

1993
-

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

—— —

2000 2010 2020
-- -

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0

0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

—— —

2030 2040 2050
-- -

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

(
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
0
0
0

c
c
c
c
c
c
c
c
c
c
c
c

-—c ._._ —.—
— —. —— ——— —— .-.

Ooooooc

OUTBOUND

1993 2000 2010 2020 2030

0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

——

2040 2050
--

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0

0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

——=- .-=2 -= -.= —-.-— =-— .=-

0000000

Note: numbers in zero sailing&a> were reported in historicalBRIE ahtaat an undeterminedsailing drafi Consistent

groh rates were maintainedover theforecast pm”od Annex F, PartI, P. 70
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Note: numbers in zero sailing draji were reportedin historicalBME dataatan undetermined sailingdrafi Consistent

grotih rateswere maintained over theforecastperwd Annex F, Part I, P. 71
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Note: numbers in zero sailing drajl were reported in historicalBME ddtaat an undetermined sailingdra~ Consistent

growth rateswere maintained over theforecastperwa! Annex F, Part I, P. 72
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DRI/McGraw-Hill 1995 Q1 Forecast for
Baltimore Anchorages and Channels Study

Number of Movements by Sailing Draft in Feet by Vessel Type: AA at DundaLk
Marine Ternu”nal

Definition of ShipQpe: General Cargo> IOKDWT
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DRI/McGraw-Hill 1995 Q1 Forecast for
Baltimore Anchorages and Channels Study

Number of Movements by Sailing Drafi in Feet by Vessel Type: AA at Dundaik
Marine Terminal
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DRI/McGraw-Hill 1995 Q1 Forecast for
Baltimore Anchorages and Channels Study

Number of Movements by Sailing Draft in Feet by Vessel Type: AB at Dundalk
Marine Terminal

Definition of Shipfype: General Cargo ~ 10KDWT
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Note: aumbers in zero sailing drafiwere reported in historicalBME dataa2an undeterminedsailing drafi Consistent

growth rateswere maintainedover theforecast period Annex F, PartII, P. 3



DRUMcGraw-Hill 1995 Q1 Foreeast for

Baltimore Anchorages and Channels Study

Number oJMovemen& by Sailing Draft in Feet by Vesse[ Type: AB at Dundalk
Marine Terminal
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DIUfMcGraw-H]Il 1995 Q1 Forecast for
Baltimore Anchorages and Channels Study

Number of Movements by Sailing Draft in Feet by+
Terminal

Vessel Type: AI at Dundalk Marine
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Note: numbers in zero sailing drafi were reported in historicalBME dataat an undetermined sailingdrafi Consistent
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Number of ik(ovements by Sailing Dra@ in Feet by Vessel Type: Al at DundaIk iMarine _
Terminal
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Terminal

—.

2000 2010
——

2020

—— — —— —— .

1993 2000 2010 2020 2030
-- -- -

——

2040 2050
-—

1993 2030 2040 2050
- - -- -

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

(
(
(
(

(

(

(

c
(

(
(

(

(

(

c
(

(

(

(

(

(

(
(

(

(
(

(

(

(

(

(
(

o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0 -

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

——-- ——

1075[ 151

—-— —— —

285 437 559

——--.——-

168

—-—-———

256 330

—————-

497

—-- ——-—-—

225

—- ——

741 941642 843

Note: numbers in zero sailing draflwere reported in historicalBME dataat an undetermined sailing&afi Consistent

growth rateswere maintained over theforecast perwd Annex F, PartII, P. 8



DRT/McGraw-HiIl 1995 Q1 Forecast for
Baltimore Anchorages and Channels Study

Number of Movements by Sailing Drafi in Feet byk
Terminal

Vessel Type: A3 at Dundalk Marine

Definition of Ship~pe: Cellular 2500-3999 TEU

INBOUND OUTBOUND

1993
-

1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
1
1
1
1
1
2
2
0
1
1
1
1
0

2000

2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
1
2
2
2
2
3
2
0
9
2
1
1
0

2010

2

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
1
2
2
2
2
4
3
0

25
2
1
1
0

2020

4
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2
0
2
4
4
4
4
7
5
0

49
4
2
2
0

2030
-

5

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2

0

2

5

5

5

5

9

7

0
80
5
2
2
0

2040
-

6

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
3

0
3
6
6
6
6

11
8
0

123
6
3
3
0

2050
-

7
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
3
0
3
7
7
7
7

14
10
0

179
7
3
3
0

1993 2000 2010 2020 2030

——

2040 2050
-—

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
1
2
0
0
1
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0

0

0

0
0
1
2
1
3

1
5
1
0
0
0

1

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
2
2
4
1

14
1
1
0
0

1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
3
3
6
1

28
2
1
0
0

1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
1
0
0
1
0
2
4
4
8
2

44
3
1
1
0

2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
1
0
0
1
0
2
5
5

10
2

68

3
2
1
0

2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
1
0
0
1
0
3
7
6

12
3

99
4
2
1
0

Note: numbers in zero sailingakaflwere reportedin historicalBME dataatan undermined sailingdrafi Consistent
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Terminal

DL@itioHof Sh~pe: Cellular 4000-5999 TEU

o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
2
4
4
8
2
1
0
1

INBOUND

—— —

2000 2010 2020
.- -

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2
0
0
0
0
0
0
0
0
0
0
0
0
0
2
0
0
3
6
7

13
3
2
0
2

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2
0
0
0
0
0
0
0
0
0
0
0
0
0
2
0
0
4
8

10
18
4
2
0
2

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
4
0
0
0
0
0
0
0
0
0
0
0
0
0
4
0
0
8

16
20
35

8
4
0
4

—— —

2030 2040 2050
-- -

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
6
0
0
0
0
0
0
0
0
0
0
0
0
0
6
0
0

12
25
31
55
12
6
0
6

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

10
0
0
0
0
0
0
0
0
0
0
0
0
0

10
0
0

20
39
49
88
20
10
0

10

c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

15

c
c
c
c
(
c
c
c
c
c
c
c
c

1$

c
c

30
61
77

131
30
1$

c
1:

——

1993 2000
--

1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
1
1
1
0
1
1
3

4
9
3
0
1
0

1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
1
1
1
0
1
1
4
7

14
4
0
1
0

OUTBOUND

—— —

2010 2020 2030
-- -

2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2
0
0
0
0
0
0
0
0
2
2
2
0
2
2
7

10
21
7
0
2
0

3
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
3
0
0
0
0
0
0
0
0
3
3
3
0
3
3

13
19
40
1.3

0
3
0

5
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
5

0
0
0
0
0
0
0
0
5
5
5
0
5
5

19

29
63
19
0
5
0

——

2040 2050
——

8
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
8
0
0
0
0
0
0
0
0
8
8
8
0
8
8

31
46
99
31
0
8
0

12
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

12
0
0
0
0
0
0
0
0

12
12
12
0

12
12
48

72
155
48

0
12
0

Note: numbers in zero sailingdrafilwere reported in historicalBME dataat an undetermineds~iling &afi Consistent
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Note: numbers in zero sailing &ajl were reported in historicalBME duta at an undeterminedsailing Aa# Consistent

growth rateswere rnairdainedover theforecast period Annex F, Pat II, P. 29
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Defmi&m of Ship~pe: Combin@”orz< 20KDWT
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Note: numbers in zero sailing drap were reportedin historicalBME dataat an undetermined sailingdrafi Consistent

growth rateswere maintained over theforecastperiod hnex F, Part II, P. 3 I
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Definition of Shiptype: Combination 2&40KDWT
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Note: numbers in zero sailing drap were reportedin historicalBME dataatan undetermined sailingdrajl Consistent

growth rateswere maintainedover theforecastperioa! Amex F, Pa.ttII, P. 33
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Marine Terminal

Definition of Shiptype: Combin@”on 40-80KDWT

INBOUND OUTBOUND

1993 2000 2010
-

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

-

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2020

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2030
-

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2040

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

—— —— —— .

2050 1993 2000 2010 2020 2030 2040 2050
- -- -- -- -

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0 ,
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Note: numbers in zero sailingdrajl were reportedin historica[BIWE dataatan undetermined sailing drafl Cons&tent

growth rateswere mai~tained over theforecast period Annex F, PartII, P. 35
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Note: numbers in zero sailing drafi were reportedin historicalBME dataatan undetermined saiiingdraji ConsMent

growth rateswere maintainedover theforecast period Annex F, Part II, P. 36
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Note: numbers in zero saiiingdraji were reported in historicalBME dataatan undetermined sai[ing drafl Consistent

gron#hrateswere maintainedover theforecast period &mex-F, PartII, P. 37
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Note: numbers in zero sailing draflwere reported in historicalBME dataat an undetermined s~iling drafi. Consistent

growth rateswere maintainedover theforecast period kex F, Part II, P. 41
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Note: numbers in zero sailing drajl were reported in historicalBME dataatan undeterminedsailing dkajil Consistent

gronth rateswere maintainedover theforeca.stperioa! Annex F, Part II, P. 42
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Note: numbers in zero sailingaka~ were reportedin historicalBME dataat an undeterminedsaiiing a%afl Cons@mt

growth rateswere maintainedover theforecast perioa! &ma-F, PartII, P. 43
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DIU/McGraw-Hill 1995 Q1 Forecast for
Baltimore Anchorages and Channels Study

Number of Movements by Sailing Draft in Feet by
Marine Terminal

Vessel Type: FB at Dundalk

Definition of Shiptype: Tanker 1O-4OKDWT
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Note: nambers in zero sailingdraji were reported in historicalBME dataaZan undeterminedsailing drafi Consistent

growth rateswere maintainedover theforecast period Annex F, Part II, P. 45



DRI/McGraw-Hill 1995 Q1 Forecast for
Baltimore Anchorages and Channels Study

Number of Movemen& by Sailing Drafl in Feet by Vessel Type: FB at Dundalk
Marine Terminal
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DRI/McGraw-Hill 1995 Q1 Forecast for
Baltimore Anchorages and Channels Study

Number of Movements by Sailing Dra@ in Feet by Vessel Type: FC at Dundaik
Marine Terminal

Definition of Ship~pe: Tanhr 40-80KDWT
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Note: mmbers in zero soiling drafiwere reported in historicalBME dataatan undeterminedsailing drafi Consistent
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Number of Movements by Sailing Drafl in Feet by Vkssel Type: FC at Dundalk
Marine Terminal
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Number of Movements by Sailing Drafi in Feet by Vessel Type: FD at Dundalk
Marine Terminal

Definition of Shiptype: Tanker 80-IOOKDWT
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Definition of Shi~pe: Tanker 100-175KDWT
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Defiition of Ship@pe: Tanker 175-250KDWT
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Definition of Shipqpe: Tanker > 250KDWT
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Note: numbers in zero sailingaYa~ were reportedin historicalBME dataat an undeterminedsaiiing drafi Consistent

growth rateswere maintainedover theforecast perioa! Annex F, I% II, P. 55
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Note: numbers iizzero sailingdrafl were reported in historicalBME dataat an undeterminedsailingdraft Consistent

grow rateswere maintained over theforecast period Annex F, Part II, P. 67



DRI/McGraw-Hill 1995 Q1 Forecast for
Baltimore Anchorages and Channels Study

Number of Movements by Sailing Draft in Feet by Vi?sselType: PD at Dundalk
Marine Termi”nal

1993

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

INBOUND

2000
-

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2010

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2020

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

—— —

2030 2040 2050
-- -

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

c
c
(
c
c
@
c
c
c
c
c
c
c
G
c
c
c
o
c
c
c
o
c
c
a
o
c
c
c
c
c
c

OUTBOUND

1993 2000 2010 2020 2030
-- -- -

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

————.

o
-———-

0
———-

0
---—

0
——_—---—— —-—— ——-

00 0[ o

-——

0

————----—

00

——

2040 2050
-—

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0’ 0
00
00
00
00
00
00
00
00
00
00
00

—

o
—.

o

Note: numbers in zero sating draftwere reported in historicalBME dataat an undeterminedsailing &a@ Consistent
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Note: numbers in zero saiIing draflwere reportedin historicalBME dataatan undetermined sailing&ajii Consistent

growth rateswere nzaintainedover theforecastperiod Annex F, Part II, P. 69
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Note: numbers in zero sailing dra~ were reported in historicalBME dataat an undeterminedsailinga+ajil Consistent

growth rateswere maintained over theforecast period Annex F. Part II, P. 70
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DIU/McGraw-HiIl 1995 Q1 Forecast for
Baltimore Anchorages and Channels Study

Number of Movements by Sailing Drafl in Feet by Vkssel Type: XX at Dundalk
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0
0
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0
0
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Note: numbers in zero sailing drafiwere reportedin historicalBME dataatan und~ermined sailing drafi Consistent

growth rateswere maintainedover theforecast perioa! Annex F, Part II, P. 71



DRLfMcGraw-Hill 1995 Q1 Forecast for
Baltimore Anchorages and Channels Study

Number of Movements by Sailing Dra$l in Feet by Vessel Type: R at Dundalk
Marine Terminal
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Note: numbers in zero sailing a%afiwere reportedin historicalBME dataat an undetermined sailingdrajl Cons&tent

growth rateswere maintained over theforecast period Annex F, Part II, P. 72
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DRI/McGraw-Hill 1995 Q1 Forecast for
Baltimore Anchorages and Channels Study

Total Number of Movemenfi

INBOUND

by Sailing Draft in Feet by Vessel Type at Dundalk
Marine Terminal

OUTBOUND
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0
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7
2
2
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0
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3
3
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0
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54

183
177

151
228
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5
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2
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0
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3
5
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0
0
0
0
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0
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3
8
0
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0
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0
0
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6
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0

Note: numbers in zero sniting&afl were reportedin htiorical BME dataat an undetermined sailing drajt Consistent

growth rateswere maintainedover theforecast period Annex F, PartII, P. 73



DR1/McGraw-HiII 1995 Q1 Forecast for
Baltimore Anchorages and Channels Study

Total Number of Movements by Sailing Draft in Feet by V’sel Type at Dundalk
Marine Terminal
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0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

237
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

—— ——

638 997 1393 2235

OUTBOUND

—— — —— —— —
2030 2040 2050 1993 2000 2010 2020 2030
- —— —— —. .

473
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

892
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

1609
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

22
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

100
2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

256
3
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

512
5
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

—— -1-----
3139 4460 63271 469 715 1018 1697 2439

1

——

2040 2050
- -

8
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

1742
12
0
0
0
0
0
0
0
0
0
0
0
0 .-
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

— —-—

3577 5182

Note: numbers in zero saiIing drafl were reportedin historicalBME dataatan undetermined saifingdraj’1.Consistent
growth rateswere maintainedover theforecastperiod Annex F, Part II, P. 74



\ .

L’

\

PART m: CAT= IN AND OUT OF $OH LOCUST POm



. . /’



DRLfMcGraw-Hill 1995 Q1 Forecast for
Baltimore Anchorages and Channels Study

Number of Movements by Sailing Draft in Feet by Vessel Type: AA at South Locust
Point Marine Terminal

Definition of Shiptype: G~erQl Cargo> IOKDWT
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Note: numbers in zero sailing drajl were reportedin historicalBME dataat an undetermined sailingdrafi Consistent

growth rateswere maintainedover theforecast period Amex F, Par&III, P. 1



DR1/McGraw-HilI 1995 Q1 Forecast for
Baltimore Anchorages and Channels Study

Number of Movements by Sailing Drafi in Feet by Vkssel Type: AA at South Locust _
Point Marine Terminal
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Note: numbers in zero sailing dra# were reported in historicalBME Ata at an undetermined sailingdrajk Consistent

growth rateswere maintained over theforecast period Annex F, Part III, P. 2
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Point Marine Terminal

Definition of ShipQpe: Cellular ~ 1000 TEU

INBOUND ouTBouND

1993
-

0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
2
1
0
1
0
0
0
1
0
0
1
2
0
2
1
1
0
0
0
0
0
0
0
0

2000
-

0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
3
1
0
1
0
0
0
1

12
0
1
3

0
3
1
1
0
0
0
0
0
0
0
0

2010

0
0
0
0
0
0
0
0
0
2
0
0
0
0
0
0
3
2
0
2
0
0
0
2

35
0
2
3

0
3
2
2
0
0
0
0
0
0
0
0

2020
-

0
0
0
0
0
0
0
0
0
3
0
0
0
0
0
0
5
3
0
3
0
0
0
3

70
0
3
5

0
5
3
3
0
0
0
0
0
0
0
0

——

2030 2040
--

0
0
0
0
0
0
0
0
0
4
0
0
0
0
0
0
7
4

0
4
0
0
0
4

115
0
4
7

0
7
4
4
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
5
0
0
0
0
0
0

10
5
0
5
0
0
0
5

167
0
5

10

0
10
5
5
0
0
0
0
0
0
0
0

— —

2050 1993
~ -

0
0
0
0
0
0
0
0
0
6
0
0
0
0
0
0

12
6
0
6
0
0
0
6 -.

225
0
6

12
0

12
6
6
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
1
0
0
0
1
0
1
0
0
0

0
1
1
0
0
0
0
0
0
0
0
0

2000

1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2
1
0
2
0
0
1
2
1

11
1
1
0
0
2
2
1
1
0
0
0
0
0
0
0

2010
-

1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2
1
0
2
0
0
1
2
1

31
1
1
0
0
2
2
1
1
0
0
0
0
0
0
0

2020 2030

——

2040 2050
--

1

0
0
0
0
0
0
0
0
0
0
0
0
0
0
4
1
0
4
0
0
1
4
1

61
1
1
0

0
4
4
1
1
0
0
0
0
0
0
0

2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
5
2
0
5
0
0
2
5
2

99
2
2
0
0
5
5
2
2
0
0
0
0
0
0
0

2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
6
2
0
6
0
0
2
6
2

144
2
2
0

0
6
6
2
2
0
0
0
0
0
0
0

3
0
0
0
0
0
0
0
0
0
0
0
0
0
0
8
3
0
8
0
0
3
8
3

192
3
3
0

0
8
8
3
3
0
0
0
0
0
0
0

Note: numbers in zero sating dra~ were reported in historicalBME dataatan undetermined sailing drafi ConWent

growth rates were maintaine>over theforecast period hex F, PartIII, P. 5



DRI/McGraw-Hill 1995 Q1 Forecast for
Baltimore Anchorages and Channels Study

Number of Movements by Sailing Draft in Feet by Vessel Type: Al at South Locust -
Point Marine Terminal
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Definition of Shiptype: Cellular2500-3999 TEU
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Note: numbers in zero sailing draflwere reported in historicalBME dataat an undeterminedsailing dra~. Consistent

growthrateswere maintained over theforecast period Annex F, Part III, P. 10
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Note: numbers in zero saihg draj?were reported in historicalBME dataat an undeterminedsailingdrafi Consistent

growth rateswere maintainedover theforecast period Annex F, Part III, P. 11
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growth rateswere maintainedover theforecast period Amex F, Part III, P. 12
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Note: numbers in zero sailing dra$ were reported in hidorica[ BME dataatan undeterminedsading dra~ Consistent

growth rateswere maintainedover theforecast period Amex F, Part HI, P. 18
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Note: numbers in zero sailing drafiwere reportedin histon-calBME dataat an undetermined sailingdraft Consistent

growth rateswere maintained over theforecast period Annex F, Part HI, P. 19
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growth rateswere maintained over theforecastperiod Annex F, Part III, P. 22
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Number of Movements by Sailing Draft in Feet by Vessel Type: DC at South Locust
Point Marine Terminal
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Note: numbers in zero sailingdra~ were reportedb historicalBME diztaatan undetermined sailingdrafi Consistent

growth rateswere maintainedover theforecast period Annex F, Part III, P. 23
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Note: rwnbers in zero sailing dra~ were repotied in historicalBME dataatan undeterminedsailingdra>. Consistent

growth rateswere maintainedover theforecast period Annex F, Part III, P. 24
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Note: numbers in zero sailing&a@ were reported in historicalBME data at an undeterminedsailing drafi Consistent

growth rateswere maintainedover theforecastperioa! Annex F, PartIII, P. 27
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Note: numbers in zero sailing draftwere reported in historicalBME dataaZan undeterminedsailing &a@ Consistent

growthrateswere maintainedover theforecast period Annex F, Part u P. 28
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Note: numbers in zero sailingdrajl were repotied in historicalBME dataat an undeterminedsaiiing drafi Consistent

growth rateswere maintained over theforecast period Annex F, PartIII, P. 30
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Note: numbers in zero sailingdrajl were reportedin historicalBME dataatan undeterminedsuiting&a@ Consistent

growth rates were maintainedover theforecast perwd &ex F, Part III,P. 31
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Note: numbers in zero sailing draflwere reported in historicalBME alztaat an undetermined sailingdraft ConsikZent

growth rateswere maintained over theforecast period Annex F, Part III, P. 32
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Note: numbers in zero sading drap were reported in histortialBME dataatan undeterminedsailing drafi Consistent

growlh rates were maintainedover theforecastperiod Amex F, Part III, P. 33
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Note: numbers in zero sailing drafiwere reported in historicalBME data at an undeterminedsailing drafi Consistent
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Note: numbers in zero sailingdra~ were reported in historicalBME dataat an undeterminedsailing drafi Consistent
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growth rateswere maintained over theforecasl period Annex F, Pm III, P. 37
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Note: numbers in zero sailing &a~ were reported in historicalBME dafa at an undeterminedsailing &afi Consistent

growth rateswere maintained over theforecast period Annex F, Part III, P. 38
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growth rateswere maintainedover theforecast period Annex F, Part III, P. 42
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growth rateswere maintainedover theforecastperioa! A&ex F, Part III, P. 45



DRJfMcGraw-HiIl 1995 Q1 Forecast for
Baltimore Anchorages and Channels Study

Number of Movements by Sailing Drafl in Feet by Vessel Type: FB at South Locust _
Point Marine Terminal

INBOUND ouTBouND

1993 2000 2010 2020

—— — ——

2040 2050
--

2030 2040 2050 1993 2000 2010 2020 2030
- -- --

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0

0

0
0
0
0
0

0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0

0
0

0
0

0
0
0
0

(
(
(
(

(
(
c
c
(
(
c
(
(
(
c
(
c
c
c
(
(
c
c
(
c
(
(
(
c
c
(
(

o
0
0
0
0
0
0
0
0
0
0
0
0
0

0

0
0
0
0
0
0
0
0

0

0

0
0
0
0

0

0
0

0
0

0

0
0
0
0
0

0

0
0
0
0
0
0
0
0

0
0
0
0
0
0

0

0
0
0
0
0
0
0
0

0
0

0

0

0

0
0

0
0

0
0

0

0
0
0

0
0
0

0
0
0

0
0
0

0

0

0
0
0

0

0
0

0
0
0
0
0
0
0
0

0
0

0
0

0
0

0

0
0
0
0

0

0
0
0
0

0

0

0
0
0

0
0
0

0

0
0

0

0

0

0
0

0
0

0
0
0
0
0

0

0
0
0
0
0
0

0

0

0

0
0
0
0
0
0
0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
0

0

0
0

0
0

0

0
0

0

0

0

0
0
0
0

0

0

0
0
0

0
0

0
0

0

0

0

0

0

0

0

0

0

0
0

0
0
0
0
0

0

0

0
0

0

0

0

0
0
0
0
0
0

0

0

0

0
0

0
0

0
0
0
0

0

0

0
0
0

0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0

0

0

0
0

0

0

0

0

0
0
0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
0
0

0

0
0

0

0

0
0

0
0
0
0

0
0

0

0

0

0

0

0
0

0

0
0
0
0
0
0

0

0

0
0
0
0
0
0
0
0

————

3

————

1

.——

8

.===

17

—. —

29

———

41

.-— ——.- —— —-—— ——

012612

—————

20 280

Note: numbers in zero saiiingdrajl were reported in historicalBME dataat an undetermineds~iling &aft Consistent

growth rateswere maintainedover theforecast perwd Annex F, Rut III, P. 46



DRLfMcGraw-HIII 1995 Q1 Forecast for
Baltimore Anchorages and Channels Study

Number of Movements by Sailing Dra~ in Feet by Vessel Type: FC at South Locust
Point Marine Terminal

Definition of Shiptype: Tanker 40-80KDWT

INBOUND ouTBouND

— .

2050 1993
- -

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0 .
0
0
0
0
0
0
0
0
0

2000

——

2040 2050
--

2030 2000
-

2010 20201993 2010 2020 2040 2030
- - - -

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
0

0

0

0

0
0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
0

0

0

0

0

0

0

0
0
0

0

0

0
0
0
0
0
0
0
0

0

0
0
0
0

0

0

0

0

0

0

0
0

0

0

0

0

0
0
0
0
0
0

0
0
0

0

0

0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0

0

0
0
0

0
0

0

0

0
0

0

0

0

0

0
0
0
0
0

0

0

0

0

0

0

0

0

0

0

0
0

0

0

0

0

0

0

0

0

0
0

0

0

0

0
0

0
0
0

0

0

0

0

0

0

0
0

0

0

0

0

0
0

0
0

0

0
0
0
0

0
0
0
0
0

0
0

0

0
0
0
0
0
0

0
0
0
0
0
0
0

0

0

0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

0

0

0
0
0
0
0
0

0
0

0
0
0
0

0

0

0

0

0

0

0

0
0
0

0
0
0

0
0
0

0

0

0

0
0
0
0

0
0
0

0

0

0
0
0
0

0

0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0

0
0

0

0
0
0
0
0
0
0

0

0

0

0
0
0
0
0

0
0
0
0
0

0
0
0

0

0

0
0
0
0
0

0

0

0
0
0
0

0

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0

0

0
0
0
0

0
0

0

0
0

0

0

0

0

0

0
0

0

0

0

0

0
0
0

0

0
0
0

0

0

0

0
0

0

0

0

0

0

0

0

0

0
0
0

0

0

0
0

0

0

0
0

0

0

0

0

0

0
0
0

0
0

0

0
0
0
0
0

0
0

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0
0
0

0
0

0

0

0
0
0
0
0

0
0

0
0

0

0

0
0
0
0

0

0
0
0
0
0
0

0
0

0
0
0
0
0
0

0

0
0
0
0
0
0
0
0
0
0
0

0
0
0
0

0

0
0

0

0
0

0
0

0

0

0

0
0
0
0
0

L

0

0
0
0
0
01
0

Note: numbers in zero sailing draftwere reportedin historicalBME dataatan undetermined sailingdrafl Consistent

gronth rateswere maintained over theforecmtpm”od ~ex F, Part III, P. 47



DRUMcGraw-HiII 1995 Q1 Forecast for
Baltimore Anchorages and Channels Study

Number of Movementi by Soling Draft in Feet by Vessel Type: FC at South Locust _
Point Marine Terminal

1993
-

0
0
0
0

0
0
0
0
0
0
0

0
0
0
0
0
0
0

0
0
0
0

0
0
0

0
0

0
0
0
0

0
-—--

o

2000
-

0
0
0
0
0
0
0

0
0
0

0
0
0
0
0

0
0

0

0
0

0
0
0

0

0

0
0
0
0
0
0

0
.— --

0

2010 2020

0
0
0
0
0
0
0

0
0
0
0

0
0
0

0

0

0
0

0
0

0

0

0
0
0
0
0

0
0
0
0
0

-——

0

0

0

0
0
0

0
0

0
0

0

0

0

0
0

0

0

0

0

0
0
0
0
0

0
0

0

0
0
0
0
0
0

-—__———-

0

—— .

2030 2040 2050
—. _

o
0
0
0
0
0

0

0
0
0

0
0

0
0
0

0
0
0

0
0
0
0
0
0

0

0
0

0
0
0
0
0

o
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0

0
0
0

0

0
0
0

0

0

0

0

0
0
0
0
0

o

0

0
0
0
0
0

0

0

0
0

0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0

0

0
0
0

0

0 0 0

OUTBOUND

.— —. _
1993 2000 2010 2020 2030
.— ——- .

0
0
0
0
0
0
0

0
0

0

0

0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0

0
0
0
0

0

0
0
0
0
0
0

0
0
0
0
0

0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0

0
0
0
0

0
0
0
0
0

0
0

0
0
0
0
0
0

0

0

0

0

0

0
0
0

0
0
0
0
0
0

0

0
0

0

0
0
0
0
0
0

0
0

0
0

0
0
0
0

0

0
0

0
0
0
0
0

0
0

0
0

0
0

0
0

0
0
0
0
0
0
0

0

0
0

0
0
0

0

0
0

0

0
0

0
0
0
0
0

——

2040 2050
——

0
0
0

0
0

0

0

0
0

0
0

0
0
0
0

0

0
0

0

0
0
0

0

0
0
0

0

0
0

0

0
0

0
0
0

0

0
0
0
0
0
0
0
0

0
0 -

0

0
0
0
0

0
0
0
0
0
0
0
0

0
0
0
0
0

—————-——.

00

Note: numbers in zero saiiing draj’1were reportedin hidorical BME &ta at an undetermined sailingdrafl ConsWnt

growth rateswere maintained over theforecast period Annex F, Part III, P. 48
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growth rateswere maintainedover theforecastperiod tiex F, Part m P. 49
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Number of Movements by Sailing Draft in Feet by Vessel Type: AA at Sparrows Point-
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Number of Movements by Sailing Draft in Feet by Vessel Type: AB at Sparrows Point
Ore Terminal
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Ore Terminal

De&ition of Shi~pe: Celhdar ~ 1000 TEU

INBOUND OUTBOUND

1993

0
0
0
0
0
0
0

0
0

0
0

0

0
0
0
0
0
0
0

0
0

0
0
0
0
0

0

0

0
0
0

0
0
0
0
0

0

0

0
0

2000
-

0

0

0

0

0

0

0
0

0
0

0

0

0

0

0
0
0

0

0

0
0
0

0

0
0
0

0

0

0

0
0

0
0
0
0

0

0
0
0
0

2010
-

0

0

0

0
0

0

0

0
0

0

0

0

0

0
0

0
0

0

0

0

0
0

0

0
0
0

0
0
0

0
0
0
0

0
0

0

0
0

0

0

2020

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
0

0

0

0
0
0

0

0

0
0

0

0

0

0

0
0
0

0
0

0

0

0

0

0

—— .

2030 2040 2050
- —.

o
0
0
0
0
0
0

0

0

0

0

0
0
0

0
0

0

0
0

0

0

0
0
0
0
0

0

0
0
0
0
0
0
0
0
0
0
0
0

0

0

0
0

0
0
0
0
0
0
0
0

0
0
0
0
0
0

0
0

0

0
0
0
0
0
0

0

0

0
0
0

0
0
0
0
0
0

0

0

0

—— . . —

1993 2000 2010 2020 2030
-- -- -

0
0
0

0

0
0

0

0

0
0

0

0

0
0
0
0
0

0

0

0

0

0
0

0

0
0

0

0

0
0

0
0
0

0
0
0

0

0

0

0

0
0
0
0

0
0

0

0
0
0
0
0

0

0
0

0
0

0

0

0
0

0
0
0
0
0

0

0

0
0
0

0

0
0
0
0

0

0
0

0

0
0

0

0

0

0
0

0

0

0

0
0
0

0
0
0
0
0
0

0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0

0

0
0
0

0

0

0

0

0

0

0
0

0

0
0

0

0
0
0

0

0

0

0

0

0

0

0
0
0

0

0

0

0

0
0

0
0

0

0

0

0

0

0

0

0
0
0
0

0
0
0

0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0

0
0

0

0
0

0

0

Note: numbers in zero sailin~ drafi were reportedin historicalBME dataat an undetermined sai.iing&aft

—.

2040 2050
-.

0

0

0
0

0

0
0

0
0

0
0

0

0

0

0
0
0
0

0

0

0

0
0
0
0

0
0

0

0

0
0
0

0
0
0
0

0
0

0

0

0

0

0

0

0

0
0

0

0

0

0
0

0

0
0

0
0
0

0

0

0
0

0

0

0

0

0

0

0
0

0

0

0

0

0

0

0
0

0

0

Consi@mZ

growth rateswere maintaine> OVL thefor;castperioa! &mex F, Part IV, P. 5



DRI/McGraw-Hill 1995 Q1 Forecast for

Baltimore Anchorages and Channels Study

Number of Movements by Sailing Drafi in Feet by Vessel Type: Al at Sparrows Point
Ore Term”nal

1993

0

0
0
0
0

0
0

0
0

0

0

0

0

0

0

0
0
0
0

0
0
0

0

0

0

0

0

0
0
0

0

0

0

2000

0
0

0
0

0
0

0

0

0

0
0

0

0

0

0

0

0
0

0

0

0

0
0

0

0

0

0

0
0
0

0

0
-——

0

2010
-

0
0
0
0
0
0

0
0
0
0
0
0

0
0

0
0
0

0
0
0
0
0

0

0
0
0
0
0
0
0
0
0

0

2020

0
0
0

0
0
0
0

0
0

0
0

0
0
0

0

0

0

0

0

0

0

0
0
0
0

0
0
0

0

0
0

0
——————-

0

—— —

2030 2040 2050
—— —

o

0

0

0

0

0

0

0

0

0

0

0
0

0

0

0

0
0

0

0

0

0
0
0

0
0
0
0
0

0

0

0

0

0
0
0
0
0
0
0
0

0

0

0

0
0

0

0

0

0
0

0

0

0

0

0
0

0

0

0

0

0

0

0

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(
(

(

(

(

(

(

(

(

(

(

(
—— -— —.-— ——— ——

00(

OUTBOUND

—— .— —

1993 2000 2010 2020 2030
—— — --

0
0

0
0

0
0

0

0
0

0

0
0
0

0

0

0
0
0

0

0
0
0
0

0

0

0

0

0

0

0

0

0

0

0
0
0

0

0

0

0
0

0

0

0

0
0
0
0
0
0
0
0

0

0
0
0
0
0
0
0
0
0
0
0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
0

0

0

0
0

0

0

0
0

0

0

0
0

0

0
0

0

0

0
0
0
0

0

0

0
0

0
0

0

0

0
0

0

0

0
0
0
0
0
0

0
0
0

0

0

0

0

0

0

0

0

0
0

0

0
0
0
0
0

0
0

0

0

0

0

0

0
0

0

0

0

0
0

0

0

0

0
0
0
0
0

0
-— — — —— -—-—-— —

00000

——

2040 2050
-—

0

0
0

0
0

0

0

0
0
0
0
0

0

0
0

0
0
0
0

0

0

0
0
0

0

0

0

0

0
0
0

0

0
0

0
0
0

0

0

0
0
0

0
0

0

0 -
0
0

0
0

0
0
0
0
0

0
0
0
0

0
0
0
0
0

— —-

00
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Number of Movements by Sailing Draft in Feet by Vessel Type: A2 at Sparrows Point-
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Note: numbers in zero sailingdra~ were reportedin historicalBME dataat an undeterminedsm”lingdrafi Consistent

growth raies were maintainedover theforecast period Annex F, Part IV, P. 13
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Note: numbers in zero sailing draf?were reportedin historicalBME a%taatan undetermined sailingdrafi Consistent

growth rateswere maintained over theforecastperwo! Amex F, Part IV, P. 43
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Note: numbers in zero sailing draji were reported in historicalBME dataat an undeterminedsailing &afi Consistent

gronth rateswere rnahtai~ed over theforecastperiod Annex F, Part IV, P. 44
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Note: numbers in zero sailing &a) were reported in historicalBbZE dataat an undetermined sailingdrafi Consistent

growth rates were maintained over theforecast perid Amex F, Part IV, P. 46
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Note: numbers in zero sading a?afiwere reported in historicalBME dataat an undeterminedsailin~ &a/l Consistent

growth rateswere maintm”nedovk theforkast period A&ex i, Part IV, P. 59
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Note: numbers in zero sailing draji were reported in historicalBME data at an undetermined sailing &a& Consistent

grow% rateswere maintainedover theforecast period Annex F, Part IV, P. 62
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growth rateswere maintained over theforicfzstperioo! hex F, Part IV, P. 63
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growth rateswere maintained over theforecast perwd Annex F, Part IV, P. 64
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Note: numbers in zero sailing dra$ were reportedin historicalBME dataat an undetermined sailing drajZ Consistent

growth rateswere maintainedover theforecast period Annex F, PartIV, P. 65
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Note: numbers in zero saiIing dra~ were reportedin historicalBME dataatanwndetermined sailingdrafi Consistent

growth rateswere maintainedover theforecastperiod Annex F, Part IV, P. 71
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growth rateswere maintained over theforecastpert”od Amex F, Pal V, P. 12
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Note: numbers in zero sailing&@ were reported in historicalBME dataat an undeterminedsailing drafl Consistent

growth rateswere maintained over theforecast period Annex F, Part V, P. 22
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Number of Movements by Sailing Draft in Feet for
at Seagirt Marine Terminal

Definition of Shiptype:Bulk 40-80KDWT
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Note: numbers in zero sa”iingdrafi were repotied in historicalBME &ta at an undetermined sailing drafl Consistent

growlh rateswere maintainedover theforecast perid Annex F, Part V, P. 23
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Note: numbers k zero sailing &aji were reportedin historicalBME dataat an undetm”ned sailing&afi Consistent

growth rates were nwintaihed over theforecast perid Annex F, Part V, P. 24
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Note: numbers in zero sailingba~ were reportedin historicalA3ME&ta at an un~ermined sailingdrafi Consistent
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Note: numbers in zero sailing&afi were reportedin historicalBME data at an undetermined saiiihgdkafl Consistent

growd rateswere maintm”nedover theforecast pm”od Amex F, Part V, P. 26
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Number of Movements by Sailing Drafi in Feetfor
at Se~”rt Marine Terminal

Definition of ShipQpe: Bulk 100-175KDWT
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Note: numbers in zero saiiing&a# were reported in historicalBME dataat an undetermined saiiing &afi Consistent

growth rateswere maintainedover theforecast pm”od Annex F, PartV, P. 27
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Note: numbers in zero saiiinghap were reported in historicalBME dataat an undeterm.m“ ed sailing drafi Consistent
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growth ratm were maintained over theforecastperiod Annex F, Part V, P. 30



\.

DRI/McGraw-Hill 1995 Q1 Forecast for
Baltimore Anchorages and Channels Study

Number of Movements by Sailing Dra$?in Feet for V&sselType: EA
at Sea@”rtMarine Terminal

Definition of Skiptype: Combin~”on < 20KDWT

INBOUND

1993 2000

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

——

2010 2020

o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OUTBOUND

I——.— ————
2030 2040 2050 1993 2000 2010 2020 2030

~— ~ ———— ~.

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
t)

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

——

2040 2050
————

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Note: numbers in zero sailing &afi were reportedin historicalBME dda at an undetem”ned saiiinghafi Consistent

grd rateswere ma.intabtedover theforecastperwd Annex F, Part V, P. 31



DRI/McGraw-Hill 1995 Q1 Forecast for
Baltimore Anchorages and Channels Study

Number of Movements by Sailing Drafi in Feetfor Vessel Type: EA
at Sea~”rt Marine Terminal

1993

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2000

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2010

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0

2020

o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OUTBOUND

I——————.—
2030 2040 2050 1993 2000 2010 2020 2030

~— ~— ~— ———

0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0 0 0 0 0 0 0 0 0 0

o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0

Note: numbers in zero sailing &a@ were reported in historicalBME Ada at an umktermined sailing&afi Consistent

grouth rateswere ~“ntained over theforecastperioii Annex F, Part V, P. 32
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Note: numbers in zero sailing dkafiwere reportedin historicalBME dataatan undetermined sailing diafi Consistent

grona%rateswere maintainedover theforecastperid Annex F, Part V, P. 33
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DIU/McGraw-Hill 1995 Q1 Forecast for
Baltimore Anchorages aud Channels Study

Number ofilfovements by Sailing Dra@ in Feetfor Vkxsel Type: EC
at Sea~”rtMarine Term”nal

OUTBOUND

I——.— ————
2030 2040 2050 1993 2000 2010 2020 2030
~~ —~ ~— ~~

1993 2000 2010 2020

o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0o 0 0 0 0 0 0 0 0 0 0
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DRUMcGraw-Hill 1995 Q1 Forecast for
Baltimore Anchorages and Channels Study

Number of Movements by Sailing Drafi in Feetfor V&sselType: ED
at Sea@-rtMarine Terminal

Definition of Shi~pe: Combination 8O-1OOKDWT

993

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

INBOUND

—— —
2000 2010 2020
—— ——— —

o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OUTBOUND

I——. . ————
2030 2040 2050 1993 2000 2010 2020 2030

——~— — —— —~~ .— —

o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

a
c
c
G
c
c
o
0
0
0
a
o
0
0
(1

(J

o
0
a
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

——

2040 2050
~

o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Note: numbers in zero sailing&afi were reported in historicalBME dataat an undeterminedsailing drafi Consistent

gron#hrata were main.tam“ ed over theforecast perwci Amex F, Part V, P. 37
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DRUMcGraw-Hill 1995 Q1 Forecast for
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Number of Movemen& by Saiting Draft in Feet for
at Seagt”rtMwine Terminal
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DRUMcGraw-Hill 1995 Q1 Forecast for
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Number of Movements by Sailing Dra# in Feet for Vessel Type: FB
at Sea~”rtMarine Term”nal
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Note: numbers in zero saiiing &a> were repotied in historicalBME Ata atan undktermined sailing &afl Consistent
growth rateswere maintainedover theforecast perid Annex F, Part V, P. 46
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DIWMcGraw-Hill 1995 Q1 Forecast for
Baltimore Anchorages and Channels Study

Number of Movements by Sailing Dra@ in Feet for
at Sea~”rt Marine Terminal

Definition of Ship@pe: Tanker40-80KDWT
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Note: numbers in zero saiiing&a# were reported in historicalBME data at an undeterminedsailing drafi Consistent
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DRI/McGraw-Hill 1995 Q1 Forecast for
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Number of Movement$ by Saiking Drafi in Feet for J@sselType: FC
at Seagirt Marine Terminal
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DRUMcGraw-Hill 1995 Q1 Forecast for
Baltimore Anchorages and Channels Study

Number of Movements by Sailing Drafi in Feet for
at Se~”rt Marine Terw”nal

Definition of Shiptype: Tanker 80-IOOKDWT
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Note: numbers in zero saiLing~a~ were reported in historicalBME Ata at an unakierminedsaillng&afi Consistent
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Number of Movemen& by Saiihg Drafl in Feet for Wssel Type: FD
at Seagirt Marine Terminal
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Note: numbers in zero sailing &afi were rqported in historicalBME Ata at an undeterminedsaiiing &afl Consi@ent

growth raieswere maintained over theforecast perwd Annex F, Part V, P. 50
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Note: numbers in zero sading dkafiwere repotied in historicalBME dataat an undetermined sailing drafl Consistent

growth r- were maintained over theforecastperid Annex F, Part V, P. 54



DRI/McGraw-HilI 1995 Q1 Forecast for
BaMmore Anchorages aud Channels Study

Number of Movemen& by Sailing Drafi in Feet for
at Sea@”rtMarine Term”nal

Defwition of Shi~pe: Tanker> 250KDWT

V&sselType: FG

1993 2000 2010

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2020

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

ouTBouND

I
—— ———— ——
2030 2040 2050 1993 2000 2010 2020 2030

o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

——

2040 2050
—.—.

o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

-- .

Note: numbers in zero sailing &a# were repotied in historicalBME dataat an undetermined ding drafi Consistent

growih rateswere maintained over theforecastperiod Annex F, Part V, P. 55
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Note: numbers in zero sailing &afi were reported in historicalBME dataat an undeterminedsailing drafi Consistent

growth rateswere maiidai.nedover theforecast period Annex F, Part V, P. 56
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Note: numbers in zero sailing &a@ were repotied in historicalBME dataat an undeterminedsailingdrafi Consistent

grod rateswere maintained over theforecastperioii Annex F, Part V, P. 57
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Number of Movements by Sailing Drafi in Feetfor
at Sea@”rtMarine Terminal
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Total Number of Movements by Sailing Drafi in Feet for Vessel Type: TOTA
at Seagirt Marine Terminal
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Number of Movements by Sailing Drafi in Feet by Vessel Type: AA
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Note: numbers in zero sailing draft were reported in historical BA4E data at an undetermined sailing draft. Consistent
growth rates were maintained over the forecast period. Annex F, Part VI, P. 1
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Number of Movemenfi by S’ling Draft in Feet by Vessel Type: AA
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Note: numbers in zero sailing draft were reported in historical BME data at an undetermined sailing draft. Consistent
growth rates were maintained over the forecast period. hex F, Pat VI, P. 2
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growth rates were maintained over the forecast period. Annex F, PartVI, P. 11
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IVote: numbers in zero sailing &aft were reported in historical BME data at an undetermined saiting draft. Consistent

growth rates were maintained over the forecast period. Annex F, Part VI, P. 12
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Note: numbers in zero sailing draft were reported in historical BME data at an undetermined sai!ing draft. Consistent
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growth rates were maintained over the forecast period. Amex F, Part VI, P. 21
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Note: numbers in zero sailing draft were reported in historical BME data at an undetermined sailing draft. Consistent

growth rates were maintained over the forecast period. Annex F, Part VI, P. 29



DRI/McGraw-Hill 1995 Q1 Forecast for
Baltimore Anchorages and Channels Study

Number of Movements by Sailing Drafi in Feet by Vessel Type: DF
at All Other Terminals

INBOUND

1993

o

0

0
0
0

0
0
0
0

0

0
0

0
0
0
0
0

0
0
0

0
0
0
0
0
0

0

0
0

0
0
0

.——.

2000

0

0

0

0
0
0
0
0
0
0

0

0

0

0
0

0
0

0

0
0

0
0
0
0
0
0

0
0
0
0
0
0

2010

0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0

0

0
0
0
0
0
0
0
0

0
0
0
0

0
0
0

2020

0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

—— .

2030 2040 2050
~— ~

2 5 11

0

0

0

0
0

Q
o
0
0

0

0
0

0
0
0
0
0

0
0

0

0
0
0
0
0
0
0
0
0
0
0
0

.——.—.-

21

0

0
0
0
0
0
0
0
0

0
0

0
0
0
0
0

0

0
0

0

0
0
0
0
0
0
0

0

0
0
0
0

c
c
a
c
c
c
a
a
c

0
c1
c

0
c
a
0
a
a
a
0
c1

c
c
c
c
c
c
c
c
c
c
c

.— —.—— ——

33 49

OUTBOUND

o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0

0
0
0

0
0
0

0

0
0
0
0
0

0

0
0
0
0

0
0
0
0

0
0
0
0
0
0
0

0

0
0

0
0
0
0
0
0

0

0

0
0
0
0
0

0

0

0
0
0
0
0
0
0

0
0
0

0
0
0
0
0

0

0

0
0
0
0

0
0

0
0

0

0

0
0
0

0

0

0

0
0
0
0
0
0

0
0

0

0
0

0
0
0
0
0
0
0
0
0
0
0
0

0

0

0
0
0
0

0

0

0
0
0
0
0
0
0

0

0
0

0
0

0
0

0
0

0

0
0
0
0
0

0
0
0
0
0

0
0
0

o

0
0
0
0
0
0
0
0

0

0
0

0
0
0
0

0

0
0

0

0

0
0
0
0

0
0

0

0

0
0
0

0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

—— —-— =~ == —— .—-—— —— —--— —

1 2 5 11 21 33 49

.

-

Note: numbers in zero sailing draft were reported in historical BA4E data at an undetermined sailing &a>. Consistent
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Note.”numbers in zero sailing draft were reported in historical BME data at an undetermined sailing draft. Consistent
growth rates were maintained over the forecast period. Annex F, Part VI, P. 52
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hrote:numbers in zero sailing draft were reported in historical BME data at an undetermined sailing draft. Consistent
growth rates were maintained over the forecast period Amex F, Part~ P. 54
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Note: numbers in zero sailing draft were reported in historical RUE data at an undetermined sailing draft. Consistent
growth rates were maintained over theforecast period. Annex F, Part VI, P. 58
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Note: numbers in zero sailing draft were reported in historical BikLEdata at an undetermined sailing draft. Consistent
growth rates were maintained over theforecast period. Annex F, Part VI, P. 59
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Note: numbers in zero sailing draft were reported in historical MA??data at an undetermined sailing draft. Consistent
growth rates were maintained over the forecast period. Annex F, Pa.xtVI, P. 60
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Note: numbers in zero sailing draft were reported in historical BM73data at an undetermined sailing draft. Consistent
growth rates were maintained over theforecast period. Annex F, Part VI, P. 61
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growth rates were maintained over theforecast period. Annex F, Pm VI. P. 62
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growth rates were maintained over theforecast period. Annex F, Part VI, P. 63
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Note.”numbers in zero sailing draft were reported in historical BME data at an undetermined sailing draft. Consistent
growth rates were maintained over theforecast period. Annex F, Part VI, P. 64
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Note.-numbers in zero sailing draft were reported in historical BME data at an undetermined sailing d-aft. Consistent
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Note: numbers in zero sailing draft were reported in historical BME data at an undetermined sailing draft. Consistent
growth rates were maintained over theforecast period. Annex F, Pm VI, P. 68
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.Vote: numbers in zero sailing drafl were reprted in historical BME data at an undetermined sailing draft. Consistent
growth rates were maintained over theforecast period. Annex F, Part VI, P. 71



DWMcGraw-HiII1995 QI Forecast for
Baltimore Anchorages aud Channels Study

Number of Movemen& by Sailing Draft in Feet by Vessel Type: XY
at All Other Terminals

INBOUND

1993

o
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

—.——-

44

2000 2010

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

——-—

64

0
0
0
0
0
0
0
0
0
0
0
0

0
0

0

0

0
0
0
0
0

0
0

0

0

0
0
0
0
0
0

0
——--—-

78

2020

0
0
0

0
0
0
0
0
0
0
0
0

0

0

0

0
0

0
0
0
0

0

0
0
0
0
0
0
0
0
0
0

-—.—

109

—— .

2030 2040 2050
~—

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0

0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

-— —-—— -——

143 182

0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

——

235

OUTBOUND

1993 2000 2010 2020 2030
~— ~~ ~

o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0

0
0
0
0
0
0

0

0
— —--- — -——~— — .--—- -— —

70 95 114 168 212

o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

.— —-— —

275 353

---

ATo!e:numbers in zero sailing draft were reported in historical BME data at an undetermined sailing draft. Consistent

growth rates were maintained over the forecast period. Amex F, Part VI, P. 72



DRUMcGraw-Hill 1995 Q1 Forecast for
Baltimore Anchorages wd Channels Study

Total Number of Movements by Sailing Drafi in Feet by Vessel Type
at Al! Other TerminaLs

INBOUND OUTBOUND

1993

5
0
0
0
0
0
0
0
0
1
0
0
1
0
3
3

10
9
4

13
15
21
30
33
67
78
68
95
91
78
71
62
59
29
25
15
16
3
6
6

2000

7
0
0
0
0
0
0
0
0
1
0
0
1
0
2
3
7
5
3

12
19
29
42
45

107
114
95

143
138
128
100
108
83
41
33
37
19
14
7
7

2010

10
0
0
0
0
0
0
0
0
2
0
0
1
0
2
4
6
5
4

16
23
38
54
55

149
136
120
183
179
182
123
177
102
51
39
77
24
35

9
11

2020

17
0
0
0
0
0
0
0
0
3
0
0
1
0
3
6
9
7
5

22
32
51
73
76

236
200
175
267
264
272
182
271
152

81
66

147
38
73
11
21

—.

2030 2040 2050
—.—. ~

21
0
0
0
0
0
0
0.
0
4
0
0
1
0
3
8

11
8
4

24
36
60
83
95

318
262
223
344

355
227
335
185
110
89

230
47

109
14
33

25
0
0
0
0
0
0
0
0
5
0
0
1
0
4

11
15
10
4

26
42
71
95

116
418
341
291
452
455
461
286
421
235
148
123
353

60
139
18
48

3:
(
(
(
(
(
(
(
(
t
(
c
I
c
4.

17
la
12
4
29

47

84

109
136
531
436
375
593
596
593
361
529
295
197
165
516

78
164
22
70

—— .—

1993 2000 2010 2020 2030
—— ——~. . .

90
0
0
0
0
0
0
0
0
0
0
1
0
8
6

11
12
12
17
16
38
50
68
63
76

101
107
121
94
65
72
61
40
42
17
39
14
9

13
6

120
0
0
0
0
0
0
0
0
0
0
1
0
9
7

13
13
14
21
20
50
71
98
87

123
151
161
175
139
109
107
111
57
63
26
77
21
26
17
9

141
0
0
0
0
0
0
0
0
0
0
2
0

10
5

11
10
14
25
24
63
85

130
106
172
197
208
219
176
156
131
186
66
80
33

136
25
59
15
11

205
0
0
0
0
0
0
0
0
0
0
2
0

13
6

16
16
22
37
33
86

123
174
147
280
282
304
325
262
246
196
301
103
125
53

242
42

115
24
20

256
0
0
0
0
0
0
0
0
0
0
3
0

13
8

20
20
23
45
39

101
141
184
173
393
349
398
420
340
337
251
388
128
163
71

360
55

167
27
29

—.

2040 2050

322
0
0
0
0
0
0
0
0
0
0
4
0

13
8

22
20
27
52
48

120
169
210
206
529
449
526
556
458
449
326
501
163
215

98
535

75
217

32
43

394
0
0
0
0
0
0
0
0
0
0
4
0

12
7

23
20
29
62
53

134
193
236
247
680
579
691
732
606
585
422
636
210
277
132
759
100
260
41
59

Note: numbers in zero sailing draft were reported in historical BME data at an undetermined sailing draft. Consistent
growth rates were maintained over theforecast period. Annex F, Part VI, P. 73
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DR.VMcGraw-Hill 1995 Q1 Forecast for
Baltimore Anchorages and Channe[s Study

Total Number of Movementi by Sailing Drafl in Feet by Vessel Type
at All Other Terminak

INBOUND

—— . —— —— ——

2040 2050
~~

2030 2040 2050 1993 2000 2010 2020 20301993 2000 2010 2020

462 869
67

11 15
36 62

00
0.0

13
3
4
0
5
s
5

15
11
0
0
0
0
0
0

.0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

31
6

10
2
7
7
5

18
12
28

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

93
6

20
6
5
5
5

15
11

113
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

226
10
36
15
8
7
7

22
17

253
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

436
10
45
30
8
8
6

23
19

346
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

809
13
73
56
9
9
6

2s
22

670
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

1451
18

112
101

9
10
6

28
29

1259
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

X566
10
21

108
0
0
0
0

15
1185

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

21
6
7
6
0
0
0
0
0

26
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

91
6
7

10
0
0
0
0
1

106
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

232
8

11
21
0
0
0
0
3

238
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

1
6
6
4
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
5

326
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
8

630
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

.-

——-——

934

.— —

4429 62651416

-—-—

2038

.——-

8926

—— —.— —————— —-— — . .

1330 2022 2775 4401 5833 8085 112063274

-

Note: numbers in zero sailing draft were reported in historical BME data at an undetermined sailing &aft. Consistent
growth rates were maintained over theforecast period. Annex F, PartVi, P. 74
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DIU/McGraw-Hill 1995 Q1 Forecast for
Baltimore Anchorages ad ChanneIs Study

Total Number of Movements by Sailing Draft in Feet by Vessel Type
at All Terminak

INBOUND

— -—- — -— —.—----—— -— — -— —.- -—— --—---—
1993 2000 2010 2020 2030 2040 2050

12
0
0
0
0
0
0
0
0
4
0
0
2
0
6
5

21
18
6

26
31
45
67
75

161
192
161
229
225
189
163
144
128
66
52
38
37

7
12
7

19
0
0
0
0
0
0
0
0
4
0
0
2
0
6
6

22
16
8

27
40
58
93

104
271
282
227
339
340
306
240
258
187
93
71

110
48
26
15
9

24
0
0
0
0
0
0
0
0
7
0
0
1
0
6
6

19
17
8

36
47
75

118
127
399
340
288
437
437
420
296
423

117
86

243
56
62
18
13

42
0
0
0
0
0
0
0
0

10
0
0
2
0
7

11
29
23
11
49
67

104
168
181
646
505
424
635
652
639
441
664
354
187
142
463

91
126
26
25

51
0
0
0
0
0
0
0
0

13
0
0
2
0
9

15
40
29

9
58
80

124
192
228
895
652
542
820
850
841
553
862
442
253
191
729
114
183
33
39

63
0
0
0
0
0
0

. 0
0

17
0
0
2
0

11
22
52
35
9

65
94

150
224
284

1201
850
705

1078
1124
1094
706

1126
567
335
268

1114
148
243
42
58

79
c
0
a
0
c1
0
0
0

22
0
0
2
0

12
33
59
40

9
73

104
180
265
343

1544
1087
912

1408
1463
1403
898

1451
715
441
360

1620
189
300
52
85

OUTBOUND

-—- — ——- —- —__—-— — ——- --—- __

1993 2000 2010 2020 2030
—-— —— ___—— -—— —- —- ___

150
0
0
0
0
0
0
0
0
0
0
1
0
9
7

16
16
15
26
18

.54
68

100
86

130
162
182
197
162
119
138
115
73
84
37
75
31
12
16
6

206

0

0

0
0
0

0
0
0

0

0

1
0

10
8

20
20
19
35
25
74
99

145
120
226
235
270
281
236
196
208
216
105
126
59

165
44
32
22
9

248
0
0
0
0
0
0
0
0
0
0
4
0

12
6

19
17
20
43
30
89

122
191
146
338
301
341
351
302
274
258
348
130
159
74

310

55
69
22
11

363
0
0
0
0
0
0
0
0
0
0
4
0

16
7

28
26
32
63
42

126
175
262
204
563
437
503
521
450
437
385
575
200
251
123
561
92

131
35
20

459
0
0
0
0
0
0
0
0
0
0
5
0

16
9

35
31
35
77
50

149
206
288
246
813
548
653
672
589
596
494
779
253
328
165
849
122
186
41
29

—---- ___--— -—_

2040 2050
—y ----———- ___

588
0
0
0
0
0
0
0
0
0
0
7
0

16
9

41
35
42
97
62

182
249
339
296

1108
708
860
885
790
795
641

1036
327
430
225

1267
166
244
53
43

723
0
0
0
0
0
0
0
0
0
0
8
0

14
8

45
37
46

121
71

206
290
392
354

1438
904

1119
1162
1034
1033
828

1348
417
553
304

1813
224
294
68
59

Note: numbers in zero saiIing draft were reported in historical BME data at an undetermined sailing draft. Consistent
growth rates were maintained over theforecast period. ‘&nex F, Part VII, P. 1



DRUMcGraw-Hill1995Q1 Forecast for
Baltimore Anchorages and ChanneIs Study

Total Number of Movements by Sailing Drafi in Feet by Vessel Type
at All Terminals

INBOUND

—— —.— .—--— —————- .—
1993

2
15
21
8
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2175

2000 2010

43
17
29
10
0
0
0
0
0

28
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

3354

185
16
38
14
0
0
0
0
1

113
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

——.—

4727

2020 2030
— ———- -.—

471
22
60
27
0
0
0
0
3

253
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

937
18
68
41

0
0
0
0
5

346
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

— -—-——— —--

7560 10264

2040 20s0
=S

1763 3178
23 31

105 1s5
68 116

-0 (1
o (1
o a
o 0
8 15

670 1259
00
0 0
0 (1
o 0
0 Q
o (1
o (1
00
0 0
0 0
0 c
o c
o c
o c
o c
o c
o (
o (
Oc
o (
o (
o (

=—

14324

—-

1990:

OUTBOUND

——- —— —-—- —— — —-- ——---- ——

1993 2000 2010 2020 2030
— --——- --— ~~ ~ -=

13
4
4
0
5
5
5

15
11
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

53
7

10
2
7
7
5

18
12
28
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

193
9

21
6
5
5
5

15
11

113
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

482
14
38

15
8
7
7

22
17

253
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

948
16
48
30

8
8
6

23
19

346
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

—— -———— -——

2040 2050

1775 3194
22 30
78 120
56 101

9 9
9 10
6 6

25 28
22 29

670 1259
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0

0 0
0 0
0 0

0 0
0 0
0 0
0 0

0 0

0 0

0 0

0 0

0 0
0 0

-—— -c — ——
—. -— -—— —— — —— ~

—-

2167 3361 4673 7495 10175 14213 19699

Note.- numbers in zero sailing draft were reported in historica[ BME data at an undetermined sailing draft. Consistent
growth rates were maintained over theforecast period. Amex F, PartVII, P. 2

-—



ANNEXG LANDSIDEINFRASTRUCTUREATTHE

PORTOFBALTIMORE

.

,.

‘L

. .



ANNEX G

LANDSIDE INFRASTRUCTURE AT THE PORT OF BALTIMORE

Port ifiastructure plays a critical role k the ability to realize forecast commodity flows.

During the Baltimore Anchorages and Channels Feasibility Study, several meetings were

held with the public and private termiml operators to discuss several items including

short-term and long-term facility expansions. The simulation analysis accounted for

known expansion plans and their implementation over the forecast period. Furthermore,

based on the known expansion plans’ interaction with forecast vessel flows, the

simulation analysis identified constraints or “bottlenecks” that may occur in the 2030 to

2050 time fiarne -if a) additional facilities (currently unknown) are not provided; orb)

landside productivity rates do not change from those represented in the simulation; or c)

additional facilities and improved productivity rates are not provided. For this reason,

forecast growth beyond 2030 was not considered in the study. To better address the

landside capacity of the po~ this annex provides information on facility development

and expansion including loadinghnloading capability, storage warehousing capability

and transportation throughput capability. The Port of Baltimore and the greater

Baltimore business community continue to expand and improve the varied infrastructure

elements necessary to support continual growth.

Annex G, page 1
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BALTIMORE 13AR130RANCHORAGES

AND CHANNELS,MARYLAND
.

EXPERT REVIEW

OF.

SIMULATION MODEL

\ DEVELOPMENT

AND APPLICATION



BACKGROUND

Because of the important role simulation occupied inthe Baltimore Harbor Anchorages
and Channels Feasibility Study, independent review and evaluation of the simulation model
was conducted. This independent review, critique, and evaluation was conducted by
experts proficient in deep-draft navigation, systems analysis, and simulation modeling. To
assist in this review, each reviewer was provided a copy of the 1995 Baltimore District
draft report, simulation technical reports prepared by Professor Michael Racer, source
code listings, and simulation, executable, and cross reference program files.

The technical reviews were conducted by:
Dr. Jan A. Berg-Andreassen;
Dr. Paul Schonfeld;
Dr. Michael S. Bronzini; and
Dr. Ambrose Goicoechea.

Reviews were completed in 1996 and are contained herein. The reviewers point to the
potential for continued use of this model in the Port of Baltimore as well as the
applicability of similar modeling in other Corps of Engineers port and harbor studies. The
sections following the technical reviews discuss the simulation model itself and were
prepared subsequent to the completion of the technical reviews.

The sections contained in the Simulation portion of the Economcis Appendix are:

Expert Review of Simulation Model Development and Application;

Simulation Analysis of Anchorages and Channels Modifications;

Baltimore Harbor Channel Simulation User’s Manual;

Example Benefit Determinations and Charnel and Anchorage Alternatives.

13. . . . .
.
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Dr. Jan A. Berp-Andreassen. Dr. Jan A. Berg-A.ndreassen is an economist specializing
in maritime transportation and economics. Dr. Berg-Andreassen is the Vice President of

Hydrologic International, Incorporated. He was previously a professor of economics at
the Texas A&M University-Mitchell Campus. Since 1978, Dr. Berg-Andreassen has been
working in ship brokerage and economic consulting on intimation shipping matters. Dr.
Berg-Andreassen has a B.S. in economics/statistics and a M. S. in economics from the
University of Oslo, Norway. He has an M.B.A. and an M. A. in energy
economics/econometrics from the University of Houston, Texas, where he was awarded a
Ph.D. in economics for his study “The Port System and the National Economy. A Multi-
Sectoral Study of Economic Interactions”. Dr. Berg-Andreassen has published several
articles on the shipping markets in international shipping journals concerning shipping
economics, risk assessment, the tanker indust~ and maritime law. He has lectured on
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Re.: Baltimore Harbor Anchorages and ChanneL IWqland

Please find enclosed two copies of my analpk of the Baitimore Anchorage Study. I

apologize for the delay% tich was as you lmow, partZy due to my insistence on getting
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Withthe best wishes for a nice summer, Iremain

L
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Reamble

Jn order to secure that the Port of Baltimore, is wellprepar~ navigationdy and
operational&,for the dynamicchangesthat willtake place m the comhg years, the US
Amy Corpsof Engineers Bakin.uwe Iktrkt (USACE), has undertaken a study of the

port, ks access channels and anchorages to evaluate needed structural and nonstructural
investments and changes.

Hence, this studyserves as a supportdocumentfor both fkdera.1decisionsas well as non-
ftieral involvementby the MarylandPort Authority.

In the following, a review of the IntegratedFeasibilityandEnvironmentalImpact
Statement as weIlas the SimulationModel developedbyINSEat the Universityof
Memphk, is pefiormed.



Section I- The Simulation Model

L1 Introduction

. .
Imtudly,the choice of models availableto the USACE were

1) Econometric/TimeSeriesmodels
2) Q.T. Models
3) SimulationModels

The USACE chose to utilizea simulationmodel previously appliedto problems
experiencedon the Houston/Galvestonshipchannel

The choice of model is well founded. Correct andrealisticmodeling of the operating
environmentthroughsimulationmodels canprovide quick andrelevantsolutionsto a
varietyof operationalandnavigationalproblems experiencedby theport access system A
major strengthof thisme of model is the abilityof the analystto perform wndhity
analysison anygiven baseline.Thu%themodel can be runas manytimes asneeded each
timeenhancingthe analyst’sunderstandingof theproblem complex conhmting the
Shorebasedandshipbaseddecision makers.

An importantelementof theuse of the simulationmodel is, as mention~ the
enhancementof the understandingon thepart of the operatinganddecisionmakingport
-gement @% Hence, anevaluationof the model shouldrncludea “usediiendliness”
anglem additionto the straightforwardtechnicalanalysis.

1.2 Theory andApplicability

The fictional theoriesembeddedm the simulationmodel arenon-complex andrelatively
straightforwar~ althoughthenumberof simuhaneousactivitiesis large. The main
theoreticalweakne+ whichis not necessarilyinconsistent,is the ‘%esselpull” approach
utilized

Herethe aniwds to the systemis accordingto standardQT practices. From then o%
however, the systemis m control of the dip andhence servicetimesanddeparturesare
deterministic.

The demurragehiispatchfixture of the mode~ althoughrelativelyminor, Aould possiily
be reconsidered.

Assumingthatthe “disp-per” meansallowablelaytime,72 hours for allvessel sizes seems
too general,More time Aould be allowed for largerthanfor smallerships.Normallythe
charterpaxty(voyage charter)stipulatesthe l.aytimem the ‘%oth ends” hhio~ i e., a
Iaytimeis set for both the loadingport andthe dischargingport. Time not used for loading
canbe used for unloading.Laytimeis never stipulatedfor a specific port. A brief

I .->CUW J 1



telephone suxveyof some New York charterbrokers would no doubt yield more realistic
@times. One should also notice, contraryto theRacer mode~ thatm realitydeparture
ratesare linkedto the shipsratherthanto ports or berthsas done m the model

AsmaIlbutcon@mg“ typographicalerrorwas fbund whentryingto understandthe
technicalaspect of the simulationmodel as describedm the “ChannelSimulation”A
User’s Man@ January1994. On page 23: port_dist(rnteger) shouldreadpoti_dist(real).
This caused some problemswhm tryingto ident@ theparametersof the SeasonalFile.

Another f=ture mentionedm the User’s Manualis cdisions and shipwreckages. In the
currentverai~ collisions are ignored. In the tie, however, with the expected rncreased
tra5c, colisions will take place. Thq m order to provide more realismto the analytical
framewo~ collisions andnavigationalmishapsmustbe takenrntoaccount.

1.3 The User Intexfiwes

&indicated above, animportantaspect of simulationmodelingis thatit allows decision
markersto educatethemselveson thewortigs of the systemwithinwhich they must
makedifiicuh decisions.

In order to be readilyandeasilyavailableto a broaderusergroupthanthe expert
programmer%the currentmodel needs to be given a user shellthatallows for easy
modificationsof the two parameterfile%i.e., theExistingStructurefile, andthe Seasonal
file.Additionally,modifications shouldbe allowed for one parameter“ceterispwibus”
type of changes.

Hence, themodel shouldbe compiled andintegratedrntoa DOS or a Wrndows ~ell that
allows changesm the fksbionusershave become fbiliar withm Wrndows andDOS
environments.In the cumentversi~ the program can onlybe utilbMIby individuals
fhmilimwith firstor second generationprogramming.

L4 Conclusions

Theprogram as it was provided to thisreviewer,gives a ikirlygood pictureof the totality
of activitiesm the Port of BaltimoreAccess System It is, however, recommendedthatthe
model is modified to rnclude

1) more realisticlaytimeallowances andconsequentlymore realisticdeparture
procedures leveledto the size and specificationof the shipratherthanthe terminaL

2) changedemwrage/dispatchcalculationsto reflecttradepracticesratherthan
some averagelaytimefor all ships.



3) it is stronglysuggestedthatthe simulationmodel be given a more useriiiendly
rntafiwe, which would greatlyimprovethepotentialbenefitsto the port decision
makers.

Section II- The Harbor Study

II.1 Introduction

This section of the review is concexnedwith theDrafi Report of the BaltimoreHarbor
Anchorage and Channe@ Mar@@ IntegratedFeasibilityStatementandEnvironmental
Impact StatementrncludingAppendices A-I., the writtenreports.

The overallimpressionof the studyis thatis professionallydone. In manyrnstances,
however, the analysestendto be too generalandnot focused enough to delineatethe
more crucialelementsfor sound decisionmaking.This review concentrateson these
instances.

11.2 Some obstxvations on the TheoreticalFramework

Section2- ExistingConditionsandAffiectedEnvironments2.15 Vessel Types and
Tonnages.Here, a more powerfixlanalym“ could have beenprovided througha slightly
difikre.nttonnage distribution.It is importantfor the Port Managenmt audfor the
infiastmcturaldecisionsthatneed to be made, thatthe analysisdistinguishesbetween

1) General Cargo ship> ie., conventio@ containerandRo-Ro ships

2) BuIkCarri~ ie., dry andwet bulk

Therequirementsand the decision makingprocess is quiteWkrmt between these two
categories.Whereasthe GeneralCargo shipsaremostly linerships,which arewholly
controlledby the shipowners.It is the shipowners,the linercompanies thatmakethe
decisionswhetheror not to use thePort of Baltimoreat all..Underthe rntexm.odal
transportationprocess, the one-bill-oflladingsystem(ref Motorcanier Act of 1980,
StaggersRailroadAct of 1980 andthe MaritimeShipprngAct of 1984), the liner
companieshave the ultimatesaym which port they use. Long waitingtime and other
obstaclesto modem efficientlineroperations,will very quicklyresultm a movememtof
semice to otherports whereport timeis kept to an absoluteminimum Thus, the port
shouldhave policies m place to handlethis segmentof the traflicm a commercially
optimalfhshion.

mna 4n L
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‘I’hebulk cmiersegmen~on the other han& is under the complete control of the cargo
owners. The charterpartiescontain stipulationson Iaytimeand safkportdb~ but
otherwiseleave all commercial decisionsm thehandsof the cargo owmr or charterer.

The studydoes not fidly reflect thisreal@, neitherm thissectionnorm any other
analyticalsections. Although thereis a brief outlineandmentionof the dif&renttypes of
shipsm the text it is not suilicientfor a good understandingof the fleet size%structure
andcommercialrequirements. If the Port of Baltimoreis to achievea broader ‘load
center” statusit musttake the asymme@ betweenbulk andlinershippingrnto
cmsideration m itsplanningandinvestmentdecisions.

Section 3- Problem Idedication lh this sectionthereis one notable statementthat
shouldbe removed On page 3-10, lastparagraphcontainsthe following semtence:
‘Vessels areoften delayedat berthwhile waitingfor a letterof credit and at sea ...”.

Vessels arefrequentlydelayedat berthbut never due to lettersof credits fbr cargo or
otherwise.In the case of bulk carri~ L/C’s for the cargo arearrangedlong before the
shipis charteredandlinercompaniesneverwaitfor anyparticularcontainer. This
phenomenonmight however, be a pecuhrity to the Port of Baltimore.Under any
circumstances the statementshouldbe verifiedor removed

In Section 4.6.2.e Modification of Vessels - thepossibilitiesof modiijing vessels for the
anchoragesis evaluated This is, of course, a theoreticalpossibility,but an absolute
impossibilityconsideringthe commercialimplicationsof this suggestion.Neithertheport
nor the shippingcommunitywould ever contemplatesuchpossibdkies. Ship owwrs build
to PanamaCanalspecificationsas the traflic andgeneralmarketflexMhty“ demands& but
buildingshipsfor Baltimorespecificationsis quiteanotherthing.Removal of this section
would greatlyimprove the overall impressionof the analysis.

Section4.8.1 StucturalMeasures- &cusses thepowibihty“ of Fixed Berths. This idea is
rejected outright.Suchberthsare,however, used aroundtheworld for vaious purposes. I
thinka closer am@s“ of thispossibilitywould be m order. The advantageof such a
soluti~ if feasible, is unquestionableparticularlyfrom a space savingpornt of view.

Inthe write-up of the SimulationAna&sis(Section 4.10.1), it does not come clearly
throughthatthe dollaramountsarereal 1995 dollars.This shouldbe emphasizedmore
clearly.

In Section 5.1.1 Without Condition Plan- the annualshipcallsshouldalso be displayedas
shipcallsper hour m order to create a betterunderstandingfor the magnitudes(e.g.,
20,000 callsper yearsis equal to 2.3 shipdour) This createsan immediateperspective on
theproblems fking thenavigationaliniiastructure.
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Table7.2- FinancialObligationShouldexplicitlystatewhetherit is dealingwithnominal
or 1995 dollariigu.res.

11.3 The OverallImpression

Ih thisreviewer’s opinionthework done on the studyis of good standardconsuhancy
quality,*OU@ there arepoints were the studyis rathersupmfic.ialSome of these flaws
areporntedout m my analysisabbve. The rnclusionof the SimulationModel Results@ of
course, a major step m therightdirection.Dr. Racer’s work is of high qua@anddl
servethe decisions andthe decisionmakerswell.
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Introduction

This review of the Baltimore Harbor Anchorages and channels study

focuses, as requested by the Baltimore District of the Army Corps of Engineers,

on the simulation model developed and applied for this study by Professor Michael

Racer of Memphis State University. However, I should start with some comments

about the rest of the study, as documented in the “Draft Integrated Feasibility

Report and Environmental Impact Statement” and its Appendices A through 1, of

October 1995.

General Study

The overall

can always regret

think the authors

study seems to be well presented and documented. Although I

the lack of additional information in areas of interest to me, I

should be commended for a very comprehensive and detailed

study. It seems to me that the efforts and resources devoted to the study are

commensurate with the magnitude of the problems and with the costs and other

impacts of the solutions examined. Although the overall study seems quite

satisfactory, I think the following specific comments might still be addressed:

1. Information in the appendices or from previous studies should be

more precisely cited when appropriate. For instance, there seems to

be insufficient connection or reference to particular forecasts in

Section 2 (are all forecasts based on Appendix C information?) or to

cost estimates in Section 5 (are all these taken from Appendix Il? ).

It would be helpful to cite actual pages or tables from the referenced

sources.

2. I would have liked to read more about the assumptions and

procedures used in the evaluation methods. The report tends to

summarize evaluation results without providing enough information
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or references about estimation methods, even in appendices. It

tends to assume that there is only one way to calculate dredging

quantities or compare the costs and benefits over time of interrelated

alternatives and that every reader knows that one way. Personally,

I would have liked to know more about how anchorage costs depend

on dimensions, locations, or other characteristics. Most importantly,

I would have liked to know much more about the possible

interdependencies among alternatives and about the rationale for

grouping various altermtives into only 6 plans.

3. Related to #2 above, the report does not provide enough assurance to

readers that some promising alternatives concerning anchorage

locations and capacities have not

discussion of the search process

desirable.

4. I think the report is particularly

been overlooked. A fuller

for anchorage alternatives would

good at explaining the problems

be

r@ated to channels and anchorages in Sections 3 and 4. However,

there is little connection in the main report between actual operations

and simulation model descriptions. For instance, in discussing VTMS

(= Vessel Traffic Management Systems) around page 4.18, there is no

indication if such systems can be represented in the simulation

model. Section 4.10- Simulation Analysis, also seems brief,

incomplete and insufficiently connected to simulation results

presented elsewhere.

5. Many things are particularly well presented and help clarify the

analysis. Thus, the tables and maps of Section 5 are very good for

explaining and comparing altermtives. The vessel routing flow

charts of Appendix C should be very helpful in adapting a simulation



. .. . ---- ..---- ————. -.

model to Baltimore. In general, the information and arguments that

are included in the report are very well written and presented.

Simulation Model

The simulation model

intensive scrutiny than the

developed by Dr. Michael Racer was subjected to more

rest of the study. My overall impression is that this

could be a very useful model with some further development. At this stage

however, the model is not documented well enough to be understood and used by

practitioners.

Furthermore, sufficient information has not been provided to assess the

reliability and validity of the model. I assume that Dr. Racer has conducted his

own tests to determine how well the model duplicates the performance of an actual

system, but no such results were available to me. I have tried to check the

reasonableness of the model’s results by running it with different assumed

parameter values, but I do not have real data with which to compare simulation

results. My main comments and suggestions are as follows:

1. A much better description and documentation of the model is

desirable if this model will be used in future Corps of Engineers

studies. This should include the basic concepts and assumptions

used in the model, some reasonably detailed flow charts and a

complete list of variables. The variables should be clearly defined

and their units should be specified. The present model input and

output includes a substantial number of variables which never seem

to be used and are not defined in the user manual. Users waste a lot

of time trying to make sense out of such undefined and unused

variables, such as the anchorage information in the input file. In

the structure file, BST. DAT, two integers in each cell’s data are not
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5.

6.

7.

8.
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cle~ined. The last three numbers for each vessel class information

are not defined either.

Flow charts should at least show the relations among different

routines.

The user

randomly

changed.

If possible, they should also show relations among events.

manual should indicate what distributions are used for all

generated numbers and how those distributions might be

It would also be desirable to mention the order in which

random numbers are generated, e.g. , for vessel class and

destination.

It is desirable for a user-friendly model to have some automatic

checks on the consistency or reasonableness of input variables. For

example, in the structure file (B ST. DAT ), cell 17 is connected to cell

15. However, celI 15 does not connect to cell 17.

The distinction between trips and departures is not clear in the

users manual.

The average times between departures are zero for all ports in the

input files except SEA.

departures per day.

Anchorages have two or

(except for anchorage 7

consistent.

This implies an

three “tie-ups”

at Annapolis).

infinite frequency of

for ships but only one “slot”

That hardly seems

The variable D. D. cost ( =dispatched demurrage? ) should be defined,

so that others can understand why it is almost never positive in the

output. I do not think this “cost” (actually, a price or transfer from

users to the port operators) should be part of the total system costs

or cost savings.

It is not clear why output statistics are provided for only 17 of the 26
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cells.

9. It would be desirable for the purposes of this study to have output

statistics on (1) anchorage utilization and (2) conflicts among ships

due to channel width restrictions.

10. After testing the model for different simulation periods, as shown in

Figure 1, I am surprised that the avera~ cost in $/ship mile

increases with the simulation period. That is not reasonable.

Although some of this might result from failure to discard results

from start-up periods, to allow the model to reach a steady state,

that would not account for the even faster increase in average cost

as the simulation period increases. The unstable results for

unfinished trips in Figure 3 and for average speed in Figure 5 are

similarly surprising.

11. It is also surprising that the average cost per mile (in Figure 2) and

per trip (in Figure 4) increase with headway as the average headway

increases from 0.08 days to 0.16 days but not beyond that, while the

average speed (in Figure 6) keeps increasing for headways above

0.16 days. If reduced congestion effects are sufficient to increase

speed at higher headways, they should also decrease average costs

(since the average speeds involved, up to about 3.3 miles/hr, are far

below economic speeds of ships).

12. Another surprising result, which I can not explain, is that the cost

per trip greatly exceeds that for unfinished trips than for finished

trips, e.g. , by $323,194 vs. $45,198 in one typical case.

13. I have tried to examine model’s sensitivity to anchorage location and

capacity by varying these two variables. The resultsobtainedseem

reasonable.Additionaltestingseemsdesirablesincethesearekey
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questions in the Baltimore Study.

14. The extensions mentioned by Prof. Racer in Section VI of the User

Manual certainly seem worthwhile. In my opinion, priority should be

given to (1) testing the simulation model by comparisons with actual

data and (2) developing the model to simulate some efficient Vessel

Traffic Management System or Systems which might significantly

reduce delays.

Conclusion

I was glad to look at such an interesting simulation model and think that

this kind of model was the right choice for this study. Ihope that someof the

questions I raise may be addressed without tm much difficulty.

4

.-



.

-. . . . . .... . .... . . . . ..---- .—. ._—.— - —-. —— .-— -----
,

5000

4000

3000

2000

1000

0
c

Average cost per mile

! I
.......-...

14
.,.

—.. .—-.— —.—..-..-.. --..—...-— ------------- ~. ...”,----..------..,..
12

...’
.- ...—-. —...——...—-.—. .-—.-—----—. -. —..-. --..—— —-.----=.--.— --------------------,...”..---...,“,,..-..

10
,..-..-——-.—..-—.-._.-.....--———— ——.._.-..-_..&-...—-.—_——.—— ———

4“”.......-.
...........-””--......-..”

e
.-.....-—-._...-......=...t. ............-—...-..—-.--.-—=—-.— ....-—..—..—----.......-”””.....--”-”-”-

6

r

- .-.---... ---. -..---.. -------.. -..--~...--..--. ---~c.

2
1

— .. . .. ... . . .—--.—...-.-----e—-s.---.. --- —-.. -.~---—--- .. ...-—-... ...—.--------
I

P

simulation period (days)

+ finished trip --+--- unfinishedtrip I

Figure 1. Average Cost per Mile versus Simulation

Average cost per mile

219

Period

.--””. . .. . . .. .. .. .. .. . . .. . . . . .. .. .. . .. . . . .. . .. . . .. . . . . . .. . .. . .. . . . . . . . . . . . . .. . .. . . .. . . . .. . . .. . . .. . . .. . .. . . . .. . .. . .. .. . . . .. . . . ....................-. . .
..-”

. . . . .
. . ..-

,.. .

. ...... .. .. .. ................ .............. ..... .. ....... .. .. ........ ..... . ... .............. ... ................ .. .. ... ...................e..-

.......... .. ......................... ............... .. .. ....... .. ............... .. .. ....... .. .. .................. .. ..... .............................

I 1

1 0.16 0.24 0,
average headway (days)

+ fln!shed trip --+- unfinishedtnp I

I

12

Figure 2. Average Cost per Mile versus Average Headway



. .....—-...— — --——. . .. .... . _______.—. —. -—--------------- ___ -- .——_-—___ -. . —-.—

Average cost per trip

t

...-..
..””

. ..”

700 . . .. -————— —...- .—.--.---——-—-.-— -.:——
.....”............

‘1
.-....—--—-—.....———..-.--——..-..—.--.-——.—.---————.+5...

..”.. .
..””.,-

+

..-.....-
.......Af--....-.. . . —-—.- —---- ._..-.--_... Ax----_— .-. ———-——

a--..-----
......-”””.”.. .. . . ..

. . .. . . ..-

300T
-.-——-.———..-...--...—.-.———.——.—-.———.--—.

1oo-.-..-.-—— ——-..-.--.-..----.-..—------- -.--..-..--—---------.—-......—.--.-..—---
~

ao-

250

150

100

50

0
0

73

Figure 3#

146
simulation period (days)

Z fimshed tnp -+- unfimshed tnp
1

Average Cost per Trip versus Simulation

Average cost per trip

* ....-------------------------.----—----.—.-...-.—---..--. -.—-----------—-----....’
. ..-”....... . ... .... .......... . . .... .............. ..... ........................ ...... .. ... ... . .. ... . .... ...... . . . . . . ... ...... ......

.,-/.-,..,.,.-..-.
..+”

.. ..-

.. . . . . . . . . . . . . . . . . . . .. . . . . . . . .. . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . . . . . . . . . . . . . . . . . . . . . . ..............

................................................ ...... ................. ......... ......... ......... .. ............. . ...... ................................

................... .. ........ ...... ..... .. ........................ ... . ............. ..... . .. .......... .. ......... .. . ...............-

4.

0.16 0.24
average headway (days)

+ fmshed mp -+-. unfmtshed tnp

Average Costper TripversusAverage

0,

Headway

.

,

1

32



. ..- . . .. . . ------ ...... ...-. —.- ------- .. .. . . .__. --------- .. . .. -—-— - -—

2.5

2

f ,5

1

0.5”

o“
i

Average travel rate

—. ...-—-——-...-.

-——--—.— ~ .--... -.——-.—~-- .-..—-.—..—.—.—.-...—.— —-—..—-——

-—..._.__..-.. -._._ .-.-— .-_.._..._ —- .-..-.. -—.-..-...-.——_._.._..-.. —-._—

3

2.5

2

1.5’

146
simulation perid (days)

-9- finished trip --+=--unfinished trip

5.Average Travel Rate versus Simulation

Average travel rate

2“

Period

......... .. . .. ..... .................. .. .. ... .......... . ... .......... .... . .. .. .......-.. .. ... .. . .. ... .. . . . . ..-.--—...—.

1r.................................—-.-.....................................—..-.--------...............................................----
0.5

1

.................. ................... ....................... .. .................. ..... .. ... ....... ..... .. .. ....... ... .... ..................................

....................................... .. ...............+ ............... ...... .. ... ............... .. .. ..................... .. ............. . ......... .. ..... ......

Figure6.

I

)

I

0.i6 0.A4 0,
average headway (days)

Z finished tr[p -+-- unfinished tnp

Average Travel Rate versus Average Headway

—. —



REVIEW OF THE
BALTIMORE HARBOR ANCHORAGES AND CHANNEL STUDY

SIMULATION MODEL

Prepared By
Michael S. Bronzini

June 16, 1996

Introduction
.

The Baltimore Harbor Anchorages
Model, hereafter referred to as
Michael Racer of the university

and Channel Study Simulation
mthe model”l was developed by Dr.
of -his and programmed in the

Simscript 2.5 simulation language. The model was used to study
various proposed plans for upgrading the anchorages and
connecting channels seining the Port of Baltimore, Maryland.
This review was conducted by studying the draft Integrated
Feasibility Report and Environmental Impact Statement, dated
October 1995, as well as Dr. Racer’s draft simulation study
report and the model documentation and source code. The results
of this review appear in the following paragraphs.

Readabi.litvand Pres~ntatlon
.

1. Baltimore Harbor Study Anchorages and Branch Channel
Modifications; A Feasibility Analysis, by M. Racer, August
2, 1995 (Draft).

Dr. Racer’s description of how the model was applied to the study
is, in general, readable and understandable. He does a good job
of describing how a simulation model may be used in studies of

excluded. He clearly defines the alternatives that were
simulated, and indicates how the model input data were modified
to represent the alternatives. There are, however, some minor
departures from this generally good presentation. Some of the
descriptive material on pages 11 and 14 was left incomplete,
Section VIII (Conclusions) is missing entirely, and Appendix B
requires more annotation and labeling, particularly the cost
data.

2.

The
its

Integrated Feasibility Report and Environmental Impact
Stataent, July 1995 (Draft); Appendix C, Economics, October
1995 (Draft).

summary descriptions in these two documents of the model and
application are much less satisfying. The model description
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on p. 4-6 does not accurately depict the difference between
simulation and analytic (eg., queueing theory) approaches. Also ,
it includes puzzling or vague statements, such as:
w simulation will solve for a discrete ‘length of time’ for any
n&ber of vessel arrivals and services;W and “It is important to
indicate that the program simulates vessel traffic movement; it
does not mimic traffic.ti Statements like these do not clarify
the model’s operation, and they sene to take a fairly simple
modeling process and make it sound like ‘magic”.

The modelling study description in Appendix C, pp. C-181 ff., is
rather casual and haphazard. One would be hard-pressed to take
this material and reproduce the analysis. Figures appear to have
been ass-led hastily, and many are hand-annotated. The data
that are presented are not labeled sufficiently to facilitate
ease of interpretation, and there are disconnects between the
text and figures. For ex~le, at the top of p. C-183 it states
that Figure 6 is sample output for a 150-day simulation, but
Figure 6 itself is annotated as a 365-day simulation. Further,
there are no cost units given, and the results in Figure 6 do not
square with the without project costs given in Figures 7 to 17
(if they are not supposed to agree, this is not stated anywhere).
lt is not easy to relate the results in Tables 7-17 to the
‘plans” into which the various alternatives are organized
elsewhere in the report.

In su.mary, while one can more or less see what was done in the
study, the documen tation in this report does not make it easy to
follow the process or trace through it in detail.

This is the weakest area of the entire effort. There does not
appear to exist a single, unified description of the model as
used in the Baltimore study. The principal reference document is
the User’s Manual that was prepared for the version of the model
used in the Galveston study (nChannel Simulation; A User’s
Manual,W dated January 1994). This manual is inadequate in two
respects. First, there is no detailed description of the
technical innards of the model. Precise definitions of the
model’s processes are not provided. Entities, events, and
routines are defined in an abbreviated fashion. No mathematical
or logical formulations are given. For example, reference is
made to a ‘backup event” (pp. 8-9) and to the ‘Texas Chicken
ManeuverW (p. 9), but no precise definitions of these processes
are offered. The waterway system constructs of ‘cells” and ‘wide
spots” are introduced, but without sketches or descriptions of
exactly how they relate to each other and how vessels are
processed through these locations. Vessel meeting and passing
operations are not discussed in any detail. Procedures used for
collecting statistics and other outputs are not defined.

-2-



,

The second weakness of the manual is the description of the
model’s input and output. Input data items are not defined in
sufficient detail, and the directions for how to input the data
are sketchy. There does not appear to be a one-to-one
correlation between the written input descriptions and the sample
input file included in the Appendix. There is no indication of
the precision recommended for real numeric values. While the
sample input file is helpful, it should be annotated to assist
the prospective user. Similarly, the output values are not
defined, units are often not specified in the output table
headers, and the sample output should be annotated.

One other recourse is to look at the model source code, as it is
often claimed that Simscript programs are virtually self-
documenting. This is true if the code is annotated liberally
with cOmments . Unfortunately, it was found that comments are
used very sparingly in the source code.

In summary, the standard for a good model description is that a
skilled analyst/prograuunershould be able to take the description
and program the model in a software language of his or her
choosing, and an analyst should be able to prepare a model input
file for a different system with little or no assistance. The
model description provided fails on both counts. While it is
possible, with much study, to muddle through and infer how the
model works and how to prepare input, it is not as easy as it
should be.

tl~ TTsed
. ●

n del

While the lack of a sufficient model description makes it
difficult to assess this with coqlete confidence, it appears
that the theoretical basis for the model is sound. All of the
significant variables seem to be included, and the simplifying
assumptions made seem to be appropriate. one would hope that
more would be done with traffic management measures, such as
assigning vessel priorities for anchorage use by class and
enforcing vessel anchorage occupancy limits, but these are
appropriately pointed out as areas for desirable enhancements of
the model.

dellzng Tool
●

for ~lvsl~
●

of

Given the stated objectives of the Baltimore Harbor Anchorages
and Channels Study, the Channel Simulation model is the
appropriate tool for the analysis. It would be very difficult to
construct a queueing model with sufficient detail to analyze all
of the alternatives, and other available simulation tools (such
as the Ohio River Division’s Deep Draft Analysis Model) would
require significant modification to fit this study context.
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The basic approach to the analysis was sound, and followed the
usual practice of simulating each alternative under the traffic
forecast for each decade a number of times (in this study, five
replications were used for each condition s~lated) . A good
range of alternatives was considered, and appropriate
combinations of improvmnts were analyzed.

The variance in the modelling results could have been controlled
better by keeping the traffic levels in the system constant for
all of the model runs for a given decade. For example, looking
at Figure 7 in the Economics Appendix (p. C-196), the number of
vessels in the year 2000 for the base condition ranged from 1303
to 1459, which is a range of more than 11 percent of the mean
number of vessels. Total vessel operating cost was used as the
measure of system performance, and this will obviously vary
directly with the number of vessels whose movements are
simulated. Thus, keeping the number of vessels nearly constant
would eliminate one major source of variation in the outcome,
thereby better revealing differences in systmn performance due to
the physical changes being evaluated. There are a number of ways
to accomplish this. A simple fix is to add an adjustment factor
to the mean value of the negative exponential distribution of
ship interarrival times. A more direct control is to generate a
file of vessel arrivals in advance of the simulation, thereby
insuring that exactly the same traffic demand is placed on each
system.

A second potential problem in the sufficiency of the analysis is
the lack of any feedback from the syst~ capacity to the traffic
input to the system. It was noted in the study report that none
of the systems simulated had sufficient capacity to accommodate
all of the ship calls forecast for the years beyond 2030, so the
total systan operating costs and benefits for the years 2040 and
2050 were held constant at their year 2030 values. In cases like
this, it would be better to determine which ships in the forecast
would divert to other ports, to get a better handle on the
benefits foregone due to the diversions.

While not necessarily a flaw, one would like to see more
justification or evidence for the claimed vessel time savings due
to branch channel improvements. Dr. Racer’s report (p. 13) shows
time savings ranging from 20 minutes to 40 minutes per vessel.
Since the project benefits will be a direct function of these
values, it is important to establish a good case for their
accuracy. lm alternative would be to show how sensitive the
results are to variations in these values.
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fzclencles
. . ● ●

n del dlor Annroach to Analvslq●

As noted above, there do not appear to be any glaring
deficiencies in the model, or in its application in this study.
There is, however, a conceptual difficulty in the analysis of the
model output. This deals with the lack of attention to the
variability in the model output.

Consider, for example, Figure 7 on p. C-196. For the year 2000,
the results show an average total vessel operating cost (150
days) of $45.45 million for the base condition and $44.90 million
for the iqroved syst~, yielding an average system benefit of
$550,000. However, the standard deviation of the mean, s, of
vessel costs for the base condition is $1.12 million, so the
benefit is only 0.49s; that is, the benefit is not statistically
different from zero. This result is somewhat due to the fact
that the variability in the number of vessels serviced is
embedded in the variability due to the system improvement. One
way to help control for this is to do the analysis in terms of
the average operating cost per vessel. For year 2000 again, the
results are an average cost per vessel over the five runs of
$32,775 for the base case (s = 278), and $32,376 for the
improvement, producing an average benefit per vessel of $399,
which is equal to 1.43s. This is still nothing to write home
about, but is a statistically more satisfying representation of
the effect of the systm on vessel operating costs. (Note: a
rigorous statistical analysis would involve cmnputing the t-
statistic, which involves the standard deviations of cost per
vessel for both the base and improved systems. The ratio of
benefit to s used above is merely a quick way to assess the
significance of variability in the outcome.)

Since the number of vessels sened is the same in each run for
both the base and improved systems (run 1 has 14459 vessels, run
2 has 1366, etc.), an even better approach is to consider the
samples to be paired, and analyze the difference in operating
costs . For the year 2000, the average difference in total vessel
costs is $553,663 (which is mathematically equivalent to the
difference in average total costs), with a standard deviation of
the mean s = $480,823. The average benefit, then is equal to
1.15s. A similar result is obtained by analyzing the differences
in cost per vessel.

A more dramatic result occurs with the outcomes for the year
2010. Here, the standard deviation of the mean total vessel
operating cost is $1.16 million for the base cost, which is an
order of magnitude greater than the obsemed difference in mean
total costs of $101,108. However, the mean of the differences in
total vessel costs, also $101,108, has a standard deviation of
the mean of $10,630 and a corresponding t-score of 9.51, which is
highly significant statistically.
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The point is that the results need to be analyzed and presented
in a way that takes into account the variance in simulated
outcomes . Presenting the results in the way that is done in
Figures 7 through 17 invites the erroneous conclusion that none
of the claimed benefits are statistically significant.

Dr. Racer has done a credible job of taking an existing model and
adapting it to the needs of the Baltimore Harbor Anchorages and
Channels Study. It seems obvious to this reviewer that he was
working under significant budget and time constraints, which led
to many of the deficiencies cited. If the model is to be used by
the Corps as a general analysis tool, the following improvements
are suggested.

1.

2.

3.

4.

5.

Provide a detailed technical description of the model,
including precise definitions of all model entities and
their attributes, and mathematical or statistical
descriptions of all model processes and outputs.

Provide a unified User’s Manual for the current version of
the model, including better descriptions of the model input
streams and an annotated sample input file keyed to a sketch
of the corresponding system to be simulated.

IWlify the model to provide for a user-friendly input/output
structure.

Modify ~he model to provide for additional outputs, to
facilitate statistical analysis of outcomes and to help the
analyst spot system choke points, which should lead to
better project formulation efforts. This output redesign
should include a thorough reconsideration of analysis
requirements and a look at the types of outputs being
generated by other navigation simulation models in use by
the Corps of Engineers.

Provide positive mechanisms in the model to specify the
number of vessels that will be processed through the system,
thereby better controlling one of the major sources of
variance in model results.

.-

~eauent Model● ,

The suggestions offered below relate primarily to continued use
of the model to analyze the Baltimore Harbor system, although
similar suggestions would apply to analysis of other deep draft
harbors.
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1. Include management alternatives in the analysis of anchorage
requirements, to make better use of the added capacity to
handle large vessels. This will require a model
modification, but one that is not very complex.

2. Allow for feedback from the anchorages and channels system
capacity to the number of vessels that will call on the port
of Baltimore. This will likely require some iteration
between the simulation model and the table or list of
forecasted vessel calls. There will also need to be a
determination of how to characterize the economic costs to
the nation of the excess vessel demand. Do they go to
another port, with resultant increases in freight transport
costs, or is the commerce lost entirely to foreign
competitors?

3. Conduct a systematic statistical analysis of the model
results, along the lines suggested earlier in my report.
This could be done largely with the current set of model
outputs, requiring at most only a limited number of extra
model runs.
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Integrated Technologies and Research, Inc.
7631 Bland Drive Manassas, Virg inia 22110, Phone (703) 361-7740

J@ 14,1996

BaltimoreDistrict,Cop of Engineers
PlanningDiviaio~ 1lth Floor
A’T’TN: Clifford J. Kidd
City CrescentBuilding
10 SouthHoward Street
Baltimore,MD 21201
Phone (410) 962-3100

REF: REVIEW AND TECHNICAL EVALUATION OF SIMULATION
MODELLING PROGIUM

Dear Cliix

Fii, aftermanymonthsof waitingfor allthe sofhvarefilesneed~ instructionsto be
gather~ innumerablee-mailmessageg manyattemptsat installingandrunningthe sofhvare, and
printingout of simulationresultsI amreadyto complete my review. You may rec~ I mailedto
you on 10/4/95 my prekinary notes andreview of the User’sMan@ but I could not runthe
simulationsofhwre andthereforeI could not comment on the sofhvareitself I amnow”able to
give you my review ofboth the softwareanditsuser%manual.

I would like, however, to prefice my review by offbringthe foJlowinggeneralcomments:

General Comments:

(1) Any sofbwue developmenteffort will most likelyrequiremore work hour%more
testing,more documentatio~ andmore review effbrtthaninitMly anticipated. My
own experienceis thatthe developmenteffort endsup requiringbetween 25°A and
35’%0more effort (ie., hours an~ thereforedollars)thatiithlly estimated.

(2) The reviewer of a sofhw.re development effort will tendto be criticalbecause
he/she will be comparingthe effort againstan “ideal software effort”, andhe will
not be aware of the estimateof hours requiredhitidly agreedbetween the client

1



andthe developer. The developer will most likelytty to give the clienthismone@
wortlq andthe reviewerwillnot be aware of thisW trade.

(3) In the course of creatinganew software mode~ both the client andthe developer
learn!kom each other as to requirement>sometimessmallchangesto initial
requirementstake place, individuallythese changesmaybe smallbut are changes
thatadd up to additionalsoftware development; the client’sexpectationsmay
grow somewhat ashe learnsfrom the newly createdmodeL

Having saidthe above m clef-of the software developer, I proceed to offbr the following
comments:

General Comments:

(1) Professor Michael Racer has created~1 m s~sc~
(sohvare developmentenvironmentby CACI Co~oration) that simulatesa
category of eventsrelatingto the navigationof vessels m various channel
geometriesfor the BaltimoreHarbor.

(2) I found the User’sManualto be very inadequate,dHkult to rea~ lackingcontent
proper of anactualuseI’smanual; the first sevenpage$ for example, are
appropriatefor a user’sman~ whereasthe balanceof the manualMmor

.

r“~p opnate for a Fro_er’s a Whathasbeen missingm the cr&km of
the UseI’s Manualis a perspectwe of the intendeduser

. .
, the level of skillsof the

rntendeduser. Who is the intendeduser of this soitware model? If the rntended
user is a Cows planner,anon-Corps planner,or- about anyone otherthanthe
creators of the softwarethenthe* manualfiils to communicate the capabilities
of the software itself Ifa “generaluser” was rntendedto be able to installthe
so$ware, designandload the requiredfile%runthe software and interpretthe
simulationresults,thenSubstm c- areneeded m the UseI’s ManuaL

(3) ~~. I offer a table of contentsto serve as a guideline.This
manualshouldrncludeinstructionsfor the -tion of the sofhvare itself

(4) A PromsmmedsManualshouldbe preparedto supportthe software effort.
Essentially,pages 8-56 Aould be enteredrntoa programme.fsman@ not m its
currentfonq but modified. I enclose a suggestedtableof contentsto use as a
guide m the preparationof a User’sManuaL

(5) A User-Svstem Interfaceis missing. I realizethatthisitemwas probablynot
discussedmthe initialcostingof the sofhvaremodeL However, now days
softwaredevelopmentroutinelyaddressesthecreationof a ties of screens,either
in a DOS or AWIIYDOWS environment,thatcomnnmicateto theuser several
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itemsofinformation: nameof software,producer (Bahimore District), credits
(Rofessor M. Racer, student(s)),model assumptions,“menus” on how to runthe
mode~ how to changeparamet~ conduct sensithityanalysis,etc. Oilexqthe
adoption of a softwaretool by othersdependsheavilyon “whatthe systemlooks
we”, tiethm it is “m-fiend.&” or not andwhetherthe user f=ls thathehe can
navigatethe systemgorng from one option menuto another. I highlyrecommend
thisfwture as a add on to the existingsoftware syst~ prefmablywith color
graphicsm a WINDOWS environmentusing a tool such as POWERBUILDER or
other similarfourth-generationtool.

(6)
. . . . .

ation resultsand senstnatvof esultr &to changesm parameterinputs.
UnfortunatelyI cannot contributemuchto thevdility of resultsbecause it was so
ddlicultto understandtheprintoutof results(enclosed); it is not so much that
MichaelRacer was not willingto cooperate, sincehe would provide the answerif I
askeda questio~ andhe certainlytriedto help once he and I were on the phone;
on the otherhan~ I asked andnever received a diagramor schematicof the cell
network employed m the sixnulatio~for example.

(7) PublishsimulatI“onresultSm the form of a paper m a scimtic journal or
confwence proceedings (e.g., TransportationBoard). Rofessor Michael Racer
could be the firstauthorandCliKKidd could be second author,for example.
Severalreasonsfor this suggestion. The exercise of *g thepaper, sendingit
to thepublisher,receivingreviews from 2-3 independentreviewers, and eventually
seeingthepaperpubliihedwillhelp withthe documentationof the sofbvare itself
(useI’s andprogrammersmanuals)aswell asthe communication of the avadabihty
of such a model to othersm theprofession.

Next, I proceed to offer my specific commentsm a sectiontitled Review of a Simulation
Model for BaltimoreHarbor Improvements. I remainavailableto you andMichael Racer, of
course, for anyquestionsof tier informationon my comment%asneeded.

Srncerely,

AI&ose Goicoechea

-.



Review of a Simulation Model for Baltimore Harbor Improvements

July 13, 1996

These are my commentsregardingmy review of the ChannelSimulationsoftwareand
UseI’sManualby Professor MichaelRacer.

General Comments:

(1) Any soiiware developmenteffort will most likelyrequiremore work hour%more
testing,more documentation andmore review effort thanhitklly anticipated. My
own experienceis thatthe developmenteffort endsup requiringbetween 25°%and
35% more effort (i.e., hours an~ therefore dollars)thathithlly estimated.

(2) I have reviewedthissoftware againstan “ideal software effort”, without
knowledge of the estimateof hoursrequiredkitidly agreedbetween the clientand
the developer.

(3) In the course of creatinga new sofhvaremode! both the chat andthe developer
learnfrom each other asto requirement%sometimessmallchangesto initial
requirementstake place, individuallythese changesmaybe smallbut are changes
thatadd up to additionalsoftware development; the client’sexpectationsmay
grow somewhatas he learnsfrom the newly createdmodel

General Comments:

(1) Professor MichaelRacer has created~ m s~sc-
(softvmre developmentenvironmentby CACI Corporation) that simulatesa
catego~ of eventsrelatingto thenavigationof vesselsm various channel
geometriesfor the BaltimoreHaibor. A studyof the 319 pages of code generated
reveal a meticulousdocumentationof the global andlocal variableson the
code itself However:

(2) I found the User’sManualto be lacking, diffhdt to rea~ with littlecontentproper
of an actualuser’smanual; the firstsevenpage%for example,are appropriatefor a
user%man@ whereasthe balanceofth

.
e manual s mo e am romiate for a

Promammer’sManual. What hasbeen missingrnltie mrmtionof the UseI’s Manual
is a uermective of the rntendeduser, the level of skillsof the rntendeduser. Who
is the intendeduser of this sofhvare model? If the rntendeduser is a Corps
planner,a non-Corps planner,or fist about anyone otherthanthe creators of the
software thenthe user’ manualMs to communicate the capabilitiesof the sofhvare
itself If a “generaluser” was intendedto be ableto rnstdlthe sdhvare, design
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andload the requiredfiles, runthe sdhvare andrnterpretthe simulationresuk~
tha substantialthanware needed m the User’sManual

(3) Jb-do the UseI’s M- I offm a table of contentsto serve as a guideline.This
manualshouldrncludeinstructionsfor the&cm of the sofhvarQitself Iam
not claimingthatthe user’manualprovided (QUANTUM I for comparisonand
evaluationof alternativeplansfor Corps planners)is the ultimateman@ catahdy
not, but I did have to modi@ it threethne~ and eachtimethe Corps managersthat
reviewed it provided very helpfbl comments.

(4) A ~~mUl&S M shouldbe preparedto supportthe software effort.
Essentially,pages 8-56 shouldbe enteredrntoa progmmmer’s man~ not m its
currentfo~ but modiiied. I mclose a suggestedtable of contentsto use as a
guide m thepreparationof a Use#s Manual.

(5) A User-SystemIntedice is e. I realizethatthisitemwas probably not
discussed inthe initialcosting of the software model However, now days
sofhvare developmentroutinelyaddressesthe creationof a seriesof ~ either
in a DOS or AWINDOWS environment,thatwmmum“ate to the user several
hems of tiormation: name of sofhvare, producer (Bahir.noreDistrict), credits
(Professor M. RACE~ student(s)),model assumptio~ “menus” on how to run
the mode~ how to changeparameters,conduct sendhdy analysk, etc.

(6) Publish -sunulationresults m the form of a paperm a scientificjournal or
conference proceedings (e.g., TransportationBoard). I%ofbssorMichael Racer
could be the first authorand CIHKidd could be second author,for example.
Severalreasonsfor this suggestion. The exercise of* the paper, sendingit
to the publkher, receivingrtiews from 2-3 independentreviewerg andeventually
seeingthepaperpublishedwill helpwith the documentationof the software itself
(useI’s andprogrammed’smanuals)aswell asthe cmmmuu‘cation of the availability
of such a model to othersm the profession.

-
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USER’S MANUAL

TABLE OF CONTENTS

PREFACE
ACKNOWLEDGEMENTS

section
1.0 GENERAL INFORMATION

Page

1.1

1.2

1.3

1.4

Purpose of the NavigationModeIlingProgram
How to Usethismanual
QuestionsandAnswers: Who to Callfor HeJp

Contentsof the Manual
[A brief descriptionof the content of thevarious sections
mthismanual]

Background
~o did what: contractors program manager,programmer(s), Mr. Cliff
Kidd is the program managerof the Corps period of performance, etc.]

Approach
[“This modelling effort makesuse of queuingtheoxy, statisticalmodeling of
some processes and..Also, describewhat datasources areuse~ whethera
databaseis used as inputto the mainpro- whetherthe outputs arem
the form of files, filenames...]

2.0 INSTALLING THE SOFTWARE
Instructionsfor installingthe softwarem theuser’scomputer!!! This itemis ofien
ignored, resultingm manyhours wasted by a prospective user. Detailed
instructions(1-2 pages) mustbe provided to guide the user throughthe software
installationtask.

The userneeds to lmow, for example,thathe mustcreate a sub-directory
CHANNEL underthe maindirectory SIM

C:MM~d channel

3.0 DESCRIPTION OF THE SYTEM

3.1 Hardwareand So&are Components

Review -3
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3.2 Summaxyof FunctionsSupported[e.g., a descriptionof the variousthingsthatthe
program can do: simulatechannelbranch change%elapsedtime, use of operating
costs m the optimizationof results etc....]

4.0 INSTRUCTIONS FOR RUNNING THE SYSTEM

4.1 Step 1: Preparingthe InputFilesfor Main Program
4.2 Step 2: Budding BranchChannelChangesrntothe Main Ihogram
4.3 Step 3: Spe@ng the ProbabilityDensityFunctionsfor the Various Random

Variables(Processes and Events)
4.4 Step 4: ResultsandReport GenerationOptions (Tables graphsthatcan be printed

out, summaryof assumptions,etc.)
4.5 How to StartandHow to Endthe Program

The user mustbe giva instructionsfor loading datafles (eg., BST.DAT,
SMOOTH.DAT, other) rntosub-directoryCHANNEL ~lR>; proceed to SIM
directory and call SIMLAB to enterthe sbmdationawironment, select
CHANNEL, load parameters:

SIMLAB>assi3< BST.DAT
assi2< SMOOTH.DAT
assi 7> SM7.DAT
assi 8> SM8.DAT
assi 9> SM9.DAT

R~ <ENTER>

5.0 ANALYTICAL CONTENT OF THE NAVIGATION MODELLING PROGIUiM

5.1 Modelling Variables
5.2 List of Design Parameters
5.3 Decision Variables
5.4 EquationsUsed

(actuallyshow thevarious queuingrelationshipsused m the progr~ channelflow
equations,operatingcost relationshipsrncludingdiscount fktors, presentvalue
forms, other)

5.5 A Run Example
(Importantto show an example,with values of parameters,results,an explanation
of theresults,diagrams,schematics,etc.)

.

6.0 CALIBIUiTION PROCEDURES

Review -4
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6.1 What is Calibration

6.2 How to Calibratethe NavigationModelling Program (Important!!!)

APPENDIX A: A Sampleof a SeasonalShipChannelInputPile.
Justasprovided on pages 26-44, but shorterm length(say 20 ports only),
andwith instructionsto theuser on how to preparesuch an inputfile using
theDOS text e&t“ or! Mm ~rs ~ not how tit tie DOS te~ ~or
canbe used to generaternputfiles for use m the channelsimulation
software. Also, each entrym the iile mustbe defined/expMnedto theuser
rightthereandth~ not 20 pages earlierm the user’smanual.

A printoutof simulationresults,with explanationof each alphanumeric
characterappearingm the printout. Currently,no explanationis offwed to
theuser m the user’smanual(pages 51-55). What is the meaningof
tow.tow.passes? tow.ship.meetings?The explanationmay be very simple
but it needs to be given to the user.

APPENDIX B: A second sampleof an inputfile, thistimewith changesm some of the
parameters. Agahq provide simulationresultswith explanationof
parametersto the user.

Review -5
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PROGRAMMER’S MANUAL

TABLE OF CONTENTS

PREFACE
ACKNOWLEDGEMENTS

Section
1.0 GENERAL INFORMATION

Page

1.1 Puposeof the NavigationModellingRogram
1.2 Contents of the Manual

[A brief descriptionof the content of thevarious sections
m this manual]

1.3 Motivation for thisManual
To provide adequatedocumentationof the softwaremode~ so that-e
changes and enhancementscan make proper use of existingprocedures,
files, and datadictionary.

w

2.0 SOFTWARE SYSTEM ARCHITECTURE

2.1 Main Event Routines WithinCode
[This sub-section shouldiden@ and definethe seven event routinescited
m the Usefs Manual(remove these from the User’sManual):

E.BT.ARRIVE
E.BT.BACKUP
E.BT.BEGIN
E.BT.MEET
E.BT.MOVE
E.BT.PASS
E.BT.TURN
E.STOP.SIM

arrivalof a vessel to its destinationpofi
initiationof a vessel backup
departureof a vessel from a port
meetingof @vo vesselsm a channel
changem movement of a vessel
passingof one vessel by another
turnof a vessel from one channelto another
terminationof the simulation

GenerateData Flow Diagrams(DFD~ levels O, 1, and2, at least)to show
the interrelationshipsamongthese events. I offer my own sdware,
EasyCASE Rofession~ to Professor Racer andhis studentsto generate
these DFDs. DFDs arebox-and-arrow representationsof processes
(events or activities),flow of datahorn one process to another,rnputfrom

—
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----

extema.1entities(e.g., rnputfiles), andthe storage of statisticsm files and
databases. These diagramsaremost importantbecause theyprovide “the
nextprogrammer”with a detailedpictureof the mainprocesses andthe
relationshipsamongtheseprocesses m a software system I have enclosed
anexampleof a DFD created~ EasyCASE.

2.2 Main Activity RoutinesWithinCode
[The 13mainroutinesm the

RBT.CASUALTY
RBT.DEPARTURE
RCLXAN.UP
REND. BOAT.EVENTS
RFINAL.STATS
REINITIALIZE
RNXT.MOVE
RRD.DATA
RRTE.CREATOR
RSTART.TOWS
RUPDATE.BOAT
RVERIFY
SNAP.R

:ode dould be identifiedand definedm detail:

Main program driver
handlescasualties
supportsvesselpoti departure
supportssimulationtermination
cancels alleventsfor a vessel as needed
calculatesandptits out finalstatistics
initiabs alldataandvariables
determinesnext vessel availability
datarnput
determinesorigin-destinationroute for vessel
startsa.tltow activities
re-evaluatesvessel location
vedies vessel characteristics
debug aid

Again, generatedataflow diagrams(DFDs) for each of these routines. I
have studiedthe code provided (319 pages of code provided) and I see
very good documentationof the code itself Thereremainsto preparethe
DFDs, a datadictionaryof allterms,variables,andparametersused m the
code, the origin (routines) of variable%andinterrelationshipsamong
routines. A computer-aidesoftwareengineering(CASE) tool such as
EasyCASEwould be needed.

2.3 SIMSCIUPTEnvironment
How much SIMSCRIPT environmentis requiredto runthe sofhvare model
createdby I%ofessorRacer? Which SIMSCRIPT version will do? What is
the minimuminformationabout the SIMSCRIPT environmentthatthe user
shouldhlOW?

3.0 CALIBRATION OF MODEL

3.1 Why Calibrationof SimulationModel
Explainwhy the model mustbe calibratedto reflect seasonalvessel tra.fiic

Review -7
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patterns,changesto geometry of channel(dept& wi@ length), mix of
vesse~ other.

3.2 How to CalibrateSimulationModel
Show stepsneeded to calibratemode~ includingidentifyinginputliles
need@ numberof runsneeded to achieve a desiredaccuracy(i.e.,
differencebetween historicaland shmdationresults)

3.3 CalibratedResultsAchieved
For selectedstatisticsshow comparisonof historicaland simulationvalue%
m graphicalor table fonq andnumberof runsrequired.

4.0 HARDWARE SYSTEM
Ident@ hardwaresystemrequirementsas well as systemrecovery procedures m
case of system“fhxze” or othertype of systemMum.

APPENDIX A SOURCE CODE
(An ach@ complete printoutof the Source Code developed; thismaytake
anywherefrom 50 to 500 pages; shouldthe code be lost m the fiture this
would be the CoqM’ record of the program as it was developed) This code
has been provided (319 pages of code).

APPENDIX B: Generationof InputandOutputFiles
This appendixcan be usedto show the user how to prepareinputfiles
usingthe DOS text editor or other editor, the fknat of the rnputfiles.

-
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-YCASE P@O%ssmAL
m-&dMnzaEz)s.
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EXAMPLE of DataFlow Diagram(DFD)

usingthe CASE tool Ea@ASE ProfksaionalPlus

— —
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Input Files BST.DAT and SMOOTEDAT

It is recommended that a detailed explanation of all variables m the output format be provided for
the user m the UseI’s Manual. Also, instructions should be provided to the user to modi& the
input files using the DOS Text Editor or other appropriate text editor. By mod@ing some of the
parameters m the rnput files, the user can conduct sen&iv@ malysis to reflect variations m
channel geometries and tic patterns (vessel sp~ types of vesse~ origin-destination routes
etc.)

See Appendix A of User’s Manual for the software system titled

QUANTUM I: A Quantitative Tradeoff Analysis and Uncertainty Modeling System for Multiple
Criteria Decision Making

[Created by kbrose Goicoechea and the Greeley-Polknus 6roup for the
Institute for Water Resources, Corps of Engineer% Alexandr@ V.i.iginia]

for an example of an rnput file prepared with the DOS text editor and an explanation of the
variables m the input file QUANT5 17.DAT.
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File BST.DAT

old seeds
1.0 1. 0. 1.

26 0
1 cape_henxy

15 0.0
2000
50 54 1000
10

2 @c_l
15 0.0
31710
50 .1 1000
10

3 brewerton
12 0.0
4020
50 2 600
10

4 fhll
8 0.0
5030
50 .29 600
00

5 junc_2
3 0.0
60418
50 .40 600
00

6fin2
3 0.0
7050
50 .29 600
00

BST.DAT -1
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7

8

9

junc_3
3 0.0
81960
50 .21 600
00
fid
3 0.0
9070
50 .21 600
00
jlmc_4
3 0.0
102080
50 .12 600
00

10 iin4

11

12

13

14

15

3 0.0
11090
50 1.15600
00
junc_5

3 0.0
12 22 10 0
50 .17600
00
m

3 0.0
130110
50 .21 600
00
@c_6

3 0.0
14 0 12 23
50 .23 600
00
tunnel

3 0.0
150130
50 .81 600
00
juxlc_7

3 0.0

BST.DAT -2
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16 0 14 26
50 .15 600
00

16 east
3 0.0
00150
50 .35 600
00

17 C&d
12 0.0
00150
50 12 600
00

18 curtis_bay
3 0.0
0500
50 2.3 400
00

19 e_dundalk
3 0.0
0007
38 .69 300
00

20 w_dundalk
3 0.0
02109
42 .81 350
00

21 sd_connect
3 0.0
00020
42 .46 350
00

22 w_seagirt
3 0.0
00011
42 .58 500
00

23 feny_bar
3 0.0
013024
42 2 600

BST.DAT -3
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00
24 j_fi

3 0.0
252300
42 .17 600
00

25 sipt

3 0.0
00240
50 .29 600
00

26 west
3 0.0
01500
50 3.5600
00

25
Al 73 25 482 17 17 738 140 0 72
M 94 34 676 18 18 1270141.4 0 72
A3 11241 853 20 20 1492142.12 0 72
A4 11743 905 20 20 1664142.12 0 72
M 76 32 542 17 17 751 141.4 41772
AB 64 25 447 17 17 576 140 417 72
AE 76 32 542 17 17 751 141.4 0 72
AF 64 25 447 17 17 576 140 0 72
DA 67 28 478 14 14 564 140 417 72
DB 83 34 583 14 14 692 141.4 417 72
DC 105 43 717 14 14 888 142.12 417 72
DD 11949 780 14 14 1049142.12 417 72
DE 136 55 910 14 14 1233142.6 417 72
EC 10942 585 14 14 1158141.4 417 72
ED 125 47 800 14 14 1293142.12 417 72
FA 76 30 519 14 14 891 141.4 417 72
FB 87 34 585 14 14 971 141.4 417 72
FC 10942 585 14 14 1158141.4 417 72
FD 125 47 800 14 14 1293142.12 417 72
HB 64 25 447 17 17 576 140 417 72
PA 76 30 519 14 14 891 141.4 417 72
PB 87 34 585 14 14 971 141.4 417 72

-

-
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PC 10942 585 14 14 1158141.4
PD 125 47 800 14 14 1293142.12
TOW 15025 800 15 15 0 0

0

1000
5

0
.25
.38
.53
1.0

1000
1.0
5

0
.25
.38
.53
1.00

.5 .5 .95

1.0
1.0
.5
.375
.375

.95 .75

1.0
1.0
.500
.333
.333

.50

417 72
417 72

0 72

2. 4.

1 ancl 2
35
550550
0
9999

2 a.nc23
25
550 550 550
0
9999

3 anc3 3
35
550 550 550
0
9999

4 allc42
25

BST.DAT -5
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550 550
0
9999

5 anc53
20
550550 550
0
9999

6 anc63
25
550 550 550
0
9999

7 amlap 9999

5 73
1 365

m I

BST.DAT -6
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<SMOOTH Baltimore existing condition<
TOW.INFO O .25

(1) [this fde appears to be a “Seasonal fde”, as described in
User’s Manual, pages 22-24. The user is not told the
meaning of the various parameters]

39
AGNCO

26 .57 0.0
00
1
24 .75 .5
0.0
0.0

AMSTAR
26 2.08 0.0
00
1
24 .75 .5
0.0
0.0

APEX
26 2.84 0.0
00
1
24 .75 .5
0.0
0.0

ATLTERM
26 2.84 0.0
00
2
24 .75 .5
0.0
0.0

ATT
23 1.32 0.0
00
2
24 .75 .5
0.0
0.0

-
SMOOTH.DAT -1
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BAYSIDE
26 2.08 0.0
00
1
24 .75 .5
0.0
0.0

CANTGRN
26 .95 0.0
00
1
24 .75 .5
0.0
0.0

CBORE
18 1.95 0.0
00
1
24 .75 .5
0.0
0.0

CHESA
18 1.95 0.0
00
1
24 .75 .5
0.0
0.0

CLINTON
26 .95 0.0
00
1
24 .75 .5
0.0
0.0

CONOCO
26 2.27 0.0
00
1
24 .75 .5
0.0
0.0

SMOOTH.DAT -2
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CONSOL
26 .75 0.0
00
1
24 .75 .5
0.0
0.0

CURTISBAY
26 2.65 0.0
00
1
24 .75 .5
0.0
0.0

DMT
20 .6 0.0
00
13
24 .75 .5
0.0
0.0

HAWKINS
18 2.08 0.0
00
1
24 .75 .5
0.0
0.0

HEss
26 1.7 0.0
00
1
24 .75 .5
0.0
0.0

26 .76 0.0
00
1
24 .75 .5
0.0
0.0

SMOOTH.DAT -3
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26 2.08
00
6
24 .75
0.0
0.0

NATGYP
26 .38
00
1
24 .75
0.0
0.0

NAVAL

.5

.5

26 2.65
00
1
24
0.0
0.0

26

.75 .5

2.46
00
1
24 .75 .5
0.0
0.0

PERIDOT
18 1.95

0.0

0.0

0.0

0.0

0.0
00
2
24 .75
0.0
0.0

SEAGIRT
22 .4
00
1
24 .75
0.0
0.0

.5

0.0

.5

SMOOTHDAT -4
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SEALAND
8
0
1
24
0.0
0.0

SLPT
23
0
1
24
0.0
0.0

SPPT
3
0
4
24
0.0
0.0

STT
26
0
1
24
0.0
0.0

TOYOTA
26 3.03
00
1
24 .75 .5
0.0
0.0

USGYP
18 .95
00
1
24 .75 .5
0.0
0.0

.05
0

.75

.95
0

.75

1.5
0

.75

.5

.5

,5

2.84
0

.75 .5

0.0

0.0

0.0

0.0

0.0

0.0

n
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VISTA
12 .01 0.0
00
1
24 .75 .5
0.0
0.0

WALL
26 3.41 0.0
00
1
24 .75 .5
0.0
0.0

SEA
1 .01 .16
24 15
Al .02 6

DMT 9
SLPT 8
SPPT 2
LPTl
sEALAND 1
CANTGRN 1

A2 .164
SEAGIRT 49
SLPT 32
DMT 65
USGYP 1

A3 .04 3
SEAGIRT 22
DMT 13
SPPT 1

A4 .02 2
DMT 18
SEAGIRT 1

AA .11 8
DMT 46
LPT 11
SLPT 43
LAZA4
AMSTAR 5

l–
— ~-,, - ---, r xl
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NLPT4
SEAGIRT 7
STT 1

AB .02 9
DMT 6
CANTGRN 2
LAZA4
AMSTAR 2
CLINTON 2
SLPT 3
WALL 3
CBORE 1
CONSOL 1

AE .18 6
DMT 112
ATLTERM 12
SLPT 31
TOYOTA 14
CHESA 5
USGYP 1

AF .02 1
DMT 18

DA .04 10
SLPT 4
USGYP 22
NATGYP 6
DMT 6
sPm 5
AMSTAR 2
CLINTON 2
NLPT 3
CONSOL 1
AGMCO 1

DB .11 15
CANTGRN 8
LPT 13
SLPT 5
HAWKINS 6
CLINTON 8
DMT 36
AMSTAR 5
SPPT 6

- \-B.9 ---. —---Y
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BAYSJDE 21
CONSOL 7
ATT 4
ml
CHESA 1
CBORE 1
USGYP 1

DC .05 12
SPPT 24
AMSTAR 1
CONSOL 13
SLPT 1
NLPT8
STT 1
BAYSIDE 6
CLINTON 1
DMT’ 1
USGYP 2
HAWKINS 1
LPTl

DD .01 2
CONSOL 2
SPPT 3

DE .01 3
CONSOL 11
BAYSIDE 2
SPPT 1

EC .01 5
CONSOL 3
CLINTON 1
BAYSIDE 1
DMT 1
HEss 1

ED .01 2
CONSOL 6
BAYSIDE 2

FA .01 2
STT 1
USGYP 1

FB .01 1
DMT 1

FC .01 5
-

SMOOTHDAT -8
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APEX 2
HEss 7
STT 3
NLPT 1
LPT 1

FD .024
APEX 3
CLINTON 3
LPTl
HEss 1

HB .07 5
TOYOTA 19
SEAGIRT 6
DMT 42
ATLTERM 11
CHESA 6

PA .03 6
SLPT 3
s-r-r 10
NLPT 2
DMT 1
PERIDOT 5
VISTA 8

PB .01 3
ST’r 1
DMT 1
PERIDOT 1

PC .02 6
NLPT 3
HEss 2
LAzAl
STT 2
VISTA 1
CONOCO 1

PD .01 2
DMT 1
HEss 1

9999
0 .75 .5
0.0
0.0

ANCl_LOCN

SMOOTHDAT -9
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11 .1 -lo
00
1
999.0 0.0 0.0
0.0
0.0

ANc2_LocN
10 .8 -10
00
1
999.0 0.0 0.0
0.0
0.0

ANc3_LocN
10 .4 -lo
00
1
999.0 0.0 0.0
0.0
0.0

ANC4_LOCN
7 .1 -lo
00
1
999.0 0.0 0.0
0.0
0.0

ANc5_LocN
6 .2 -10
00
1
999.0 0.0 0.0
0.0
0.0

ANc6_LocN
6 .1 -10
00
1
999.0 0.0 0.0
0.0
0.0

ANNAP LOCN—

SMOOTH.DAT -10
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1 .1
00
1
999.0
0.0
0.0

-lo

0.0 0.0

SMOOTH.DAT -11
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SIMT.JIATIONRUN

This simulation run was completed on 06/21/96 using rnput files BST.DAT and SMOOTH.DAT.

It is recommended that a detailed explanation of all variables m the output fimnat be provided for
the user m the UseI’sManual. Also, instructions shouldbe provided to the user to modi& the
rnput filesusing the DOS Text Editor or other appropriate text editor. By modi&ing some of the
parameters m the rnput files, the user can conduct sendidy analysis to reflect variations m
channel geometries and tra.fiicpatterns (vessel spee~ types of vesse~ origin-destination route%
etc.)



SimLab> assi 7 > sm7.out
SimLab> assi 8 > sm8.out
SimLab> assi 9 > sm9.out
SimLab> run
Linking CHANNEL. ..
Task SIML [97EO] initiated at 15:02:41
PC SIMSCRIPT 11.5 Linker

Missing MAIN
Task SIML [97EO] 15:02:41
Fatal error(s) detected by linker
SimLab> ?

PC SIMSCRIPT 11.5 r2.41a Num

PC SIMSCRIPT 11.5 SimLab (R)

Simhb select channel
Subdirectory selected
SimLab> assi 3 c hsc40.dat
SimLab> assi 3 c bst.dat
Previous assignment for unit 3 replaced
SimLab> assi 2 c smooth.dat
SimLab> assi 7 > sm7.out
simLab> assi 8 > sm8.out
SimLab> assi 9 > sm9.out
SimLab> m
Linking CHANNEL. ..
Task SIML [97EO] initiated at 15:02:41
PC SIMSCRIPT 11.5 Linker

Missing MAIN
Task SIML [97EO] 15:02:41
Fatal error(s) detected by linker
SimLab> ?

PC SIMSCRIPT 11.5 r2.41a
dir/p

Volume in drive A has no label
Directory of A:\

SIMLAB2 (c)
SIM <DIR>

2 file(s)

A+
NEWDIR DAT
OLDDIR DAT
OLDFIL DAT
RUNDIR DAT
DRIVFIL DAT

INSTALL ~;~
SIMLAB1

RUNFIL DAT
SIM <DIR>
BST DAT
SMOOTH DAT

14 file(s)

A:\>dir/p”

512 05-31-91 ll:27a
05-31-91 ll:45a
512 bytes

303,616 bytes free

111 09-05-90 5:18p
1 08-14-90 4:05p

541 08-08-90 6:48a
32 09-05-90 5:45p

640 02-06-91 10:37a
512 05-31-91 ll:26a

81,632 05-31-91 ll:17a
512 01-28-91 10:54a

05-31-91 ll:28a
4,321 05-26-95 l:lop
9,032 05-19-95 2:20p

108,342 bytes
407,552 bytes free

Num

Volume in drive A has no label ~ , -
];$/b-L
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Questions regarding the Installation, Application, or use of this K1
product should be directed to

CACI Products Company
3344 North Torrey Pines Court
La Jolla, California 92037

(619) 455-6300 x 156 [Voice]
(619) 458-0031 [FAX]

the Technical Support Hotline: u

e-mail: support@cacilj .cts.com

If you have an attached printer, you may wish to press
to print a copy of this screen for future reference.

.
u



SMOOTH Baltimore existing condition

Existing condition structure file

today is 06/21/1996
time is 15:10:57

seedl 2116429302
seed2 683743814
seed3 964393174
seed5 618433579
seed10 477424540

tow count = o
R.NXT.MOVE time is 146.19
boat 41 class = 2
backup = false
pres.cell = 1 next.cell = 2
tn = 3.126 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 11141633, wide+2.400000E+Oll task 3.12573681

tbk+2.40000000E+Oll
checking 149.313824 VS.+2.400000E+011
R.NXT.MOVE time is 147.10
boat 41 class = 2
backup = false
pres.cell = 1 next.cell = 2
tn = 2.215 ta+2.40E+Oll tp+2.40E+Oll tm 1.102 tw+2.40E+Oll
boat 11141633, wide+2.400000E+Oll task 1.10214646

- tbk+2.40000000E+Oll
checking 148.200712 VS.+2.400000E+011
R.NXT.MOVE time is 148.21
boat 41 class = 2
backup = false
pres.cell = 1 next.cell = 2
tn = 1.104 ta+2.40E+Oll tp+2.40E+Oll tm .565 tw+2.40E+Oll
boat 11141633, wide+2.400000E+Oll task .56532313

tbk+2.40000000E+Oll
checking 148.775224 VS-+2.400000E+011
R.NXT.MOVE time is 148.78
boat 41 class = 2
backup = false
pres.cell = 1 next.cell = 2
tn = .530 ta+2.40E+Oll tp+2.40E+Oll tm .268 tw+2.40E+Oll
boat 11141633, wide+2.400000E+Oll task -26827083

tbk+2.40000000E+Oll
checking 149.052473 VS.+2.400000E+011
R.NXT.MOVE time is 149.06
boat 41 class = 2
backup = false
pres.cell = 1 next.cell = 2
tn = .252 ta+2.40E+Oll tp+2.40E+Oll tm .125 tw+2.40E+Oll
boat 11141633, wide+2.400000E+Oll task .12486622

tbk+2.40000000E+Oll
checking 149.186317 VS.+2.400000E+011
R.NXT.MOVE time is 149.20

.



boat 41 class = 2
backup = false
pres.cell = 1 next.cell = 2
tn = .119 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 11141633, wide+2.400000E+Oll task .11851742

tbk+2.40000000E+Oll
checking 149.313824 VS.+2.400000E+011
R.NXT.MOVE time is 149.31
boat 41 class = 2
backup = false
pres.cell = 2 next.cell = 3
tn = .006 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 11141633, wide+2.400000E+Oll task .00578947

tbk+2.40000000E+Oll
checking 149.319613 VS.+2.400000E+011
R.NXT.MOVE time is 149.32
boat 41 class = 2
backup = false
pres.cell = 3 next.cell = 4
tn = .145 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 11141633, wide+2.400000E+Oll task .14473684

tbk+2.40000000E+Oll
checking 149.464350 VS.+2.400000E+011
R.NXT.MOVE time is 149.46
boat 41 class = 2
backup = false
pres.cell = 4 next.cell = 5
tn = .031 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2-40E+Oll
boat 11141633, wide+2.400000E+Oll task .03148026

tbk+2.40000000E+Oll
checking 149.495831 VS.+2.400000E+011
R.NXT.MOVE time is 149.50
boat 41 class = 2
backup = false
pres.cell = 5 next.cell = 6
tn = .116 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll “
boat 11141633, wide+2.400000E+Oll task .11578947

tbk+2.40000000E+Oll
checking 149.611620 VS.+2.400000E+011
R.NXT.MOVE time is 149.61
boat 41 class = 2
backup = false
pres.cell = 6 next.cell = 7
tn = .084 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 11141633, wide+2.400000E+Oll task .08394736

tbk+2.40000000E+Oll
checking 149.695567 VS.+2.400000E+011
R.NXT.MOVE time is 149.70
boat 41 class = 2
backup = false
pres.cell = 7 next.cell = 8
tn = 061 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 1;141633, wide+2.400000E+Oll task .06078947

tbk+2.40000000E+Oll
checking 149.756357 VS.+2.400000E+011
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R.NXT.MOVE time is 149.76
boat 41 class =

- 2
backup = false
pres.cell = 8 next.cell = 9
tn = .061 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 11141633, wide+2.400000E+Oll task .06078947

tbk+2.40000000E+Oll
checking 149.817146 VS.+2.400000E+011
R.NXT.MOVE time is 149.88
boat 41 class = 2
backup = false
pres.cell = 20 next.cell = 21
tn =+2.40E+011 ta .174 tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 11141633, wide+2.400000E+Oll task .17368422

tbk+2.40000000E+Oll
checking 150.057497 VS.+2.400000E+011
R.NXT.MOVE time is 176.56
boat 41 class = 2
backup = false
pres.cell = 20 next.cell = 9
tn = .174 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 11141633, wide+2.400000E+Oll task .17368422

tbk+2.40000000E+Oll
checking 176.731181 VS.+2.400000E+011
R.NXT.MOVE time is 176.80
boat 41 class = 2
backup = false
pres.cell = 8 next.cell =u 7
tn = .061 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 11141633, wide+2.400000E+Oll task .06078947

tbk+2.40000000E+Oll
checking 176.858638 VS.+2.400000E+011
R.NXT.MOVE time is 176.86
boat 41 class = 2
backup = false
pres.cell = 7 next.cell = 6
tn = .061 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 11141633, wide+2.400000E+Oll task .06078947 .

tbk+2.40000000E+Oll
checking 176.919427 VS.+2.400000E+011
R.NXT.MOVE time is 176.92
boat 41 class = 2
backup = false
pres.cell = 6 next.cell = 5
tn = .084 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 11141633, wide+2.400000E+Oll task .08394736

tbk+2.40000000E+Oll
checking 177.003374 VS.+2.400000E+011
R.NXT.MOVE time is 177.00
boat 41 class = 2
backup = false
pres.cell = 5 next.cell = 4
tn = .116 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 11141633, wide+2.400000E+Oll task .11578947——

. . . .—*–—3 —

tbk+2.40000000E+Oll
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checking 177.119164 VS.+2.400000E+011
R.NXT.MOVE time is 177.12
boat 41 class = 2
backup = false
pres.cell = 4 next.cell = 3
tn = 031 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat ●11141633, wide+2.400000E+Oll task .03148026

tbk+2.40000000E+Oll
checking 177.150644 VS.+2.400000E+011
R.NXT.MOVE time is 177.15
boat 41 class = 2
backup = false
pres.cell = 3 next.cell = 2
tn = .145 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 11141633, wide+2.400000E+Oll task .14473684

tbk+2.40000000E+Oll
checking 177.295381 VS.+2.400000E+011
R.NXT.MOVE time is 177.30
boat 41 class = 2
backup = false
pres.cell = 2 next.cell = 1
tn = .006 ta+2.40E+Oll tp+2.40E+Oll tm 1.614 tw+2.40E+Oll
boac 11141633, wide+2.400000E+Oll task .00578947

tbk+2.40000000E+Oll
checking 177-301170 VS.+2.400000E+011
R.NXT.MOVE time is 177.30
boat 41 class = 2
backup = false
pres.cell = 1 next.cell = o
tn =+2.40E+011 ta 3.126 tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 11141633, wide+2.400000E+Oll task 3.12573681

tbk+2.40000000E+Oll
checking 180.426907 VS.+2.400000E+011
R.NXT.MOVE time is 179.94
boat 41 class = 2
backup = false
pres.cell = 1 next.cell = o
tn =+2.40E+011 ta .489 tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 11141633, wide+2.400000E+Oll task .48899014

tbk+2.40000000E+Oll
checking 180.426907 VS.+2.400000E+011
R.NXT.MOVE time is 180.30
boat 41 class = 2
backup = false
pres.cell = 1 next.cell = o
tn =+2.40E+011 ta .128 tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll

. boat 11141633, wide+2.400000E+Oll task .12810737

checking
WE ARE HALTING

from port
from port
from port
from port
from port

tbk+2.40000000E+Oll
180.426907 VS.+2.400000E+011

THIS ITERATION OF THE SIMULATION - time is1752.000000
1 waiting list o
2 waiting list o
3 waiting list o
4 waiting list o
5 waiting list o
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from port
from port
from port
from port
from port
from port
from port
from port
from port
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from

port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port ‘

6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

transiting boats 8
R.REINIT - reinitialize the

today is
time is

seedl
seed2
seed3
seed5
seed10

tow count =

waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting

system

list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list

06/21/1996
15:11:18

977627078
683743814
214464419
628678078
477424540

0
R.NXT.MOVE time is 171.00

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

boat 41 class = 6
backup = false
pres.cell = 1 next.cell = 2
tn = 3.126 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 11141582, wide+2.400000E+Oll task 3.12573681

tbk+2.40000000E+Oll
checking 174.128027 VS.+2.400000E+011
R.NXT.MOVE time is 174.13
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boat 41 class = 6
backup = false
pres.cell = 2 next.cell = 3
tn = .006 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 11141582, wide+2.400000E+Oll task .00578947

tbk+2.40000000E+Oll
checking 174.133816 VS.+2.400000E+011
R.NXT.MOVE time is 174.13
boat 41 class = 6
backup = false
pres.cell = 3 next.cell = ‘ 4
tn = .145 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 11141582, wide+2.400000E+Oll task .14473684

tbk+2.40000000E+Oll
checking 174.278553 VS.+2.400000E+O11
R.NXT.MOVE time is 174.28
boat 41 class = 6
backup = false
pres.cell = 4 next.cell = 5
tn = .031 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 11141582, wide+2.400000E+Oll task .03148026

tbk+2.40000000E+Oll
checking 174.310034 VS.+2.400000E+011
R.NXT.MOVE time is 174.38
boat 41 class = 6
backup = false
pres.cell = 18 next.cell = o
tn =+2.40E+011 ta .564 tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 11141582, wide+2.400000E+Oll task .56447369

tbk+2.40000000E+Oll
checking 174.941174 VS.+2.400000E+011
R.NXT.MOVE time is 201.44
boat 41 class = 6
backup = false
pres.cell = 18 next.cell = 5
tn = .564 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 11141582, wide+2.400000E+Oll task .56447369

tbk+2.40000000E+Oll
checking 202.005648 VS.+2.400000E+011
R.NXT.MOVE time is 202.07
boat 41 class = 6
backup = false
pres.cell = 4 next.cell = 3
tn = 031 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat “11141582, wide+2.400000E+Oll task .03148026

tbk+2.40000000E+Oll
checking 202.103794 VS.+2.400000E+011
R.NXT.MOVE time is 202.10
boat 41 class = 6
backup = false
pres.cell = 3 next.cell = 2
tn = 145 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat ●11141582, wide+2.400000E+Oll task .14473684

tbk+2.40000000E+Oll
checking 202.248531 VS.+2.400000E+011
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R.NXT.MOVE time is 202.25
boat 41 class =
backup = false
pres.cell = 2 next.cell = 1
tn = .006 ta+2.40E+Oll tp+2.40E+Oll
boat

6

11141582, wide+2.400bOOE+Oll task
tm+2.40E+Oll tw+2.40E+Oll

.00578947
tbk+2.40000000E+Oll

checking 202.254321 VS.+2.400000E+011
R.NXT.MOVE time is 202.25
boat 41 class = 6
backup = false
pres.cell = 1 next.cell = o
tn =+2.40E+011 ta 3.126 tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 11141582, wide+2.400000E+Oll task 3.12573681

tbk+2.40000000E+Oll
checking
ARE HALTING
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from

port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port

205.380058 VS.+2.400000E+011
THIS ITE~TION OF THE SIMULATION

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting

list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list

- time
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

56
0
1
0
0
0
7
3
0
0
0
0
0
0
0
0

is1752.000000
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from port 39 waiting list
transiting boats 10
R.REINIT - reinitialize the system

today is 06/21/1996
time is 15:11:37

seedl 1063949095
seed2 683743814
seed3 1052768847
seed5 2140117916
seedlO 477424540

tow count = o
R.NXT.MOVE time is 157.24
boat 41 class = 10
backup = false
pres.cell = 1 next.cell = 2
tn = 3.349 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 11141729, wide+2.400000E+Oll task 3.34900389

tbk+2.40000000E+Oll
checking 160.586626 VS.+2.400000E+011
R.NXT.MOVE time is 160.59
boat 41 class = 10
backup = false
pres.cell = 2 next.cell = 3
tn = .006 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 11141729, wide+2.400000E+Oll task .00620301

tbk+2.40000000E+Oll
checking 160.592829 VS.+2.400000E+011
R.NXT.MOVE time is 160.59
boat 41 class = 10
backup = false
pres.cell = 3 next.cell = 4
tn = .145 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 11141729, wide+2.400000E+Oll task .14473684

tbk+2.40000000E+Oll
checking 160.737566 VS.+2.400000E+011
R.NXT.MOVE time is 160.74
boat 41 class = 10
backup = false
pres.cell = 4 next.cell = 5
tn = .031 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 11141729, wide+2.400000E+Oll task .03148026

tbk+2.40000000E+Oll
checking 160.769046 VS.+2.400000E+011
R.NXT.MOVE time is 160.77
boat 41 class = 10
backup = false
pres.cell = 5 next.cell = 6
tn = .116 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 11141729, wide+2.400000E+Oll task .11578947

tbk+2.40000000E+Oll
checking 160.884836 VS.+2.400000E+011
R.NXT.MOVE time is 160.88
boat 41 class = 10



backup = false
pres.cell = 6 next.cell = 7
tn = .084 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 11141729, wide+2.400000E+Oll task .08394736

tbk+2.40000000E+Oll
checking 160.968783 VS.+2.400000E+011
R.NXT.MOVE time is 160.97
boat 41 class = 10
backup = false
pres.cell = 7 next.cell s 8
tn = .061 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 11141729, wide+2.400000E+Oll task .06078947

tbk+2.40000000E+Oll
checking 161.029573 VS.+2.400000E+011
R.NXT.MOVE time is 161.03
boat 41 class = 10
backup = false
pres.cell = 8 next.cell = 9
tn = .061 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 11141729, wide+2.400000E+Oll task .06078947

tbk+2.40000000E+Oll
checking 161.090362 VS.+2.400000E+011
R.NXT.MOVE time is 161.16
boat 41 class = 10
backup = false
pres.cell = 20 next.cell = 21
tn =+2.40E+011 ta .174 tp+2.40E+Oll tm+2-40E+Oll tw+2.40E+Oll
boat 11141729, wide+2.400000E+Oll task .17368422

tbk+2.40000000E+Oll
checking 161.330713 VS.+2.400000E+011
R.NXT.MOVE time is 187.83
boat 41 class = 10
backup = false
pres.cell = 20 next.cell = 9
tn = .174 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 11141729, wide+2.400000E+Oll task .17368422

tbk+2.40000000E+Oll
checking 188.004397 VS.+2.400000E+011
R.NXT.MOVE time is 188.07
boat 41 class = 10
backup = false
pres.cell = 8 next.cell = 7
tn = .061 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 11141729, wide+2.400000E+Oll task .06078947

tbk+2.40000000E+Oll
checking 188.131853 VS.+2.400000E+011
R.NXT.MOVE time is 188.13
boat 41 class = 10
backup = false
pres.cell = 7 next.cell = 6
tn = .061 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 11141729, wide+2.400000E+Oll task .06078947

tbk+2.40000000E+Oll
checking 188.192643 VS.+2.400000E+011u
R.NXT.MOVE time is 188.19
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boat 41 class = 10
backup = false
pres.cell = 6 next.cell = 5
tn = .084 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 11141729, wide+2.400000E+Oll task .08394736

tbk+2.40000000E+Oll
checking 188.276590 VS.+2.400000E+011
R.NXT.MOVE time is 188.28
boat 41 class = 10
backup = false
pres.cell = 5 next.cell = 4
tn = .116 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 11141729, wide+2.400000E+Oll task .11578947

tbk+2.40000000E+Oll
checking 188.392380 VS.+2.400000E+011
R.NXT.MOVE time is 188.39
boat 41 class = 10
backup = false
pres-cell = 4 next.cell = 3
tn = .031 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 11141729, wide+2.400000E+Oll task .03148026

tbk+2.40000000E+Oll
checking 188.423860 VS.+2.400000E+011
R.NXT.MOVE time is 188.42
boat 41 class = 10
backup = false
pres.cell = 3 next.cell = 2
tn = .145 ta+2.40E+Oll tp+2.40E+Oll tm .066 tw+2.40E+Oll
boat 11141729, wide+2.400000E+Oll task .06551535

tbk+2.40000000E+Oll
checking 188.489375 VS.+2.400000E+011
R.NXT.MOVE time is 188.51
boat 41 class = 10
backup = false
pres.cell = 3 next.cell = 2
tn = .058 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 11141729, wide+2.400000E+Oll task .05808662

tbk+2.40000000E+Oll
checking 188.568597 VS.+2.400000E+011
R.NXT.MOVE time is 188.57
boat 41 class = 10
backup = false
pres.cell = 2 next.cell = 1
tn = .006 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 11141729, wide+2.400000E+Oll task .00620301

tbk+2.40000000E+Oll
checking 188.574800 VS.+2.400000E+011
R.NXT.MOVE time is 188.57
boat 41 class = 10
backup = false
pres.cell = 1 next.cell = o
tn =+2.40E+011 ta 3.349 tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 11141729, wide+2.400000E+Oll task 3.34900389

tbk+2.40000000.E+Oll
checking 191.923804 w.+2.400000E+011

-
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WE ARE HALTING
from port
from port

THIS

from port
from port
from port
from port
from port
from port
from port
from port
from port
from port
from port
from port
from port
from port
from port
from port
from port
from port
from port
from port
from port
from port
from port
from port
from port
from port
from port
from port
from port
from port
from port
from port
from port
from port
from port
from port
from port

transiting boats
R.REINIT - reinitialize

ITE~TION OF THE SIMULATION

today is
time is

seedl
seed2
seed3
seed5
seedlO

tow count =

1

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
5

the

06/21/1996
15:11:51

waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting

system

list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list

490611474
683743814

1077320315
1408737831
477424540

0
R.NXT.MOVE time is
boat 41 class
backup = false

128.95
= 5

0
0
0
0
0
9
2
2
0
0
0
0
0
0
0
0
0
0
3
0
8
0

52
0

58
0
0

15
10
3
0
0
0
0
0
0
0
0
0

time is1752.000000
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pres.cell = 1 next.cell = 2
tn = 3.126 ta+2.40E+Oll tp+2.40E+Oll tm .512 tw+2.40E+Oll
boat 11141827, wide+2.400000E+Oll task .51188029

tbk+2.40000000E+Oll
checking 129.465611 VS.+2.400000E+011
R.NXT.MOVE time is 128.95
boat 41 class = 5
backup = false
pres.cell = 1 next.cell = 2
tn = 3.126 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 11141827, wide+2.400000E+Oll task 3.12573681

tbk+2.40000000E+Oll
checking 132.079467 VS.+2.400000E+011
R.NXT.MOVE time is 132.08
boat 41 class = 5
backup = false
pres.cell = 2 next-cell = 3
tn = .006 ta+2.40E+Oll tp+2.40E+Oll tm .061 tw+2.40E+Oll
boat 11141827, wide+2.400000E+Oll task .00578947

tbk+2.40000000E+Oll
checking 132.085257 VS.+2.400000E+011
R.NXT.MOVE time is 132.09
boac 41 class = 5
backup = false
pres.cell = 3 next.cell = 4
tn = .145 ta+2.40E+Oll tp+2.40E+Oll tm .066 tw+2.40E+Oll
boat 11141827, wide+2.400000E+Oll task .06551535

tbk+2.40000000E+Oll
checking 132.150772 VS.+2.400000E+011
R.NXT.MOVE time is 132.15
boat 41 class = 5
backup = false
pres.cell = 3 next.cell = 4
tn = .077 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 11141827, wide+2.400000E+Oll task .07747541

tbk+2.40000000E+Oll
checking 132.229994 VS.+2.400000E+011
R.NXT.MOVE time is 132.23
boat 41 class = 5
backup = false
pres.cell = 4 next.cell = 5
tn = 031 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat .11141827, wide+2.400000E+Oll task .03148026

tbk+2.40000000E+Oll
checking 132.261474 VS.+2.400000E+011
R.NXT.MOVE time is 132.26
boat 41 class = 5
backup = false
pres.cell = 5 next.cell = 6
tn = .116 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 11141827, wide+2.400000E+Oll task .11578947

tbk+2.40000000E+Oll
checking 132.377264 VS.+2.400000E+011
R.NXT.MOVE time is 132.38
boat 41 class = 5



backup = false
pres.cell = 6 next.cell = 7
tn = .084 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 11141827, wide+2.400000E+Oll task .08394736

tbk+2.40000000E+Oll
checking 132.461211 VS.+2.400000E+011
R.NXT.MOVE time is 132.46
boat 41 class = 5
backup = false
pres.cell = 7 next.cell s 8
tn = .061 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 11141827, wide+2.400000E+Oll task .06078947

tbk+2.40000000E+Oll
checking 132.522000 VS.+2.400000E+011
R.ltXT.MOVEtime is 132.52
boat 41 class = 5
backup = false
pres.cell = 8 next.cell = 9
tn = .061 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 11141827, wide+2.400000E+Oll task .06078947

tbk+2.40000000E+Oll
checking 132.582790 VS.+2.400000E+011
R.NXT.MOVE time is 132.58
boat 41 class = 5
backup = false
pres.cell = 9 next.cell = 10
tn = 035 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat ●11141827, wide+2.400000E+Oll task~ .03473684

tbk+2.40000000E+Oll
checking 132.617527 VS.+2.400000E+011
R.NXT.MOVE time is 132.62
boat 41 class = 5
backup = false
pres.cell = 10 next.cell = 11
tn = .333 ta+2.40E+Oll tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 11141827, wide+2.400000E+Oll task .33289473

tbk+2.40000000E+Oll
checking 132.950421 VS.+2.400000E+011
R.NXT.MOVE time is 132.95
boat 41 class = 5
backup = false
pres.cell = 11 next.cell = 12
tn =+2.40E+011 ta .029 tp+2.40E+Oll tm+2.40E+Oll tw+2.40E+Oll
boat 11141827, wide+2.400000E+Oll task .02894737

tbk+2.40000000E+Oll
checking 132.979369 VS.+2.400000E+011

WE ARE HALTING THIS ITE~TION OF THE SIMULATION - time is1752.000000
from port 1 waiting list o
from port 2 waiting list o
from port 3 waiting list o
from port 4 waiting list o
from port 5 waiting list o
from port 6 waiting list 11
from port 7 waiting list- 4
from port 8 waiting list 1
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from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from

port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port

transiting boats
R.REINIT - reinitialize

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
5
the

today is
time is

seedl
seed2
seed3
seed5
seedlO

tow count =

WE

06/21/1996
15:12:03

R.NXT.MOVE time

waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting

system

list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list

1369559351
683743814
969018896

2056084433
477424540

is 159.99
boat 41 class = 2
backup = false
pres.cell = 1 next.cell = 2
tn =+2.40E+011 ta .005 tp+2.40E+Oll tm
boat 11142856, wide+2.400000E+Oll task

tbk+2
checking
ARE HALTING
from port
f~om port
from port

o
7
0
0
0

31
2
0
0
0
1
0

16
0

39
0

60
0
0

17
9
6
0
0
0
0
0
0
0
0
0

1.611 tw+2.40E+Oll
.00521053

.40000000E+011
159.996253 VS.+2.400000E+011

THIS ITERATION OF THE SIMULATION - time is1752.000000
1 waiting list o
2 waiting list o
3 waiting list o
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from port
from port
from port
from
from
from
from

port
port
port
port

from port
from
from
from
from
from
from
from
from
from
from

port
port
port
port
port
port
port
port
port
port

from port
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from

port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port
port

4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

transiting boats 2
R.REINIT - reinitialize the
#starts = 496
#exits = 1.0

waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
waiting
Waiting
Waiting

System

.
.
.
.
j

.

.

.

.

list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
list
List
List
List
List
list

o
0

14
5
0
7

10
0
0
0

179
3
0
0
0
1
0

11
0

47
0

57
0
0

16
24
6
0
0
0
0
0
0
0
0
0

FINAL STATISTICS FOR THE RUN

cell
cape_henry
fml

TOTALS

-.----- ------- -

cell
cape_henry
brewerton
fml

- junc_2

PASSING
tow.tow.passes

o
0
0

MEETING

STATISTICS ---------------

tow.ship.passes ship.ship.passes
o 3
0 22
0 25

STATISTICS ------.------.-

tow.tow.meetings tow.ship.meetings ship.ship.meetings
o 0 584
0 0 39
0 0 7
0 0 36



—

fm2
junc_3
fm
junc_4
fm4
junc_5
fm
junc_6
tunnel
w_dundalk
w_seagirt
ferry_bar
west
TOTALS

o
0
0
0
0
0
0
0
0
0
0
0
0
0

------ ------ --~
SYSTEM COSTS-----.- ------- -

finished trips
CLASS COSTS #TRIPS

Al 737272.875
A2 13925493.000
A3 2609535.750
A4 2114658.750
AA 6485162.000
AB 866441.000
AE 12837054.000
AF 936738.250
DA 658320.625
DB 5366353.500
DC 3361226.750
DD 975374.750
DE 1291044.500
EC 992793.437
ED 849355.188
FA 458806.500
FB 1115315.750
Fc 834096.625
FD 1516747.125
HB 2310413.500
PA 1483002.125
PB 805592.750
Pc 1433789.750
PD 985383.063
Tow o.
TOTAL $ 64949971.562

22
178
35
29
157
33

303
29
29

171
96
23
24
21
15
13
16
19
31
89
38
21
31
14
0

1437

-. -- - - - - - - - - - - - unfinished trips
CLASS COSTS #TRIPS

Al o. 0
A2 3718662.750 7
A3 5825270.000 5
A4 38650.523 1

105792.398 3

0
0
0
0
0
0
0
0
0
0
0
0
0
0

------ ------ ---
----.-- ------- -

#MILES

2553.780
20814.949
4062.699
3371.360

18799.939
3947.079

35772.059
3369.409
3452.700

20500.313
11215.298
2653.260
2908.601
2566.760
1827.900
1627.140
1858.880
2367.400
3866.341

10647.051
4619.341
2512.640
3855.980
1694.740

0.

cost/trip

33512.403
78233.107
74558.164
72919.267
41306.764
26255.788
42366.515
32301.319
22700.711
31382.184
35012.779
42407.598
53793.521
47275.878
56623.679
35292.808
69707.234
43899.822
48927.327
25959.702
39026.372
38361.560
46251.282
70384.504

0.
170865.619 45198.31

------.--------

#MILES cost/trip

o. 0.
350.145 531237.536
179.440 1165054.000
58.090 38650.523

130.620 35264.133

17
15 -
34
6

16
3
4
2
7

14
2

20
5

811

cost/mile

288.70
669.01
642.32
627.24
344.96
219.51
358.86
278.01 —
190.67
261.77
299.70
367.61
443.87
386.79
464.66
281.97
599.99
352.33
392.30
217.00
321.04
320.62
371.84
581.44

0.
380.12

cost/mile

o.
10620.34
32463.61

665.36 ~
809.92



AB
AE
AF
DA
DB
DC
DD
DE
EC
ED
3?A
FB
FC
FD
HB
PA
PB
Pc
PD
TOW

TOTALS

12445.734
72072.484
17024.871
25440.518

1255221.750
31959.545

0.
0.
0.

45337.941
0.
0.
0.

14348.086
9593.438

18364.312
0.

2060758.000
0.
0.

13250942.352

. . - - ----- - - - -=-

CELL
cape_henry
brewerton
fm3
fm4
junc_5
fm5
curtis_bay
w_dundalk
w_seagirt
ferry_bar’
west

TOTALS

--.-.----------

CELL tow.tow
TOTALS o

---------------
---------------

CELL
brewerton
fm3
fm5
curtis_bay
w_dundalk
w seagirt
f&ry_bar
west
TOTALS

---

1

5
1
3
6
3
0
0
0
1
0
0
0
1
1
1
0
2
0
0

41

61.130 12445;734
240.559 14414.497
58.090 17024.871

178.820 8480.173
234.770 209203.625
68.516 10653.182
0. 0.
0. 0.
0. 0.

70.530 45337.941
0. 0.
0. 0.
0. 0.

61.130 14348.086
58.090 9593.438
58.940 18364.312
0. 0.

62.640 1030379.000
0. 0.
0. 0.

1871.511 323193.716

203.59
299.60
293.08
142.27

5346.60
466.45

0.
0.
0.

642.82
0.
0.
0.

234.71
165.15
311.58

0.
32898.44

0.
0.

7080.35

SYSTEM DELAYS --------------.

AVE. DELAYS(hrs.) #DEPARTURES
8.04042 2596

29.94047 96
30.08274 1
56.12876 7
37.60668 33
30.77249 4
31.79244 53
51.34924 669
42.07442 33
84.81228 102
35.04654 485
21.7232 4079

SYSTEM CASUALTIES --.------------

MEETINGS PASSINGS
tow.ship ship.ship tow.tow tow.ship ship

o 0 0 0 0

TRAVEL(by cell departed) ---------------

finished trips ------.--------

MILES ~VELED
10673.278
114.660
471.520
5941.221

77505.031
3904.901
12263.372
59991.461

170865.445

TIME ~VELED
3204.567
33.665
140.180

1830.813
36818.871
1526.399
9109.753

19439.471
72103.718

AVE FUiTE
3.331
3.406
3.364
3.245
2.105
2.558
1.346
3.086
2.370



e----- ------- -

CELL
cape~henry
curtzs_bay
w_dundalk
west
TOTALS

unfinished trips
--------------.

MILES TRAVELED TIME TRAVELED AVE RATE
1547.131 10733.783 .144
121.130 63.702 1.902
62.190 34.064 1.826

141.060 70.109 2.012
1871.511 10901.659 .172

u u u u w w UI w u w v u
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L Introduction

In February,1994,the Industrialand Systems Engineering (INSE) Program at the University

of Memphis was asked to be a partner in the study of the Baltimore Harbor, under the

leadershipof the BaltimoreDistrict Corps of Engineers (BCOE). The defined purpose of the

studywas to investigatethe economicviabilityof anchorage and branch channel modifications

in the BaltimoreHarborSystem.

TheprimarytoolutilizedbyINSEwasasimulationmodelthathadpreviouslybeenemployed

by theGalvestonDitictCorpsofEngineerson a studyoftheHoustonShipChannel.

Becauseofthedynamicsofthevesselmovementsand the inability to effectively define an

analyticalapproach to the probl~ it was decided that a simulation analysis would be more

effective than one based on a queuing strategy.

IL Problem Overview

The BaltimoreDistrictprepareda ReconnaissanceReporton theBaltimoreHarbor

AnchoragesandChannelsinApril,1992.Thebasicprobleqasstatedintherepoti,wasto

provide“anchorageareastoaccommodatelargerandmoreefficientvessels,”andtodevelop

branchchannelsthatbothincreasethenumberoflargevesselsthatcanaccessBaltimoreports

aswellasimprovethearrivalprocessofvesselsinthebranches.

Thefocusof the report was on stmctural changes at the anchorages and branches. A number

of anchorages cunently exist in the system and existing anchorages were targeted. These

anchorages could be deepened and widened to accommodate the larger fleet that is

anticipated for the fiture. Cumently, the larger vessels are required to anchor primarily at

Annapolis,a three-hour trip from the port. The impact on total time required to service such

a vessel is significant.

———

Deepeningandwideningscouldlikewiseproveefficientforthebranchchannels.Vessels

1



that currentlycall on a port in such a branch may benefit horn decreased access times, while

widespread changes could broaden the range of vessels which could call on the ports.

In addition to such structural modifications, there was also the potential for non-structural

changes. Such changes could also be accommo&ted in the simulatio~ and allow for an

assessment of the impact of different management alternatives on system pefiormance.

IIL Information Resources

A numberofresourceswereutilizedinpreparingthisanalysisforBaltimore.We iden@

each below, indicating the primary use of the source.

1. Baltimore Hwbor Anchorages and Channels, Marykznd: Recom”ssance Report and

Saippoti”ng Technical Appendices, Baltimore Distri@ Corps of Engineers, April 1992.

The reconnaissance report provided the basis for developing the simulation model.
From this report, it was determined that the simulation methodology applied in a
previous project for the Galveston Corps of Engineers could be substantively applied
in Baltimore as well.

2. Tmfi Sheet #6: PiIotage Rates for Chesapeake Bay and Tributaries, &sociation of

Ma@nd Pilots, Effective: October 15, 1994.

This document was utilized to develop approximate hourly pilotage charges for
vessels in the system. The charge is based on “pilotage units”, which are a fiction
of the vessel’sLO~ breadth and depth.

3. Port Facilities at Baltimore, M~knd, Water Resources Support Center, Field
Data: October, 1989, Aerial Photography: January 1983 and Januay, 1990.

These mapswere utilized to locate the various port facilities in the syste~ for input
into the simulation model.

4. ThePort of Baltimore, Mmyla@ Port Series No. 10, Water Resources Support Center,
Revised 1991.

In conjunctionwith the maps, this information was utilized to characterize the ports.

5. Vessel Traflic Worrnatiou Baltimore Mtitirne Exchange,1991-93.

This itiorrnation assisted in the calibration of the model.

2



,

6. Vessel Forecasts, DRUMcGraw-Hill, 1995.

DRI provided estimate of the numbers of each vessel type calling on the system for
the years 2000,2010,2020,2030, 2040, and 2050. These forecasts were used in the
simulation to create the representative vessel traflic.

7. ~ormation on the anticipated Masonville Tennina.1,Maryland Port Administration.

A 1981 study by the Port Administrationidentified the fiture need for a new terminal
in the system. This terminal is expected to be fictional sometime after 2005. The
relevant information was utilized in simulations of years following 2005.

8. Deep Draj? Vessel Costs, Institute For Water Resources.

Iv.

Thistionna.onwasusedtodefineanaverageoperatingcostforeachofthevessel
typesthatcallsonthePortofBaltimore.

Simulation Overview

A system that is suitable for simulation usually consists of at least one of the following two

characteristics. Firss the system might contain a significant amount of activity that is

probabilisticin nature. Uncertainty of an activity may influence whether the activity occurs,

when the activity occurs, and to what level the activity occurs. For instance, in modeling a

ship arriving to the syste~ there are a number of uncertain elements:

- time of amivzdto the system
- time to complete service at the dock
- whether the vessel is involved in an encounter (possibly a co~sion) with a second

vessel
- what type of vessel is calling on the port
- etc.

It is noteworthy to point out that at some point in time, these elements may in fact gain

certainly. For instance, we might know with accuracy within minutes the arrival times of all

vessels calling on the Port tomonow. However, this analysis must address the issue as an

uncertain one, particularly in light of the need to provide some decision-making capabilities

over a 50-year period.

The second key system characteristic that lends itself to a simulation analysis is pure

complexity. That is, a systemmay consist of a number of interacting activities, each of which

3
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alonemight be amenableto an analytical solutioq but not true in the aggregate. Aga.@with

respect to the harbor system it might be a very straightfonvard analysis to define the

equipment needs of a particular dock in the system. Even if each of these elements alone

could be evaluated simply, interaction effects make

For example, let us again considerthe harbor system.

together define vessel movements:

- vessel transit
- anchorage management
- pilotage
- docking pilot service
- offload/onload
- etc.

a global analysis much more difiicult.

There are a number of fhnctions which

Thesimulationis a “What if..?” type of tool. Each elementinthesystemisdefinedbywhat

aredeemedtobeitskeycharacteristics.Forinstance,inthissimulationmodel,theconcept

ofananchoragewas explicitlydevelopedtoindicateanintermediatelocationatwhicha

vesselcouldwaitwhileitsdestinationdockisunavailable.Characteristicsoftheanchorage

includedinthecumntmodelare:

-location
-numberoftie-downs
-dimensionsoflargestvesselthatcanbeaccommodatedinatie-down(LO~ draft)

One common element in all simulation models is the employment of various probability

distributions. The concept of a probabilitydistribution is that some characteristic might dfier

over elements in the syst~ and the distribution indicates how that variation arises. For

instance, a number of dtierent vessel classes call on the Port of Baltimore. We define a

distributionwhich ensures that the proportion and numbers of each class are consistent with

cment obsemations and fiture expectations.

It is important to note that the level of detail to which an element is modeled should depend

on the questionsto be investigatedwith the simulationmodel. It is not possible to completely

mimic the activity of the system. At the same time, important characteristics should not be

omitted. The purpose of this analysis was to consider two fimdamental questions:

- What is the impact of restructuring of the anchorages?
- What is the impact of restructuring of branch channels?

4
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With regard to the first questio~ the model includes the anchorage elements mentioned

earlier. Note that redevelopment of an anchorage is a deepening and/or lengthening of one

or more tie-downs within the anchorage. The “What if..?” issues that can now be

investigated are:

- Which anchorage(s) be should be redeveloped?
- How many anchorages should be redeveloped?
- What dimensions should the redeveloped anchorages be?

With respect to the issue of branch channel modification the focus was on widening to

improve access to the docks. The “What if..?” issues that can now be investigated are:

- Which branch(es) should be modified?
- To what extent should a branch be widened?

The W elementthat is inherent inmost simulationmodels is the definition of policies. Many

systems rely on some sort of decision making, either explicitly or implicitly. Vessel traffic

moves at a certain rate, a vessel in an encounter with another vessel acts in some manner,

incomingvesselsare assignedto anchorages. To be usefid, the simulation must imitate actual

behavior, or provide a reasonable agreed-upon surrogate. We close this section by noting

again that the simulation is a “What if..?” tool. The simulation does not provide a solution

to the proble~ in the sense that it will suggest the optimal course of action to take. It will

provide an understanding of how a particular course of action will impact the system

petiormance.

V. The Model

The simulationmodel created is essentially an imitation of vessel movements within the Port

System. The original model was developed for the Galveston District Corps of Engineers,

in an attempt to iden@ the impact of deepening and widening the main channel.

Documentation of the original model is included in Appendix A. The bulk of the simulation

as developedfor the HoustonKialveston ShipChannels(HSC) can be applied in the Baltimore

system as well. The fundamental difference is in the generation of vessel movements.

For the HSC model, the focus was on the interaction between vessels on the channel. &

5
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such, landside activities were insignificant. Vessels anived to the HSC with a distribution

based on historicaltiormation. Vessels departed from the various docks at rates consistent

with history. No effort was made to coordinate vessel dock amivalswith dock departures.

We ref&rto this as a “vessel-ins h“ system in the sense that vessels are pushed into the HSC

from some outside source, and vessels are pushed out of the docks.

In the Baltimore system on the other hand, the use of the anchorages is a key question. As

such the interactions of dock actMties\vessel and vessel\vessel must be considered. A vessel

arriving to the system may not simply proceed to its destination dock if the dock space is

CUITentlybeingutilized. Similarly,a vesselmay not proceed to an anchorage if another vessel

is in anchorage. In general, once a vessel has entered the syste~ its progress from then on

is dictated by its destination. We institute a “vessel-Dull”system in this case. A dock that is

open pulls a waiting vessel in. An anchorage that becomes available pulls a vessel in that

might be waiting at the Annapolis anchorage location.

We note that there is a significant difference in a “vessel-Dush” system and a “vessel-mall”

system. The push systemrelieson historicaldata and forecasting to define vessel arrivals and

departures. This is a probabilistic approach. On the other hand, the “vessel-Du.11”system

relies on a probabilistic approach to generate mivals to the systerr+and some management

policy to dictate movements thereafter. Note that MS POM COU1dbe WY simPle Or.

extremely complicated. In the cument implementatio~ anchorages are managed on a first-

come-first-served basis, by eligible vessels. (Oversized vessels may not utilize certain

anchorages.) It is assumedthat there are enough pilots availableto easily handle the demand -

both bay pilots and docking pilots. It is assumed that vessels may travel the system from an

anchorage to a dock - or exit from a dock - on a first-come-fist-sewed basis.

Possibties do exist for more directly controlling the movement of vessels in the system. It

mightbe advantageous to limit the use of certain anchorages to pzuticular vessel classes. It

mightbe usefi.dto control MC such that a vessel that is incoming has higher priority on the

channelthan does one that is leaving. It could be beneficial to limit the use of an anchorage

to some period of time. These are what could be referred to as non-structural modifications.
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The current study has focused on the impact of structural adjustments.

There are several cost components included in the model. For each vessel class, there is a

pilotage co% and an hourly operating cat. For some vessel classes, it is also recognized that

dispatchdemurrage may apply. A credit is received if a vessel is sewed by the system within

the anticipatedtime. This time counts from the time the vessel arrives at the system until the

vessel pulls out of the dock. A demurrage cost is assessed if the vessel is not sewed within

the allotted time. Demum.ge rates are generally twice that of dispatch.

The model definesgeneralvesselclasseswith average dimensions. (More details are available

in AppendixA) For instance,everyvessel in a particular class will have the same drafk (As

refmencedearlier,the vessel definitions are based on the vessel categories of DIU/McGraw-

Hill and the vessel cost Wonnation provided by the Water Resources Support Center.)

Vessel class characteristics are provided in Appendix B. Amival rates by vessel class are

provided in Appendix C.

VI. Alternatives

In the next three sectionswe ident@ the alternativesstudied. The first section indicates those

anchorage alternatives considered. The second section indicates those branch channel

alternatives considered. The final section lists combination alternatives investigated.

Anchorages: StructuralMod@ations

Anchorage modifications were mnsidered at anchorages 3 and 4. AUanchorages utilize a

free-swinging design. Anchorage 3 currently can accommodate three vessels of length no

more than 550 f=; and draft under 35 feet. Anchorage 4 may simultaneously accommodate

2 vessels450 feet x 30 feet. These dimensions are much smaller than the typical vessel that

is currently calling on the Port of Baltimore, and the typical vessel dimensions are only

expected to increase in the coming years.
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The alternatives are anchorages #3 and W (the two-digit alphanumeric code maps into a
-

computer file naming convention):

- Anchorage Modifications (Replacing two smaller anchorages)
Cl: one enlarged anchorage at #3; 820x36
C2: one enlarged anchorage at #3; 800x40
C3: one enlarged anchorage at #3; 920x36
C4: one enlarged anchorage at #3; 900x40
C5: one enlarged anchor~e at #3; 102OX36
C6: one enlarged anchorage at #3; 102OX4O

- Added Anchorage {No Replacement}
El: one additional anchorage at #3; 690x42
E2: one additional anchorage at #3; 735x43
E3: one additional anchorage at #3; 905x43
E4: one additional anchorage at #3; 890x42

- Additional Anchorage Modifications (These replace ~o smaller anchorages)
F1: one enlarged anchorage at #3; 890x42
F2: two enIarged anchorages at #3; 890x42
F3: one enlarged anchorage at #4; 690x38
F4: one enlarged anchorage at #3; 905x43
F5: two enlarged anchorages at #3; 905x43

A second set of alternativesf-on Anchorage # 4 designs. These alternatives, developed

jointlyby INSE and BCOE, considered both dredging concerns as well as relationships with

the anticipated fleet. The configurations for the new anchorage at W were:

- LOA = 550’ Depth= 30’
- LOA = 550’ Depth= 32’
- LOA = 585’ Depth= 34’
- LOA = 680’ Depth= 34’
- LOA = 690’ Depth= 42’
- LOA= 735’ Depth= 43’
- LOA = 815’ Depth= 47’
- LOA = 945’ Depth= 41’

It is worthwhile to note that the results of an anchorage modification are not necessarily

positive. Key factors in addressing the possibilities include port availability, anchorage

utilization, and channel trtic. By port auaddility, we mean the likelihood that a vessel

might arrive to find that its destination port is available, and no intermediate anchoring is

necessary.

- ---
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On the other hand a vessel requiring anchoringmust confkontthe anchorage zdili-”on issue.

That is, an anchorage that can temporarily accommodate the vessel may or may not be

available. Depending on the characteristics of the calhng“ fleet with respect to the cument

anchorage con@.ratio~ it maybe the case that additional modifications are not warranted.

In the case of the Baltimore Harbor, it is the case that a large portion of the calling fleet

cannot be seined by the current set of anchorages, which may sewe only small vessels.

The final issue is channel &c@c. It may certainly be the case that effective anchorage

developmentcan off=t any problems encountered because of heavy channel @c. Tra.f3ic

maybe heavy in the sensethat a large number of vessels are attempting to utilize the channel

simultaneously,or in the sensethat the dimensionsof the channelare such that vessel passings

and meetingsare restricted. In the iirst case, we may say traflic is driven by the port activity,

while in the second case port activity is restricted by channel dimensions. Effective

management of anchorage resources may overcome some of the impacts of channel trailic.

In anycase, it may not necessarily be said that a particular anchorage modification will have

a positiveimpact on the system. This is particularly true when a pair of anchorage slots are

givenup to produce a singlelarge one. (Ma.nagement may play a key role.) If smaller vessels

call in such numbers that the larger vesselsdo not have the opportunity to take fill advantage

of the improvem~ then the benefits are lost. In general it is true that the larger vessels are

also the most costly in terms of hourly operating costs. This conditions the system towards

accruingbenefits by virtue of being able to anchorage these vessels. On the other hand, the

much larger vessels do not account for a large share of the traflic, so any improvement

targeting these extreme vessels may not prove to be fiifil.

It shouldalsobe noted that the economic impacts are not limited to the direct recipient of the

modification. A vessel entering the system may benefit tiom being closer to port as a result

of an anchorage improvement. At the same time, the impact of improved service to that

vesselmay caq over to other vessels. As an example, the vessel next to arrive destined for

that port may have a decreased wait time, because the first vessel was able to amive in port

more quickly. As SUCI+the impacts of a particular event may propagate for some time.
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Branch ChanneZs:StructuraJA4baljficatiom

A number of alternativesfor branch channelimprovements exist within the Port of Baltimore,

and an independerrt analysis of each was done fist. For each improvement the impact of

wideningwas assewed. While the possii of deepening was considered, it was determined

through discussions with the Baltimoe District and DRI that the impact on the calling fleet

from such changes would be minimal. As SUCKthe primary benefit of a widening is in the

speed with which a vessel can approach/depart a port. For each alternative, we identi& the

proposed widt~ and the expected time saved by the vessel per visit. This savings includes

both approach and departure savings and was estimated after consultation with docking

pilots. (An additionalbenefit of these wideningsthat was suggested by the docking pilots was

in improved safktyconditions.) The initial set of alternatives considered were the following:

Bl:

B2:

B3 :

B4:

B5:

South Locust Point; widen to 400’; reduced
times by 20 minutes

East Dundalk; widen to 400’; reduced relevant
10 minutes

Sea@/East Dundalk; widen to 400’; reduced
times by 15 minutes

Seagww est Dundalk; widen to 400’; reduced
times by 15 minutes

relevant maneuvering

maneuvering times by

relevant maneuvering

relevant maneuvering

Sea@lEast Dunda.WWest Dundalk; widen to 500’; reduced relevant
maneuvering times by 20 minutes.

Multiple SimcturaIMdj’katiom

Other simulations investigated multiple channel modifications. These are:

G1: Modifications to South Locust Point/Sea@E. Dundalk
G2: Modifications to South Locust PointKeagifl. DundaW W. Dundalk

Whileit is true that a given anchoragemodification may have both positive and negative cost

impacts, any changes to branch channels have purely positive consequences. In additio~

these improvements are felt much more system-wide, since the efficient flow of the vessels

is afkcted so dramatically. A vessel savingtime on its approach flees up a docking crew that

much sooner. This crew may now be used for another vessel, improving that vessel’s service

time. Likewise, a vessel with an accelerateddeparture frees up dock space for another vessel.
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A4idtipleStructural andAnchorage A40dij%ations

A numberof integrative runs, correspond~ to plans within the Corps of Engineers Report,

were also pdonned. These simulations addressed the potential for multiple improvements

within the system. These are:

Plan 5: East Dundalk/Seagirt/Connecting Channel/South Locust Point

Anchorage #3 modification of one tie-up to 890’x42’

Anchorage W modification of one tie-up to 690’x42’

Plan 6: East Dundalk/Seagirt/Connecting Channel/South Locust Point

Anchorage #3 modification of two tie-ups to 890’x42’

hchorage #4 modification to 690’x42’

Plan 5x: East Dunda.lk/Seagirt/Comecting Channel/South Locust Point

hchorage #3 modification of one tie-up to 905’x43’

Anchorage #4 modification of one tie-up to 690’x42’

Plan 6: East Dundalk/Sea.gWConnecting Channel/South Locust Point

Anchorage #3 modiikation of No tie-ups to 905’x43’

Anchorage #4 modification to 690’x42’

VII. The Analysis

A number of fhctors influencedthe scenatios modeled and the extent to which each alternative

was considered. An initial study of vessel trafhc Monnation suggested that there was no

significantseasonalefkct that needed to be consider~ so it was decided to pefionn analyses

based on annual traffic patterns. Three years of tic information were available from the

Baltimore Maritime Exchange, 1991-93. Each year was simulated independently and as an

aggregate three-year period. The Mlkrences were not significant, and the decision was made

to utilize the three-year aggregated &ta as the baseline.

A detailed breakdown of vessel traffic is provided in Appendix C. The forecasted trtic

flows, as determinedby D~ for the sii decades under consideration were as shown in Table

1.

..
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TABLE 1.
Vessel Traffic Information - By

WzL5k #round mddw
2000 9.4
2010 13.2
2020 20.8
2030 28.6
2040 40.0
2050 55.6

Decade

50 dav$
1410
1980
3120
4290
6000
8340

Simulations based on these conditions under the scenario reflective of no modifications

revealed~o critical factors. First, large vessel backlogs developed in the decade 2030 and

beyond. The traflic flow forecast is demand-driven; it does not take into consideration

whether the systemhas the capacity to accommodate the expected growth. As the simulation

showed, the channel was simply incapable of allowing the smooth movement of more than

28 vessels per day. (Note that the idea of a round-trip suggests that not only are there an

average of 28 inbound vessels per day in 2030, but there are also 28 outbound vessels per

day.) It was determined that no analyses would be carried out for the decades 2040 and

2050, and that after 2030, traffic would remain constant.

It was apparent in subsequent simulations that the capacity was somewhere in the range of

20-25 round trips per day. A number of simulation runs exhibited the backlog. Some

modifications,most notablybranch changes, induced effects that eliminated backlogs in some

instances. There were, however, a number of times in which backlogs continu~ even with

the introduction of some improvement.

The second obsewation from the baseline simulation runs was that significant queues formed

for the busiest terminals in the system. After consultation with the Ma@nd Port

AdrninistratioLit was decided to recognize the addition of the Masonville Terminal to offset

expectedterminaldemands. The Masonville Term.inalwas included in simulations for 2010,

2020, and 2030.

Once a stablebaseline was developed, a strategy was stated for evaluating alternatives. For

any alternative, its impact in every test decade (2000,2010,2020,2030) was to be assessed.

12
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Thus, for any alternative, a number of replications had to be made for each decade. As

discussed earlier, both anchorage and branch channel alternatives were to be developed.

Because of the notable number of alternatives to be investigate~ and time limitations, the

decision was made to per$onn five 150-day simulation replications per decade for each

alternativeconsidered. This resulted in many (5*4 decades*#altematives) test sets. Refening

to Table 1, this limitation does not appear to be much of a weakness, if we consider it in the

context of the total number of vessel movements simulated. For instance, for any alternative
.

considered in 2020, roughly 16,000 (3,120*5) vessel movements were evaluated.

VIII. Conclusion and Potential for Future Efforts

The efforts of this analysis focused on the development of alternatives and recognition of

potential. This led to a ftily comprehensive analysis with respect to the breadth of the

alternatives considered. Consequently, as a result of time and budgetary restraints, no

significantanalysiswas performed to investigate the issue of sensitivity. Decisions were made

on the anticipate savingsof the branch channel modifications in concert with pilots and pofi

kility managers. It remainsto be seen whether a modification will in fact result in a savings

of for instance, 20 minutes, or whether some other value is more likely.

Nor is it known whether the magnitudeof the differencewill have much impact on the relative

valuesof the alternatives. It was the stance of the analysis team that relative impacts would

be somewhat insensitive to such variability, and as such were not considered a major detail.

One issue that needs to be investigated firther is the interaction of channel dimensions, and

pasiig and meeting criteria. Preliminary runs indicated that there was a fair amount of

variability inherent in this; again however, the relative impact is uncertain.

One area of interest from the early stages in the analysis of the anchorage system was with

respect to anchorage management - as opposed to anchorage structure. It was agreed that

management could play a fairly significant role in effective utilization of the system. The

capabilitiesof the model currently capture the use of priorities; this fature was not utilized
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in this study, however. A more detailed management structure could vw likely be

implementedwithout much additional effort. This issue of management also ties over to the

upgraded model’s linkingof waterborne operationsand land operations. It was apparent that

there are issues landside that could heavily influence vessel movements.

One reviewer of the study suggested that an iterative approach to the analysis could be

U in ht vessel operators are themselves decision makers, and a vessel’s utilization of

the Baltimore System is a fiction of the characteristics of the system. For example, a

scenariowhich indicates the existence of bottleneck operations might lead vessel operators

to curtail trips into the System which in turn would lessen the bottleneck. The suggestion

made by the reviewer was that an iterative approach - with a simulation interlinked with a

vessel operator decision model could result in a more reliable and steady-state analysis.

Along similarlines, the model did recognize the limits of the cment systerq with respect to

anticipated trailic demands. An unconstrained forecast was simulated; the result of that

simulation (for the year 2040) was essentially a complete collapse of the systenL in that not

all calling vessels were able to be processed in a reasonable length of time. As was noted,

some of this was a consequence of the inability to move the vessels through the channel;

however, a large amount of this was also a result of the inability of landside operations to

process the anticipated incoming products. This result provided fbrther support for the Port

of Baltimore’s assertion that an additional facility - similar to Seagirt - was a worthwhile

investment.

One reviewer also suggested that the statistics collected and reported be reiined. The value

in doing so is obvious. Restraints dictated other priorities for the present analysis. In

conclusio~ the model has changed dramatically since its initial development. The linkage

between landside and waterside operations is significant. The introduction of explicit

anchorage functionality broadens the usefidness of the model immensely.
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I. Introduction

The Galveston Corps of Engineers began exploring the possibility of modifications

of the Houston and Galveston Ship Channels in the late 1980’s. In the Fall of 1989,

the Galveston Corps of Engineers contacted Dr. Michael Racer of the Industrial and

Systems Engineering Program at Memphis State University to assist in the analysis.

To aid the Galveston Corps of Engineers (GCOE) in this task, a simulation program

was written. This program simulates vessel traffic in the channel to a very detailed

level. Using this simulation, the impact of any of a number of decisions can be

addressed. These include:
- channel modifications (width and depth)
- traffic changes (e.g. alternate vessel types)
- policy changes [e.g. passing/meeting protocol)
- port usage changes (e.g. addition/deletion of a facility, increase/decrease in

utilization)
- flexibility to model other channel environments

Section II develops the essential concepts of simulation. Section III provides an

overview of the environment under consideration. Section N presents the

simulation model, including a rationale for the approach taken. Section V outlines

the data requirements of the model, while Section VI discusses some possible

I r.
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extensions of the model.

Appendices are included on input format and description, sample output, and

execution steps.

[ The following documentation/resources were used in developing the simulation

model:
- W Houston/Galveston Infomution, Rev. 3/89
- Z& Po~ of Gidveston and Tkxas Ciq, Texas, Port Series #23, Rev. 1985,

U.S. Army Corps of Engineers
- ~ Po~ @Howton, Tatzs, Port Series #24, Rev. 1989, U.S. Army Corps

of Engineers
- Find Feasibili~ Report and Environmental impact Statement

Galveston Bay Area Navigation Study
VoZume3 Appendix
C. Navig~”on Econom”cs

- Vessel/Tow Traffic Data (1989)
- discussions with Frank Incaprera
- discussions with Gloria Appell ]
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IL Fundamentals of Simulation

-

In this section, we present a synopsis of the concept of simulation, and relate that to channel

functionality. Through the use of simulation we may better understand some aspect of the ml

world.

The use of simulation is usually required in

complexity and some level of uncertainty or

those situations which possess a great deal of

wiability. The problem posed by the GCOE

certainly possessesthese features. There are a large number of ports in the system.

is large and non-homogeneous - over sixty miles of channel and subchannel, varying

depth. Them are a great many of variable elements in the channel system. From the

viewpoint, vessel traffic is highly variable. The simulation models the departure of

ports. Those elements of a given vessel trip which are determined according to

distributions are:
time of departure
class of vessel

The channel

in width and

system-wide

vessels from

probabilistic

destination

Departure rates for the ports were determined fkom historical data. It was found that the

exponential distribution provided a good fit to the obsemd rates. Vessel class and destination are

also chosen with regard to a port-spec~lc distribution, supplied by the user.

It is important to point out that the pmgmxn simulates txaflic movement; it does not mimic traffic.

That is, a run of the program will produce vessel flows that have characteristics similar to that

observed in the real world. The ~ number of simulated departures from a given port will

3
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be close to that of the actual port. The ~ number of vessels in the simulatedchannelsystexn

at any point in time will be similar to that observed. By simulating the environment in this

manner, we may analyze the effizt of alternate scenarios on the system effectiveness, without

physically implementing the changes. Using the simulation code for the problem faced by GCOE,

we can assess the impact of widening and deepening parts of the channel. Using forecasts of

vessel types, channel tmflic was simulated over a f~ year period.

To develop a meanhgfd simulation analysis, it is important for the user to have a very thorough

.
umk@dmg of the system being simulated. The user must identi@ those characteristics which

significantly infl~ the system, and in particular the questions to be addressed in the analysis.

In the HSC/GC effort, it was found that seasonalities did exist, with respect to channel Mlc.

In addition, because the modillcations an long term efforts, it was necessary to analyze traffic

patterns well into the future. To accommodate these, data was collected on tm.flit in each of

four seasons. (Channel seasons are closely related to natuml seasons. In other environments, it

may be necessary to model fewer, or more, seasons.)

The GCOE also developed a forecast of Mum vessel classes and volumes for the HSC/GC. Using

this information, and cument seasonal data, fhtuxe seasonal forecasts were cnated.

One firther issue of importance in simulation modeling is to remember that a single run of the

simulation does not provide the definitive answer. Within each environment, the user must make

several simulation runs of sevexal days. The number of days and number of runs can be

determined by the user as he collects results. As an example, suppose that the evaluation measure

4
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is total system cost. The user must make seveml runs to determine the variability present. From

this, the user may choose the number of runs and period simulated so as to bring the observed

variance down to an acceptable level.

III. Essential Elements of the Environment

A number of factors are potentially influential in simulating channel operations. These may

include the following:
- vessel data (size,origin, destination, etc.)
- channel Cotilguration (depth, width, shape, presence of subchannels, etc.)
- port location/operation
- operating policies
- weather
- accidents

In the current application, the primary factors are the first four. No attempt is made to account

for weather conditions, and casualty eff~ts are not critical for the problem at hand.

Since the essence of the GCOE problem is to assess the impact of channel widening and

-g, it k very important to understand the traffic moving through the channel and various

subchannels, as well as to represent realistically that channel structure. Pofi operations are

important only in that this dictates the supply of vessels tmveling the channel. (The program has

been structured in a modular fashion, as to allow for fbture extensions as needed. This will be

&cussed later.) We discuss each of these below, providing detailed data requirements in a later

section.
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At a high level, it can be recognized that there exist some commonalities among vessels. In order

to simpl.i&the modeling process, the program allows any number of vessel classes to be defined.

The number defined will depend on the user how much diversity is necessary to answer the

questions to be addressed? The reasons for discrknimtm“ g between vessel classes are numerous,

and situation-dependent. In the Houston/Galveston model, it is necessq to distinguish vessels

primarily on structure - draft and width in particular. However, in another environment it may

be mm important to distinguish based on operating costs. (Such maybe the case when preparing

an analysis for channel port operators, for instance.) By allowing the user to define he/she has

the capability to investigate a wide mnge of issues.

ves~ m-

The second level of vessel deftition is port-specific. That is, the vessel must be defined with

respect to its origin and destination. Intema.lly, the vessel is also linked to a particular vessel

class, and the i.nfonnation pertinent to that class.

Them are essentially two components in describing the physical character of the channel. These

are the development of a cell structure, and the definition of wide spots. We fmt discuss the

cells.

Since there are may be long stretches of the channel in which the appearance of the channel is
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constant. Recognition of this fxilitated the development of the simulation, and incrases the

efficiency of the run-time. The channel is defined with respect to a major axis - ptiarily north-

south, or primarily east-west. By deftig the other cells adjacent to each cell, we can represent

the entire channel structure, including sub-channels and turns without requiring excessive

modeling of ship maneuvers.

.
w-

In situationsfor which a stretch of the channel maybe fairly homogeneous, but spotted by vessel

turnouts, we include the modeling of wide spots in each cell. These am locations at which a

vessel may wait for other vessels to pass before continuing. Such waiting is necessary when

passing and meeting rules restrict such events.

n model

The pints in the system drive the activities in the simulation. A port maybe truly a functioning

operation,or may qxesent some other source of vessels. For instance, in the Houston/Galveston

model, two additional poxts were modeled - one for the sea, and a second one for the anchorage

area. A port is defined with respect to its location, and characteristics of departing vessels.



IV. The Simulation Model

The simulationconskts of 3300 linesof computer de. This pmgxam has been written to execute

on an IBM-compatible PC, and has been tested on an 80386 machine.

A. &?nts

The activity of the simulation is driven by the creation of event routines within the code. The

following eight events foxm the core of the channel simulation model:
E.BT.ARRIVE arfival of a vessel to its destination port
E.BT.BACKUP initiation of a vessel backup
E.BT.BEGIN departm of a vessel from a port
E.BT.NIEEI’ meeting of two vessels in a channel
E.BT.MOVE change in movement of a vessel
E.BT.PASS passing of one vessel by another in a channel
E.BT.TURN turn of a vessel from one channel to another
E.STOP.SIM termination of the simulation

Each event is described in more detail below.

T.~ (71 -
.

This event essentially identifies the amival of a vessel at the appropriate destination port. A

variety of trip statktics are collected. @ese statktics will be discussed in detail in a later section.)

If the vessel is a tow, a new assignment is determined, and a departure is scheduled for the tow.



This routine marks the time at which a vessel must begin tmveling in the reverse direction, to

allow for a legal passing. Once this is done, the next action of the vessel is detmnined.

When a vessel initiates a port departure, a number of actions must be taken. This routine scans

the local channel area to make sum that the vessel can safely exit fmm the port, avoiding

oncoming tic. If this is not the case, departure is delayed until the appropriate time. Once a

safe departure is determined, the next event involving this vessel is determined.

The following inputs am provided by the user, with nxpect to the function of two vessels meeting

in a channel:
meet_margin distance, in feet, at which vessels must initiate meeting

protocol
d.rail_mtio_lixnit_l,
draft_mtio_limit_2,
width_ratio_limit limits on draft xatios of the two vessels
speed reduction_matrix_size—

ratio_army(i),
reduc_army(i)

The inputs reflect the

number of elements in speed reduction army

Speed reduction army elements, i = 1.. ●rray size

discussion of meeting protocol described in Section 7.4.3.6.2 of the

Gdvmon Rzy Area Natigan”onStudy. Draft mtio limits and the beam width ratio limit are used

to define those situations in which a meeting is not possible, and a backup must occur. When a

meeting is allowed, the (ratio_army,reduc_amay) determine the amount by which the vessels must

9
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slow down for a proper meeting. The procedure followed simulates the Texas Chicken Maneuver.

When two vessels am scheduled to meet, a number of statistics am collected. Casualty

probabfities are modeled in a very rudimentary fmhion. For each cell, the probability of a

casualty occuming during an encounter has been determined. Random casualties are marked,

based on this distribution. Since this was not considered to be of much concern with respect to

the Houston Ship Channel problem, and detailed data was unavailable, little attention was paid

to this aspect. (The code has the capability to be expanded to more accumtely reflect casualty

concerns.)

When two vessels are scheduled to me&, the combined beam width ratio of the vessels is

calculated. If this exceeds the maximum allowable x.atio,the vessel of smaller beam is backed up.

Othenvise, the appropriate speed reduction for meeting is determined, via a table look-up. Vessel

speeds are reduced accordingly. If either boat had previously been backing up, and is now

allowed to continue forwanl motion, then this is done. The next event for each vessel-is

determined, at the conclusion of the meeting.

A variety of movements are considered in this routine. These are:
- initiation of a turn
- completion of a turn
- completion of travel in a cell

10
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If a tum is being initiated, an E.BT.TURN event is scheduled.

If a cell completion of turn completion is scheduled, the tmnsition is marked. Vessel speed is

revised if necessary. If the vessel is backing up, and has found a wide enough place to wait, the

vessel is stopped; otherwise, it continues to back up.

T. P-4 lu@
.

Vessel passing protocol is similar to that of the meeting, discussed earlier. Inputs am similar.

Statistics are collected, and casualties are modeled to a limited degree.

T.TURN (372&@
.

When a turn is identified, this

changes the course of the vessel

event recognizes the cell into which the vessel is moving, and

appropriately. If other vessels are near the intersection and the

vessel is currently in a subchannel, the vessel waits until that time at which it is safe to make the

tmnsition. If the turn is

completed.

TOP~
.

E. STOP.SIM terminates

allowed, the routine then determines the time at which the turn will be

an itemtion of the simulation at a time specified by the user.

B. Functions

11



The simulation consists of one fimction - OPPOS~ (25 lines) - which is used to reverse the ~

direction of travel which must back up.

c. Row”n’es

The simulation consists of a number of routines, which provide suppmt to the main activities, as

dictated by the events. These routines are:

R.BT.CASUALTY
R.BT.DEPART
R. CLEAN.UP
R.END.BOAT.EVENT’S
R.FINAL. STATS
R.~
R.NXT.MOVE
R.RD.DATA
R.RTE.CREATOR

R. START.TOWS
R. UPDATE.BOAT
R. VERLFY
SNAP.R

driver
handles casualties
SUPPOrtSvessel port deprture
supports simulation termination
cancels all events for a vessel when necessary
cdCUhtX and Prhlts final Statistics
initializes all data and variables
supports determination of next vessel activity

data input
determines route for a vessel, from origin to
destination
starts all tow activities in the simulation
re-evaluates vessel location
verifies vessel characteristics
debug aid

4

This routine is the driver for the entire simulation. The user is prompted to define the length of

time for each simulation, as well as the number of simulation runs to be done. Data is input. An

E.STOP.SIM is scheduled. Vessel departures are scheduled for each port in the system. Tow

movements ~ inkiatd. When the simulation is temhatd, statistics are collected, and all arrays

reinitialized as necessary.

BT.CASUAJ.TY (166 hI@
.

12



When a casualty has occumxi, this routine collects statistics. Casualties are defined with respect

to vessel types, as well as locations. Activities for both vessels involved are ceased.

It Wasdetermined that vessel dqxulms wem exponentially distributed. This routine supports the

-E of a vessel fmm a port. The vessel class is determined, using the characterizes of the

port provided by the user. In the same fashion, an destination port is selected. The route for the

vessel is detenni.ned, and the fmt activity - an E.BT.BEGIN - is scheduled according to the

departure rate of vessels from the port.

this routine simply releases all storage utilized by the routine during the simulation.

BO~ (101 lu@
.

When the simulation determines that a new event will preempt the previously calculated activity

of a vessel, this routine is called to cancel all relevant events. Activities of other vessels may also

be impacted; in this case, new activities are determined for those vessels.

STATS [239 lu@
.

The following statistics are compiled
- passing

by cell of encounter
tow_tow
tow_ship

and displayed:

13
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ship_ship
summaIy

- meeting
by cell of encounter

tow_tow
tow_ship
ship_ship

summary
- system costs (finished trips)

by vessel class
total expense($)
number of trips
number of miles
Costhl’ip
costhnile

summary
- SyStf3111COStS(unfinished tIipS)

by vessel class
total expense($)
number of trips
number of miles
Costhrip
costhile

summary
- delays

by cell of departure
average delay (hours)
number of departures

summary

- casualties
by cell of encounter

tow_tow
tow_ship
ship_ship

summary
- tmvel (finished trips)

by cell of departm
miles traveled
time traveled (houm)
average me (miles/hour)

summary
- travel (unfiished trips)

14



by cell of departure
miles tmveled
time traveled (hou~)
average rate (miles/hour)

summary

Statistics were collected independently on ftished and unfinished trips, to accommodate the

determination of annual system costs. Finished trip data is dependent heavily on the length of

time simulated; unfinished trips, on the other hand, represent a snapshot of system activity.

This routine initializes some variables.

This routine is one of the most substantive in the entire simulation. This routine determines the

next activity that will involve a vessel at any point in time. When called, the routine determines

which of the six events - E.BT.ARRIVE, E.BT.BACKUP, E.BT.MEET, E.BT.MOVE,

E.BT.PASS, E.BT.TURN - will occur next. In addition, for a vessel currently backing up, this

routine will ident@● the nearest wide spot in the channel. The appropriate event is then scheduled.

All data input - except for number of runs, and simulation period - are read via this routine.

OR (188 M
.
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When a vessel depature

vessel, including all turns.

is

A

scheduled, this routine determines the path to be followed by the

route file is created, storing all relevant information for the vessel.

The user specifies the number of tows operating in the system, and the expected amount of idle

time beWeen assignments for a tow. ‘Ilis xOutinestarts tows in accordance with the user-supplied

information.

sIJMhfARY.s~7r) lU@
.

This routine pwides a summary printout of the per iteration finished trip costs. Average results

over the mn are also calculated.

BOAT (64 Q
.

This routine updates the location when necessary. Vessel travel distance is increased, and vessel

speed is mod.ifkd when appropriate.

This routine verifies that the position of a vessel is a valid one.

This routine provides debug support, and can be modified with regard to the particular debug

needs.

16
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v. Data

There are

Requirements

two input fdes required. The f~ input file describes the structure of the system,

containing all static information. The second fde is used to define the traffic pattern. By

sepamting the data in this fashion, a variety of dynamic issues can be explored:
wasonal influences
tridlic forecasting issues
etc.

{Anything in bold cha.mters is considered a key word, and must be entered as shown.}

{inputs shown in outline form indicate numbers supplied by the user.}

We begin by developing the contents of file one - the ~

Strut.tm Ftie Forma
.

1. Header line: The fde begins with a header line(s). This is included to allow the user to

included a detailed descriptor of the fde contents. The header is echoed in the output.

format:

< header information <

The progmm looks for the opening ‘<‘. Everything lying between the ‘<‘s is considered as

comment.

17



2. S&ds: Them are 5 random number strings used in the simulation. These are tied to 5 different

random event types occutig in the program. The user may allow the simulation to select the

seeds, or may supply his own.

foxmat (all integers; unformatted):

old.seeds

or

new.seeds
seWil Seed2seed3 seeGMsJee&

3. Sensitivity Analysis Parameters: (These are not currently used, but were part of preliminary

analysis.)

format (all reals; unformatted):

1.0 1.0 0.0 1.0

4. System G@gurdon: These two parametersprovide the general structure of the system. The

first parameter indicates the number of cells in the network; the second identiles the major axis

of orientation of the system.

format (2 integers; unformatted):

lmlm_ceW orient (O=nofih-south, 1=east-west)

18
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5. Cell infom@z”on:There are a number of parameters specified for each cell. Each cell is

numbered sequentially, up to num_oells. Each cdl is given a name, chosen by the user. The

nmainder of the cell input defines the cell speed limit (knots), the cell casualty mte (probability

of occurmdmeeting), and the cells adjacent to the cell. In addition, the user provides the cell

depth (f=t), the length (miles), and the width (feet).

format (type as shown; unformatted):

dl_id (integer) cdl_naane (text)
Oenn_qpeedllimit (real) OelQ.asl@y_rate (real)
celn_llmlrth:neighbor (integer) Oelll_eastemn_neigJabor(integer)
cell_southern_nei@bOr (integer) Oeu_westem_neighbor (integer)
oeU_diqpth(integer) cdl length (d)
oell_width (integer)

6. Number of vessel cksses: Following the input of all cell information, the user provides the

number of vessel classes to be defined.

format (integer, unformatted):

nw_cks

7. Vesselckm injomazz”on:For each vessel class, the user supplies information about the vessels

of this class: identifier, vessel dimensions (feet), maximum speed (knots), mfig - (kmts),

and opexating cost ($/hour).

format (type as shown;unformatted):

19
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.-

dass_IID(text) &ss_beam_tidth (integer)
c!ass_draft(integer) dass_k@n (integer)
da$s_speed (integer) &tss_m_speed (integer)
cIass_cOst (real)

NOTIYllhe class_lD of tow vessek must be “TOW”.

8. W& spots: The SOWW allows for the introduction of a wide spot into an otherwise

homogeneous cell.

and may include a

Each wide spot is defined by location (cell number and distance into the cell),

descriptor.

format: (integer, real, text; unformatted; one wide

wide_spot_OeH wick_spot_dist

spotper line):

desctiptolr(optional)

9. Passing infomatikm As discussed earlier, in the section on E.BT.PASS, the passing policy is

reflected in the data input.

format (type as shown, unformatted):

pass.mafrgin (integer)
cQmb_bm_tidthl_tiops (real)
passer draft ratio knit (Id)
‘pasSei:m:tio:lmit (Ial)
ps array dimension (integer)
p-b-titi(i)(real) jpss_speed_*fioEn(~) (=’0

‘1.. .pass_array_dimensioni=

NOTE:pas_bean_width(l) mustbe 0.0, ad PSS_~_widWPSS_a~Y_dimWISiOII) mm

be 1.0.

20



10. Meezingin$bmztz”on:As discussed earlier, in the section on E. BT.MEET, the passing policy

is reflected in the data input. There is also an additional parameter - casualty_reduc - which

allows the user to investigate the impact of scaling up and down the casualty rates.

format (type as shown, unformatted):

meetomgh (integer)
draft ratio backup Wtl (real)
dra.ft-mtio-back!up-liXnit2(real)
v#iti-_ti;_kh;_nhit (led)
casualty reduc (real)
meet_ari&@imension (integer)
nIM9et_lleamticuth(i)(real) meet speed NdaMk9n[i) (real)

i= i.. .meet_amay_tienZon -

NOTE: meet_beam_width(l) must be 0.0, and meet_beam_width(meet_-y_tiemion)

must be 1.0.

11. Turninginfomzan”on:Two parameters influence turning - a distance limit and a time limit.

If there is no vessel within a certain distance, in miles, of the turning point@ no vessels will

five at that point within the allotted time, in minutes, the turn is allowed; otherwise the vessel

must wait.

format (2 reds; unformatted):

turQlist_h.mit t!mr@lmQim~~

21
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The seasonalfile contains“ information that may vary while a particular structure is held constant.

this vmiation maybe due to forecasting with respect to the current environment, or modeling of

seasonal attributes.

1. Header he: The ffle begins with a header line(s). This is included to allow the user to

included a detailed descriptor of the file contents. The header is echoed in the output.

fomlat:

< header information <

—

The progmm looks for the opening ‘C‘. Everything lying between the ‘<‘s is considered as

comment.

2. Seasonal tow zk$io-”on: Since tow operations may vaxy, we have included here two

parameters indicating the number of tows in the system, as well as the avemge time between

dispatch (in minutes), once a task has been completed.

format (integer, real; unformatted):

uow_mut tow_&pmR_mk

22



3. Po77count The user must specifjI the number of ports in the system.

format (integeq unformatted):

pcwu‘count

4. POHinfomuzzz”on:For each port the usernust define a number of parameters. These include

information about the port’s location, as well as the activity from that port - vessel departure rate,

number of &tinations served, vessel types. It was determined through analysis of the Galveston

VTS data that the exponential distribution is a ve~ close approximation to the true departure

pattern of vessels.

format (type as shown; unformatted):

pOrt_name (text) defined by the user
port cell (integer) cell in which port is located
port~dist (integer) distance into the cell of the port
pOrt_depmwme_* (real) avemge number of days between

departures
poRt_classes_used(integer)

number of vessels exiting this port
posrU_dests(integer) number of destinations served by this port

for each class of vessel repeat the following:
pt_cls_id(i) (text) vessel class exiting the port; name must

match with one in the structure file
pt_ds_fm(i) (real) proportion of vesselsIYOmthis port of this

class
pt_cls_dest(i) (integer) number of desthations served by this class

fkom this port
for each (port,class) pair repeat the following:
pt_ck_dest(i,j)(text) destination port; name must match with

one in the structure fde

----- 23



~t_c~s_*(i~) (red) proportion of vessels of this class d-g *
from this port for this destination
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VI. Possible Extensions

There are a number of extensions possible for the model; the attractiveness of these extensions

is dependent on the analysis needs. One enhancement, which has been previously mentioned, is

a detailed analysis of casualty occumences. Currently, casualties am modeled solely in terms of

probability per encounter. Future studies may be directed at ident@ng relationships between

vessel configuration and/or channel structurehraffic patterns. Extending the code to this would

require very little effort.

Currently, all ports are modeled in terms of genemting departures, without regard to the amival

of vessels to that port. Future modifications could provide a detailed look at landside operations.

In concert with that, there is a need to model some arrival/departure points as intemnediaries,

mther than potis. Such will be the case with the project under considemtion by the Baltimore

corps of Engineers. Anchomges ident@ temporary holding stops, while a vessel is awaiting

access to a port. There will be a very distinct link between arrivals and departures, as well as

some development of the managerial aspects underlying those opemtions.

There is the possibility of modeling weather influences. This will require some understanding of

recognizing these relationships, and then determining the most plausible way of modeling them.

The BakimoE Corps of Engineers has also expressed an interest on this aspect.
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A. Sample hptWIIouston

< NOV 2019 40-FT SEASONAL FILE<
TOW.INFO

51
ADAM

19 0.473
21

SV20 0.833
SEA

SV60 0.167
SEA

ANc
1 3.000

18 4
SV20 0.687

G36-40
GO1-05
PTRu

SV60 0.053
PTRu

76 0.25

3.675

1
1.000

1
1.000

0.602

4
0.200

0.200
0.200
0.400

1
1.000

SV60-A 0.079 3
GO1-05 0.334

0.333
G36-40 0.333

CV90 0.020 1
PTRu 1.000

CV90-A 0.020 3
GO1-05 0.334

0.333
G36-40 0.333

CV138-A 0.009 2
0.500

G36-40 0.500
CV187-A 0.000 1

ExxN 1.000
CV240-A 0.000 1

ExxN 1.000
0V90-A 0.004 2

Ship Channel - seasonal
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0.500
G36-40 0.500

0V138-A 0.001 2
0.500

G36-40 0.500
0V187-A 0.000 1

m 1.000
0V240-A 0.000 1

EJOcN 1.000
‘IV20 0.047 1

TX.DCKS I.000
‘IV60 0.033 1

TX.DCKS 1.000
TV90 0.015 1

TX.DCKS 1.000
TV138 0.016 1

TX.DCKS 1.000
TV187 0.000 1

TX.DCKS 1.000
TV240 O.000 1

lXDCKS 1.000
ARco

23 0.568 0.659
24

SV20 0.833 4
SEA 0.250
lCT 0.250
BULK 0.250
CONT 0.250

SV60 0.167 4
SEA 0.250
ICT 0.250
BULK 0.250
CONT 0.250

BAYT
8 20 0.942
73

SV20 0.670 3
SEA 0.400
ANc 0.400
CONT 0.200

SV60 0.134 3
SEA 0.400

-

28



ANc 0.400
CONT 0.200

CV90 0.059 3
SEA 0.400
ANc 0.400
CONT 0.200

0V90 0.002 3
SEA 0.400
ANc 0.400
CONT 0.200

TV20 0.059 1
TX.DCKS 1.000

TV60 0.041 1
TX.DCKS 1.000

TV90 0.018 1
TX.DCKS 1.000

BROW
19 0.473 99999
00

BULK
18 0.947 99999
00

CARE
16 0.284 3.987
42

SV20 0.774 2
SEA 0.667
HEW 0.333

SV60 0.155 2
SEA 0.667
HEss 0.333

CV90 0.068 2
SEA 0.667
HEss 0.333

0V90 0.002 2
SEA 0.667
miss 0.333

CELA.N
8 20 99999
00

CI’IY.DCKS
25 0.663 0.319
26
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SV20 0.743 6
SEA 0.710
Pmu 0.058
PAKG 0.058

0.058
ICT 0.058
PAKD 0.058

SV60 0.149 6
SEA 0.710
PTRu 0.058
PAKG 0.058

0.058
ICT 0.058
PAKD 0.058

CONT
9 0.852 0.424
44

SV20 0.774 4
SEA 0.667
ARco 0.083

0.083
ICT 0.167

SV60 0.155 4
SEA 0.667
ARco 0.083

0.083
ICT 0.167

CV90 0.068 4
SEA 0.667
ARco 0.083

0.083
ICT 0.167

0V90 0.002 4
SEA 0.667
ARco 0.083

0.083
ICT 0.167

CRGL
16 0.710 1.541
61

SV20 0.764 1
SEA 1.000

SV60-A 0.153 1

30



SEA 1.000
CV90-A 0.068 1

SEA 1.000
CV138-A 0.012 1

SEA 1.000
0V90-A 0.002 1

SEA 1.000
OV138-A 0.001 1

SEA 1.000
CRWN

21 0.9 99999
00

EQTY
15 1.799 99999
00

11 1.420 0.514
17 4

SV20 0.663 4
SEA 0.571
ANc 0.143
BAYI’ 0.143
CONT 0.143

SV60-A 0.095 2
SEA 0.800
ANc 0.200

SV60 0.038 2
BAYT 0.500
CONT 0.500

CV90-A 0.042 2
SEA 0.800
ANc 0.200

CV90 0.017 2
BAYT 0.500
CONT 0.500

CV138-A 0.010 2
SEA 0.800
ANc 0.200

CV187-A 0.000 2
SEA 0.800
ANc 0.200

CV240-A 0.000 2
SEA 0.800

31
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ANc 0.200
OV90-A 0.001 2

SEA 0.800
ANc 0.200

0V90 O.000 2
BAYT 0.500
CONT 0.500

0V138-A 0.001 2
SEA 0.800
ANc 0.200

0V187-A 0.000 2
SEA 0.800
ANc 0.200

0V240-A 0.000 2
SEA 0.800
ANc 0.200

TV20 0.057 1
lX.DcKs 1.000

TV60 0.039 1
‘IX.DCKS 1.000

TV90 0.017 1
TX.DCKS 1.000

‘ITU38 0.019 1
TX.DCKS 1.000

FALC
15 0.616 99999
00

GO1-05
25 0.303 0.310
32

SV20 0.849 2
SEA 0.500
ANc 0.500

SV6@A 0.131 z
SEA 0.500
ANc 0.500

CV90-A 0.019 2
SEA 0.500
ANc 0.500

GO6-10
27 0.227 0.929
31

SV20 0.849 1

AJua L
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SEA 1.000
SV60-A 0.131 1

SEA 1.000
CV90-A 0.019 1

SEA 1.000
G1l-15

27 0.227 99999
00

G16-20
27 0.644 1.295
31

SV20 0.849 1
SEA 1.000

SV60-A 0.131 1
SEA 1.000

CV90-A 0.019 1
SEA 1.000

G26-30
28 1.023 99999
00

G31-35
28 1.402 99999
00

G3640
28 1.742 0.465
32

SV20 0.844 2
SEA 0.500
ANc 0.500

SV60-A 0.131 2
SEA 0.500
ANc 0.500

CV90-A 0.019 2
SEA 0.500
ANc 0.500

GA.LV
26 0.010 99999
00

GGULF
18 0.010 11.978
21

SV20 0.833 1
ANc 1.000
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SV60 0.167 1
ANc 10000

GPORT
20 0.010 99999
00

GTXG
22 0.852 0.942
44

SV20 0.774 4
PAKG 0.400
ANc 0.200
ARco 0.200
SEA 0.200

SV60 0.155 4
PAKG 0.400
ANc 0.200
ARco 0.200
SEA 0.200

CV90 0.068 4
PAKG 0.400
ANc 0.200
ARco 0.200
SEA 0.200

0V90 0.002 4
PAKG 0.400
ANc 0.200
ARco 0.200
SEA 0.200

15 1.089 99999
00

HEss
20 0.568 99999
00

HOFO
15 1.752 4.711
41

SV20 0.774 1
SEA 1.000

SV60-A 0.155 1
SEA 1.000

CV90-A 0.068 1
SEA 1.000

-
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0V90-A 0.002 1
SEA 1.000

HSR
25 0.663 99999
00

ICT
15 1.941 6.673
15 5

SV20 0.663 5
SEA 0.600
GTXG 0.100

0.100
PAKD 0.100
WARR 0.100

SV60-A 0.080 1
SEA 1.000

SV60 0.053 4
GTXG 0.250

0.250
PAKD 0.250
WARR 0.250

CV90-A 0.035 1
SEA 0.667

CV90 0.023 3
GTXG 0.333

0.333
PAKD 0.333

CV138-A 0.006 1
SEA 1.000

CV138 0.004 2
0.500

Pm 0.500
0V90-A 0.001 1

SEA 1.000
OV90 0.001 3

GTXG 0.333
0.333

PAKD 0.333
OV138-A 0.001 1

SEA 1.000
0V138 0.000 2

0.500
PAKD 0.500
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W20 0.058 1
TX.DCKS 1.000

‘W(5O O.(MO 1
T7LDCKS 1.000

TV90 0.018 1
2X.DCKS 1.000

TV138 0.019 1
TX.DCKS 1.000

IMBES
15 1.894 6.762
41

SV20 0.774 1
SEA 1.000

SV60-A 0.155 1
SEA 1.000

CV90-A 0.068 1
SEA 1.000

0V90-A 0.002 1
SEA 1.000

KACI
19 0.947 99999
00

LASH
9 0.687 1.570
43

SV20 0.774 3
SEA 0.333
CI’IY.DCKS 0.333
CRGL 0.333

SV60 0.155 3
SEA 0.333
CITY.DCKS 0.333
CRGL 0.333

CV90 0.068 2
SEA 0.500
CRGL 0.500

0V90 0.002 2
SEA
CRGL

MANABC
24 0.237
21

SV20 0.833

0.500
0.500

2.022

1

-
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SEA
SV60 0.167

SEA
Occ

16 0.855
00

OILT
17 0.010
13 3

SV20 0.764

1.000
1

1.000

99999

1.156

3
SEA 0.333
PA.KD 0.333
GGULF 0.333

SV60-A 0.051 1
SEA 1.000

SV60 0.102 2
PA.KD 0.500
GGULF 0.500

CV90-A 0.023 1
SEA 1.000

CV90 0.045 2
PAKD 0.500
GGULF 0.500

CV138-A 0.012 1
SEA 1.000

CV187-A 0.000 1
s- 1.000

CV240-A 0.000 1
SEA 1.000

0V90-A 0.001 1
SEA 1.000

0V90 0.001 2
PAKD 0.500
GGULF 0.500

OV138-A 0.001 1
SEA 1.000

0V187-A 0.000 1
SEA 1.000

0V240-A 0.000 1
SEA 1.000

OLMN
25 0.473 3.034
22
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---- - ---
SV2U ().833

SEA
G’IXG

SV60 0.167
SEA
GTXG

PACMO
25 0.663
21

SV20 0.833
GTXG

SV60 0.167
GTXG

PAKD
15 1.610
13 5

SV20 0.663
ANc
OILT
SHEL

2
0.500

0.500
2

0.500
0.500

6.068

1
1.000

1
1.000

0.925

5
0.200
0.200
0.200

CI’IY.DCKS 0.200
ICT 0.200

SV60-A 0.027 1
ANc 1.000

SV60 0.106 4
OILT 0.250
SHEL 0.250
CI’IY.DCKS 0.250
ICT 0.250

CV90-A 0.020 1
ANc 1.000

CV90 0.039 2
OILT 0.500
SHEL 0.500

CV138 0.010 1
ANc 1.000

0V90-A 0.001 1
ANc 1.000

0V90 0.001 2
OILT 0.500
SHEL 0.500

0V138-A 0.001 1
ANc 1.000

-

-

4
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W20 0.058 1
TX.DCKS 1.000

TV60 0.040 1
TX.DCKS 1.000

W90 0.018 1
TX.DCKS 1.000

TV138 0.019 1
T?LDCKS 1.000

PAKG
23 0.331 6.068
22

SV20 0.833 2
PAKD 0.500
ICT 0.500

SV60 0.167 2
PAKD 0.500
ICT 0.500

PETRO
24 0.01
00

PNZAB
28 1.515

u 00
PTRu

8 20.000
31

TV20 0.500
TX.DCKS

TV60 0.347
TX.DCKS

‘IWO 0.153
‘I? LDCKS

SEA
1 0.000

19 29
SV20 0.687

ADAM
ANc
ARco
BAYT
CARE
CITY.DCKS 0.235
CONT 0.093

99999

99999

1.178

1
1.000

1
1.000

1
1.000

0.055

29
0.014

0.029
0.029
0.014
0.044
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EQTY 0.014
0.019

GO1-05 0.014
Go6-lo 0.014
G1l-15 0.014
G16-20 0.014
G26-30 0.014
G31-35 0.014
G36-40 0.044
GGULF 0.014
GTXG 0.014
HOFO 0.044
ICT 0.059
LASH 0.014
MANABC 0.014
OILT 0.060
OLMN 0.014
PACMO 0.014
PAKD 0.029
PTRu 0.014
SHEL 0.044
WARR 0.044

SV60-A 0.055 15
ANc 0.069
EQTY 0.033 I
EmmJ 0.044
Gol-05- 0.033
GO6-10 0.033
G1l-15 0.033
G16-20 0.033
G26-30 0.033
G31-35 0.033
G36-40 0.102
HOFO 0.104
ICT 0.138
OILT 0.139
PAKD 0.069
SHEL 0.104

SV60 0.076 14
ADAM 0.025
ARco 0.051
BAYT 0.025
CARE 0.076

40
-



CITY.DCKS 0.411
CONT 0.162
GGULF 0.025
G’IXG 0.025
LASH 0.025
MANABC 0.025
OLMN 0.025
PACMO 0.025
PTRu 0.025
WARR 0.076

CV90-A 0.034 15
ANc 0.068
EQ’IY 0.033
ExxN 0.044
GO1-05 0.033
GM-lo 0.033
G1l-15 0.033
G16-20 0.033
G26-30 0.033
G31-35 0.033
G36-40 0.102
HOFO 0.103
ICT 0.138
OILT 0.140
PAKD 0.068
SHEL 0.103

CV90 0.016 6
BAYT 0.023
CARE 0.070
CONT 0.149
G’IXG 0.023
LASH 0.023
PTRu 0.023

CV138-A 0.009 14
ANc 0.077
EQTY 0.037

0.049
GO1-05 0.037
GO6-10 0.037
G1l-15 0.037
G16-20 0.037
G26-30 0.037
G31-35 0.037
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G36-40 0.114
ICT 0.154
OILT 0.156
Plum 0.077
SHEL 0.115

CV187-A 0.000 11
A.Nc 0.105

0.066
GO1-05 0.051
GO6-10 0.051
G1l-15 0.051
G16-20 0.051
G26-30 0.051
G31-35 0.051
G36-40 0.155
OILT 0.212
SHEL 0.158

CV240-A 0.000 11
ANc 0.105

0.066
GO1-05 0.051
GO6-10 0.051
G1l-15 0.051
G16-20 0.051
G26-30 0.051
G31-35 0.051
G36-40 0.155
OILT 0.212
SHEL 0.158

OV90-A 0.003 14
EQTY 0.036

0.047
GO1-05 0.036
GO6-10 0.036
G1l-15 0.036
G16-20 0.036
G26-30 0.036
G31-35 0.036
G36-40 0.110
HOFO 0.111
ICT 0.148
OILT 0.150
Plum 0.074
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SHEL 0.111
0V90 0.001 4

CONT 0.685
GT?(G 0.105
LASH 0.105
PTRu 0.105

0V138-A 0.001 14
ANc 0.077
EQ’IY 0.037

0.049
GO1-05 0.037
GO6-10 0.037
G1l-15 0.037
G16-20 0.037
G26-30 0.037
G31-35 0.037
G36-40 0.114
ICT 0.154
OILT 0.156
Plum 0.077
SHEL 0.115

0V187-A 0.000 11
ANc

GO1-05
Go6-lo
G1l-15
G16-20
G26-30
G31-35

G36-40
OILT
SHEL

0.105
0.066

0.051
0.051
0.051
0.051
0.051
0.051
0.155
0.212
0.158

0V240-A 0.000 11
ANc 0.105

0.066
GO1-05 0.051
GO6-10 0.051
G1l-15 0.051
G16-20 0.051
G26-30 0.051
G31-35 0.051
G36-40 0.155

.
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OILT
SHEL

TV20 0.047
TX.DCKS

TV60 0.033
TX.DCKS

‘W90 0.015
TX.DCKS

TV138 0.016
m.lxn

‘lW87 0.000
TX.DCKS

TV240 O.000
T7LDCKS

SHEL
17 0.020
13 3

SV20 0.764

0.212
0.158

1
1.000

1
1.000

1
1.000

1
1.000

1
1.000

1
1.000

1.156

3
0.250

SEA 0.500
BAYT 0.250

SV60 0.077 2
0.500

BAYT 0.500
SV60-A 0.077 1

SEA 1.000
CV90 0.034 2

0.500
BAYT 0.500

CV90-A 0.034 1
SEA 1.000

CV138-A 0.012 2

0.333
SEA 0.666

CV187-A 0.000 1
SEA 1.000

CV240-A 0.000 1
SEA 1.000

0V90 0.001 2
0.500

BAYT 0.500
0V90-A 0.001 1

SEA 1.000
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OV138-A 0.001 1
SEA 1.000

0V187-A 0.000 1
SEA 1.000

OV240-A 0.000 1
SEA 1.000

STER
6 2 99999
00

TX.DCKS
6 2.000 0.263
63

m20 0.428 3
SEA 0.900
ANc 0.050
on!lN 0.050

TV60 0.297 3
SEA 0.900
ANc 0.050
OLMN 0.050

TV90 0.131 2
SEA 0.947
ANc 0.053

TV138 0.144 2
SEA 0.947
ANc 0.053

TV187 0.000 2
SEA 0.947
ANc 0.053

TV240 O.000 2
SEA 0.842
ANc 0.158

TODG
28 0.01 99999
00

24 0.521 99999
00

WARR
21 0.000 2.022
22

SV20 0.833 2
SEA 0.667

_.
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ICT 0.333

SV60 0.167 2

SEA 0.667

ICT 0.333

WOOD
23 0.568 99999
00

NOV 201940-FI’

. ..- . . .. .

46
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B. Sample Input/Houston Ship Channel- structure

< NOV 2019 40-FI’ STRUCTURE FILE<
old. See&
1.0 1. 0. 1.
28 0
1 CELIA

15
.0003351
2000
40 4.5 800

2 CELL2
15

.0003351
4013
40 .5 800

3 CELL3
6
.0000258
02026
40 11125

4 CELL4
15
.0001213
5020
40 .5 800

5 CELL5
15
.0001213
7046
40.5400

6 CELL6
6
.0001213
0500
40 2 400

7 CELL7
15
.0001213
8050
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40.5400
8CELL8

15

.0001213
9070
4024. 400

9 CELL9
11
.0000685
10080
402.083 400

10 CELL1O
11

.0000685
11090
40 1.515 400

11 CELL1l
11

.0000685
120100
40 1.515 400

12 CELU2
11

.0000685
130110
402.225 400

13 CELL13
11

.0000685
140120
40 1.326 400

14 CELL14
11

.0000685
150130
40 1.042 400

15 CELL15
9
.0000685
160140
40 2.083 400

16 CELL16
9
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.0000685
170150
40 1.894400

17 CELL17

6
.0000685
180160
40 1.563 400

18 CELL18
6
.0000685
190170
40 1.042 300

19 CELL19
6
.0000685
200180
40 1.184 300

20 CELL20
6
.m85
210190
40 .947 300

21 CELL21

6
.0000685
220200
40 1.042 300

22 CEIJ22
6
.0000685
230210
40 1.113 300

23 CELL23
6
.0000685
240220
40 .947 300

24 CELL24
6
.0000685
250230
36 .876 300
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25 CELL25
6
.0000685
00240
36 .663 300

26 CELL26
6
.00002
03027
40 .9091125

27 CELL27
6
.00002
026028
40 1.0611125

28 CELL28
6
.00002
02700
40 1.8181000

26
SV20 76 30 523 14 14 743.
SV60 109 35 736 14 141027.
SV60-A 10939 736 14 141027.
CV90 125 35 800 14 141038.
CV90-A 12539800 14 141038.
CV138 14039 898 14 141231.
CV138-A 1403989814 141231.
CV187 16039 995 14 141430.
CV187-A 1603999514 141430.
CV240 17239 1060 14141602.
CV240-A 17239106014141602.
0V90 12535 80014 141039.
0V90-A 12539 80014 141039.
0V138 14039 89814 141231.
0V138-A 1403989814 141231.
0V187 160 39 99514 141430.
0V187-A 1603999514 141430.
0V240 17239 106014 141602.
0V240-A 17239106014141602.
TV20 76 30 523 14 14 743.

TV60 109 35 736 14 141027.
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m90 125 39 800 14 141038.
TV138 14439 898 14 141231.
TV187 16039 995 14 141430.
TV240 17239 1060 14141602.
TOW351O4OO666O4.

24
26 .455
26 .908
25 .010
23 .946
23 .473
21 .010
17 .095
15 .852
15 .284
14 1.040
14 .520
14 .010
13 1.325
13 .665
13 .010
12 2.224
12 1.112
12 .010
10 .710
10 .284
824.000
816.000
8 8.000
8 0.010

Galveston Ch.

Johnson Landing
Clinton Is. T. Basin

Hunting Bayou
Boggy Bayou
Lynchburg Femy

crystal Bay

CxystalBay

Scott Bay

Tabbs Bay

Main Channel

1000 .5 .5 .95
5

0 1.0
.25 1.0
.38 .50
.53 .375
1.0 .375

1000 .95 .75 .50
1.0
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5
0 1.0
.25 1.0
.38 .500
.53 .333

1.00 .333

2. 4.
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C. Sample Output/Houston Ship Channel - single iteration

NOV 201940-FT STRUCTURE FILE

today is 12/20/1993
time is 00:10:45

Seedl 2116429302
683743814
964393174
618433579

Seedlo 477424540

WE ARE HALllNG THIS ITERATION OF THE SIMULATION - time is 120.0000
R. REINIT - reinitialize the system

FINAL STATISTICS FOR THE RUN

------- ------- -
PASSING STATIS’IICS

------- ------- -

cell tow.tow.passes tow. Ship.passes ship. ship.passes

CELL1 o
CELIA 1
CELL7 o
CELL8 o
CELL9 o
CELL11 o
CELL14 o
CELL15 o
TOTALS 1

1
2
0

53
1
1
1
2

61

--.---- ------- .
MEETING STATISTICS

cell tow.tow ●eetings tow. ship. meetings

CELL1 7 23

CELL2 5 13

CEU3 37 4

CELIA 21 12
CEL4L5 28 16
clzL6 4 2

1
0
1
1
0
0
0
0
3

------ ------ -s-

hip. ship. meetings
10
1
0
1
2
0

----- 53

u



.

CELL7
CELL8
CELL9
CELL1O
CELL11
CELL12
CELL13
CELL14
CELL15
CELL16
CELM7
CELL18
CELL19
CELL20
CELL21
CELL22
CELL23
CELL24
CELL25
CELL26
CELL27
CELL28
TOTALS

26
680

108
109
86

279
79
64

302
139
104
66

161
47
89
84
56
21
7

27
39
30

2705

11
309

37
28
19
57
17
22

73
23
23
18
39
13
24
22
15
4
5
4
3
4

840

1
43

3
1
0
2
1
1

3
0
1
1
2
1
2
1
0
1
1
0
0
0

79

------- .------ -
SYSTEM COSTS

.------ ------- .
------- ------- .

finished tIipS ---------------

CLASS
SV20
SV60
SV60-A
CV90
CV90-A
CV138
CV138-A
CV187
CV1 87-A
CV240
CV240-A
0V90
0V90-A
0V138
OV138-A

COSTS
323583.438
33374.234
23780.193
4952.215
19509.598
0.
806.254
0.
0.
0.
0.
0.
3162.065
0.
0.

#TRIPs
162
14
‘7
3
8
0
1
0
0
0
0
0
1

0
0

5125.114
370.459
248.964
69.902
221.404
0.
6.636
0.
0.
0.
0.
0.
44.193
0.
0.

(M/trip
1997.429
2383.874
3397.170
1650.738
2438.700
0.

806.254
0.
0.
0.
0.
0.
3162.065
0.
0.

costhnile
63.14
90.09
95.52
70.85

88.12
0.
121.50
0.
0.
0.
0.
0.
71.55

0.
0.
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0V187
0V187-A
0V240
0V240-A
‘IV20
TV60
TV90
TV138
TV187
TV240

o.
0.
0.
0.
11930.567
11927.187
2413.416
2681.525

0.
1936.050

0
0
0
0
17
13
2
3
0
2

0.
0.
0.
0.
178.518
137.500
30.000
23.000

0.
12.000

0.
0.
0.
0.
701.798
917.476
1206.708
893.842
0.
968.025

TOW 2735816.000 1451 31029.330 1885.469 88.17
TOTAL $3175872.75 1684 37497.020 1885.91

------- ------- -
unfinished t.lipS---------------

CLASS

SV20
SV60
SV60-A
CV90
CV90-A
CV138
CV138-A
CV187
CV187-A
CV240
CV240-A
0V90
0V90-A
0V138
0V138-A
0V187
OV187-A
0V240
0V240-A
TV20
‘IV60
TV90
TV138
‘ITU87
TV240
TOW
TOTALS

COSTS

12977.346
13746.381
10138.738
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
3084.009
0.
0.
0.
0.
55074.504
95020.977

#TRIPs

7
3
2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
36
49

180.831
74.293
60.560
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
-4.000
0.
0.
0.
0.
521.831
833.515

Costkip

1853.906
4582.127
5069.369
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
3084.009
0.
0.
0.
0.
1529.847
1939.204

0.
0.
0.
0.
66.83
86.74
80.45
116.59

0.
161.34

84.70

costhnile

71.77
185.03
167.42
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
-771.00
0.
0.
0.
0.
105.54
114.00
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------- .------ -

CELL
CELL1
CELL(5
CELL8
CEU9
CELL11
CELL15
CELL16
CELL17
CELL18
CELL19
CELL20
CEL121
CELL22
CELL23
CELL24
CELL25
CELL26
CELL27
CELL28

TOTALS

------- ------- -

SYSTEM DELAYS
------- .------ -

AVE. DEL4YS(hrs.) #Departures
.00165 154
.00ooo 64
.m 99
.00ooo 69
.01015 38
.00270 220
.00ooo 89
.00ooo 69
.00584 67
.00ooo 86
.00449 63
.00349 37
.00ooo 26
.00239 67
.m - 96
.00ooo 182
.m 39
.00ooo 102
.00ooo 154
.0013 1721

SYSTEM CASUALTIES
------- ------- -

MEETINGS PASSINGS
CELL tow.tow tow.ship ship. ship tow tow tow.ship Ship.ship
TOTALS O 0 0 0 0 0

------- ------- -
TRA-y cell departed)

------- .------ -
------- ------- -

finished tipS ---------------

CELL MILEs’IIUVELEDTIMEIWiVELED AVEW4TE
CELL1 5056.440 546.944 9.245
CELL6 1606.227 229.778 6.990
CELL8 1963.546 271.471 7.233
CELL9 1320.201 163.510 8.074
CELL11 732.586 87.315 8.390
CELL15 3080.049 445.450 6.914
CELL16 1645.602 229.501 7.170
CELL17 1081.962 138.135 7.833
CELL18 1069.998 155.918 6.863
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CELL19
CELL20
CELL21
CELL22
CELL23
CELL24

CELL25
CELL26
CELL27
CELL28
TOTALS

1675.718
882.601
736.228
484.715
1180.523
1935.658
4316.979
1067.309
3238.269 .
4422.429
37497.043

.------

CELL
CELL1
CELL6
CELL8
CELL9
CELL15
CELL17
CELL18
CELL19
CELL20
CELL22
CELL24
CELL25
CELL26
CELL27
CELL28
TOTALS

------- -

240.686
128.392
106.990
64.165
167.011
274.750
555.712
156.942
471.722
646.914
5081.307

unfinkhed tIipS

6.962
6.874
6.881
7.554
7.069
7.045
7.768
6.801
6.865
6.836
7.379

---.--- ------- -

MUSTIMVEUDTW&TRA~ AVERATE
254.543 32.270 7.888
30.598 4.623 6.619
22.252 8.513 2.614
34.829 2.954 11.789
67.582 11.863 5.697
22.715 4.570 4.970
18.592 2.837 6.553
17.235 2.606 6.613
30.809 5.324 5.787
27.167 3.027 8.976
6.796 1.028 6.612
161.367 27.196 5.934
19.412 6.134 3.165
3.636 1.007 3.610
115.982 20.956 5.534
833.515 134.909 6.178
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1. The

D. RunningThe Simulation

simulation must be run within the SIMLAB environment. Once in SIMLAB, enter:
Sel fckRREl

This will select the channel subdinztory. This subdirectory is the location of the executable
modules.

●

2. The fi.mtstep in executing the system is to assign the logical units. There are 3 fdes required,
as discussed earlier

unit2-seasonal data file
unit 3- structure file
unit 7- output file

assi3 e %Mc40.dat
assi2 < no’wwn.p
assi7> IWV4019.CW

3. After the logkal units have been assigned, at the prompt type:

The program will begin execution, and prompt for the number of iterations to be done, and the
number of days to be simulated within each iteration.

-
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APPENDIX B

VESSEL CLASS CHAIMCTERISTICS

“’L

L



w

Cls:
bm:
drf
LOA:
speed
costs:

m

Al
M
A3
A4

AB
AE
AF
DA
DB

APPENDIX B
Vessel Class Characteristics

class
beamwidth (f=t)
draft (f~t)
length-overall (f~) .
sped (mph)

hourly operating
pilotage
dispatch (disp~er indicates length of dispatch period (hours)

bm

73
94

112
117
76
64
76
H
67
83

DC 105
DD 119
DE 136
EC 109
ED 125
FA 76
FB 87
FC 109
FD 125
HB 64
PA 76
PB 87
Pc 109
PD 125

&f

25
34
41
43
32
25
32
25
28
34
43
49
55
42
47
30
34
42
47
25
30
34
42
47

LOA

482
676
853
905
542
447
542
447
478
583
717
780
910
585
800
519
585
585
800
447
519
585
585
800

d costs

ll!z@z-
17 738 140
18 1270 141.4

20 1492 142.12
20 1664 142.12
17 751 141.4
17 576 140
17 751 141.4
17 576 140

14 564 140

14 692 141.4

14 888 142.12
14 1049 142.12
14 1233 142.6
14 1158 141.4
14 1293 142.12
14 891 141.4
14 971 141.4
14 1158 141.4
14 1293 142.12
17 576 140
14 891 141.4

14 971 141.4
14 1158 141.4
14 1293 142.12

d-mi
o
0
0
0

417
417

0
0

417
417
417
417
417
417
417
417
417
417
417
417
417
417
417
417

d4Lw
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72

—
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TARIFF SHEET #6

These rates to become effectivc 0001 hours October 15, 1994m-w--m--aow~wg*“----------a”----------m----a-ma.”-“”~------------

PILOTAGE RATES FOR CHESAPEAKE BAY AND _MJTARIES
>>>>><<<<<

E~ :

The rates and charges for pilotage of vessels shal 1 be based on
‘Pilotage Units0. Pilotaga Units shall be detaxminad aa axpre8sed
by the following formula:

Dapth to ~permost
x -~ = Pilotage

10,000 units

MfinMMw.

‘OverallL81Xjthsis tlm dhtance between tha forward and after
●xtrelaities of the vessel~

~Extreme Weadtho is the maximum breadth to the outside of the
shell plating of the vessel.

Wepth” &u the vertical dimtanca at amidships from the top of
the keel plate to the uppermost continuous cleckfore and aft,
and which extends to the aidea of the vessel. The continuity
of a deck shall not ba considered to be affecte~ by the
existence of tonnage openings, ●ngina space, or a step in the
dock.

All measurements shall be in feet

The Public Servic8 Commission 8hall
respect to ● questien concerning these
of the Commission uhall ba final.

and inches (U.S.).

be the sole arbiter with
definitions. The dechion

The measurements of overall length, ●xtreme breadth and depth, as
prwiously defin~d, shall be made available to the pil~t by the
Master or his agent for the puxpose of compWation o “ ilotage
fees.

?!

Failure to movide the meam~~po required 11
‘~Qharges. .

F “?ZE= -- -=-’ _

- —.
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TARIFF SHEET #6
PXLOTAGE RATES FOR CHESAPEAKE

steamship companiea providing z~las, Sckduled, 1iner
service to tic Port of Baltimore whose vesselm ●vuaged ●t least
four calls per month during calendar year 1993 mall mi=eive a
dlacount of 208 of calculated pilotage for all veauel callu in
●xceaa of their 1993 monthly average. This disaount to commenco on
the effective date of tariff sheet #6 and run for ● on. year period
thereafter.

8teamship companies commencing ragular, mhaduledt liner
●erviae to the Port of Baltimore after the effoative date of tariff
sheet #6, and making not leaa than three aalla par aonth, shall
receive a discount of 208 of calculated pilotage for the first
twelve months of their ●erviceto the Pork

After a pilot has reported aboard, if trip or mov-ent im
delayed beyond one hour from time pilot was ordered (tire couhtihg
from time pilot was ordered until last lino off dock or anchor
aweigh) for each 20 minute interval or fraction thereof counting
from tine of original order: $40. (Equivalat to X13 of the Basic
Service Rate).

of Movg!mmt Charae

After a pilot has reported aboard (or has departed to report
aboard a ship outmiclaBaltimore Harbor or Sparrowa Point) and the
movement is cancelled, the ship will be charged $280 per hour, or
fraction thareof, forth time between depaxt$ng for the aaaignment
and returning from it, vith a minimum time of 1 hour. The ch&rge
for mm hour shall be equivalent to two times the Oasic Service
Rate ●

Xf a vemel im amhorad during any movemaht for the
cozwenienca of the vessel, the pilot shall be compensated at a rate
of $140 pr hmr. (Equivalent to the B. S. R.) If a vessel is
anchored due to operational nacessity (auechankalfailure, weatlmr
or trafficaaonqeakion) the pilot shall be compensated for tha
waiting tima at the rate of $70 p.r ho=. (Equivalent to 1/2 the B.
S. R.)
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TARIFF SHEET #6
PILoTME RATES FOR CHESAPEAKE

The aha~ge for pilotage of a vessel on the Chesapeake &ay and its
tributaries shall be calculated by multiplying the tine underwayT~~
tho total hourly pilotagc rate applicable to that VQSSS1.
total -v ~$lotaac r- shall be as follows:

For voaaoln having no more *ham S00 p$lotago Unitss

$140 pox hour. Th~8 @hall be the BASIC SERVICE RATE.

Chargas ar. for the first pilot and shall be billed by the hour and
minute for underway tirnoonly. Minimum hcxnw billed for any vessel
movemant shall bm 3 hourt, except that the minimum hours billed for
movements taking place entirely within Baltimore Harbor to Sparrows
Point shall be 2 hour~. The rnaxinumhours billed shall be S6 &ouxs.

Sur~ Surcharge for vessels transiting the
Chesapeake and Delaware Canal shall be as follows:

For vaasols of no moro than 100 pilotaga um%ta $s91
Po= voaaola of ovag 100 ●nd tap to 300 U$ta, i@alU9iVa $615

ror Veaealsof Ovaz 300 8!M up to SOolanit*# tnallmilm *679
For Veamela of ovw S00 8nd up to 700 unitm, Inulusivo $749
?or vemela of ovos 700 pilotagounits $803

nt TO~n o~ For vesselsinboundto
Baltimore, charges shall commence when the pilot boar&I and
terminate at ~Finished with Engine8~ if the vessel is anchored or

docked by the Bay Pilot, or at such time as the Bay Pilot is
ralieved by a Docking Pilot. For ether movern~nts, chargau shall
commence at last line away and shall terminate at pilot away.

---. --~~-- —n — —- - --- .—— Y--J--- —-—-, ------ -- . --- —- --=----
--- --- —rr-- —-l----- —-—- —- —-- -
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Deep Draft Vessel

Introduction

costs

The deep draft vessel costs shown herein are providedfor use by
Corps of ~gineers plamers in studies to detemine the potential
benefits of harbor improvement projects. It is the latest in a
series of revised or updated vessel costs publishedmore-or-less
annually since the 1960’s. This set of costs updates the
previously published set dated, 18 Dece@er 1992=

The accompanyingcost sheets show costs, dimensions, typical
speeds and TPI for a large number of vessel types and sizes. For
nominal vessel sizes, these sheets are for illustrative PurPoses
only. Corps studies usually require determination of
transportationcosts for vessels of specific intermediate sizes.
For that pu~ose the fo~ulas for determining COStS fOr a giVeIl

deadweight, and for relating deadweight to draft and other
dimensions are shown in Appendix A. Wherever possible standard
errors of estimate have been provided to facilitaterisk and
uncertainty analysis. Vessel dimensions are in feet. All
weights (deadweight,fuel consumption, tpi) are in metric tonnes.

FY 199S Explanatory Notes

Basic Assumptions. Corps Studies contemplate investment in new
harbor works, therefore,all vessels are priced as new and are
amortized at the discount rate (7 3/4%) used to evaluate Corps
harbor projects. This produces a cost of ownership that may be
representative for average age. Prices and costs were adjusted
to 1995 price levels using the U.S. Gross National Product
Implicit Price Deflator. Most prices appeared to be linked to
the value of the dollar, hence this GNP index was deemed a
suitable proxy for multiple country-specific inflationrates.
The base year used for this index has been revised from 1982 to
1987. Revised index numbers are as follows:

1981= 78.9 1985= 94.4 1989=108.6 1993=124.2
1982=983.8 1986= 96.9 1990=113.2 1994=128.2
1983= 87.2 1987=100.0 1991=117.7 1995=132.5
1984= 91.1 1988=103.8 1992=120.3

The 1994 and 1995 Implicit price Deflator Index numbers are based
on projections provided by WEFA.

Vessel Capital Costs. Replacement costs for all types of vessels
have been based on a ten year average to dampen any upward or
downward shift in prices. The only exception to this rule is

1



double-hull tankers since they have a relatively short historical
base. Since few U.S. flag vessels have been built in recent
years, replacement costs for these vessels have been based on a
cost differential applied to the replacement cost for foreign
flag vessels. The regression model used to predict replacement
costs has been changed from a linear to a log model since it fit
better with a smaller error. The 1993-1994 Fairplay ship
characteristic database was used for these cost estimations since
it reports newbuilding prices whenever possible. This database
also identified tankers by single-hull,double-sided, double-
bottom, or double-hull characteristics. Since double-hull is the
only configuration allowable by OPA 90, tankers were grouped into
double-hull and nondouble-hull categories. Appendix B contains
weighted average hourly at sea and in port costs for a mixed
nondouble-hull double-hull fleet. The weights used to estimate
these average costs represent the actual mixture as of 1993 and
assume a linear progression towards a full double-hull fleet by
the year 2010.

Fixed ODeratinq costs. These costs have been reanalyzed for 1995
price levels. ~irical data has been collected from a variety
of ship operators and ship management companies. Many of the
companies which responded to our data request prov~ded data on
actual administration costs so that a formula is now provided
within the cost tables. Many companies also identified that they
have shifted to cheaper crews from Malaysia thereby significantly
reducing wage costs. Maintenance and repair costs have increased
as the age of the fleet continues to grow oldert however? these
increases are still greatly over shadowed by the cheaper wage
costs ●

Vessel Dimensions. Vessel dimensions to include length, beam,
draft, immersion rate, horsepower, and speed have not been
changed from the previously published set of data. These
dimensions are subject to future revisions from ongoing research.

Fuel Costs. Fuel consumption rates have not been revised for FY
1995 but are subject to future revisions based on ongoing
research being conducted by IWR. Fuel prices used to produce the
fuel costs shown on the cost sheets are based on the overall
average of prices at nine bunkering locations, fox the 36 month
period ending June 1994. These fuel prices reflect the downward
trend that has occurred in recent years and represent a decrease
in fuel costS of approximately 17% from 1993 price levels. The
bunkering locations, monthly prices and price adjus~ents are
presented in Appendix C. Fuel costs for specific vessel
itineraries and bunkering locations can be determined by use of
Appendix C and/or other published prices.

I

-—___

2

--- =-....-_&.-= .== ______
__ —- __



.

ESTIMATED FOREIGNHAG TANKERCOSTS-~oN-oOUBLEHULL(1995PRICE LEVELS)

OWT
Machinery

Rephcemant Cost (000)
cm 7.75%, 20 Vrs
Annual Capital Cost

Wages,8enafits ,Subsistence
stores & supplies
Maintenance & Repair
Insurance
Othu
Administration
Fixed Annual Op Cost

Total Annual Fixed Costs
Total Daily Fixed Costs

Daily Fuel Costs
At Sea
In Port

Dai~ Total Costs
At Sea
In Po~

Hourty Total Costs
At Sea
In Port

Ship Characteristics
Length (ft)
Beam (ft)
Draft (ft]
Immersion Rate (tonnes/inch)
Horsepower
speed
Fuai Consumption(tonnes/day)

Main (at sea)
Auxiliary (at sea)
In Port

20,000
Diesal

25,660
0.09990

2,564,056

745,492
370,522
586,160
222,21s

88,702
131,499

2,144,669

4,708,724
13,453

2,264
309

15,718
13,762

655
573

519
76

29.S
81.3

10,000
14

.
22.4

1.5
1.5

25,000
Diesel

27,870
0.09996

2,786,061

747,723
377,478
590,322
233,904

89,706
132,928

2,172,062

4,958,123
14,166

2,504
412

16,670
14,578

696
607

553
82

31.6
92.2

12,000
14

24.0
2.0
2.0

35,000
Diesel

31,588
0.09996

3,157,691

752,:86
391,389
598,645
257,283

91,s56
135,788

2,226,846

5,384,537
15,384

2,754
412

18,138
15,796

756
658

610
92

3501
112.0

13,000
14

26.9
2.0
2.0

50,000
Diesel

36,072
0.09986

3,605,899

758,881
412,256
611,130
292,352

94,328
140,077

2,309,022

5,914,921
16,900

3,190
51s

20,089
17,415

837
726

676
103

39.3
138.S

14,000
14

30.7
2.5
2.5

60,000
Diesel

38,604
0.08988

3,8S9,041

763,343
426,167
619,453
31s,731

96,177
142,936

2,363,807

6,222,848
17,780

3,393
515

21,173
18,295

882
762

712
109

41.6
154.6
15,000

14

33.0
2.5
2.5

70,000
Diesal

40,883
0.09988

4,086,888

767,808
440,078
627,778
339,110

98,C26
145,79s

2,418,691

6,505,477
18,587

3,585
516

22,172
19,102

924
796

744
116

43.6
169.9

16,500
14

35.2
2.6
2.5

80,000
Diasd

42,966
0.08996

4,286,089

772,269
4S3,989
636,099
362,489

99,87S
146,655

2,473,376

6,768,474
19,338

3,872
618

23,210
19,956

967
832

774
120

4s.s
184.s

18,000
14

37.3

:::

.

‘.

.
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ESTIMATED FOREIGN FLAG TANKER COSTS - NON-DOUBLE HULL (1995 pfKE LEVELS)

Owr
Machinery

Rephcemant Cost (000)
CRF: 7.75%, 20 ym
Annual Cqlitdcost

Wages,8enofti, Subsistence
stores & supplies
Maintenance & Repair
Insufanco
Othar
Administration
Fixed Ann@ Opcost

Total Annual Fixed Costs
Total Oaity Fixed Costs

Oaiiy Fuel tiStS

At Sea
In Pott

Oaily Total Costs
At Sea
[n Port

Hourly Total Costs
At Sea
In Port

Ship Characteristics
Length (ft)
Beam (ft)
Draft (ftl
Immersion Rate (tonnes/inch)
Horsepower
speed
Fuel Consumption(tonnes/davl

Main (at sea)
Auxiliary (at sea)
In Port

90,000
Oiesel

44,891
0.09996

4,487,543

776,732
467,900
644,422
385,868
101,723
151,614

2,528,160

7,015,703
20,045

4,048
618

24.093
‘20,663

1,004
861

800
125

47.2
198.6

19,000
14

39.3
3.0
3.0

120,000
Diesel

49,964
0.09996

4,994,619

790,121
509,633
669,392
456,006
107,270
160,082

2,692,513

7,687,131
21,963

4,540
618

26,503
22,581

1,104
941

869
137

51.6
237.6

24,000
14

45.0
3.0
3.0

150,000
Oiesel

54,290
0.09996

5,427,073

803,510
551,367
694,361
526,142
112,816
168,670

2,850,866

8,283,938
23,668

5,096
721

28,764
24,389

1,198
1,016

927
148

55.3
273.5

27,000
14

50.2
3.5
3.5

175,000 200,000 265,000 325,000
Dies./ Diesei Diesel Diesel

57,495 60,424 67,095 72,390
0.09996 0.09996 0.09996 0.09996

5,747.486 6,040,312 6,707,177 7,236,434

814,667
586,145
715,169
584,589
117,438
175,819

2,993,826

8,741,323
24,975

5,450
721

30,425
25,696

1,268
1,071

969
155

58.1
301.7

30,000
14

54.2
3.5
3.5

825,824
620,922
735,977
643,037
122,060
182,967

3,130,787

9,171,099
26,203

5,788
721

31,991
26,924

1,333
1,122

1,007
162

60.5
328.5

33,000
14

58.1
3.5
3.6

854,833
711,346
780,078
795,001
134,077
201,553

3,486,885

10,194,063
29,126

6,606
721

35,732
29,847

1,489
1,244

1,092
178

66.1
393.6

348000
14

67.5
3.s
3.5

881,611
794,811
840,017
935,275
145,169
218,709

3,815,591

11,052,026
31,577

7,303
721

38,881
32,298

1,620
1,346

1,158
180

70.4
449.0

35,000
14 I

75.5
3.6 ~
3.5

.

i
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ESTIMATED FOREIGN FLAG TANKER COSTS - DOUBLE HULL ( 1996 PRICE LEVELS)

owl
MSCWWV

Replacomont Cost (000)
CRP: 7.75%, 20 vr8
Annual Capital Cost

Wages,8anefits,S ubsistonco
stores & supplies
Maintermnco & Repair
Insuranco
Other
Administration
Fixed Annual Op Cost

Total Annual Fixed Costs
TotaJ Daily Fixed Costs

Daity Fud Costs
At Saa
In W

l)a~ Total Costs
At Sea
In Port

Hourly Total Costs
At Sea
In Port

Ship Characteristics
Length fft)
8’eern (ft)
Draft (ft)
Immersion Rate (tonnes/inch)
Horsepower
Speed
Fuel Consumption(tonnes/day)

Main (at sea)
Auxiliary (at sea)
In Port

20,000
Diesel

20,964
0.09996

2,094,701

745,492
370,622
586,160
222,215

88,782
131,499

2,144,669

4,239,370
12,112

2,264
309

14,377
12,421

599
518

519
76

29.S
81.3

10,000
14

22.4
1.6
1.6

25,000
Diesel

24,065
0.09996

2,406,638

747,723
377,470
590,322
233,904

89,706
132,928

2,172,082

4,577,700
13,079

2,504
412

15,583
13,491

649
562

553

3 l%
92.2

12,000
14

24.0
2.0
2.0

35,000
Diesel

29,650
0.09996

2,963,916

752,186
391,389
598,645
257,283

91,556
136,788

2,226,046

5,190,762
14,831

2.754
412

17,584
15,243

733
635

610
92

36.1
112.0

13,000
14

26.9
2.0
2.0

50,000
Diesel

36,991
0.09996

3,697,801

758,881
412,266
611,130
292,352

94,328
140,077

2,309,022

6,006,823
17,162

3,190
516

20,352
17,677

848
737

676
103

39.3
138.6

148000
14

30.7
2.5
2.5

60,000
DIesol

41,420
t~.oggge

4,140,626

763,343
426,167
619,463
315,731

96,177
142,936

2,363,807

6,504,333
18,584

3,393
515

21,977
19,099

916
796

712
109

41.6
154.6

15,000
14

33.0
2.5
2.5

70,000
Oiosel

46,676
0.09996

4,656,962

767,806
440,078
627,776
339,110

98,026
146,795

2,418,591

6,974,643
19,927

3,585
515

23,513
20,442

980
852

744
115

43.6
169.9

16,500
14

35.2
2.5
2.5

80,000
Diesel

49,s11
0.09996

4,94s,364

772,269
453,989
636,099
362,489

99,87S
148,655

2,473,375

7,422,730
21,208

3,872
618

25,080
21,826

1,046

774
120

46.6
184.6

18,000 ;
14-

37.3 I

;

.

.
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ESTIMATED FOREIGN FLAG TANKER COSTS - DOUBLE HUU (1995 PRICE LEVELS)

Dw
Machinery

Replacement Cost (000)
CRF: 7.75%, 20 yrs
Annual C@tal Cost

Wqp,8enef~ ,Subsistence
Stores & Supplies
Maintenance & Repair
Insufanco
other
Administration
Fixed Annual Op Cost

Total Annual Fixed Costs
Total Daity Fixed Costs

Oai?yFuel Costs
At Sea
k Port

Daily Total Costs
At Sea
In Port

Hourly Total Costs
At Sea
In Port

Ship Characteristics
Length (ft)
Beam (ft)
Draft (ft)
Immersion Rate (tonnes/inch)
I+omapower
speed
Fud Consumption(tonnes/day)

Main (at sea)
Auxiliary (at sea)
In Port

90,000
Oiesei

53,263
0.09996

5,324,463

776,732
467,900
644,422
385,868
101,723
161,614

2,628,160

7,852,623
22,436

4,048
618

26,484
23,054

1,103
961

800
126

47.2
198.S

19,000
14

39.3
3.0
3.0

120,000
Diesel

63,668
0.09996

6,364,566

780,121
509,633
669,392
456,00s
107,270
160,092

2,692,513

9,057,079
25,877

4,540
618

30,417
26,49S

1,267
1,104

869
137

51.6
237.6

24,000
14

45.0
3.0
3.0

150,000 175,000 200,000 265,000 32 S,000
Diesei Diesel Diesel DisseJ Diesel

73.119 80,455 87,402 104,070 118,115
0.09996 0.09996 0.09988 0.08996 0.09996

7,309,321 8,042,678 8,737,155 10,403,374 11,007,323

803,510 814,067 825,824 854.833 881.611
551,367
694,361
526,142
112,816
168,670

2,856,866

10,166,187
29,046

5,096
721

34.142
29,767

1,423
1,240

927
148

55.3
273.5

27,000
14

50.2
3.5
3.5

586,145 620,922 711,345 784;811
715,169 735,977 790,078 840,017
584,589 643,037 795,001
117,438
175,819

2,993,826

11,036,504
31,533

5,450
721

36,983
32,254

1,541
1,344

969
155

58.1
301.7

30,000
14

54.2
3.5
3.5

122,080 134,077
182,967

3,130.787

11,867,943
33,908

5,788
721

39,696
34,629

1,654
1,443

1,007
162

60.5
328.5

33,000
14

58.1
3.5
3.s

201,553
3,48$,885

13,880,259
39,686

6,606
721

46,293
40,407

1,929
1,684

1,092
178

66.1
393.6

34,000
14

67.5
3.s
3.6

936,27S
14S,169
218,708

3,816,5S1

15,622.914
44,637

7,303
721

51,940
46,358

2,164
1,880

1,158
190

70.4
448.0

35,m
14

75.5
3.6
3.s

.



ESTIMATED FOREIGN FUG BULK CARRIER COSTS (1995 PRICE LEVELS)

Owr
Machinwy

Replacement Cost (000)
CRF: 7.75%, 20 yts
Annual Capital Cost

Wages, Benefits, Subsistence
Stores & Supplies
Maintenance & Repair
Insuranco
other
Administration
Fixad Annual Op Cost

Total Annual Fixed Costs
Tots\ Daily Fixed Costs

Daity Fuel Costs
At Sea
In Port

Da~ Total Costs
At Sea
In Port

Hourly Total Costs
At Sea
In Port

Ship Characteristics
Length (ft)
8aam (ft)
Draft (ft)
Cubic Capacity (OOOft)
Immersion Rate (tonnes/inch)
Horsepower
Speed
Fuel Consumption(tonnes/day)

Main (at sea)
AuxiJiaw (at sea)
In Pott

15,000
Diesel

25,000
Diesel

35,000
Diesel

40,000
Diesd

50,000
Diesd

60,000
Diesel

12,948
0.09996

1,294,304

17,512
0.09996

1,750,567

21,368
0.09996

2,136,797

23,120
0.09996

2,311,218

26,380
0.09996

2,637,107

29,382
0.08988

2,937,206

559,481
190,616
218,347
188.472
95,366

139,854
1,392,137

565,80%
200,804
235,332
208.707

96,810
142,107

1,449,56s

572:28
210,991
252,317
228,942

98,254
144,361

1,506,992

575,290
218,084
260,810
239,060

98,976
145,487

1,535,706

581,613
226,272
277,796
259,296
100,419
?47,740

1,593,134

587,930
236,469
294,780
279,530
101,863
149,994

1,650,S61

2,686,441
7,676

3,200,131
9,143

3,642,789
10,408

3,846,924
10,991

4,230,241
12,086

4,587,768
13,108

2,115
309

2,504
412

2,754 2,972
412 515

3,190
516

3,393
515

9,791
7,985

11,647
9,555

13,161 13,963
10,820 :1,506

15,276
12,601

16,501
13,623

408
333

48S
398

548 582
451 479

637
526

688
568

478
67

27.6

6\%
9,000

14

556
79

32.4
1,200
86.7

11,000
14

612

368:
1,456
107.5

12,000
14

637

379:
1,653
117.1
13,000

14

680
99

40.2
2,089
135.3

14,000
14

717
106

42.6
2,631
152.2

15,000
14

20.7
1.5
1.5

24.0
2.0
2,0

26.9
2.0
2.0

28.2
2.5
2.5

30.7
2.5
2.5

33.0
2.5
2.5

I
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ESTIMATED FOREIGN FIAG BULK CARRIER COSTS (1995 PRICE LEVELS)

OWT
Machinorv

Replacement Cost (000)
cm: 7.75%, 20 Vrs
Annual Capitsl Cost

Wages,8enef~, Subsistonc.
stores & supplies
Maintenance & Repair
lnsuranco
other
Administration
Fwed Annual of) Cost

Total Annual Fixed Costs
Total Dai@ Fixed Costs

Daily Fuel Costs
At Saa
In Port

Daily Total Costs
At Sea
In Port

Hourly Total costs

At Sea
In Port

Ship Characteristics
Length (fd
8eam (h)
Oraft (ft)
CubW Capacity (OOOft)
Immersion Rate (tonnes/inch)
Horsepower
Spcad
Fuel Consumption(tonnes/daV)

Mah (at sea)
Auxiliaty (at sea)
In Poti

80,000
Diesel

34,829
0.09996

3,481,689

600,583
256,833
328,750
320,000
104,760
154,500

1,765,417

5,247,106
14,992

3,872
618

18,863
15,610

786
650

780
11s

46.5
3,300
183.6

18,000
14

37.3
3.0
3.0

100,000
Diesel

39,740
0.09996

3,972,618

613,230
277,208
362,720
360,470
107,637
159,006

1,880,272

5,852,890
16,723

4,217
618

20,940
17,341

872
723

833
123

49.9
4,176
212.4

21,000
14

41.3
3.0
3.0

120,000
Diesal

44,263
0.09996

4,424,697

626,877
297,582
396,680
400,940
110,s2s
163,613

1,995,127

8,419,824
18,342

4,640
618

22,882
18,960

953
790

879
131

52.8
4,9s1
239.3

24,000
14

45.0
3.0
3.0

150,000
Oiesel

50,504
0.09996

5,048,593

644,847
328,144
447,646
461,646
114,866
170,272

2,167,410

7,216,003
20,617

5,096
721

25,713
21,338

1,071
889

938
140

56.6
5,977
277.1

27,000
14

50.2
3.5
3.5

175,000
Diesel

55,322
0.08996

5,530,251

660,666
3S3,612
490,109
512,234
118,464
175,806

2,310,979

7,841,231
22,404

5,460
721

27,853
23,125

1,161
964

981
147

59.4
6,973
306.7

30,000
14

54.2
3.6
3.5

200.000
Diesel

59,866
0.09996

5,984,472

676,464
379,080
532,571
562,821
122,073
181,638

2,454,549

8,439,021
24,111

5,788
721

29,899
24,832

1,246
1,035

1,020
154

62.0
7,969
334.8

32,000
14

58.1
3.6
3.6

.

I
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ESTIMATED FOREIGN FLAG CONTAINERSHIP COSTS (1995 PRICE LEVELS)

TEU
OWT
Machinery

Replacement Cost(1) (000)
CRF: 7.75%, 20 Vrs
Annual Capital Cost

Wages,8enefits, Subsistence
Stores & Supplies
Maintenance & Repair
Insuranco
other
Administration
Fixed Annual Op Cost

Total Annual Fixed Costs
Total Oaiiv Fixed Costs

Daily Fuel Costs
At Sea
In Port

Daily Total Costs
At Sea
In Port

Houdy Total Costs
At Sea
In Port

Ship Characteristics
Length (ft)
8eam Vt)
Draft (ft)
Immersion Rate (tonnes/inch)
Horsepower
speed
Fuel Consumption(tonnes/dav)

Main (at sea)
Auxiliaty (at sea)
In Port

600
12,000

Diesel

21,084
0.09996

2,107,627

569,392
169,429
553,384
224,940

34,082
143,080

1,694,307

3,801,933
10,863

2,613
412

13,476
11,275

562
470

482
73

26.7
80.8

12,000
17

25.2
2.0
2.0

1,000
16,000

Diesel

26,396
0.09996

2,638,644

632,364
199,234
639,65S
323,201

40,032
157,919

1,992,404

4,631,049
13,232

3,026
412

16,258
13,644

677
568

541
80

29.1
94.6

15,000
17

30.0
2.0
2.0

1,200
20,000

Oiesel

31,422
0.09996

3,141,053

695,336
229,038
725,926
421,463

45,982
172,758

2,290,502

5,431,556
15,519

3,508
515

19,027
16,034

793
668

591
85

31.1
107.4

19,000
17

34.3
2.5
2.5

1,400
24,000

Diesei

36,231
0.09988

3,621,781

758,308
258,842
812,196
519,724

51,932
187,598

2,588,600

6,210,381
17,744

4,428
515

22,172
18,259

924
761

636
90

32.9
119.3

24,000
18

44.9
2.5
2.5

1,600
28,000

Diesel

40,866
0.09986

4,086,197

821,280
288,648
898,467
617,985

57,882
202,437

2,888,698

6,971,895
19,920

4,82S
515

24,744
20,435

1,031
851

676
94

34.4
130.6

24,000
18

49.4
2.5
2.5

2,000
32,000

Diesel

46,369
0.09988

4,634,291

884,252
318,461
984,738
716,248

63,832
217,276

3,184,796

7,719,086
22,055

5,300
618

27,360
22,673

1,140
945

713
98

35.8
141.4

27,000
18

53.8
3.0
3.0

2,2(M
38,000

Diesei

61,87s
0.09986

5,186,682

978,710
363,157

1,114,145
863,638

72,757
239,63S

3,631,942

8,817,604
2s,183

6,699
618

31,892
25,811

1,323
1,075

764
103

37.7
156.7

32,000
19

69.7
3.0
3.0

Note(1) Ooes not include cost of containers

.
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ESTIMATED FOREIGN FLAG CONTAINERSHIP COSTS (1995 PRICE LEVELS)

TEU
DWT
Machme~

2,500
42,000

Diesel

2,800
48,000

Diesel

3,000
50,000

DiesoJ

3,500
55,000

Diesel

48000
53,000

Diesel

USH
40,000

Diesoi

53,996
0.09996

6,397,639

1,010,196
378,059

1,157,280
912.769

75,732
246,956

3,780,991

9,178,630
26,225

7,004
721

33,229
26,946

1,385
1,123

893
100

37.3
161.6

32,000
19

72.1
3.5
3.6

Rephcoment Cost( 1) (000)
ClIF: 7.75%, 20 yrs
Annual Cqiital Cost

56,093
0.09996

6,607,307

62,259
0.09996

6,223,729

64,278
0.09996

6,425,372

69,244
0.09996

6,921,983

72,177
C.09996

7,215,146

Wagas,8enafits, Subsistmco
storm & supplies
Mamtenmwe & Repaw
Insuranco
other
Administration
Fixed Annual Opcost

1,041,682
392,961

1,200.416

1,136,140
437,608

1,329,822

1,167,626
452,S70

1,372,957

1,246,341
48!3,825

1,480,796

1,293,570
512,178

1,545,499
961,899 1,109,291 1,158,422 1,281,248

78,707 87,633 90,608 98,045
254,375 276,634 284,053 302,602

1,354,944
102,508
313,732

5,122,431

12,337,577
35,250

10,057
824

45,307
36,074

1,888
1,503

90!5
117

42.8
202.8

56,000
20

105.9
4.0
4.0

3,930,040 4,377,187

9,537,347 10,600,916

4,526,236 4,898,858

Total Annual Fixed Costs
Total Daily Fixed Costs

10.951,608
31,290

9,211
824

40,501
32,114

1,688
1,338

853
112

41.0
18S.1

48,000
20

96.2
4.0
4.0

11,820,821
33,774

9,745
824

43,518
34,598

1,813
1,442

886
116

42.2
196.3

53,000
20

102.3
4.0
4.0

27,250

7,204
721

34,454
27,971

1,436
1,165

795
106

38.9
166.4

35,000
19

74.3
3.s
3.5

30,288

7,784
721

38,073
31,009

1,586
1,292

839
111

40.s
180.5

45,000
19

81.0
3.5
3.5

Dam Fuel Costs
At Sea
In Pm

Daity Total Costs
At Sea
[n Port

lioudv Total tiStS

At Sea
In Port

Ship Characteristics
Length (ft)
Beam (ft)
Draft (ft)
Immersion Rate (tonnedinch)
Horsepower
speed
Fuel Consumption(tonnes/day)

Main (at sea)
Auxiliary (at sea)
In Port

Note(1) Does not include cost of containers

I
I
I

I
I

I
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ESTIMATED FOREIGN FLAG GENERAL CARGO VESSEL COSTS (1995 PRICE LEVELS)

Dw
MachinW

Replacement cost(Ooo)
CRF:7.76%, 20 vm
Annual Capital Cost

Wages,8enefits, Subsiatenc0
Stores & Supplies
Maintenance & Repair
Insurance
Other
Administration
Fixad Annual OP Cost

Total Annual Fixed Costs
Total Oaity Fixed Costs

Oaily Fuel Costs
At Sea
In Port

Dailv Total Costs
At Sea
In Poft

t+ouftv Total Costa
At Sea
In port

Ship Characteristics
Length (ft)
Beam (ft)
Draft (ft)
Cubic Capacity (OOOftl
Immersion Rate Itonnesfinch)
Horsepower
Spead
Fud Consumption{tonnesidav)

Main (at sea)
Auxilia~ (at sea)
In Port

11,00’0
Diesel

14,625
0.09996

1,461,956

588,890
18!5,747
252,434
206,438

57.244
129,811

1,420,563

2,882,519
8,236

2,503
412

10,739
8,648

447
360

447
64

26.5
623

55.7
11,000

17

24.0
2.0
2.0

14,000
Diesel

17,274
0.09996

1,726,746

580,694
190,493
254,807
210,807

78,277
133,003

1,458,081

3,184,828
9,100

2,825
412

11,924
9,512

497
396

483
69

28.7
676

66.0
12,500

17

27.7

:::

16,000
Oiesei

18,841
0.09996

1,893,466

591 7W
193,657
256,566
213,720

92,288
136,131

1,483,083

3,376,559
9,647

3,026
412

12,673
10,059

528
419

504
72

29.9
807

72.5
15,000

17

30.0
2.0
2.0

20,000
Oisd

22,096
0.09986

2,208,767

594,002
199,986
259,864
219,s47
120,342
139,387

1,533,118

3,741,885
10,691

3,508
515

14,200
11,206

592
467

542
76

32.2
1082
84.7

18,000
17

34.3
2.5
2.5

24,000
Diesel

26,059
0.08886

2,604,986

586,274
206,313
263,161
226,374
148,386
143,643

1,583,142

4,088,127
11,680

3,863
515

15,543
12,195

648
508

574

348:
1176
96.1

20,000
17

38.4
2.5
2.5

30,000
Oiesai

29,231
0.09996

2,922,117

599,682
216,805
268,087
234,115
190,451
150,027

1,658,178

4,580,295
13,087

4,463
618

17,550
13,705

731
571

617
86

36.8
1470

112.1
24,000

17

44.1
3.0
3.0

I
I

.
●

.

I
1

I



ESTIMATED U.S. FLAG TANKER COSTS = NON-DOUBLE HULL (1995 PRICE LEVELS)

DWT
Machm~

Replacermnt Cost (000)
CRF: 7.7s%, 20 yrs
Annual Capital Cost

Wages,8enefits, Subsistence
Stores & Supplies
Maintenance & Repair
Insurmw.
Othet
Administration
Fixad Annual Op cost

Total Annual Fixed Costs
Total Daity Fixed Costs

Dailv F@ Costs
At Sea \
In Port

Daity Total Costs
At Sea
In Port

Hourly Total Costs
At Sea
In Poft

Ship Characteristics
Length (ft)
8eam (ftJ
Draft (R)
Immersion Rate (tonnes/inch)
Horsepower
Spaed
Fud Consumption(tonnes/day)

Main (at seal
Auxi6aw (at sea)
[n Port

20,000 25,000 35,000 50,000 60,000 70,000 80,000
Di.sai Diese/ Diesel Diesel Diesel Oiesd Oiesel

64,124 69,676 78,970 90,179 96,510 102,208 107,416
0.09996 0.09996 0.09986 0.09996 O.(jggge 0.08986 0.08996

6,410,143 6,966, 16% 7,894,233 9.014,755 9,647,611 10,217,222 10,737,76S

3,248,48!5 3,248,534
323.522 326,222

1,624.490 1,636,208
2 16,4S6 228,620
316,687 313,362
573,010 575,491

6,301,568 6,328,446

1“2,711,701
36,319

2,264
308

38,683
36,628

1,608
1,626

519
76

29.6
81.3

10,000
14

22.4
1.5
1.6

13,293,604
37,982

2,504
412

40,486
38,394

1,687
1,600

553
82

31.6
92.2

12,cm
14

24.0
2.0
2.0

3,248,631 3,248,777 3,248,874 3,248,971 3,249,088
331,622 339,722 345,122 360,S23 366.923

1,659,630 1,694,763 1,718,184 1,741,608 1,70S.027
252,971
308,912
580,463

6,382,218

14,276,451
40,780

2,754
412

43,543
41,202

1,814
1,717

610
92

35.1
112.0
13,000

14

26.9
2.0
2.0

289.486 313,829 338,172 362,S16
302,236 297,788
587,896

6,482,879

15,477.634
44,222

3,190
516

47,411
44,737

1,976
1,864

676
103

39.3
138.6

14,000
14

30.7
2.6
2.6

592,867
6,616,652

16,164,264
46,184

3,393
515

49,677
46,699

2,066
1,946

712
109

41.6
154.6

15,000
14

33.0
2.6
2.5

293,336 288,88S
597,819 602.781

6,570,420

16,787,648
47,966

3,586
515

51,550
48,480

2,148
2,020

744
116

43.6
169.9

16,500
14

35.2
2.s
2.s

6,824,200

17,361,965
49,606

3,872
618

53.477
50,224

2,228
2,093

774
120

4S.6
184.6

18,000
14

37.3
3.0
3.0

i
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ESTIMATED U.S. FUG TANKER COSTS - NON-DOUBLE HUU (1995 PRICE LEVELSI

Owr
Machinew

fhpkement cost(Oool
CRE 7.75%, 20 Vrs
Annuel Cepital Cost

wq)ee,6enefits,subsistence
stores& supplies
Maintenerm & ROpSif
Insurenoo
Othef
Admiitration
Fixed Annual Op cost

Total Annual Fixed Costs
Totel Daily Fixed Costs

Oaw F@ Costs
At Sea
In Port

O* Total costs
At Sea
In Port

Hourlv Total Costs
At ~
In Port

Ship Characteristics
Length (W
Beam (ftl
Draft (m
Immersion I?ate (tonnes/inch)
Horsepower
speed
Fuel Consumption(tonnes/day)

Main (at sea)
AuxiJiarv (at sea)
In Port

90,000
9 Diesel

112,220
0.08996

11,218,867

3,249,165
361,323

1,788,449
386,8S9
284,435
607,742

6,677,973

17,896,840
51,134

4,048
618

55,181
51,752

2,299
2,156

800
125

47.2
198.6

19,000
14

39.3
3.0
3.0

120,000 150,000 175,000 200,000
Diesel Diesai Diese( i)iesel

124,910 135,725 143,738 151,061
0.09996 0.09996 0.09996 0.09996

12,486,556 13,667,693 14,368,762 15,100,791

3,249,467 3,249,748 3,249,991 3,260,234
377,523 393,724 407,224 420,725

1,858,713 1,928,978 1,987,632 2,046,085
459,889 532,918 593,776 654,635
271,064 257,733 246,608 235,482
622,628 637,513 649,917 662,322

6,839,264 7,000,615 7,135,048 7,269,482

19,325,850 20,568,307 21,503,800 22.370,274
55,217

4,540
618

59,757
55,835

2,480
2,326

869
137

51.6
237.6

24,000
14

45.0
3.0
3.0

58,767

5,096
721

63,862
59,488

2,661
2,479

927
148

5s.3
273.S

27,000
14

50.2
3.5
3.5

61,439

5,450
721

66,889
62,100

2,787
2,590

969
156

58.1
301.7

30,000
14

54.2
3.s
3.5

63,915

5,788
721

69,703
64,636

2,904
2,693

1,007
162

60.5
328.5

33,DO0
14

58.1
3.s
3.5

265,000
Diesel

167,73S
0.09996

16,767,9S7

3,250,866
455,826

2, 198,32S
812,866
206,S55
694,S73

7,619,011

24,386,967
69,677

5,88S
3,502

75,562
73,179

3,148
3,049

1,092
178

66.1
393.6

34,000
14

67.S
0.0

17.0

.
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ESTIMATED U.S. FLAG TANKER COSTS - DOUBLE HULL (1995 PRICE LEVELS)

owl 20,000 25,000 35,000 50,000 60,000 70,000 80,000
Machine~ Diesel Diesd Diesel Diesel Diesel Diesd Diesel

R.phc.ment Cost (0001 52,386 60,162 74,124 92,478 103.6io 1t 3,939 123,778
CRF: 7.75%, 20 yrs 0,09996 0.09986 0.09996 0.08996 0.08996 0.08986 0008996
Annual Capital Cost 6,230,763 6,014,086 7,409,780 9,244,S03 10,3S1,316 11,389,881 12,373,386

Wages, Benefits ,Sd@stwtce
Stores & Supplies
Maintenance & Repair
Insurance
other
Administration
Fixed Annual Op Cost

Total Annual Fixed Costs
Total Daily Fixed Costs

Da~ Fwd Costs
At Sea
In Port

Daily Total Costs
At Sea
In Port

Hourly Total Costs
At Sea
In Port

Sh~ Characteristics
Length (ft)
Beam (ftl
Draft (ft)
Immersion Rat. (tonnes/inch)
Horsepower
speed
Fuel Consumption(tonnes/day)

Main (at sea)
Auxilia~ (at sea)
In Poft

3,248,48S 3,248,534
323,522 326,222

1,624,498 1,636,206
216,456 228,028
315,587 313,362
573,010 575,491

6,301,558 6,328,44S

11,538,311 12,342,540
32,967 35,264

2,264 2,504
309 412

35,231 37,769
33,276 35,676

1,468 1*574
1,386 1,487

519 553
76 82

29.5 31.6
81.3 92.2

10,000 12,000
14 14

22.4 24.0
1.5 2.0
1.5 2.0

3,248,831 3,248,777 3,240,874 3,240,971 3,249,088
331,622 339,722

1,659,630 1,684,763
252,971 289,486
308,912 302,236
580,463 587,89S

6,382,218 6,462,879

13,792,009 15,707,382
39,406

2,754
412

42,159
39,818

1,757
1,659

610
92

35.1
112.0

13,000
14

26.9
2.0
2.0

44,878

3,190
515

48,068
45,393

2,003
1,891

676
103
39.3
138.6

14,000
14

30.7
2.6
2.s

34s,122 350,623 36S,923
1,718,184 1,741,608 1,766,027

313,829 338,172 302.616
297,786
592,867

6,516,662

16,867,968
48,194

3,393
515

51,587
48,709

2,149
2,030

712
108

41.6
154.6

15,000
14

33.0
2.6
2.6

293,336 288;88S
597,819 602,781

6,570,426

17,960,307
51,31s

3,585
515

54,801
51,830

2,288
2,160

744
115

43.0
169.9

18,600
14

35.2
2.5
2.5

6,624,200

18,687,688
54,279

3,872
618

58,1S1
54,897

2,423
2,287

\
!

1

774
120

I

46.6
164.s (

18,000
14

37.3 (

:::

●
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ESTIMATED U.S. FLAG TANKER COSTS - DOUBLE HULL (1995 PRICE LEVELS)

DWT 90,000 120,000 150.000 175,000 200,000 265,000
Machine~ Diesel Diesel Dies.1 Diesei Oiesel Diesei

Replacement Cost (000) 133,159 159,170 182,790 201,138 218,608 260,176
CRF: 7.75%, 20 yrs 0.09998 0.09996 0.09986 0.09996 0.09996 0.09988
Annual Capital Cost 13,311,157 15,911,416 18,273,303 20,106,694 21,842,008 26,008,43S

Wagea,Baneftis, Subsistence 3,249, 16S 3,249,457 3,249,T48 3,249,991 3,260,234 3,250,866
Stores & Supplies 361,323 377,523 393,724 407,224 420,725 456,828
Maintenance & Repair 1,788,449 1,858,713 1,928,978 1,987,532 2,046,08S 2,198,32S
Insuranc. 386,859 459,889 532,918 593,778 654,635 812,866
other 284,435 271,084 257,733 246,608 235,482 206,655
Administration 607,742 622,628 637,513 649,917 662,322 694,573
Fixed Annual Op Cost 6,677,973 6,839,294 7,000,616 7,136,048 7.269,482 7,619,011

Total Annual Fixed Costs 19,989,130 22,750,709 25,273,918 27,241,743 29,112,371 33,627,446
Total Daily Fixed Costs

Da~ fuel Costs
At Sea
In Poft

Dai~ Total Costs
At Sea
In Port

Hourfy Total Costs
At Sea
In Port

Ship Characteristics
Length (ft)
Beam (ft)
Draft (ft)
Immersion Rate (tonnes/inch)
Hofsepow~
Speed
Fuel Consumption(tonnes/day)

Main (at sea)
Auxiliary (at sea)
In Port

.
●

.

57,112

4,048
618

61,159
57,730

2,548
2,405

800
125

47.2
198.6

19,000
14

39.3
3.0
3.0

65,002

4,540
618

69,542
65,620

2,898
2,734

869
137

51.6
237.6

24,000
14

45.0
3.0
3.0

72,211

5,086
721

77,307
72,932

3,221
3,039

927
148

55.3
273.S

27,000
14

50.2
3.5
3.5

77,834

5,450
721

83,283
78,565

3,470
3,273

969
156

58.1
301.7

30,000
14

54.2
3.5
3.5

83,178

5,788
721

88,966
83,899

3,707
3,496

1,007
162

60.6
328.6

33,000
14

58.1
3.5
3.6

96,078

5,886
3,502

101,963
99,!580

4,248
4,149

1,092
178
66.1
393.6
34,000

14

67.6
0.0
17.0

15
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ESTIMATED U.S. FUG BULK CARRIER COSTS (1995 PRICE LEVELS)

DW
Machirw~

Replacement Cost (000)
CRF: 7.75%, 20 yr’s
Annual capital cost

Wages, Ben.fits,Subsistenc.
stores & supplies
Maintenance. & Repair
Insurance
Othaf
Administration
Fixad Annual Op Cost

Total Annual Fixed Costs
Total Daily Fixed Costs

Daitv Fud Costs
At Sea
In Port

DaN Total Costs
At Sea
In Port

Hourly Total Costs
At Sea
In Poti

Shii Characteristics
Length (W
Beam (ft)
Draft (ft)
Cubic Capacity (OOOft)
Immersion Rate (tonnesfinch)
Horsepower
Speed
Fuel Consumption(tonnes/dayJ

Main (at ses)
Auxiliarv (at sea)
In Pon

15,000
Diesel

31,074
0.09996

3,106,330

2,920,436
320,822

1,282.270
171,874
229,710
491,323

5,416,460

8,522,780
24,351

2,269
308

26,620
24,660

1,108
1,027

478
67

27.6
680

62.8
9,000

15

22.5
1.5
1.5

25,000 35,000 40,000 50,000
Diesd Diesel Oiesd Diesel

42,028 51,277 55,489 63,313
0.09996 0.08996 0.08996 0.08996

4,201,360 5,126,912 5,646,923 6,329,067

2,920,533
326,222

1,298,678
190,097
220,428
494,388

6,466,346

9,667,706
27,593

2.721
412

30,31s
28,006

1,263
1,167

556
79

32.4
1,200
80.7

11,000
16

26.6
2.0
2.0

2,920,631 2,920,680 2,920,778
331,622 334,322 339,722

1,315,079 1,323,279 1,339,679
208,325 217,431 236,654
223,137 221,491 218,201
497,463 498,986 502,050

5,490,241

10,622,153
30,349

3,025
412

33,374
30,761

1,391
1,282

612
88

36.0
1,460
107.6

12,000
15

30.0
2.0
2.0

. .

.

5,516,189 5,656,084

11,063,112
31,609

3,269
516

34,878
32,124

1,453
1,338

637
92

37.6
1,663
117.1

13,000
1s

31.6
2.6
2.5

11,885,141
33,958

3,534
516

37,492
34,473

1,562
1,436

680
99

40.2
2,089
135.3

14,000
15

34.6
2.5
2.s

I



ESTIMATED U.S. FIAG BULK CARRIER COSTS (1995 PRICE LEVELS)

DWT 60,000 80,000 100,000 120,000 130.000
Machinery Diesel Diesel Diesd Diesd Diesel

Replacement Cost (0001 70,518 83,580 95,378 108,230 111,377
CRF: 7.75%, 20 vm 0.09996 0.09996 0.09996 0.09996 0.09996
Annual Capital Cost 7,049,296 8,356,064 9,534,283 10,619,273 11,133,811

Wagas,8enefits ,Subsistence 2,920,876 2,921,071 2.921,267 2,921,463 2,921,561
Stores & Supplies 345,122 355,923 366,723 377,623 382,924
Maintenance. & Repair 1,356,080 1,388,881 1,421,681 1,454,482 1,470,883
Insurance 253,877 290,323 326,769 363,216 381,438
Other 214,910 208,328 201,747 19S,166 191,874
Administration 505.114 511.244 517,373 523,503 526.667
Fixed Annuai Op Cost 5,595; 979 5,675; 770 5,755; 661 5,835,352 5,876,247

Total Annual Fixed Costs 12,645,275 14,031,824
Total Daily Fixed Costs

Oaily Fuel Costs
At Sea
[n Port

Daily Total Costs
Al Sea
In Port

Houdy Total Costs
At Sea
[n Port

Ship Characteristics
Length (ft)
Beam W
Dratt (ft)
Cubic Capacity (OOOftJ
Immersion Rate (tonnes/inch)
Horsepower
Sfwd
Fuel Consumption(tonnes/day)

Main (at sea)
Auxiliwy (at sea)
In Port

36,129

3,782
515

39,912
36,644

1,663
1,527

717
106

42.6
2,631
152.2

15,000
15

37.5
2.5
2.5

40,091

4,343
618

44,434
40,709

1,851
1,696

780
115

46.5
3,300
183.6

18,000
15

42.7
3.0
3.0

15,289,844
43,685

4,764
618

48,449
44,303

2,019
1,846

833
123

49.9
4,176
212.4

21,000
15

47.5
3.0
3.0

16,454,624 17,009,058
47,013

5,158
618

52,171
47,631

2,174
1,985

879
131

52.8
4,961
239.3

24,000
15

52.1
3.0
3.0

48,597

5,449
721

54,047
49,318

2,252
2,055

899
134

54.2
5.977
252.2

25,000
15

54.2
3.5
3*5

I.
●

I
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ESTIMATED U.S. FUG CONTAJNERSHIP COSTS - oOMESTIC TRADES (1995 pRICE LEVELSI

TEU 600 1,000 1,200 1,400 1,600
DWT 12,000 16,000 20,000 24.000 2fLoOo
MachineW Diesel Diesel Diesai Diesel Diesei

Replacement Cost(l) (000) 57,980 72,588 860W 99,634 1?2,383
cm: 7.75%, 20 Ws 0.08996 0.09996 0.09886 0.09988 0.08886
Annual C@taI Cost 5,796,973 7,268,272 8,837,887 9,969,898 11,234,292

WsgOs,8enofks ,Subsistence 3,077,214 3,177,736 3,278,258 3,378,781 3,479,303
Stores & Sup@es 237,792 253,999 270,207 286,41S 302,623
Maintenance. & Repair 338,946 428,374 517,803 607,231 696,660
Inswance 224,840 323,201 421,463 519,724 617,98S

264,712 293,378 322,044 350,710 37s,370
Administration 621,411 671,406 721,388
Fixed Annual OP Cost 4,765,013 5,148,084 5,531,174

Total Annual Fixed Costs 10,560,987 12,404,365 14.169,070
Total Daily Fixed Costs 30,174

Daily Fuel Costs
At Sea 2,613
In Port 412

Daily Total Costs
At Sea 32,788
In Port 30,586

Hourly Total Costs
At Sea 1,366
In Port 7,274

Ship Characteristics
Length {ft) 482
8eam {ft) 73
Draft (h) 26.7
Immersion Rate (tonnes/inch) 80.8
Horsepower 12,000
speed 17
Fuel Consumption(tonnes/day)

Main (at sea) 25.2
Auxiliary (at sea) 2.0
In Port 2.0

Note(1) Does not include cost of containers

35,441

3,026
412

38,487
35,853

1,603
1,494

541
89

29.1
94.6

15,000
17

30.0
2.0
2.0

40,463

3,508
515

43,881
40,998

1,833
1,708

591
8S

31.1
107.4

19,-
17

34.3
2.5
2.5

771,392 821,386
5,914,264

15,874,162
45,36S

4,420
516

49,783
45,870

2,074
1,911

636
90

32.9
119.3

24,000
18

44.9
2.6
2.6

0,297,334

17,531,626
50,080

4,025
516

54,915
50,606

2,288
2,108

678
94

34.4
130.6

24,000
18

49.4
2.s
2.5

3::E
Diesel

124,737
0.08886

12,469,288

3,579,826
318,831
786,089
716,246
408,042
871,380

6,880,414

19,149,713
548713

5,308
618

60,019
55,331

2,501
2,305

713
98

35.8
141.4

27,~
18

53.8
3.0
3.0

. .
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ESTIMATED U.S. FLAG CONTAINERSHIP COSTS - FOREIGN TRADES (1 995 PRICE LEVELS)

TEU
DWT
Machinery

Replacement Cost{ 1) (000)
CRF: 7.75%, 20 ~rs
Annual Capital Cost

Wages, Benefits ,Subsistenca
Stores & Supplies
Maintenance & Repair
Insurance
OthOr
Administration
Fixed Annual Op Cost

Total Annual Fixed Costs
Total Oa~ Fixed Costs

Oaiw Fuel Costs
At Sea
In Port

Oai~ Total Costs
At Sea
in Port

Hourly Total Costs
At Sea
In Port

Ship Characteristics
Length (ftJ
Beam (ft)
Draft (ft)
Immersion Rate (tonnes/inch)
Horsepower
sped
Fuel Consumption(tonnes/da~)

Main (at sea)
Auxilia~ (at sea)
tn Port

600
12,000

Oiesei

21,084
0.03996

2,107,627

3,077,214
237,792
338,945
224,940
264,712
621,411

4,765,013

6,872,640
19,636

2,613
412

22,250
20,048

927
835

482
73

20.7
80.8

12,000
17

2s.2
2.0
2.0

1,000
16,000

Diesel

26,396
0.09996

2,638,644

3,177,736
253,999
428,374
323,201
293,378
671,405

5,148,094

7,786,738
22.248

3,026
412

25,274
22,660

1,053
944

541
80

29.1
94.6

15,000
17

30.0
2.0
2.0

1,200
20,000

. !liesel

31,422
0.09998

3,141,063

3,278,258
270,207
517,803
421,463
322,044
721,399

5,531,174

8,672,227
24,778

3,506
515

28,286
25,293

1,179
1,054

591
85

31.1
107.4

19,000
17

34.3
2.6
2.5

1,400
24,000

Diesel

36,231
0.03966

3,021.781

3,378,781
286,41S
607,231
519,724
350,710
771,392

S,914,254

9,536,036
27.246

4,428
51s

31,674
27,761

1,320
1,167

636
80

32.8
119.3

24,000
18

44.9
2.6
2.5

1,600
28,000

Diasei

40,860
0.08986

4,086.197

3,479,303
302,623
696,660
617,986
379,376
821,380

2,000
32.000

Diesel

45,369
0.08986

4,634,291

3,579,826
318,831
786,089
718,240
408,042
871,380

2,200
38,000

Oiesol

61,87S
0.08666

S,186,862

3.730,608
343,143
920,232
803,638
461,041
846.371

6,297,334 6,680,4j4

10,382,531
29,664

4,826
515

34,489
30,179

1,437
1,257

676
94

34.4
130.6

24,000
18

49.4
2.5
2.5

11,214,705
32,042

5,306
618

37,348
32,660

1,556
1,361

713
98

36.8
141.4

27,000
18

53.8
3.0
3.0

7,256,034

12,440,696
35,546

6,699
618

42,243
36,163

1,760
1,507

764
103 ~

37.7
156.7 I

32,000
19

I
69.7 i

3.0
3.0

iNote{1) Does not include cost of containers

i

. .
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ESTIMATED U.S. FMG CONTAINERSHlp COSTS - FOREIGN TRADES ( 199S pRICE LEVELS)

TEU 2,500 2,800 3,000 3,500 4,000 USH
DWT 42,000 48,000 50,000 55,0W 58,000 40,000
Mach- Died Diesel Oiesal Oiesd Diesd Diesel

Rapfacunont cost{ 1) (Ooo) 50,093 62,269 64,276 69,2U 72,177 53,996
CRE 7.76s, 20 yrs 0.09986 0.09988 0,09986 0.09988 0.09988 0.089s8
Annual Capkalcoat 5,607,307 6,223,729 6,426,372 6,9210983 7,216,146 5,387,639

Wagos,llandRa,Subsiatenco ‘ 3,831,132 3,981,916 4,032,176 4,167,829 4,233,221
stores & Suppks 359,361 383,663 391,767 412,027 424,182
Mahtmanoa & Repair 1,008,661 1,143,804 1,188,619 1,300,306 1,367,370
Inaura#wo 961,899 1,109,291 1,168,422 1,281,248 1,364,944
Otk 479,707 622,708 637,038 572,872 584,371
A~ 996,366 1,071,366 1,0S6,362 1,168,846 1,196,340
Fiied Armual Opcost 7,638,114 8,212,736 8,404,276 8,883,128 9,170,436

3,780,870
361,247
964,847
912,769
466,374
971,368

7,448,674

Total Annual fiXOd Costs 13,245,422 14,436,46414,829,64715.805.08816.385.68112.844,213
Totai Oaily Fiied Costs 37,844

Dailv Fuai Coats
At SOa 7,204
In Pat 721

Daily Total Costs
At Saa 45,048
In Port 38,665

HOMY Total Costs
At Saa 1,877
In Port 1,607

ship characteristics
mm (~ 795
8e8m (W 106
Draft m 38.9
knmarahn Rats (tonndinch) 166.4
HOmepower 35,000
Speed 19
Fuel Conaumption(tonnesMayJ

Main (at sad 74.3
Auxiliaw (at seal 3.5
Inport 3.6

Noto(1) Ooas not inchxl. cost of containers

41,247

7,704
721

49,031
41,968

2,043
1,748

839
111

40.5
180.6

46,000
19

81.0
3.5
3.5

42,370

9,211
824

51,581
43,194

2,149
1,8W

853
112
41.0
185.1

48,000
20

96.2
4.0
4.0

45;167

9,74s
824

54,802
45,981

2,288
1,916

888
110

42.2
188.3

53,DO0
20

102.3
4.0
4.0

46,816

10,057
824

56,873
47,640

2,370
1,985

906
117
42.8
202.8
56,000

20

105.9
4.0
4.0

36,698

7,004
721

43,702
37,419

1,821
1,559

893
100

40.8
161.6

32,000
19

72.1
3.5
3.5

. .
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ESTIMATED U.S. FIAG GENERAL CARGO VESSEL COSTS ( 1995 PRICE LEVELS)

OWT
Machm.ry

Repkc.m.nt Cost (000)
CRF: 7.75%, 20 yrs
Annual Capita( Cost

Wages,8enefits, Subsistence
Stor.s & Supplies
Maintenance & Repair
insurance
Othaf
Administration
Fwed Annual Op Cost

Total Annual Fixed Costs
Total Oaity Fixed Costs

Daity Fuel Costs
At Sea
In Poft

Oaily Total Costs
At Sea
In Poft

Hourly Total Costs
At Sea
In Port

Ship Characteristics
Length (ft)
8eam (ft)
Oraft (ft)
Cubic Capacity (OOOft)
Immersion Rate (tonnes/inch)
Horsepower
speed
Fual Consumption(tonnes/day)

Main (at sea)
Auxilia~ (at sea)
In Port

Il,ooo
Oiesel

40,218
0.09996

4,020,379

3,051,838
175,222
237,212
206,436
231,909
390,154

4,292,771

8,313,150
23,752

2,503
412

26,255
24,164

1,094
1,007

447
64

26.5
623

55.7
11,000

17

24.0
2.0
2.0

14,000
Oiese{

47,602
0.09996

4,748,549

3,127,326
184.385
207,522
210,807
251,167
406,077

4,467.284

9,215,833
26.331

2,825
412

29.156
26,743

1,215
1,114

483
69

28.7
675

66.0
12,500

17

27.7
2.0
2.0

16,000
Diesel

52,089
0.09996

5,207,031

3,177,651
190.494
321,062

20,000
Oiesel

60,763
0.09996

6,074,110

3,278,302
202,712
388,142

213,720 219,547
264,005 289,683
416,692 437,923

4,583,626 4,816,309

9,790,656
27,973

3,026
412

30,999
28,385

1,292
1,183

504
72

29.9
807

72.5
15,000

17

30.0
2.0
2.0

10,890,419
31,115

3,508
515

34,624
31,630

1,443
1,318

542
76

32.2
1,082
04.7

18,000
17

34.3
2.5
2.5

24,000
Diesel

68,911
13.09996

0,888,709

3,378,953
214,930
4S6,221

30,000
Oiesd

80,387
0.09996

8,035,823

3,529,929
233,257
556,841

225,374 234,115
315,360 353,878
459,154

5,048,993

11,937,701
34,108

3,863
515

37,971
34,623

1,582
1,443

574
81

34.2
1,176

96.1
20,000

17

38.4
2.5
2.5

491,000
5,398,018

13,433,841
38,382

4,483
618

42,846
39,000

1,78S
1,625

617
86

36.8
1,470
112.1

24,000
17

44.1
3.0
3.0

I
“.

.
i
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APPENOIX A

DEEPDRAFT VESSEL COST FORMULAS

STANDARD
ERRORSESTIMATED FOREIGN FIAG TANKER COSTS f1996 PRICE LEVELS)

0.114541 (Logl
0.199132 (@J

Re@acamont Cost {NON-OH) (000) (643472”DWT “0.3721 32)/1000
Replacement Cost (OH) [000) (45037 .05666 *DW”0.620248U1M

Wages,8enefits, Subsistence (736665 .9525 +0.446292@D~
Stores & Suppli.s (342699.9416 + 1.391 112”DWT)
Maintenance & Repair (669613.7115 +0.832317CDW)
Inswanc. (1 75456.75 +2.337901 “DWT)
other (85084 .44767 +Os184876”D~
Admmistration (1 25779.8898 +0.285935 *DWT)

11288.1967
82382.3799
41006.1659
11477.336s
9376.31533
15173.2032

Daitv Fwl Cost at Sea (Main Tonnes/Day “HVO Fuel Cost)+ (Aux. Tonnes/Day”MDO Fuel COst)
Daitv Fuel Cost in Port Auxiiia~ Tonnes/Day ‘MOO Fuel Cost

HA
NA

NA
NA
NA
HA

Len@h (ft) DVVT-(0.287829) 030.00611
Beam (ft) DWT-(0.326658) ●3.010018
Draft Vt) DWT”(0.312067)”1 .341759
Immamion Rate (tormesfinch) (DW1’”(2/3) ‘0.0921 35)+ 13.44076
Fuel Consumption(tonnes/day)

Main (at sea) (DWT-(2/3)”Spead ”(2.87) “6.83E-061 + 12.623
AuxdiaW (at sea) Rounded from: 13WT”(0.296892) “0.094112

NA
NA

ESTIMATED FOREIGN FUG BULK CARRIER COSTS (1 996 PRICE LEVELS)

0.116272 (LogJRep&cement Cost (000) (44010 .87469’DW1’-0.591134) /1000

32679.8008
30041.9541
48010.3517
54702.8526
12364.2807
17317.2484

Wagas,8enefits, Subsistence 549996 .0993 +0.63234*DWT
stores & Supldios 175335.461 + 1.018723*DWT
Mtitenance & Repair 192869.1489 + 1.698S11 ‘DWT
Insuranc. 1681 19.1489+2.02361 1‘DWT
Othar 93201.06383 +0.144362”DWT
Administration 136474.4681 +0.225319*DW’

O* Fuel Cost at Sea (Main Tmnes/DayOHVO Fuel Cost)+ (Aux. Tomes/DavOMDO Fuel Cost)
Daitv Fuel Cost in Port AuxiliaW Tonnes/Dav ●MOO Fual Cost

NA
NA

Length (ft) DWT”(0.293006)* 28.5457
seam ml DWT”(0.317888)* 3.175143
Draft (ft) (DWT/O.361 325) ‘(0.31203931
Immersion Rate (tonnes/inch) (MT - (2/3) ●0.096757 + 3.94S307
Fuel Consumption{ tonnes/davl

Main (at S-) (DW” (2/3) ‘Speed “(2.87) 06.83E-06) + 12.623
Aux~ (at S08) Rounded from: DWT-(0.296892J”0 .0941 12

NA
NA
NA
NA

NA
M

ESTIMATED FOREIGN FLAG CONTAINERSHIP COSTS (199S PRICE LEVELS)

Replacernant cost moo) 13733 .46105 *DWT-0.7810811000 0.100279 {L@

Wages, Senefits,Subsistenco “ 380475.4916 + 15.74301290W
stores& Suppm 80016.76483+ 7.451061 ●DWT
Maintenance & Repair (294670.8766 +21 .567729 *OWT)
Insuranc. (-69843 .44S2 + 24.565299 ”DWT)
other (16231.59141 + 1.487 S2”DWT)
Administration (98561 .99558 + 3.709825 SDW’)

80708.303
6W6.86608
160015.925
89037.228

1153.80424
39961.8466

Dai~ Fuel Cost at Sea [Main Tonnes/Day ●HVO Fuel Cost) + (Aux. Tonnes/DavaMDO Fuel Cost)
Daity Fuel Cost in Port ‘ Auxiliary Tonnes/Dav’MDO FueJCost

NA
NA

Length (ft) OWT-(0.4001 33) ● 11.23633
Beam [ft) DW-(0,302059)04 .273258
Draft (ft) DWl “(0.299923) “1 .596087
Immersion Rate (tonnes/Inch) D~”(2/3) “O. 125263+ 15.08627
FueJConsumption(tonnes/dav)

Main [at sea) (DWT-(2/3))e(Speed ‘(2.93 ))a(l .06 E-05) + 2.86
Auxiliary (at sea) Rounded from: DWT ‘(0.463926) “0.024418

NA
NA
NA
NA

NA
NA

3 .—— _ _~~_-
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APPENDIX A

ESTIMATED FOREIGN FLAG GENERAL CARGO VESSEL COSTS {1996 PM w~$)

R.placament Cost (000] 23741 .05423 °DW-0.6802S4/1~

Wages,fknefits,subsistonco 582642.47311 +0.668CDW
stoma & Suppfke 168344.452 + 1.582029”DW
Msint.nano. & Repair 243386 .2355 +0.82437”D~
Insumnc. 190411.8448 + 1.4S6773aDWT
other -19876.42546 + 7. O1O892*DW
Administration 11 8106.8754+ 1.063989*DW

Oaity Fuel Cost ●t SOS (Main Tonnes/Day “HVO Fuel Costi + (Aux. Tomes/Day’M~ Fuel Cost]
Daily Fuel Cost in Port Auxiliary Tonnaa/Day ●MOO Fuei Co88

Length (ft) DW1-(0.320724) ●22.61 026
Beam {ft) DWT” (0.287796) “4.423672
Draft (m DWl”(0.327701)”l .25511S
Immersion Rat. (tonnes/ii) owT”(2/3)”o.l19696-3.503=
Fuei Consumption{tonnes/day)

Msin (at sea) (DW” (2/3) ”SP@Sd- (2.93)- 1.06E-05) + 2“86
Auxiliary (at sea) Rounded from: DWT - (0.463926) “0.024418

ESTIMATED U.S. FLAG TANKER COSTS [1996 PRKE LEV=S)

Replacement Cost (NON-OH) (000) [643472 .613* 0WT-0.372132Jl~) *2.S
Replacement Cost (OH) (000) (46037 .05666 ”OW-0.6202-/l~) ‘2.5

Wagaa,6anafits, Subsiatenc. 3248280.672 + 0.008718*OW
stoma & supplies 312721 .4284 +0.540016*OM
Maintenance. & Repair 1577666.212 +2.3421 51 ●OWT
Insurance 167769.8084 +2.43432S*DWT
Othat 324487.4986 + (-O.446028*D~
Administration 563086.6396 +0.4961 75*DWT

Daily Fuel Cost ●t Sea (Main lo-~av ●HVO Fuel COStl+ (Aux. TOnnes/Dav”M~ Fuel Cost)
Oaii Fuel Cost in Port Auxiliaty Tonnes/Oav ‘MOO Fwi Cod

Length m DW-(0.287829)030.~11
8eam (ft} 0WT-(0.326668) ●3. O1OO18
Draft (ft) OWT”(O.312067) “1 .341759
Immersion Rat. (tonnes/inch) 0W-(2/3)*0.092135 + ~3.44076
Fuel Consumption(tonnes/dav)

Main (at sea) oWT”(2/3)*Speed ”(2.87)*6.83E-06 +12.623
Auxiliary (at sea) Rounded from: DWT - (0.296892)00.094112

ESTIMATED U.S. FLAG SULK CARRIER COSTS (1S86 PRICE LEVELS)

Replacement Cost (000)

Wages.8anafits, Subsistence
Storas & Suppk
Maintenano. & Repair
Insuranc. ●

Othet
Administration

(lady Fuel Cost ●t Sea
Daily Fuel Cost in Port

“.
Length (ft)
Beam (f’t) .
Draft (ft)
Immersion Rate (tonnes/inch)
Fue~Consumption(tonnes/dav)

Main (at sea)
Auxiiiarv (at sea)

(44010 .87469 ”OVW-0.591 134I1OOOI”2.4

2920288.214 +0.00878899”0~
312721 .42S4+0.540010aDW
1267677.303 + 1.640041 “DWT
144639.2006 + 1.822302”DWT
2346S4.6677 + (-O.329079*OWT)
486726.3682 + 0.306468*0~

[Main T~/Oav ‘HVO Fuel Cost)+ (Aux. Tonnas/Day”M~ Fuel Cost)
Auxiliaw Tonnes/Oay ‘MOO Fuel Cost

0WT-(0.293006) “28.5457
DWT”(0.317888)”3 .175143
(OVW/O.361325) ‘(0.31 20393)
OWT” (2/3) ”0.096767 + 3.945307

(DVW-{213)oSped ”(2.87)”6.83E_) + 12.623
Rounded from: DWT-(0.296892)”0.094112

0.196777 (L@

0.26S43S7
374.474s99
334.036632
868.3ss683
571.027283
287.6%2291

NA

E
NA

NA
NA

0.1 14s41 Log)
0.199132 mc@

20s.42s21
27427.2642
342.631191
1689.18414
114s3.4148
2806.81164

NA
NA

M
NA
NA
NA

HA
HA

0.116272 (Log)

888.617813
27427.2642
303.308927
13832.7138
316.7866S7
1270.6013S

M
M

NA
NA-
M
M

NA
M

I
I
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APPEND(X A

ESTIMATED U.S. FUG CONTAINERSHIP COSTS (1 995 PRICE LEVELSI

R.plsc.ment Cost (000)
Domestic Trade Servic. (13733 .46106 °DWT”0.78108/1000) @2.7S
Ftnign Trade Service (13733 .46105 *DWT”0.78108/1000)

Wages,8enefits ,Subsistence 2775646.U3 +25.130597”DWT
Stoma & Supplies 189167.8041 +4.051977°DWl
Maintenance & Repa~r 70668.69587 + 22.357203 ●DWT
Insurance -69843 .44S2 + 24.565299”DWT

178714.3747 + 7,166495°0WT
Administration 471429.3727 + 12.498468’DW

Oaiiy Fuel Cost atSea (Main TOnnes/Dav‘HVO Fud COSti+ (Aux. TOnnes/Dav●MOO Fuel CostJ
Daity Fuel Cost m Port Auxiliary Tonnes/Day “MOO Fuel Cost

Lengthml DW-(0.400133)”1 1.23633
8eam {ft) 0W-(0.302059)04 .273258
Dfaft (ft} DWT”(O.299923) ● 1.596097
Irnmefsion Rate (tonnes/inch) DWT-(2/3) ‘0.125263+ 15.09527
Fuel Consumption(tonnes/day)

Main (at sea) (DW’f-f2/3) ‘SPeed-(2.93)01 .06E-05) + 2.86
Auxilia~ (at sea) Rounded from: DVW”(O.463926) ●0.024418

ESTIMATED U.S. FIAG GENERALCARGO VESSEL COSTS (1996 PRICE LEVELSI

Replacement Cost (000/ (23741 .05423 ”DW”0.690254/1000) ●2.75

Wag.s,Benefits, Subsistence 2775048.332 +25. 162696°0WT
Stores & Supplies 141622.8727 + 3.054459*DWT
Maintenance & Repair 52743.36283 + 16.769912 *DVVT
Insuranc. 19041 1.8448+ 1,456773*DWT
Othat 161296 .1198 +6.419333”DW
Administration 331769.2308 + 5.307692 “DWT

Daily Fuel Cost at Sea (Marn Tonnes/Oay ●HVO Fuel Cost}+ (Aux. Tonnes/Day ●MN Fuef cost)
Daily Fuel Cost in Port Aux~ Tonnes/Day cMOO Fuel Cost

hngth m DW-[0.320724) ‘22.61026
Beam (ft) OWf - (0.287796) ‘4.423672
Draft (ft) 0W-f0.327701101 .255115
Immersion Rate (tonneshch) DWT-(2/31 ‘O. 119696-3.50922
Fuel Consumptlon(tonnes/dayJ

Main (at sea) (OVW-(2/3) “Speed”(2.93) ● 1.06E-05) +2.86
Auxilia~ (at sea) Rounded from: DWT” (0.463926) ‘0.024418

.

.

0.100279 (LogJ
0.100279 (Log)

252.758919
278.41 88S9
321.228694

88637.228
280.114917
13489.0924

M
NA
NA
NA

NA
NA

0.196777 (Log)

252.758S19
389.620262
304.828401
968.355683
26S.435666
196.116136

M
NA

HA
NA

I
t

I
I
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APPENDIX B
WEIGHTED AVERAOE HOURLY

AT SSA COSTS ?OR
~IQl ?= T~

Deadweight 20,000 25,000 35,000 50,000 60,000 70,000 80,000
Non-Doub10 Hull Hourly At Sea Costs 65S 695 756 837 082 924 967
Oouble-Hull Hourly At Sea Costs 599 649 733 048 916 980 104s

Non-Double
Hull Double-HuWt. AVU. Wt Avg. Wt. Avg. Wt. Avg. Wt. Avg. Wt. Avg. Wt. AVU. Wt.

Study Year
1993
1994
199s
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

Deadweight

Weight
71.6%
67.49
63.29
59.0%
54.8$
50.6t
46.4%
42.19
37.9t
33.7%
29.59
2S.3Q
21.1*
16.98
12.7%
8.s8
4.3%
0.0%

Weight
28.48
32.6*
36.89
41.08
45.28
49.48
53.7$
S7.99
62. 1*
66.3*
70. s%
74.78
78.98
83.1*
87.38
91. SR
9S.8Q

100.0%

cost
639
637
634
632
630
627
62S
623
620
618
616
613
611
600
606
604
601
599

cost
682
680
670
676
674
672
670
668
666
66s
663
661
6S9
6S7
65S
653
651
649

Comt
749
748
747
746
74s
744
743
742
741
740
739
739
738
737
736
735
734
733

cost
840
841
841
842
842
842
843
843
844
844
84S
84S
846
846
847
847
848
848

cost
892
893
89S
896
897
899
900
902
903
904
906
907
909
910
911
913
914
916

cost
940
942
944
947
949
951
9s4
9S6
9s9
961
963
966
968
970
973
975
977
980

90,000
Noa-fkuhle Hull Hourly At Sea Costs 1004
Oouhle-Hull Hourly At Sea Costs 1103

Study Year
1993
1994
199s
1996
1997
1998
1999
2000
2001
2002
2003
2004
200s
2006
2007
2008
2009
2010

Bbn-Douhl@
Hull

Weight
71.69
67.4*
63.2$
59. oa
S4. 8%
50.69
46.4%
42.lt
37.98
33.7%
29. S8
2S.3$
21.1*
16.9*
12.7%
8.58
4.3%
0.0%

.
●

Dst
09
92
96
)9
)2
16
)9
12
Ls
.9
!2
!s
!9
12
‘s

:
s

120,000
1104
1267

150,000
1198
1423

175,000
1268
1s41

200,000
1333
1654

265,000 32S,000
1489 1620
1929 2164

Double-HuWt. A-. Wt. Avg. Wt. AVU. Wt. AVV. Wt. AVU. Wt. Avg. Wt. AVU. wt.
Weight
28.4Q
32.68
36.8*
41.08
4S.29
49.48
53 .7t
57.9*
62.19
66.3Q
70. s8
74.78
78.9,
83.1*
87.39
91. s8
9S.8Q

100.09

co8t
1032
1036
1041
106s
104Y
10s3
10s7
1062
1066
1070
1074
1078
1082
1007
1091
109s
1099
1103

cost
11s1
11s7
1164
1171
1178
118S
1192
1199
1206
1212
1219
1226
1233
1240
1247
12S4
1260
1267

cost
1262
1272
1281
1290
1300
1309
1319
1328
1338
1347
13S6
1366
1375
138S
1394
1404
1413
1423

cost
1345
13s7
1360
1380
1391
1403
1414
1426
1437
1449
1460
1472
1483
149s
1S06
1S18
1529
1s41

cost
1424
1438
14s1
1465
1478
1492
1s0s
1519
1S32
1S46
15s9
1573
1586
1600
1613
1627
1640
1654

cost
1614
1632
1651
1669
1688
1706
172S
1743
1762
1780
1799
1818
1836
185S
1873
1892
1910
1929

cost
177s
1797
1820
1843
1866
1889
1912
193s
1958
1981
2004
2027
2049
2072
209S
2118
2141
2164

.
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WEIGHTEO AVERAOE HOURLY
IN PORT COSTS FOR

FOREI@t FLAG TANKERS

Oedweight 20,000 25.000 35,000 50,000 60,000 70,000 80,000
Non-Ooubl@ Hull Hourly In Port Costs 573 607 658 726 762 796 832
DoublQ-Hull Mourly In Port Cos- 518 562 635 737 796 8S2 909

Study Year
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
200s
2006
2007
2008
2009
2010

Deadweight

Noa-Doub10
Hull Doub18-Huwt.

Weight Weight
71.63 28.48
67.48 32.69
63.2% 36.89
59.04 41.oa
5408% 45.2*
50.6t 49.4a
46.4% 53.7*
42.lt 57.98
37.9% 62.18
33.7% 66.39
29.59 70.58
25.3b 74.7%
21.1* 78.9*
16.99 83.19
12.7% 87.3t
8.5Q 91.5$
4.39 95.88
0.0% 100.08

Aw. Wt.
cost
5s8
555
553
5s1
548
546
543
541
539
536
534
532
529
527
52S
522
520
518

AVV. Wt.
cost
59s
593
591
589
587
5M
583
501
579
577
57s
574
572
570
566
566
564
562

Am. Wt. Av9. Wt.
coat cost
652 729
651 729
6S0 730
649 730
648 731
647 731
646 731
64S 732
644 732
643 733
642 733
641 734
640 734
639 73s
638 73s
637 736
636 736
63S 737

AVV. Wt.
coat
772
773
77s
776
777
779
780
782
783
704
786
707
789
790
192
793
794
796

AVU. Wt.
cost
812
814
816
819
821
824
826
828
831
833
835
838
840
842
84S
847
849
852

Aw. Wt.
cost
854
857
860
863
867
870
873
877
000
883
886
890
893
896
900
903
906
909

Non-Double Hull Hourly In Port Costs 861
Double-Hull Hourly In Port Costs 961

90,000 120,000 150,000 175,000 203,000 265,000 325,000

Study Year
1993
1994
199s
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

IUon-Doublo
Hull Double-Huwt.

weight weight
71.6t 2@.4a
67.4% 32.68
63.2Q 36.88
59.09 41.08
54.8t 4S.28
50.68 49.48
46.4Q 53.78
42.1* 57.9$
37.9* 62.1$
33.7* 66.3Q
29.59 70.s9
25.39 74.79
21.19 78.99
16.93 83.1%
12.7Q 87. 3%
8.St 91.5*
4.38 95.8t
0.0s 100.O*

.

Avg. Wt.
cost
889
893
898
902
906
910
914
919
923
927
931
93s
940
944
948
9S2
956
961

941
1104

Aw. Wt.
cost
987
994
1001
1008
101s
1022
1028
103s
1042
1049
10S6
1063
1070
1076
1083
1090
1097
1104

26

1016
1240

AVU. Wt.
cost
1080
1089
1099
1100
1118
1127
1136
1146
11ss
1165
1174
1184
1193
1202
1212
1221
1231
1240

1071
1344

Aq. Ut.
cost
1148
1160
1171
1183
1194
1206
1217
1229
1240
12s2
1263
127S
1286
1298
1309
1321
1332
1344

1122
1443

Am. Wt.
Comt
1213
1227
1240
12S4
1267
1281
1294
1308
1321
1335
1348
1362
137s
1389
1402
1416
1429
1443

1244
1684

AVU. Wt.
co8t
1369
1387
1406
1424
1443
1461
1400
1498
1s17
153s
15s4
1572
1s91
1609
1628
1646
1665
1684

1346
1890

1
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WEIGHTED AVERAGE HOURLY
AT SEA COSTS FOR
US FLAG TANKERS

Deadweight
Non-Doublo Hull Hourly At Sea Costs
Double-Hull Hourly At Sea Costs

Study Year
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
200s
2006
2007
2008
2009
2010

Noa-Double
Hull

Weight
71.6t
67.4%
63.2%
59.0*
54.89
50.6t
46.4t
42.1*
37.9*
33.79
29.S9
25.39
21.1*
16.9%
12.7Q
8.SQ
4.38
0.0%

Double-HuWt.
Weight
28.4*
32.68
36.8*
41.0*
45.29
49.4%
53.7%
57.99
62.1S
66.3Q
70.s8
74.79
78.9Q
83.1*
87.3%
91.s8
95.8%
100.O*

Deadweight
Non-Double Hull Hourly At Sea Costs
Double-Hull Hourly At Sea Costs

Ncx&Double

Study Yea
1993
1994
199s
1996
1997
1998
1999
2000
2001
2002
2003
2004
200s
2006
2007
2008
2009
2010

Hull - ‘- ‘-”
Weight
71.6%
67.4%
63.2t
S9.0*
S4.89
SO.6Q
46.4Q
42.19
37.9$
33.7Q
29.SQ
2S.3%
21.1%
16.9%
12.7%
8.S$
4.39
0.08

DOt&le-HUNt.
Weight
28.4Q
32.68
36.8t
41*O*
4S.2t
49.48
53.7$
57.9*
62.1%
66.3*
70.St
74.7%
78.9%
83.lt
87.38
91.s%
9S.89
100.08

20,000 2s,000 3s,000 50,000
1608 1687 1814 197s
1468 1s74 1757 2003

AqI. Wt.
cost
1s68
1S62
1SS6
1ss0
1544
1539
1533
1527
1s21
1s1s
1509
1s03
1497
1492
1486
1480
1474
1468

AVU. Wt.
cost
16SS
16S0
164S
1640
1636
1631
1626
1621
1617
1612
1607
1602
1598
1593
1588
1583
1579
1574

A-. Wt.
cost
1798
1796
1793
1791
1788
1786
1783
1781
1779
1776
1774
1771
:769
1766
1764
1762
:759
i757

Aw. Wt.
cost
1983
1984
1986
1987
1988
1989
1990
1991
1992
1994
199s
1996
1997
1998
1999
2001
2002
2003

60,000 70,000 80,000
2064 2148 2220
2149 2208 2423

AVW. Wt.
coat
2089
2093
2097
2100
2104
2107
2111
2114
2118
2221
212s
2128
2132
213S
2139
2142
2146
2149

2223
2229 :;
2235
2240 x
2246 23
22s2 23
22S8 23
2264
2270 %
2276 24I
2282
2288 :::

90,000 120,000 150,000 17S,000 200,000 26S,000
2299 2490 2661 2787 2904 3148
2548 2898 3221 3470 3707 4248

Avg. Wt. Avg. Wt. A-. Wt. AVU. Wt. Am. Wt. Avu. Wt.
cost
2370
2380
2391
2401
2412
2422
2433
2443
24S4
2464
247S
2485
2496
2506
2S17
2527
2538
2S48

cost
2606
2623
2640
2657
2674
2691
2709
2726
2743
2760
2777
2794
2812
2829
2846
2863
2880
2898

cost
2820
2844
2867
2891
2914
2938
2961
298S
3009
3032
30S6
3079
3103
3127
31s0
3174
3197
3221

cost
2981
3010
3038
3067
3096
312S
31s4
3182
3211
3240
3269
3297
3326
33ss
3384
3412
3441
3470

coat
3132
3166
3200
3234
3267
3301
333s
3369
3402
3436
3470
3S04
3538
3s71
360S
3639
3673
3707

Fost
3461
3S07
3ss3
3600
3646
3692
3739
3785
3831
3878
3924
3970
4016
4063
4109
41ss
4202
4248

, wt.
)St
u
la
10
18
16
!4
13
11
19
17
is
‘4
2

:

:
3

.
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WEIGHTSD AVERAGt HOURLY
IN PORT COSTS FOR
US PUG T~

~ighe
?km-l)oubl.Hull Hourly In Port Costs
WIC-HU1l Hourly In Pore Costs

Study Year
1993
1994
199s
1996
1997
1996
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

Non-Oouble
Hull Double-HuWt.

Weight Weight
71.6* 28.4%
67.4$ 32.6*
63.2* 36.8$
S9.0* 41.08
54.8$ 45.2%
50.6% 49.48
46.48 53.7*
42.1* S7.9*
37.9$ 62.18
33.78 66.3S
29.S8 70. S$
2S.38 74.78
21.1% 78.98
16.9* 83.18
12.7* 87.39
8.5% 91.58
4.39 95.89
O.OQ 100.0%

20,000 2s,000
1S26 1600
1386 1487

A-. Wt.
cost
1487
1481
147s
1469
1463
1457
14s1
144s
1439
1434
1428
1422
1416
1410
1404
1398
1392
1386

Avg. wt.
cost
1S68
1S63
15s$
1s53
1s49
1544
1539
1s34
1S29
1s25
1s20
1s1s
1s10
1S06
1s01
1496
1491
1487

35,000 50,000 60,000
1717 1864 1946
16S9 1891 2030

Avg. Wt.
cost
1700
1698
1696
1693
1691
1688
1686
1683
1681
1679
1676
1674
1671
1669
1666
1664
1662
1659

AVU. Wt.
co*t
1872
1873
1874
1875
1876
1878
1879
1880
1881
1882
1883
1884
1886
1887
1888
1889
1890
1891

AVU. Wt.
cost
1970
1973
1977
1s00
1984
1987
1991
1994
1998
2001
200s
2008
2012
2015
2019
2022
2026
2030

70,000 80,000
2020 2093
2160 2287

AVW. Ut.

2E
206s
2071
2077
2083
2089
209S
2101
2107
2113
2118
2124
2130
2X36
2142
2148
21S4
2160

Deadweight 90,000 120,000 150,000 175,000 200,000 26S,000
Non-Double Hull Hourly In Port Co8t8 2156 2326 2479 2590 2693 3049
Double-Hull Hourly In Port Costs 240S 2734 3039 3273 3496 4149

Study Year
1993
1994
1995
1996
1997
1990
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

Non-Double
Hull

Weight
71.6*
67.4Q
63.28
59*O9
S4.8*
SO.6$
46.4Q
42.18
37.9$
33.78
29.5*
2S.3%
21.1%
16.9*
12.78
8.S9
4.3$
0.08

Double-HuWt.
Waight
28.4%
32.6%
36.8$
41.09
4S.2%
49.4*
S3.7*
S7.9$
62.1%
66.39
70.ss
74.78
78.9Q
83.1*
87.3*
91.s%
9S.8Q

100.0$

AVU. Wt.
coat
2227
2238
2248
22S8
2269
2279
2290
2300
2311
2321
2332
2342
23S3
2363
2374
2384
239S
240S

AVU. Wt.
cost
2442
2459
2477
2494
2s11
2S28
2S4S
2S62
2S80
2S97
2614
2631
2648
266S
2683
2700
2717
2734

.
●
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AVU. Wt.
coat
2638
2661
268S
2708
2732
27S6
2779
2803
2826
28S0
2874
2897
2921
2944
2968
2991
301s
3039

AVU. Wt.
cost
2784
2813
2841
2870
2899
2928
29S6
298S
3014
3043
3072
3100
3129
31S8
3187
321S
3244
3273

Am. wt.
cost
2921
29SS
2989
3022
30S6
3090
3124
31S8
3191
322S
32S9
3293
3327
3360
3394
3428
3462
3496

Aw. Wt.
coat
3361
3408
34s4
3s00
3547
3s93
3639
3686
3732
3778
382S
3871
3917
3963
4010
40S6
4102
4149

AWU. Wt.
co8t
2148
21S6
2164
2173
2101
2189
2197
220s
2284
2222
2230
2238
2246
22S4
2263
2271
2279
2287



JUl
AM

OCT

WC
JAN
FED

MAY
JUN
JUl
Am

E

OEc
JAN
FED
MAR
APR
MAY
JUN
JUL
AUG

%

JAN
FE8

AFR
Mv
JUN

1991

1992

1993

19s4

APPEminc

...............*........... .... ................ ....ACTUALPRICSS...............*- ................ .........................—
Rolow Mso OuRSAN JEN SJ_ TOKVO L~m WXJST@J@NEWV~o Am

. 79.7-73.0
68.0
69.4
81.1
80.8
77.3
68.8
63.8
74.7
7s.0
77.8
80.7
89A
89.8
9t.8

108.3
94.1
77.3
72.3
70.6
78.7
80.S
73.7
62.4
58.0
62.7
623
64.S
62.4
S4.O
63.S
78.s
78.0
76.7
62.3
87.8

80.0
02.0
78.1
03.6
92.S
83.8

%:
78.8
77.0
70.0

:;
884
93.s
102.7
100.7
87.s
80.S

8%
83.0
82.3
67.8
62.0
6S.7
6S.0
64.0
64.0
59.7
68.8
83.S
83.8
71.3
88.2
88.9

69.4
69.4
80.3
9S.8
9S.8
843
86.4

84.3
62.8 40.0

79.9
78.3
78.3
83.8
86.1
86.1
823
71 .s
74.1

89.S

Sao
79.0
74.2
82.S
80.0
77.8
70.3
Mm
72.3
81.0
86.0
80.0
89w2
9s.1
Iw.s
10s.3
87.9
62.s
76.8
84.8
82.7
86.4
83.7
75.1
6s.8
72.3
73.0
74.0
58.0
58.3
73.0
68.3
62.0
83.0
92.2
12s.0

10M
103.0

993
81.4
91s

10U
88.0
7s.s
S&S
9307

lms
108.2
106.8
108.3
119.0
120.3
112.8

84.0
84.8
89.S
98.2

101.8
103.3
98.3
8S.1
81.3

%
78.0
61.S
79.7
84.3
83.0
95.s

10s.4
140.7

67.0
SS.4
83.S
78.0
72.0
60.6
59.4
60.3
70.7
92.S
84.7

108.8
101 .s

94.0
94.7
94.0
81.S

R:
78.7
79.8

102.3
88.0
70.s
67.7
6S.8
74.0
63.0
57.7
66.1
71.s
74.8
80.0
84.2
98.s

64.0
$73
72.3
78.3
69.0
54.4
56.8
57a
69.0
77.s
8S.3

%
92.3
94.3
94.4
92.S
78.8
7s.0
74.3
79.3
77.0
68.3
60.8
72.7
70.s
71.5
61.8
58.7
66.0
66.3
63.3
74.0
77.0
84.4

72.0
823
84.8
87wS
8193
sao
6s.s
s4m7

w

::
1084

97.0
104.0
10s.4

97.0
98.0
88.S
86.3
92.0
90.0
82.8
7s.0
7&7
74.1
7S.8
69.4
6s.7
7s.8
7s.9
80.S
74.7
84.4
87.0

76.4
70.8
81a

81.8
88.0
S&8
70A
76.1
84.7
91.8
9s.1
97.6
98A

104.0
98.0
76.1
81.4

k:
8s.8
872
78.6
693
71.3
70.0
72.1
6S.S
59.8
70.2
7s.4
75.1
79.3
87.9

101.7

- A~ ‘-”
11$2
118.3
11s2
118.0
118.0
110,,
lmm
12M
120a
12U
120.8
120*
1212
1213
121.2
1223
122.3
122.2
123.3
123.3
1233
124.0
124.0
124.0
124.4
124.4
124.4
124.8
124.8
124.8
12s.8
12s.8
12s.6
126.4
126.4
126.4

36 MONTH INFUTION AOJUSTEO AVERAGE

1.121
1.121
1.121
1.114
1.114
1.114
1.104
1.104
1.104
1.0s7
1.0s7
1 .0s7
1.0s3
1.0s3
1.083
1.084
1.084
1.084
1.07s
1.07s
1.07s
1.089
1.069
1.069
1.08s
1.0ss
1.Oes
1.0s2
1.062
1.082
1.0ss
1.0ss
1.06S
1.04s
1.048
1.048

Am

89A
85.7
86.1
80.8

x
73.4
71.s

%
923

1m.7
104.0
1WA
107.8
112.7
10s2

82-5
87.4
86s
882
91.7
933
833
74.5
76B
752
76.S
693
63.5
744
79s
792
83.1
921
1MA
873

. .
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J(A
AUG

SE?
OCT
Nov
(xc
JAN
FED

Af’R
MAY
JIM
JU
AUO

%

JAN
FE8

APR
MAY

JUl
Am
SEP
OCT
NOV

FED

Am
MAY
JW

w MAnmE FUELPRICES

...... .......... ...... ... ...... .. ............ .. ....ACTUALPmcE6 ... ................ ................ ................. ............... OVERALL
RCnDAM

1991 79.0
74.0
76.0
87s
9s.s
84.0

1992 73.4
69.9
82.3
81.7
84.0

M
93.0
9s.1
110s
98.8
824

1993 79.0
76.4
86.3
8S&

~:
@s&
70.0
68.8
69s

::
19s4 694

814
81.0
ae.7
92.3

88.0
S&o

E;
100s

ms
74.4
77.8
86s

H
843
982
88.0
100.0
111.7
108.s
86.0

3:
893
92.0
89.0
7ss
70.6
73.7
73.8
73.s
72.8
6893
77.4

::
7s.0
93.8
95.8

84.0
86.8
83.6
S&o
72.@
66.3
64.3
64.s
91.7

;:
117.s
?20.3
80.3
104.s
103.s
12M
93.0
7s.4
74.s

e7.o
6s.7
7s.3

%:
553
64.$
70.s

%
82.0
100.s

94.0
93.0
99.1
99.1
98.7
9806
84.8
78.6
82A

E
Iom
10M
!03.3
101.s
108.8
1082

:::
87.S
87.s
91.6
92.6
92.8
89.8
80.2
80.3
83.0
80.6
73.6
77.4

a:
88.3
97.0
102.8

89.0
82.0
70.6
88.8
91.0
76.8
73.8
68.6
784
8602

z:
912
S&6
1O&s
Ims
91.8
67.0
82.0
863

::
87.7
79.s

7s.3
76.3
77.0
60.s
82.0
7s.0
70.s
6S*
8S9
9s.8
97.s

0UR8ANJEOOAM 81mPon TOK~Oo LOSAMG -TN HOW
So.o

106’4
103A
86.3
96.2
112s
924
7996
87.6
9,.7

Wi
112s
loss
1123
122.0
12s.0
117.3

87.0
89.3
93.4

103.0
108.0
107.7
102.0

89A
8S.7
84.S
86.6
81.8
S&s
833
88.4
8S4

102.0
110.0
10s3

78,0
71.0
72.8
88.0
82.s
70.8
66.s
@4.8
67.3
78.3
86.s
913

112.0
110s

99.s
99.7
88.8

=
8S.8
8S.0
8s.0

107.3
94.8
82.3
74.7
71.s
79.3
69.4
6S.3
71.3
7a.3
80.s
8S.0
88.0

104.3

82,0
88@
70.7
70,8
823
73.6
S8.4
131.o
62.7
7s.3
81.0
89.3
94.0

96.S
97.7
98.4
9s.3

79.0
79.0
83.S
81.7
72.8
6s.0
78.7
74,3
75.s
66.6
62.3
70.8
70.8
68.0
77.0
80.8
87.4

78.0
77.0
S&s
Sal
9s.s
87S
0s4
72.3
71.8
81.0

;;
1043
1144
102.0
1083
110.0
103.0
103.8

94a
92.3
97.0
9s.3
89.3
78.S
81.7
79.4
81.0
74.4
74.0
81.3
83.Q
8S.3
80.3
90.4
92.0

Awl

864
82,8
84.6
86.1
91.7
89.2
72.8
70.s
7s4

2:

M&S
104.3
101.4
la.a
1044

93.2
8608
8S.4

:2
92.7
84.S
7s.2
78.9
76.0
79.1
71.1
6s.3
74.6

E;
84.3
91.7
98.0

Gw GNP AOJU6~
1- ADJMN7
118.2
1104
1182
110.9
118.8
1184
120s
120.0
12Q0
120.6
120.6

121s
1212
1222
122A
122.2
12x2
123.2
12%S
124B
124.0
124.0
124.4
124.4
124.4
124.8
124.8
1244
12S*
126.6
126A
126.4
120.4
126.4

1.121
1.121
1.121
1.114
1.114
1.114
1.104
1.104
1.104
1.087
1.067
1.097
1.m
1.062
1.083
1.064
t .064
1.064
1.078
1.076
1.076
1.066
1.066
1.066
1.066
1.066
1.086
1.062
1.082
1.082
1.0ss
1.ag
1.068
1.046
9.046
1.044

36 MONTH INFIAT~ ADJUSTED AVERAGE

Am

97s
92.6

:2
102.2

S&l
80.4
78.3
83.7
92.S
97.8

106.8
112.6
1144
110.8
1173
112.8
101.0

9s.4
91.7
933
97.6
99.0
80.3

!R
80.s
84.0
7s.s
69.3
78.0
84.s
8691
883
96.1

102.8
93.4

.
● 1
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4A 1991
AUG
SEP
OCT
NOV
OEC
JAN 1992
FE8
MAR
APR
MAY
JUN
JUL
AUG
SEP
OCT
NOV
DEC
JAN 1993
FEE
MAR
APR
MAY
JUN
JUL
AUG
SEP
OCT
NOV
OEC
JAN 1964
FEE
MAR
APR
MAY
JUN

MOO MARINE FUEL PRICES

.. . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . ...*.... . . . . .ACTUAL PRICES.............. .. ............ .... ...... .... ......0● .0...0—
MEO DUR8AN JEDDAH SINGPOR TOKYO LOSNW HOUSTN NEWYOR “-‘-

146.0
143.0
153.1
178.4
183.8
1!36.8
159.9
164.3
154.0
157.3
165.S
175.0
172.S
163.s
168.3
160.7
157.2
148.s
148.s
149.3
158.7
167.8
162.0
152.4
144.s
145.0
142.3
147.1
144.8
137.3
133.6
129.S
124.8
132.0
137.0
138.3

190.0 220.0
207.0 208.0
199.0 214.0
220.3 21S.6
224.8 226.8
193.8 224.S
177.9 219.s
183.3 212.0
165.8 208.0
174.0 208.0
184.0 206.0
192.0 207.S
194.3 212.8
184.0 211.0
190.0 206.7
203.3 224.6
193.s 209.s
183.0 206.0
182.6 176.s
179.s 206.3
180.3 204.0
185.0
187.3
171.2
164.s 200.0
168.0 199.7
167.3 197.9
179.3 203.3
176.4 200.2
162.3 184.3
15s.0 191.3
151.s 180.0
143.0 190.0
150.3 187.3
157.8 190.1
154.0 187.0

198.0
188.0
217.S
221.1
234.3
237.9
237.9
237.8
237.9
237.9
237.9
237.9
237.8
237.9
237.9
237.9
237.9
222.2
237.9
237.9
237.9
237.9
237.9
237.9
237.9
237.9
237.9
237.9
237.9
237.9
237.9
237.9
237.9
237.9
237.9
237.9

170.0
164.0
174.8
178.0
186.3
178.0
173.3
163.3
152.7
162.3
168.0
175.0
166.3
160.0
16S.5
169.3
166.8
154.0
166.0
163.6
162.7
163.8
168.7
158.8
146.0
146.3
144.s
146.3
142.6
141.7
14S.6
136.0
169.8
138.3
142.2
139.3

240.0
236.0
226.8
226.4
233.0
242.S
23S.1
230.3
227.3
227.7
226.0
229.7
225.S
226.S
231.3
230.0
229.4
196.0
227.0
231.8
238.0
240.0
241.0
23S.6
232.8
234.3
235.0
234.8
232.8
242.0
229.0
227.4
211.3
231.S
233.8
233.0

1W*O
186.0
197.2
203.0
197.6
189.S
178.9
190.0
189.2
187.5
202.0
204.7
200.0
201.6
200.0
200.0
200.s
201.s
200.0
180.5
185.0
192.S
201.0
205.0
206.s
208.7
208.8
206.3
208.8
205.7
208.1
211.3
208.9
210.0
200.0
210.0

157.0
1S6.0
165.2
174.6
183.8
170.0
153.1
154.0
150.7
155.7
161.S
171.7
176.0
173.0
175.8
178.0
182.2
182.0
164.8
162.8
160.7
161.8
160.0
159.8
159.0
159*7
158.3
158.8
157.8
157.7
152.0
150.s
149.s
148.7
160.0
146.8

187A
18S.0
193.0
199.6
210.6
201.3
180.8
181.4
17s.0
178.7
188.6
180.0
194.7
186.s
196.0
201.7
204.0
197.0
196.3
191.s
193.0
195.0
184.3
191.8
186.8
186.0
184.9
183.8
180.8
174.7
176.0
177.1
174.1
176.0
175.0
176.6

Avw

18S.8
lm7
193.4
201.9
208.0
200.6
lm.7
1m7
184.6
187.7
193.3
186.2
197.7
16s.2
186.8
201.3
197.9
188.1
188.8
180.3
191.1
193.0
193.8
189.1
1=7
187.S
186.3
188.8
186.9
183.7
180.S
178.S
178.8
179.0
181.6
160.1

GNP AOJUS~

118.2
118.2
118.2
118.9
118.9
118.9
120.0
120.0
120.0
120.8
120.8
120.8
121.2
121.2
121.2
122.2
122.2
122.2
123.3
123.3
123.3
124.0
124.0
124.0
124.4
124.4
124.4
124.8
124.8
124.8
125.6
12s.6
125.8
128.4
126.4
126.4

1.121
1.121
1.121
1.114
1.114
1.114
1.104
1.104
1.104
1.097
1.067
1.067
1.093
1.063
1.033
1.064
1.064
1.064
1.076
1.07s
1.076
1.069
1.06a
1.069
1.06s
1.065
1.06S
1.062
1.062
1,062
1.0ss
1.065
1.0s6
1.043
1.046
1.046

AVG
2127
206a
216.8
22s.0
2323
223.4
21U
210.6
2017
20s.8
2120
217.4
216.1
213.4
21s.2
218.2
214.6
204.0
2028
2W.6
20S.4
2062
207.1
2020
138.6
196.7
198.4
2~4
198.4
195.1
lW
1=7
1~6
187.6
1=4
188.8
206.0

●✎
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Class

AA
AB
Al
A2
A3
A4
AE
AF
DA
DB
DC
DD
DE
EC
ED
FA
FB
FC
FD
HB
PA
PB
Pc
PD

2000

.11

.02

.03

.23

.06

.03

.16

.01

.05

.06

.03

.01

.02

.01

.01

.01

.01

.01

.01

.08

.01

.01

.01

.01

APPENDJX c
Vessel Class Arrival Patterns

Proportion of Total Trtic

2010

.09

.01

.04

.22

.07

.06

.17

.01

.06

.06

.03

.01

.01

.01

.01

.01

.01

.01

.01

.08

.01

.01

.01

.01

2020

.09

.01

.05

.20

.09

.09

.16

.01

.09

.06

.02

.01

.04

.01
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I. Introduction

The Galveston Corps of Engineers began exploring the possibility of modifications of the

Houston and Galveston Ship Channels in the late 1980’s. In the Fall of 1989, the

Galveston Corps of Engineers contacted Dr. Michael Racer of the Industrial and Systems

Engineering Program at Memphis State University to assist in the analysis. To aid the

Galveston Corps of Engineers (GCOE) in this taslq a simulation program was written.

This program simulates vessel traflic in the channel to a very detailed level. Using this

simulatio~ the impact of any of a number of decisions can be addressed. These include:

- channel modifications (width and depth)
- traflic changes (e.g. alternate vessel types)
- policy changes (e.g. passing/meeting protocol)
- port usage changes (e.g. addition/deletion of a fkcility, increasddecrease in
utilization)
- flexibility to model other channel environments

Modifications required by the Baltimore District Corps of Engineers were for the purposes

of modeling the value of anchorage modifications and branch channel improvements. This

led to the introduction of the following into the simulation:

- anchorage definition
- pilot costs
- dispatch and demurrage costs
- maneuvering times in branch channels
- berthing, deberthing and loading/offloading times in docks

Section II develops the essential concepts of simulation. Section III provides an overview

of the environment under consideration. Section IV presents the simulation model,
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including a rationale for the approach taken. Section V outlines the data requirements of

the model, while Section VI discusses some possible extensions of the model.

Appendices are included on input format and descriptio~ sample output, and

installationkxecution steps. If additional guidance is necessary, directions for receiving

additional assistance are also in an appendix.

This document was prepared and modified with the assistance of a number of reviewers,

provided under the Baltimore Anchorages Study. I would like to acknowledge these

reviewers for their assistance in improving this documeng where possible, and for

suggestions on fiture improvements when appropriate:

Dr. Michael Bronzini
Dr. Paul Schonfeld
Dr. Jan Berg-Andreassen
Dr. Ambrose Goicoechea

[ The following documentationhesources were used in developing the simulation model:
- WS HoustonLGalveston Information, Rev. 3/89
- The Ports of Ga/veston and Texas City, Texas, Port Series #23, Rev. 1985,
U.S. Army Corps of Engineers
- 7%ePort of Houston, T-, Poti Series #24, Rev. 1989, U.S. Army Corps
of Engineers
- F’inaI Feasibility Report andlkvironrnentd impct Statement

Galveston Bay Area Nmigation Stu@
Volume 3 Ap~ndix
C. Nm.gation Economics

- Vessel/Tow Traflic Data (1989)
- discussions with Frank Incaprera
- discussions with Gloria Appell
- discussions with Clifford Kidd ]

2



II. Fundamentals of Simulation

In this sectio~ we present a synopsis of the concept of sirnulatio~ and relate that to

channel functionality. Through the use of simulation we may better understand some

aspect of the real world.

The use of simulation is usually required in those situations which possess a great deal of

complexity and some level of uncertainty or variability. The problm posed by the GCOE

certainly possesses these features. There are a large number of ports in the system. The

channel is large and non-homogeneous - over sixty miles of channel and subchannel,

varying in width and depth. There are a great many of variable elements in the channel

system. From the system-wide viewpoint, vessel tra.lllc is highly variable. The simulation

models the departure of vessels horn ports. Those elements of a given vessel trip which

are determined according to probabilistic distributions are:

time of departure
class of vessel
destination

Departure rates for the ports were determined from historical data. It was found that the

exponential distribution provided a good fit to the observed rates. Vessel class and

destination are also chosen with regard to a port-specific dktributio~ supplied by the user.

It is important to point out that the program simulates traflic movement; it does not mimic

traffic. That is, a run of the program will produce vessel flows that have characteristics

similar to that observed in the real world. The aver~e number of simulated departures

from a given port will be close to that of the actual port. The average number of vessels in



the simulated channel system at any point in time will be similar to that observed. By

simulating the environment in this manner, we may analyze the effect of alternate scenarios

on the system effectiveness, without physically implementing the changes. Using the

simulation code for the problem faced by GCOE, we can assess the impact of widening

and deepening parts of the channel. Using forecasts of vessel types, channel traffic was

simulated over a fifty year period.

To develop a meaningful simulation analysis, it is important for the user to have a ve~

thorough understanding of the system being simulated. The user must identifj those

characteristics which significantly influence the system and in particular the questions to

be addressed in the analysis. In the HSC/GC effort, it was found that seasonalities did

exist with respect to channel traffic. In additio~ because the modifications are long term

efforts, it was necessary to analyze traflic patterns well into the fiture. To accommodate

these, data was collected on trfic in each of four seasons. (Channel seasons are closely

related to natural seasons. In other environments, it may be necessary to model fewer, or

more, seasons.)

The Corps of Engineers also developed a forecast of fbture vessel classes and volumes for

the channel. Using this infonnatio~ and current seasonal dat~ fbture seasonal forecasts

were created.

One i!brther issue of importance in simulation modeling is to remember that a single run of

the simulation does not provide the definitive answer. Within each environment, the user

must make several simulation nms of several days. The number of days and number of

runs can be determined by the user as he collects results. As an example, suppose that the

-
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evaluation measure is total system cost. The user must make several nms to determine the

variability present. From this, the user may choose the number of runs and period

simulated so as to bring the observed variance down to an acceptable level.

III. Essential Elements of the Environment

A number of factors are potentially influential in simulating channel operations. These

may include the following:

- vessel data (size, orig@destinatiorg etc.)
- channel configuration (depth widt~ shape, presence of subchannels, etc.)
- port location/operation
- operating policies
- weather
- accidents

In the current applicatio~ the primary factors are the first four. No attempt is made to

account for weather conditions, and casualty effects are not critical for the problem at

hand.

Since the essence of the channel simulation problem is to assess the impact of system

modifications, it is very important to understand the traffic moving through the channel

and various subchannels, as well as to represent realistically that channel structure. Port

operations are important only in that this dictates the supply of vessels traveling the

channel. (The program has been structured in a modular fashion, as to allow for fiture

extensions as needed. This will be discussed later.)

The simulation has the capability to model channel traffic from two different perspectives,

dependent on the needs of the user. In the first instance, in which the focus of the analysis

is on channel modifications, the creation of traflic flows may be accomplished by

L
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speci&ing departure rates for the various docks and source points in the system. While

this ignores the relationship been vessels inbound to a specific port and those outbound

from that po~ it does essentially capture the vessel movement levels. This is the

methodology applied to the Galveston Channel Study.

The second methodology, applied

creation of vessels only at source

managed throughout the system,

actions.

to the Baltimore Anchorages Study, allows for the

points (e.g. from the ocean). These vessels are that

coordinating inbound, port semice, and outbound

We discuss each of the major entities in the model below, providing detailed data

requirements in a later section. Each entity has a set of attributes.

utilized in the simulation to guide the actions and interactions of the

these attributes as follows:

These attributes are

entities. We classi~

-

input: provided by the user, or determined from user-defined inputs
dynamic: changing as the simulation progresses; these attributes are generally

internally required, and of no general use to the operator
calculated: performance statistics

Vessel Class Model

At a high level, it can be recognized that there exist some commonalities among vessels.

In order to sirnpli~ the modeling process, the program allows

classes to be defined. The number defined will depend on the user:

any number of vessel

how much diversity is

necessary to answer the questions to be addressed? The reasons for discriminating

between vessel classes are numerous, and situation-dependent. In the Houston/Galveston

model, it is necessary to distinguish vessels primarily on structure - draft and width in

6



particular. However, in another environment it may be more important to distinguish

based on operating costs. (Such maybe the case when preparing an analysis for channel

port operators, for instance.) By allowing the user to define he/she has the capability to

investigate a wide range of issues.

Each vessel class has the following attributes:

a cls.ident,
a cls.d~
a cls.spe@
a cls.tum.speed,
a cls.cost,
a cls.pilot.cost,
a cls.miles,
a cls.tot.co*
a cls.tot.time,
a cls.trip.et,
a cls.unfh.iles,
a cls.unftot.cost,
a cls.unftrip.@
a cls.bm.wid~ and
a cls.len~ and
a cls.pnor,
a cls.disp.cost,
a cls.dock.size,
a cls.disp.time,
a cls.acc. disp.demur,
a cls.acc.pilot.cost,

Vessel Model

The second level of vessel

with respect to its origin

“class identifier (input)
“operating draft of this class (input)
“max speed of class (input)
“turning speed of class (input)
“hourly operating cost (input)
“hourly pilotage cost (input)
“total mileage for the class (calculated)
“total cost for boats of this class (calculated)
“total time in system for this class (calculated)
“#trips of this class (calculated)
“total mileage for the class - unfinished trips (calculated)
“total cost for boats of this class - unf trips (calculated)
“#trips of this class - unftrips (calculated)
‘ham width (input)
“length of class (input)
“prioritization scheme (input)
“cost of dispatch/demumage for this class (input)
“#dock slots required (input)
“time period from which disp/demur calculated (input)
“accumulated disp/demurrage costs for the class (calculated)
“total costs of pilotage in the cell (calculated)

definition is port-specific. That is, the vessel must be defined

and destination. Internally, the vessel is also linked to a

particular vessel class, and the information pertinent to that class.

Each vessel has the following attributes:

a bt new, “O=new,l=old (dynamic)
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a bt.ident,
a bt.init.time,
a bt.tot.miles,
a bt.speed,
a bt.locq
a bt.headin~
a bt.back.fl~
a bt.back.widt~
a bt.pres.cell,
a bt.next.cell,
a bt.dest,
a bt.orig,
a bt.class,
a bt.genl.head.ew,
a bt.genl.head.ns,
a bt.nxt.event.tirne,
a bt.next.tu~
a bt.update.time,
a bt.destroy.flag
a bt.idle.time,
a bt.dispatch.cut,

a bt.priority,
a bt.pos~
a bt.ult.dest,
a bt.ult.orig,
a bt.cl. start,

a bt.anc.arrival,
a bt.dd.arrive,

owns a bt. set,

Structure Model- Cell

“identifier for boat (input)
“time at which boat began trip (calculated)
“miles traveled (calculated)
“wmat boat speed (d-c)
~~di~ce into dl (dyn~c)

“heading at present (dyntic)
“’’true” if backing up, “false” otherwise (dyntiC)
“ifbacking,cell width required for pass; else O (dyntiC)
“present cell location (d-c)
“ne~ ce~ location (d-c)
“d*on pOrt (~put)

“origination pOrt (~put)

“type of boat (iput)
“a ~ h-ding indicator (d-c)

“a N/S heading indicator (dynamic)
“time of boat’s next event (dynamic)
“pointer into bt.set (d@c)
“time boat position was last updated (d-c)
“flags whether a boat has been in casualty (dyntic)
“idle time of vessel (calculated)
“time from which dispatc~demurrage is counted

(calculated)
“vessel priority (iput)
“s~~s & (dynamic)

“ultimate destination of the vessel (input)
“first vessel origination of the vessel (input)
“time at which the vessel started in the cumnt cell

(dynamic)
“time of arrival at anchorage, inapplicable (calculated)
“time from which to allocate dispatch/demumWe rate

(calculated)
“itinerary (input)

There are essentially ~o components in describing the physical character of the channel.

These are the development of a cell structure, and the definition of wide spots. We first

discuss the cells.
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There may be long stretches

constant. Recognition of this

of the channel in which the appearance of the channel is

facilitated the development of the simulatio~ and increases

the efficiency of the inn-time. The channel is defined with respect to a major axis -

primarily north-sou~ or primarily east-west. By defining the other cells adjacent to each

cell, we can represent the entire channel structure, including sub-channels and turns

without requiring excessive modeling of ship maneuvers.

Each cell has the following attributes:

a cl.ident,
a cl.level,
a cl.leng@
a cl.widt~
a cl.dept~
a cl.spd.limit,
a cl.intersec,
a cl.level.dist,
a cl.leveLjoiner,
a cl.label.dir,
a cl.nor@
a cl.east,
a cl.sout~
a cl.west,
a cl.casuaky.rate,
a cl.tot.miles,

a cl.tot.time,
a cl.unftot.miles,

a cl.unftot.time,

“cell identifier (input)
“level off of main channel (calculated)
“length of cell (input)
“width of cell (input)
“depth of cell (input)
“cell speed limit (input)
““txue” ifat an intersection; ’’false”othenvise (input)
“distance to next level from cell edge (input)
“cell connecting this one to next lower level (input)
“direction to main channel (input)
“cell N of this one (input)
“cell E of this one (iput)
“cell S of this one (input)
“cell W of this one (input)
“rate of casualties in this cell (iput)
“total mileage of ships departing ports in this cell

(calculated)
“total operation time of ship departing this cell (calculated)
“total unfinished mileage of ships departing ports in t

(calculated)
“total unfinished operation time of ship departing this cell

(calculated)
a cl.tow.tow.mt.casuahy, “#tow/tow meet casualties in this cell (calculated)
a cl.tow.ship.mt. casualty, “
a cl.ship.ship.mt. casualty, “
a cl.tow.tow.ps.casualty, #tot/tow pass casualties in this cell (calculated)
a cl.tow.ship.ps. casualty, “
a cl.ship. ship.ps. casualty, “
a cl.tow.tow.mt.count, “#tow/tow meetings in this cell (calculated)
a cl.tow. ship.mt. count, t(
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a cl.ship.ship.mt. coun$ Lb

a cl.tow.tow.ps.coun~ “#tow/tow passings in this cell (calculated)
a cl.tow.ship.ps. coun$

66

a cl.ship. ship. ps.count, 66

a cl.depart.q “# departures from ports in the cell (calculated)
a cl.depart.delay, “total of delay times for departures (calculated)
a cl.branch.~ “indicates whether a cell is a branch channel (input)
a cl.capacity, “ifbranc~ this is capacity, else INF (input)
a cl.pilot.flag, “1 if cell must be piloted, Ootherwise (input)

Structure - Wide.SDot

In situations for which a stretch of the channel maybe fk.irlyhomogeneous, but spotted by

vessel turnouts, we include the modeling of wide spots in each cell. These are locations at

which a vessel may wait for other vessels to pass before continuing. Such waiting is

necessary when passing and meeting rules restrict such events.

Each wide spot has the following attributes:

a ws.cell, “cell in which spot is located (input)
a ws.locn “distance of wide.spot into cell (input)

Port Model

The ports in the system drive the activities in the simulation. A port may be truly a

fimctioning operatio~ or may represent some other source of vessels. For instance, in the

Houston/Galveston model, two additional ports were modeled - one for the s- and a

second one for the anchorage area. A port is defined with respect to its locatio~ and

characteristics of departing vessels.

Each port has the following attributes:

a pt. cell, “cell in which port is located (input)
a pt.locn, “distance of port born cell’s leading edge (input)
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a pt.name, “name of port (input)
a pt.depart.~ “#boats departed port (dynamic)
a pt.class.et, “# classes of boats in port (input)
a pt.dest. et, “# ports served (input)
a pt.class.type.ptr, “pointer to array-class ID (calcualted)
a pt.class.fiat.ptr, “pointer to array -fraction of each class (calculated)
a pt.class.num.dest. ptr, “pointer to array - #destinations sewed by each class

(calculated)
a pt.class.fieq.ptr, “pointer to array-departure llequency of class (calculated)
a pt.class.dest.ptr, “pointer to array-destinations of class (calculated)
a pt.class.dest.fiat.ptr, “pointer to array-fraction of class with destination

(calculated)
a pt.rate.p 1, “departure rate parameter 1 from port (input)
a pt.rate.p2, “not used
a pt. svc.time, “time to complete service in dock (input)
a pt. capac, “#slots in the port (input)
a pt.usage, “#slots in the port being utilized (dynamic)
a pt.anc.fla~ “flag indicating whether a port is an anchorage (input)
a pt.debert~ “time to deberth (input)
a pt.bert~ “time to berth (input)
a pt.maneuver, “time to maneuver into dock (input)
a pt.lay.cost, “cost to layover in dock (input)
a pt.idle.cost, “cost to sit idle (input)
a pt.depart, “# departures from port (calculated)
a pt. amive, “# arrivals to port (calculated)

Anchorage Model

This new element in the simulation model captures the essential characteristics of an

anchorage, for the purpose of allowing a vessel to wait. A wait may be necessitated when

a dock is fill, or channel traflic precludes the movement of the vessel. (The characteristics

deemed necessary under the environment within the Baltimore Harbor System were

determined in agreement with personnel in the Baltimore District Corps of Engineers.)

Each anchorage has the following attributes:

an anc.port, “port with which anchorage is associated (input)
an anc.index, “anchorage ID (input)
an anc.num. slots, “# anchor positions (input)

11

,7-”, . “,”



.

an anc.type, “normal or overflow (input)

an anc.dept~ “depth in anchorage (input)

an anc.prior.flag “prioritization scheme (input)

an anc.wait.~ “wait limit (input)

WMin each anchorage, there are then a number of

attributes. These specific attributes of the tie-up are:

tie-ups, each with its own set of

an atu.usage, “current user of the slot (dynamic)

an atu.dep~ and “depth of the tie.up (input)

an atu.length

IV. The Simulation

The simulation consists

“max allowable legth in the slot (input)

Model

of roughly 4000 lines of computer code. This program has been

written to execute on an IBM-compatible PC, and has been tested on an Pentium machine.

A. Events

The activity of the simulation is driven by the creation of event routines within the code.

The following ten events form the core of the channel simulation model:

E.BT.ARRIVE
E.BT.BACKUP
E.BT.BEGIN
E.BT.MEET
E.BT.MOVE
E.BT.PASS
E.BT.TURN
E.DOCK.DONE
E.LAYOVER.DONE
E. STOP.SIM

arrival of a vessel to its destination port
initiation of a vessel backup
departure of a vessel horn a port
meeting of two vessels in a channel
change in movement of a vessel
passing of one vessel by another in a channel
turn of a vessel from one channel to another
completion of dock utilization
completion of a layover
termination of the simulation

Each event is described in more detail below.

E.BT.ARRIVE (71 lines]
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This event essentially identifies the arrival of a vessel at the appropriate destination port.

A variety of trip statistics are collected. (These statistics will be discussed in detail in a

later section.) If the vessel is a tow, a new assignment is determined, and a departure is

scheduled for the tow.

E.BT.BACKUP (44 lines)

This routine marks the time

to allow for a legal passing.

E.BT.BEGIN (289 lines]

at which a vessel must begin traveling in the reverse directio~

Once this is done, the next action of the vessel is determined.

When a vessel initiates a port departure, a number of actions must be taken. This routine

scans the local channel area to make sure that the vessel can @ely exit from the port,

avoiding oncoming traflic. If this is not the case, departure is delayed until the appropriate

time. Once a safe departure is determined, the next event involving this vessel is

determined.

E. BT.MEET (225 lines]

The following inputs are provided by the user, with respect to the fimction of two vessels

meeting in a channel:

meet_margin distance, in feet, at which vessels must initiate meeting
protocol

drti_ratio_limit_l,
draft_ratio_limit_2,
width_ratio_limit limits on draft ratios of the two vessels
speed_reduction_matrix_size

number of elements in speed reduction array
ratio_array(i),
reduc_array(i) speed reduction array elements, i = 1...array size

-
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The inputs reflect the discussion of meeting protocol described in Section 7.4.3.6.2 of the

Galveston Bay Area Nizvigation Study. Drafl ratio limits and the beam width ratio limit

are used to define those situations in which a meeting is not possible, and a backup must

occur. When a meeting is allowed, the (ratio_array,reduc_array) determine the amount by

which the vessels must slow down for a proper meeting. The procedure followed

simulates the Texas Chicken Maneuver.

When two vessels are scheduled to meet, a number of statistics are collected. Casualty

probabilities are modeled in a very rudimentary fmhion. For each cell, the probability of a

casualty occuning during an encounter has been determined. Random casualties are

marked, based on this distrib~tion. Since this was not considered to be of much concern

with respect to the Houston Ship Channel proble~ and detailed data was unavailable,

little attention was paid to this aspect. (The code has the capability to be expanded to

more accurately reflect casualty concerns.)

When two vessels are scheduled to meet, the combined beam width ratio of the vessels is

calculated. If this exceeds the maximum allowable ratio, the vessel of smaller beam is

backed up. Othenvise, the appropriate speed reduction for meeting is determined, via a

table look-up. Vessel speeds are reduced accordingly. If either boat had previously been

backing up, and is now allowed to continue fomwrd motio~ then this is done. The next

event for each vessel is determined, at the conclusion of the meeting.

E.BT.MOVE (123 lines)

14
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A variety of movements are considered in this routine. These are:

- initiation of a turn
- completion of a tum
- completion of travel in a cell

If a turn is being initiated, an E.BT.TURN event is scheduled.

If a cell completion of turn completion is scheduled, the transition is marked. Vessel

speed is revised if necessary. If the vessel is backing up, and has found a wide enough

place to wait, the vessel is stopped; otherwise, it continues to back up.

E.BT.PASS (224 lines]

Vessel passing protocol is similar to that of the meeting discussed earlier. Inputs are

similar. Statistics are collected, and casualties are modeled to a limited degree.

.

When a tum is identified, this event recognizes the cell into which the vessel is moving,

and changes the course of the vessel appropriately. If other vessels are near the

intersection and the vessel is currently in a subchannel, the vessel waits until that time at

which it is safe to make the transition. If the turn is allow~ the routine then determines

the time at which the turn will be completed.

E.DOCK.DONE ( 166 lines)

This event marks the conclusion of a dock seMce. The event initiates the departure of the

vessel, either to its ultimate destinatio~ or an intermediate one (anchorage or layover).



This event marks the conclusion of a layover. The conclusion maybe either voluntary - in

that the vessel is moving to its ultimate destination or an anchorage - or it may be

involuntary - in which case the layover is being terminated and the vessel must locate a

new layover point.

E. STOP.SIM (86 lines)

E. STOP.SIM terminates an iteration of the simulation at a time specified by the user.

B. Functions

The simulation consists of one finction - OPPOSITE (25 lines) - which is used to reverse

the direction of travel which must back up.

C. Routines

The simulation consists of a number of routines, which provide support to the main

activities, as dictated by the events. These routines are:

driver
R.BT.CASUALTY handles casualties
RBT.DEPART supports vessel port departure
R. CLEAN.UP supports simulation termination
R.END.BOAT.EVENTS cancels all events for a vessel when necessary
R. FINAL. STATS calculates and prints final statistics
REINITIALIZE initializes all data and variables
R.NXT.MOVE supports determination of next vessel activity
R.RD.DATA data input
R.RTE.CREATOR determines route for a vessel, from origin to

destination
R. START.TOWS starts all tow activities in the simulation
R.UPDATE.BOAT re-evaluates vessel location
R. VERIFY verifies vessel characteristics

SNAP.R debug aid

-
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MAIN (86 lines)

This routine is the driver for the entire simulation. The user is prompted to define the

length of time for each simulatio~ as well as the number of simulation runs to be done.

Data is input. An E. STOP.SIM is scheduled. Vessel departures are scheduled for each

port in the system. Tow movements are initiated. When the simulation is terminated,

statistics are collected, and all arrays reinitialized as necesswy.

R.BT.CASUALTY(166 lines]

When a casualty has occurred, this routine collects statistics. Casualties are defii~ad with

respect to vessel types, as well as locations. Activities for both vessels involved are

ceased.

R.BT.DEPART (88 lines)

It was detenni.ned that vessel departures were exponentially distributed. This routine
,

supports the departure of a vessel from a port. The vessel class is determined, using the

characterizes of the port provided by the user. In the same fbshio~ an destination port is

selected. The route for the vessel is determined, and the fit activity - an E.BT.BEGIN -

is scheduled according to the departure rate of vessels horn the port.

R.CLEAN.UP(31 lines)

This routine simply releases all storage utilized by the routine during the simulation.



When the simulation determines that a new event will preempt the previously calculated

activity of a vessel, this routine is called to cancel all relevant events. Activities of other

vessels may also be impacted; in this case, new activities are determined for those vessels.

The following statistics are compiled and displayed:

- passing
by cell of encounter

tow_tow
tow_ship
ship_ship

summary

- meeting
by cell of encounter

tow_tow
tow_ship
ship_ship

summary

- system costs (finished trips)
by vessel class

total expense($)
number of trips
number of miles
Costhrip
costhnile

Summmy

- system costs (unfinished trips)
by vessel class

total expense($)
number of trips
number of miles
Cost.kip
costhnile

summary

- delays
by cell of departure

18

—.. —.—___——_———. -—...— ... . —_—____ —.. ..——



average delay (hours)
number of departures

Summaly

- casuakies
by cell of encounter

tow_tow
tow_ship
ship_ship

summary

- travel (finished trips)
by cell of departure

miles traveled
time traveled (hours)
average rate (miles/hour)

summary

- travel (unfinished trips)
by cell of departure

miles traveled
time traveled (hours)
average rate (miles/hour)

summary

Statistics were collected independently on finished and unfinished trips, to accommodate

the determination of anmud system costs. Finished trip data is dependent heavily on the

length of time simulated; unfinished trips, on the other hand, represent a snapshot of

system activity.

REINITIALIZE (13 lines]

This routine initializes some variables.

R.NXT.MOVE (342 lines)

This routine is one of the most substantive in the entire simulation. This routine

determines the next activity that will involve a vessel at any point in time. When called,
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the routine determines which of the six events - E. BT.~, E.BT.BAcK~,

E.BT.MEET, E.BT.MOVE, E.BT.PASS, E.BT.TURN - vdl occur next. In additio~ for

a vessel cumently backing up, this routine will

channel. The appropriate event is then scheduled.

R.RD.DATA (353 lines)

identi@ the nearest wide spot in the

All data input - except for number of runs, and simulation

routine.

period - are read via this

When a vessel departure is scheduled, this routine determines

the vessel, including all turns. A route 13e is created, storing

the vessel.

the path to be followed by

all relevant information for

The user specifies the number of tows operating in the systeq and the expected amount

of idle time between assignments for a tow. This routine starts tows in accordance with

the user-supplied itiormation.

R. SUMMARY. STATS (122) lines]

This routine provides a summary printout of the per iteration finished trip costs. Average

results over the run are also calculated.

R.UPDATE.BOAT (64 lines)
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This routine updates the location when necessary. Vessel travel distance is increased, and

vessel speed is modified when appropriate.

R. VERIFY (54 lines]

This routine veriiies that the position of a vessel is a valid one.

SNAP.R (47 lines]

This routine provides

debug needs.

debug support, and can be modified with regard to the particular
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V. Data Requirements

There are NO input files required. The fist input file describes the structure of the

system containing all static information. The second file is used to define the trtic

pattern. By separating the data in this fmhio~ a varie~ of dynamic issues can be

explored:

seasonal influences
traflic forecasting issues
etc.

{Anything in bold characters is considered a key word, and must be entered as shown.}

{inputs shown in outline form indicate numbers supplied by the user. }

We begin by developing the contents of file one - the structure file

Structure File Format

1. Header line: The file begins with a header line(s). This is included to allow the user to

included a detailed descriptor of the file contents. The header is echoed in the output.

foxmat:

The program looks for the opening ‘~. Everything lying between the ‘<’sis considered as

comment.

I I II 1> I I w

22

\ 1 I 1 I I I I I I I I I 10 xl I



2. See&: There are 5 random number strings used in the simulation. These are tied to 5

different random event types occuming in the program. The user may allow the simulation

to select the seeds, or may supply his own.

format (all integers; unformatted):

old.seeds

or

new.seeds
seed 1 seed2 seed3 seed4 seed5

3. Sensitivity Analysis Parameters: (These are not currently used, but were part of

prelimimy analysis.)

format (all reals; utiormatted):

1.0 1.0 0.0 1.0

4. System Con~gwation: These two parameters provide the general structure of the

system. The first

identifies the majol

parameter indicates the number of cells in the network; the second

axis of orientation of the system.

format (2 integers; ufiormatted):

num_cells orient (O=north-sout~ 1=east-west)

5. Cell information: There area number of parameters speciiied for each cell. Each cell is

numbered sequentially, up to num_cells, Each cell is given a name, chosen by the user.

The remainder of the cell input defines the cell speed limit (knots), the cell casualty rate

(probability of occurrence/meeting), and the cells adjacent to the cell. In addition, the user

23
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provides the cell depth (f=t), the length (miles), and the width (feet). Two flags indicate

whether the cell must be piloted (“ 1“~es), and whether the cell is a branch channel (“ 1” =

yes).

format (type as shown; unformatted):

cell_id (integer) cell_name (text)
cell_speed_limit (real) cell_casualty_rate (real)
cell_north_neighbor (integer) cell_eastem_neighbor (integer)
cell_southem_neighbor (integer) cell_westem_neighbor (integer)
cell_depth (integer) cell_length (real)
cell_width (integer) ce~flilot_flag (iteger)
cell_branch_flag (integer)

6. Number of vessel ckzsses: Following the input of all cell tionnatio~ the user provides

the number of vessel classes to be defined.

format (integer, ufionnatted):
-

num_class

7. Vessel chss information: For each

vessels of this class: identifier, vessel

vessel class, the user supplies tiormation about the

dimensions (feet), maximum speed (knots), turning

speed (knots), operating cost ($/hour), pilotage cost ($/hour), dispatch cost($/hour prior

to the agreed upon time limit), dispatch time (hours).

format (type as shown;ufiormatted):

class_ID (text) class_beam_width (integer)
class_draft (integer) class_length (integer)
class_speed (integer) class_tum_speed (integer)
class_cost (real) class_disp_cost (integer)
class_disp_time (integer)

NOTE: The class_ID of tow vessels must be “TOW”.
-
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8. Widk pots: The

homogeneous cell.

software allows for the introduction of a wide spot into an othenvise

Each wide spot is defined by location (celf number and distance into

the cell), and may include a descriptor.

format: (integer, real, text; unformatted;

wide_spot_cellwide_spot_dist

9. Pawing information: As discussed

policy is reflected in the data input.

one wide spot per line):

descriptor(optional)

earlier, in the section on E.BT.PASS, the passing

format (type as show unformatted):

pass. margin (integer)
comb_bm_width_ratio~ass (real)
passer_draft_ratio_lim.it (real)
passee_drti_ratio_limit (real)
pass_array_dimension (integer)
pass_bea.m width(i)(real) pass_speed_reduction(i) (real)

i = y.. .pass_array_dimension

NOTE: pass_beam_width(l) must be 0.0, and
pass_beam_width(pass_array_dimension) must be 1.0.

10. Meeting information: As discussed earlier, in the section on E.BT.MEET, the passing

policy is reflected in the data input. There is also an additional parameter - casualty_reduc

- which allows the user to investigate the impact of scaling up and down the casualty rates.

format (type as showq unformatted):

meet. margin (integer)
draft_ratio_backup_limit 1 (real)
draft_ratio_backup_limit2 (real)
width_ratio_backup_limit (real)
casualty_reduc (real)
meet_array_dimension (integer)
meet_beam_width(i)(real) meet_speed_reduction(i) (real)

L
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i = 1.. .meet_array_dnension

NOTE: meet_beam_width(l) must be 0.0, and

meet_beam_width(meet_array_dtiension) must be 1.0.

11. Turning information: Two parameters

limit. If there is no vessel within a certain

vessels will arrive at that point within the

othenvise the vessel must wait.

format (2 reals; utionnatted):

tum_dist_limit tum_time_limit

12. Anchorage information

influence turning - a distance limit and a time

distance, in miles, of the turning point ~ no

allotted time, in minutes, the turn is allowed;

The user must speci& tiormation concerning each of the defined anchorages in the

system. Because of the operational similarities between a port and an anchorage, the two

share some characteristics, and each anchorage is defined in the seasonal file with respect

to these characteristics. Following are the characteristics specific to an anchorage. Each

anchorage has two identifiers, a number and a textual name. For each anchorage, the user

defines the number of tie-ups and the depth (in feet). Note that all tie-ups in a single

anchorage are of the same depth. For each tie-up, a length (in f=t) is entered. This

length is the length of the longest possible vessel that could use this anchorage. Priority

and wait limits are in-place but not utilized cufiently.

format(as indicated, unformatted)

anc_ID (integer) anc_narne (text)
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anc_num_slots(iteger) anc_depth (integer)
anc_length_array (integer) anc~riorities (integer)
mc_wait.lim (ieger)

13. Run information

Two parameters define the ru~ number of replications and number of days simulated

format(as indicated, unformatted)

nurn_runs (integer) run_length (integer)

Seasonal File Format

The seasonal file contains information that may vary while a particular structure is held

constant. this variation may be due to forecasting with respect to the current environment,

or modeling of seasonal attributes.

1. Header line: The file begins with a header line(s). This is included to allow the user to

included a detailed descriptor of the file contents. The header is echoed in the output.

format:

The program looks for the opening ‘~. Everything lying between the ‘<’sis considered as

comment.

2. Seasonal tow information: Since tow operations may vary, we have included here two

parameters indicating the number of tows in the syste~ as well as the average time

between dispatch (in minutes), once a task has been completed.

format (integer,real; utiormatted):
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tow_count tow_departure_rate

3. Port count: The user must specfi the number of ports in the system.

format (integer; ufionnatted):

port_count

4. Port injorm~”on: For each port the user must define a number of parameters. These

include information about the port’s locatio~ as well as the activity from that port - vessel

departure rate, number of destinations sewed, vessel types. It was determined through

analysis of the Galveston VTS data that the exponential distribution is a very close

approximation to the true departure pattern of vessels.

format (type as shown; unformatted):

port_name (text) defined by the user
port_ceil (ieger) celI in which port is located
port_dist (integer) distance into the cell of the port
poti_dep_e_rate (real) average number of days between

departures
port_classes_used (integer)

number of vessels exiting this port
port_dests (integer) number of destinations sewed by this port

for each class of vessel repeat the following:
pt_cls_id(i) (text) vessel class exiting the port; name must

match with one in the structure file
pt_cls_fiac(i) (real) proportion of vessels from this port of this

class
pt_cls_dest(i) (integer) number of destinations sewed by this class

from this port
for each (po~class) pair repeat the following:
pt_cls_dest(i,j) (text) destination port; name must match with

one in the structure file
pt_cls_fiac(i,j) (real) propotion of vessels of this class departing

from this port for this destination
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VI. Possible Extensions

There are a number of extensions possible for the model; the attractiveness of these

extensions is dependent on the analysis needs. One enhancement, which has been

previously mentioned, is a detailed analysis of casualty occurrences. Cumently, casualties

are modeled solely in terms of probability per encounter. Future studies may be directed

at identifjhg relationships between vessel configuration and/or channel stnwture.haffic

patterns. Extending the code to this would require very little effort.

Cmently, all ports are modeled in terms of generating departures, without regard to the

arrival of vessels to that port. Future modifications could provide a detailed look at

landside operations.

In concert with that, there is a need to model some arrival/departure points as

intermediaries, rather than ports. Such will be the case with the project under

consideration by the Baltimore Corps of Engineers. Anchorages ident@ temporary

holding stops, while a vessel is awaiting access to a port. There will be a very distinct link

between arrivals and departures, as well as some development of the managerial aspects

underlying those operations.

There is the possibility of modeling weather influences. This will require some

understanding of recognizing these relationships, and then determining the most plausible

way of modeling them. The Baltimore Corps of Engineers has also expressed an interest

on this aspect.
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The reviewers of the model and manual have suggested that a number of elements would

be usefid to readers. At the time of development, this manual was intended primarily as

background information for potential users, rather than personnel who might be interested

in refining the simulation or probing its fimctionality. Because of time and budgetary

restraints, some of these modifications have been deferred:

- provision of flowcharts, identifying fictional linkages between routines in the
simulation

- additional statistical capabilities (historically, these are developed on an “as
needed” basis)
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A. Sample Input/Baltimore Harbor - seasonal

<SMOOTH Baltimore p5 condition2000<
TOW.INFO O .25
39

AGRTCO
26 .57 0.0
00
1
24 .75 .5
0.0
0.0

AMSTAR
26 2.08 0.0
00
1
24 .75 .5
0.0
0.0

APEX
26 2.84 0.0
00
1
24 .75 .5
0.0
0.0

ATLTERM
26 2.84 0.0
00
2
24 .75 .5
0.0
0.0

ATI’
23 1.32 0.0
00
2
24 .75 .5
0.0
0.0

BAYSIDE
26 2.08 0.0
00
1
24 .75 .5
0.0
0.0

CANTGRN
22 .1 0.0
00
1
24 .75 .5
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0.0
0.0

CBORE
18 1.95 0.0
00
1
24 .75 .5
0.0
0.0

CHESA
18 1.95 0.0
00
1
24 .75 .5
0.0
0.0

CLINTON
26 .95 0.0
00
1
24 .75 .5
0.0
0.0

CONOCO
26 2.27 0.0
00
1
24 .75 .5
0.0
0.0

CONSOL
22 .1 0.0
00’
1
24 .75 .5
0.0
0.0

CURTISBAY
26 2.65 0.0
00
1
24 .75 .5
0.0
0.0

DMT
20 .6 0.0
00
13
24 .34 .5
0.0
0.0

HAWKINS
18 2.08 0.0
00

32



1
24 .75 .5
0.0
0.0

HEss
26 1.7 0.0
00
1
24 .75 .5
0.0
0.0

LAZA
26 .76 0.0
00
1
24 .75 .5
0.0
0.0

26 2.08 0.0
00
6
24 .75 .5
0.0
0.0

NATGYP
26 .38 0.0
00
1
24 .75 .5
0.0
0.0

NAVAL
26 2.65 0.0
00
1
24 .75 .5
0.0
0.0

26 2.46 0.0
00
1
24 .75 .5

0.0
0.0

PERIDOT
18 1.95 0.0
00
2
24 .75 .5
0.0
0.0

SEAGIRT
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22 .4 0.0
00
4
24 .34 .5
0.0
0.0

SEALAND
8 .05 0.0
00
1
24 .75 .5
0.0
0.0

SLFI’
23 .95 0.0
00
5
24 .55 .5
0.0
0.0

SPPT
3 1.5 0.0
00
4
24 .75 .5
0.0
0.0

s-n’
26 2.84 0.0
00
1
24 .75 .5
0.0
0.0

TOYOTA
26 3.03 0.0
00
1
24 .75 .5
0.0
0.0

USGYP
18 .95 0.0
00
1
24 .75 .5
0.0
0.0

VISTA
12 .01 0.0
00
1
24 .75 .5
0.0

—
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0.0
WWALL

26 3.41 0.0
00
1
24 .75 .5
0.0
0.0

SEA
1 .01 .106
24 15
Al .03 6

DMT 9
SLPT 8
SPPT 2
LPTl
SEALAND 1
CANTGRN 1

M .23 4
SEAGIRT 49
SLPT 32
DMT 65
USGYP 1

A3 .07 3
SEAGIRT 22
DMT 13
SPPT 1

A4 .03 2
DMT 18
SEAGIRT 1

M .11 8
DMT 46
LPT 11
SLPT 43
LAZA 4
AMSTAR 5
NLPT4
SEAGIRT 7
SIT 1

AB .02 9
DMT 6
CANTGRN 2
LAZA 4
AMSTAR 2
CLINTON 2
SLPT 3
WWALL 3
CBORE 1
CONSOL 1

AE .16 6
DMT 112
ATLTERM 12
SLPT 31
TOYOTA 14
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CHESA 5
USGYP 1

AF .01 1
DMT 18

DA .05 10
SLPT 4
USGYP 22
NATGYP 6
DMT 6
SPPT 5
AMSTAR 2
CLINTON 2
NLFr3
CONSOL 1
AGRICO 1

DB .06 15
CANTGRN 8
LPT 13
SLPT 5
HAWKINS 6
CLINTON 8
DMT 36
AMSTAR 5
SPF’I’ 6
BAYSIDE 21
CONSOL 7
A’IT 4
NLPTl
CHESA 1
CBORE 1
USGYP 1

DC .03 12
SPPT 24
AMSTAR 1
CONSOL 13
SLPT 1
NLPT8
SIT 1
BAYSIDE 6
CLINTON 1
DMT 1
USGYP 2
HAWKINS 1
LPTl

DD .01 2
CONSOL 2
SPPT 3

DE .02 3
CONSOL 11
BAYSIDE 2

SPPT 1

EC .01 5

CONSOL 3
CLINTON 1

-
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BAYSIDE 1
DMT 1
HEss 1

ED .01 2
CONSOL 6
BAYSIDE 2

FA .01 2
ST-I’ 1
USGYP 1

FB .01 1
DMT 1

FC .01 5
APEX 2
HEss 7
STI’ 3
NLPT 1
LPT 1

FD .01 4
APEX 3
CLINTON 3
LPTl
HEss 1

HB .085
TOYOTA 19
SEAGIRT 6
DMT 42
ATLTERM 11
CHESA 6

PA .01 6
SLPT 3
S-I-r 10
NLPT2
DMT 1
PERIDOT 5
VISTA 8

PB .01 3
SIT 1
DMT 1
PERIDOT 1

PC .01 6
NLPT3
HEss 2
LAZA 1
STT 2
VISTA 1
CONOCO 1

PD .01 2
DMT 1
HEss 1

9999
0 .75 .5
0.0
0.0

ANC l_LOCN
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10 1.05 -lo
00
1
999.00.00.0
0.0
0.0

ANc2_LocN
10 .8 -10
00
1
999.00.00.0
0.0
0.0

ANc3_LocN
10 .4 -lo
00
1
999.00 .00.0
0.0
0.0

ANc4_LocN
8 .05 -10
00
1
999.00.0 0.0
0.0
0.0

ANc5_LocN
6 .2 -10
00
1
999.00.0 0.0
0.0
0.0

ANc6_LocN
6 .1 -10
00
1
999.00.0 0.0
0.0
0.0

ANNAP_LOCN
1 .1 -lo
00
1
999.00 .00.0
0.0
0.0

d
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B. Sample Input/Baltimore Harbor-static

<p5 condition randl<

new.seeds
103235 9926724680 53178 12345
1.0 1. 0. 1.

26 0
1 cape_henry

15 0.0
2000
50 54 1000
10

2 junc_l
15 0.0
31710
50 .1 1000
10

3 brewerton
12 0.0
4020
50 2 600
10

4 finl
8 0.0
5030
50 .29700
00

5 junc_2
3 0.0
60418
50 .40 700
00

6fin2
3 0.0
7050
50 .29700
00

7 junc_3
3 0.0
81960
50 .21 700
00

8 iin3
3 0.0
9070
50 .21 700
00

9 junc_4
3 0.0
102080
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50 .12 700
00

10 fin4
3 0.0
11090
50 1.15700
00

11 junc_5
3 0.0
12 22 10 0
50 .17 700
00

12 m
3 0.0
130110
50 .21 700

00
13 junc_6

3 0.0
14 0 12 23
50 .23 700
00

14 tunnel
3 0.0
150130
50 .81 600
00

15 junc_7
3 0.0
16 0 14 26
50 .15 600
00

16 east
3 0.0
00150
50 .35 600
00

17 c&d
12 0.0
00150
50 12 600
00

18 CUItiS_tMy’

3 0.0
0500
50 2.3 400
00

19 e_dunda.lk
3 0.0
0007
38 .69 300
00

20 w_dundalk

3 0.0

-

-
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02109
42 .81 350
00

21 Sd_COMtXt

3 0.0
00020
42 .46 350
00

22 w_seagirt
3 0.0
00011
42 .58 500
00

23 feny_bar
3 0.0
013024
422600
00

24 j_fb
3 0.0
252300
42 .17 600
00

25 slpt
3 0.0
00240
50 .29600
00

26 W~

3 0.0
01500
50 3.5600
00

25
Al 73 25 482 17 17 738 140 0 72
A2 94 34 676 18 18 1270141.4 072
M 112 41 853 20 20 1492142.12 072
A4 11743 905 20 20 1664142.12 072
AA 76 32 542 17 17 751 141.4 41772
AB 64 25 447 17 17 576 140 417 72
AE 76 32 542 17 17 751 141.4 072
AF 64 25 447 17 17 576 140 072
DA 67 28 478 14 14 564 140 41772
DB 83 34 583 14 14 692 141.4 41772
DC 10543 717 14 14 888 142.12 41772
DD 11949 780 14 14 1049142.12 41772
DE 136 55 910 14 14 1233142.6 41772
EC 10942 585 14 14 1158141.4 41772
ED 125 47 800 14 14 1293142.12 417 72
FA 76 30 519 14 14 891 141.4 417 72
FB 87 34 585 14 14 971 141.4 417 72
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FC 10942 585 14 14 1158141.4 417 72
FD 125 47 800 14 14 1293142.12 417 72
HB 64 25 447 17 17 576 140 417 72

PA 76 30 519 14 14 891 141.4 417 72
PB 87 34 585 14 14 971 141.4 417 72
PC 10942 585 14 14 1158141.4 417 72
PD 125 47 800 14 14 1293142.12 417 72
TOW 15025 800 15 15 0 0 072

0

1000 .5 .5 .95
5

0 1.0
.25 1.0
.38 .5
.53 .375
1.0 .375

1000 .95 .75 .50
1.0
5

0 1.0
.25 1.0
.38 .500
.53 .333
1.00 .333

2. 4.

1 anc12
35
550550
0
9999

2 anc21
42
890
0
9999

3 axlc33
35
550 550 550
0
9999

4 aLlc41
42
690
0
9999

5 anc53
20
550 550 550
0

42



9999
6 anc63

25
550 550550
0
9999

7 annap 9999

1 150
5 ’73
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A. Sample Output/Baltimore Harbor -

Two output files are provided, depending on the needs of the user.
The outputs are explained in bold text.

Ou@t File - Unit 7’

SMOOTH Baltimore gl condition2000
p5 condition randl

todayis 01/28/1997
time is 18:51:42

seed 103235
99267
24680
53178

Sccdlo 12345

FINAL STATISTICS FOR THE RUN

headers echoed

run information

seeds for the run

passing coun~ by type of encounter. counts are
only provided in those cells for which there was at
least one passing

PASSING STATISTICS
cell tow.tow.passes tow.ship.passes Ship. ship. passes

cap_henry o 0 10
finl o 0 52

0 0 1
0 0 4

TOTALS o 0 67

meeting counts, by type of encounter. counts are
only provided in those cells for which there was at
least one meeting

MEETING STATISTICS
cell tow.tow.meetings tow.ship.meetings ship. sh.ip.meetings

cape_hemy o 0 1450
brewerton o 0 77
full o 0 16
junc_2 o 0 69

0 0 53
junc_3 o 0 46
fin3 o 0 43

-
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junc_4
fin4
junc_5
fin5
junc_6
tunnel
w_dundalk
w_seagirt
femy_bar
west

TOTALS

o
0

0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0

0
0
0

9
55
2

10
6
6
5
2
1

16

1866

for each vessel cl- information on total
costs, #trip$ # of miles and unit costs are
provided. this section addresses only
those trips which were completed.

SYSTEM COSTS
finished tIipS

CLASS COSTS #TRIPS #MILES costhrip cotimile

Al
A2
A3
A4
AA
AB
AE
AF
DA
DB
DC
DD
DE
EC
ED
FA
FB
FC
FD
HB
PA
PB
Pc
PD
TOW

1033722.625
13943340.000
4946578.500
2176489.750
3737968.750
589934.500

5868198.500
327270.125
1508151.000
2806920.000
1796759.250
782128.938

2600566.250
942822.688
1100778.750
421556.313
397179.125
731075.625
739180.000

2760257.750
645071.875
619869.125
527182.813
656078.562

0.
TOTAL $51659080.813

41
323
98
39
143
29
220
17
73
107
46
19
30
20
14
12
12
16
15
123
19
18
11
14
0
1459

4825.420
38066.176

11554.090
4539.580
17020.734

3505.429
25994.945
1975.060
8592.464
12804.222

5359.051
2164.740
3532.549
2406.520
1661.680
1436.980
1435.548
1991.560
1866.380
i4877.499

2305.517
2153.760
1368.800
1664.420

0.
173103.

25212.747
43168.235
50475.291
55807.429
26139.642
20342.569
26673.630
19251.184
20659.603
26232.897
39059.984
41164.681
86685.542
47141.134
78627.054
35129.693
33098.260
45692.227
49278.667
22441.120
33951.151
34437.174
47925.710
46862.754
0.
12535407.18

214.22

366.29
428.12
479.45
219.61
168.29
225.74
165.70
175.52
219.22
335.28
361.30
736.17
391.78
662.45
293.36
276.67
367.09
396.05
185.53
279.79
287.81
385.14
394.18
0.
298.43

foreachvesselclas~ information ontotal
costs,#trips,# ofmiles, and unit costs are
provided. this section addressesonly
thosetripswhich were notcompleted.

unfinishedtrips
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CLASS COSTS #TRIPS

Al
A2
A3
A4

AA
AB
AE
AF

o.
7953570.000

0.
0.

8291.161
0.

21394.424
10971.703

0
9
0
0

1
0

1
1

#MILEs

o.
468.555
0.
0.
58.090
0.
58.090
58.090

cmthrip cmthnile

o.
883730.000
0.
0.

8291.161
0.
21394.424
10971.703

0.
16974.67

0.
0.

142.73
0.
368.30
188.87
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DA
DB
DC
DD
DE
EC
ED
FA
FB
FC
FD
HB
PA
PB
Pc
PD
TOW

TOTALS

17965.107 1
22517.961 1

0. 0
0. 0
0. 0
0. 0
0. 0
0. 0
0. 0
0. 0
0. 0

33986.250 1
0. 0

31037.033 1
0. 0
0. 0

0. 0
8099733.640

CELL
cape_heruy
brewerton

fin4

curtis_bay
w_dundalk
w_seagirt
ferry_bar
west

TOTALS

60.670 17965.107
64.340 22517.961
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
63.210 33986.250

0. 0.
62.670 31037.033

0. 0.
0. 0.

0. 0.
16 893.715 506233.352 9062.99

296.11
349.98
0.
0.
0.
0.

0.
0.

0.
0.

0.
537.67

0.
495.25

0.
0.
0.

SYSTEM DELAYS
AVE.DELAYS(hrs. )

1.40681
29.94513

27.03810
25.49917
36.06461

32.95547
29.58659

38.03356
30.60020

35.48377
16.8755

thissection provides infonnationonthe
averagedelaytime foravesselwhich
completed atnp. Information isoniy
provided for those cells which originated
ftished trips.

#DEpARms
1526

48
2
60
5
69
602

277
183

280
3052

not used
SYSTEM CASUALTIES

MEETINGS PASSINGS
CELL tow.tow tow.ship Ship.ship tow.tow tow.ship ship
TOTALS 00 0 0 00

information for finished trips, on total
travel, time in system, and rate
information is only provided on those
cells which originated a complete trip.

TIUVEL(by cell departed)
finished trips

CELL MILES TRAVELED TIME TRAVELED AVE UTE
brewerton 5336.661 1602.733 3.330
frn3 114.660 33.666 3.406
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589.400
curtk_bay 7783.501
w_du.ndalk 69750.117
w_seagilt 32802.820
ferxy_bar 21882.488
west 34843.383
TOTALS 173103.031

201.685
2477.433

20090.850
11703.626
6384.108
11368.689
53862.790

2.922
3.142
3.472
2.803

3.428
3.065
3.214

information for diidd trip%on total
travel, time in system, and rate
information is only provided on those
cells which originated an incomplete trip.

Udinished tips
CELL MILEsTFuVEIED TIMETWiVELED AVE MTE

cape_hemy 523.485 6260.510 .084
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.
.

fi’n4 63.210
curtis_bay 123.340
w_dundalk 58.090
feny_bar 61.250
west 64.340
TOTALS 893.715

59.004
63.817
29.721
30.998

32.540
6476.590

1.071
1.933

1.955
1.976
1.977
.138

Owput File - Unit 9

This ftie is an excerpt from the unit
7 output

SMOOTH Baltimoregl condition2000
p5 condition randl

doing 1 runs, each of 150 days

SYSTEM COSTS

CLASS TRIPS TIME OP.COST PIL.COST D.D.COST TOTAL

m) ($) ($) ($) ($)
Al 41 1401. 1033723. 44495. 0. 1078218.
A2 323 10979. 13943340. 279544. 0. 14222884.
A3 98 3315. 4946578. 85920. 0. 5032498.
A4 39 1308. 2176490. 32269. 0. 2208758.
M 143 4977. 3737969. 125108. -1236183. 2626893.
AB 29 1024. 589935. 24806. -249317. 365423.
AE 220 7814. 5868198. 179281. 0. 6047480.
AF 17 568. 327270. 15051. 0. 342322.
DA 73 2674. 1508151. 94159. -603252. 999059.
DB 107 4056. 2806920. 103825. -844847. 2065899.
DC 46 2023. 1796759. 109533. -250386. 1655907.
DD 19 746. 782129. 55236. -133156. 704208.
DE 30 2109. 2600566. 31612. 99522. 2731700.
EC 20 814. 942823. 16268. -142598. 816493.
ED 14 851. 1100779. 10485. -7334. 1103929.
FA 12 473. 421556. 11209. -92694. 340071.
FB 12 409. 397179. 9340. -105645. 300874.
FC 16 631. 731076. 13271. -123942. 620404.
FD 15 572. 739180. 13248. -121369. 631059.
HB 123 4792. 2760258. 98000. -953131. 1905126.
PA 19 724. 645072. 13108. -153162. 505017.
PB 18 638. 619869. 16906. -154361. 482414.
Pc 11 455. 527183. 7584. -78950. 455817.
PD 14 507. 656079. 10708. -116389. 550398.
TOW O 0. 0. 0. 0. 0.
TOTAL 1459 53863. 51659081. 1400965. -5267195. 47792851.
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D. Running The Simulation

1. The simulation must be run within the SIMLAB environment. Once in SIMLAB, enter:

sel channel

This will select the channel subdirecto~. This subdirectory is the location of the

executable modules.

2. The first step in executing the system is to assign the logical units. There are 3 files

required, as discussed earlier:

unit 2- seasonal data file

unit 3- structure file

unit 7- output file

-

unit 9- secondary output file

assi 3< hsc40.dat
assi 2 <nov4019.inp
assi 7> nov4019.out
assi 9> nov4019s.out

3. After the logical units have been assigned, at the prompt type:

run

The program will begin execution, and prompt for the number of iterations to be done,

and the number of days to be simulated within each iteration.
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E.Technical Assistance

To report any problems with the simulation code, or suggestions for upgrades, please call
the developer:

Dr. Michael Racer
Industrial and Systems Engineering
University of Memphis
Memphis, TN 38152
mracer@cc.memphis. edu
(901)678-3285.
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