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ESTIMATED GROSS BENEFITS PROVIDED BY
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EXECUTIVE SUMMARY

Marine transportation is essential to the U.S. econddwer the previous twelve years,
total annualnternational tonnage exceeded 2.0 billion with an associated annual cargo value in
excess of $3.5 trillion. ($2021YWaterborne transportation has always dominated total
internationatradeaccountingor over72 percentof tonnageandabout42 percentof cargovalue
over time.

This analysis contributes to thieraturethrough morecomprehensivestimation othe
privateandsocietalimpactsbasedn avertedor costreductionsacrossseveralkeconomiagroups
including commercial shipping, recreational boating, commercial and recreational fishing. The
United Nations specifies the Blue Economy as a range of economic activities related to oceans,
seas and coastal areas, and whether these activitiestaraahle and socially equitable. An
important key point of Blue Economy is saigable fishing, ocean health, wildlife, mitigating
pollution and safand efficient waterborngansportation Potential impacts on portions tfe
$373billion dollar Blue Economyareaddressed.

Thevalueof nauticalchartsresultsfrom severalources First, without timely, accurate
and complete nautical charts the mariner is unable to see below the surface of the water they
hence are at risk of being unable to avoid submerged dangers to navifatota averted
allisions,collisionsandgroundingscostsassociateavith vesselndcargolossesmorbidity and
mortality and pollution cleanup costs can be minimized or avewiéth nautical charts
mariners are able to see where navigational dangers are located ded #eahbility to plan
efficient courses to safety reach the intended destinaeoond, with proactive knowledge of
channelddepthsjowering ofprivateandsocietalcostscanresultfrom reduceduel andresultant

emissions for morefficiently loaded vessels.
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It is recognized that several deliverables and entities (e.g., nautical charslotert
bridge managers, water level measurements (NYLON, PORER:.) provide essential
informationthatwhencollectivelyemployedresultsin significantsocietalbenefitsfrom safeand
effective transportationin this analysis total benefits wegparsed among major contributors of
supportive information based on their perceived contributions.
COMMERCIAL SHIPPING

The minimum under keel clearance (distance from the vessel bottom to the sea or lake
bottom) is defined by port authorities and the shipping companiesadditional tonnage
carried in vessels operating with less than the minimum under keel clearance is cargo that
d o e seediabetransportedn anadditionalvessel.By avoidingadditionaltrips, thebenefit
is the reduced transportation costs such as vessel operational costs and emissionsTdided.
total benefitwas divided equallpetweerthe nauttal chart, Water Levealata and the expertise
of therequired pilot

The benefit derived from use of the nautical cha$$365.6 million ($2017) owing to

averted additional vessel transitdmost 160,000netrictonnesof emissionsyaluedat almost
$280million ($2017)areannuallyavoided owing to the ability to more heavily load vesskls.
should also be noted thi@inely, accurate and complete nautical charts add to societal equity as
commercial ports and main waterway chantefglto bein economicallydistressedessdiverse
areaf thecountry. Any reductions in pollutants help improve the environment for those living
in proximity to those areas.
ALLISION AVOIDANCE

The nautical chart is essential for mariners to avoid unseen dangers to navigagion.
danger avoidance value of the nautical chart can be calculated from the accidents avoided
multiplied by the average cost of a vessel allision with a submerged danger to navigation

(DTON). The availability of AIS track data for commercial vessels as well as those commercial
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fishing vesselsaandpleasuréboatsreportingAlS dataenabledexaminatiorof vessebperationsn

thevicinity of submergedTONS.

Avoided accidents were determined by creating-ané@er danger circle around each
charted DTON that are not visible to mariners from the bridge of the $tagsels with AIS
tracklinesthatintersectechdangercircle arounda DTON werejudgedto besailingdangerously
close to a danger and at risk of an allisidessel drafts were corrected for squat and compared
to theleast depth ovethe DTON corrected fotide/waterlevel and the accuracy tife sounding
data. It was also recognized that Vessels track lines operating dangerously close, within 40
meters of a DTON, do not necessarily strike the danger, therefore a simple equation of
probability of intersecting the DTON by vessels taking iconsideration vessel width and the
DTON circle diameter, was developed to better estimate the potential alksiowing the
width of the vessel the likelihood of an allision was calculated. Finally, to ensure that all the
calculated allisionsvere legitimateavisualreviewof all differentDTONsinvolvedin expected
allisions was conducted to validate dangers to shipping. Vessels with corrected drafts greater
than the corrected depth of the DTON were at increased risk of an allision. The number of
avoided allisions with DTONS ranged from over 9,300 to just under 22 thousand per year.
Recognizing the important combined roleloé nautical chart, GPS and the required ship pilot
the benefit derived from these avoided allisions sy equallybetween them.
Collectively,basedn averagecostsof anallision, savingsirom avoidedallisionsdueto nautical
charts was estimated to range betweg#bibmillion to $1,548.6 million ($2017) per year.
COMMERCIAL FISHING

Nautical charts aressential to theperation ocommercial fishing vessels fboth safe
navigation and planning fishing operatiofigetween 2004 and 2019, averagmual fish catch
wasabout4.4 million metrictonswith anaverageannualvalueof nearlymorethan$5.8trillion
($2017). Commercial fishermen use electronic charts displayed on various forms of chart
viewers and navigation systemrfSome commercial fishermen additionally use commercially
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availableelectronicdetailedseafloormaps withresolutionashigh asonemeterfor the planning
of fishing operation®oncethevessehasarrivedat thefishing location. Thecommerciafishing
mariners also employed nautical charts to avoid the 71 thousand submerged charted dangers to
navigation and foplanning safe routes to and from the fishing grounds.
Chartsareusedin planningfishing operationgo setthegearatthe properdepthandto
avoid operating near dangers to navigation and reefs to avoid damaging fishing gear.
Based on an estimated fleet size of 58 thousand commercial fishing vessels and reported
individual self-propelledv e s swilihghessto payanannualbenefitof $214.6million ($2017)
for the nautical charts was estimated.
RECREATIONAL BOATING
The nautical chart isssential to the recreational boater for safe navigation and route
planning and 69 percent of recreational boaters report using nautical doattas with large
commercial ships the operators of recreational boats cannot see what lies beneath the water
surface and thus cannot avoid dangers to navigation without the use of a nauticdlleart.
areover255thousandctharteddangergo navigation(DTONs) 160thousandf which arewithin
two miles of the shore which is an area most frequented by recradtimaters.
Recreationaboatershavea multitudeof waysto accessiauticalchartinformation. Paper
(both printon-demand and through value added providers), raster chart images (downloaded
directly from the National Oceanic and At mosp
Survey (OCS) site or as part of a large array of chart plotter anghatian systems including
inexpensive cell phone app navigation systems, and the information rich vector ENC (electronic
navigational chart) available directly from NOAAQS or from ENC distributors services.

Additionally, manyrecreationaboatergely ontheir knowledgeof familiar boatingwaters. This
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includes their examination of nautical charts posted on the walls of their myaahd club,
fueling site, or even boating supply stofotal recreational boating benefits were estimated to
be $2.7million.
RECREATIONAL FISHING

Just as with the operators of other recreational boats recreational fishermen cannot see
what lies beneath the water and thus cannot avoid dangers to navigation without a nautical chart
to aid them in plotting a safe cours@e saltwater recreational fishing industry is sizabte.
2016 there were approximately 10 million saltwater recreational fishermen who took 70 million
saltwater fishing tripsThese anglers spent $15.4 billion on salt water fishing trips and durable
recreational gear expendituresaaters zero to two hundred miles from shdRecreational
fishing alsoaddsa portionto the Blue Economythroughcoastakndinland stateexpenditure®n
both durable and nedurable goods and support servicEmploying a Nordhaus approach
where a de minimis portion of durable expenditures on fishing trips and durable expenditures
was added to the implied value of retained fish catch, an annual vdla8. dmillion ($2017)
was projected.
SUMMARY

The nautical chart is essential for all types of mariners to avoid submerged dangers, to
plansaferoutesto maximizecommerciavesseloading,andaidin operationge.g.commercial
fishing and recreational boating)autical charts also benefit the environment and promotes

societal equity Aside from lesser port and channel congestion, the reduced number of vessel
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trips has aocietal benefit from fewarmissions from theurning ofvessel fuel.As many ports
andvesselransitlanesarelocatedin or adjacento relatively economicallydisadvantagedreas,
reductionsn emissiongroportionatelyassistndividualsliving in or in proximity to theseareas.

In eachbenefitappraisalasubjectiveassessmemf the confidenceof the estimatevas
made based on the quality of the underlying data, documented exactness of the relationship
between nautical charts and resultant benefits and proximity to previous research findings.
Overall,theannualvalueof nauticalchartswasestimatedo rangefrom $1,457.1million to

$2,360.2million ($2017).

ANNUAL VALUE OF NAUTICAL CHARTS

ESTIMATED BENEFITS

BENEFICIARY ($ 2017MILLIONS) CONFIDENCE LEVEL
CommercialShipping $365.6| High1 Very High
Allision AvoidanceTool (DTON) $645.5- $1,58.6 | Very High
CommerciaFishing $214.6| Medium
RecreationaBoating $92.7| Medium
RecreationaFishing $138.7 | Medium
TOTAL $1,457.1- $2,360.2

vi
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CHAPTER 117 BACKGROUND

[. INTRODUCTION

Oneof the NationalOceanicand AtmosphericAdministration( N O A ARY @0R22026
strategicplanfi i t@accelerategrowthin aninformationbasedbluee ¢ o0 n o' ninythie mission
statement of the plaOAA

fiwill advancaheknowledgebasedoceaneconomylookingto the

ocean for data, information and knowledge that can be applied to

innovative and sustainable business development, products and

services that support new and established odeans e d sect or s. o
Includedin this planis to advanceN O A A éostributionto asafeandefficienttransportation
system as well as expand sustainable marine tourism and recreational oppoftunities.

Nauticalchartshavebeenrecognizedy many entitiesasafundamentatool of marine

navigation.
fiMapsi Hu ma n kgreatesh ® 6 | 0

A Ma pnslchartsthroughouthistorydonotjustrepresentheworld.

They help drive the social dnd economic gr
i T mauticalchart isessential fosafen avi gati on. 0

A O noéthemostimportanttoolsfor safelynavigatingwaterwayss

a Nauticfal Chart. o

INOAA. 2022.ii Bu i la@limateReadyN a t i NOAA FY22-26 StrategidPlan
2 |bid, Pageb4
3 MeganNeal,PopularMechanicsJuly/August2020,cover

4 DawnForsythe 2017.fiNautical ChartsContributeto EconomicGrowthand NationalDefense18071 9 4,5 0
unpublished white paper, p.BIOAA, National Ocean Service, Office of Coast Survey, April 20.

5 https://oceanservice.noaa.gov/facts/nauticl_chart.html

5A B o a t Guidétasthe FederaRequirementfor RecreationaBoats,United State<CoastGuard,p. 45,
www.uscgboating.org/images/420.pdf
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A nautical chart is a special purpose nsgpcifically designed to meet requirements of
vessel navigation. It provides a graphical representation of relevant information to mariners for
planningandexecutingsafenavigationmakingit oneof themostfundamentatoolsavailableto
the mariner.It depicts the configuration of the shoreline and sea floor, provides water depths,
locations of dangers to navigation, locations and characteristics of aids to navigation,
anchorages, and other features important to a mariner.

Without nautical charts it would be impossible to safely operate ships engaged in the
transport of cargo and passengers or those engaged in fishing operations, oil exploration, deep
sea mining, scientific research of the ocean, recreational boating or naval defense of our nation.
Themarinerstandingon the bridgeof the shipcannotseewhatlies underthe surfaceof thewater

and thus cannot see where it is safe to opefdtey are completely reliant on the nautical chart.

Unableto view belowthe surfaceof the water
the mariner cannot avoid the dangers
they cannotseewithout a nautical chart.

Even the health of the marine and coastal environments depend on the accuracy and
reliability of the nauticalchartastheyhelp preventhe marineaccidentsandtheresultantelease
of hazardous oil and chemical cargo@sd yet rather than the perilous undertaking that sailing
on a ship would seem to be it is done now with a minimal risk of grounding with the ocean
bottom or allision with another object in large part to the accuracy of the nautical chart.
Hundreds of thousands of ships and boats sail in U.S. waters annually with remarkably few
accidentselatedto groundingsandallisions. Thatsafetyrecordis dueprimarily to theaccuracy

of thenauticalchart. While typically thoughtof asatool for shipsin oceanspauticalchartscan
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befor bothfreshandsaltwater,for oceanandnavigableriversandlakes,anywherevesselseed
to navigate.Charts while technically a special type of map are not to be confused with a map
typically used on land.

Critical information provides for safe and efficient use of our waterways and for
protection of our marine environmerMiOAA nautical charts developed by the OCS are
mandatory on commercial ships NQAAOG sc acrhrayr tAsmearr
also used on every Navy and Coast Guard ship, fishing and passenger vessels, and are widely
carried by recreational boaterB.hus, they directly support NOAA
navi gantdthedapartmenbf C o mme rgoatipomotingU.S.competitvenessn the
global marketplace.

Detailed accounting of charting benefits has been difficult because they arise from
complex behaviors and decisiodoreover, for a myriad of economic and moral arguments,
one cannot suddenly rescind existing navigational charts in order to assess the deleterious
impactsof suchrevocations.Yet suchbenefitassessmentreimportantfor two reasons First,
it helps determine how much charting activiti
determining the priority of these programs in the apprapnatprocess, and the level of
investment that best benefits the nati®econd, the ability to measure quantitatively the
benefits of nautical charting helps establish an investment strategy that can assist in allocating
NOAAGs appropriation among different | ocation
activities.

A. Early Charts
Nautical charts have not always been availablee first marine charts were actually

mapswith continentsandislandslocatedusuallyinaccurately.Therewereno chartprojections
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that would enable thaccurate depiction of continents and islands and the navigation between
portssTher e werenot any indications of subsurf ace
There were no soundings or information on dangers to navigatibiof that would be
developedater. An exampleof oneof the earliestnauticalchartsis the 1339DulcertPortolan
chart hand drawn on a calf hide veldr(Figure 1)
Enlargemenof DulcertPortolanchartshowingin the center ltaly andSicily, Greeceand
the AegeanSea. (Figure2) A morecompletelineageof nauticalchartsduringthelast500years
is provided in Appendix A.

Figure 1

PORTOLAN CHART
(Attributedto AngelinoDulcertduringmid-1300s.Draw on velum)

7 https//www.bl.uk/collectionitems/portolarchartattributedto-angelinedulcert#
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ENLARGEMENT OF DULCERT PORTOLAN CHART

o
Ae

&z

%

B. Evolving With Technology

My~

4

i}

o

>,

‘.

R

Figure 2

Theevergrowing needfor safetyandefficiency spurredon the developmenof

technologies to survey the ocean topography more accurately. Nautical charts are also snapshots

of advancement s

mad e

n

surveying

and

mappi ng

charts are collected byultibeamandside scan sonawhich provide a comprehensive sweep of

the seabottom that detects obstructich©ldercharts (and somef the moreremoteportions of

presentharts),ontheotherhand,werepopulated wittdatacollected from aumberof different

soundingechnologiesncludingsinglebeamechosounder|eadline soundingsr readingsfrom

casts of a weighted rop@hese older technologies do not measure depths or locate obstructions

over the entire bottom and are thus inadequate for most modern shipping requirements.

A nautical chart today might carry data from multiple eras, modern and old. The 21st

centurychartalsocomesn electronicformats,to meettheneedsf marinersoperatingwith the

8 hitps://celebrating200years.noaa.gov/foundations/nautical_charts/welcorhe.html
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latesttechnologyontheir shipbridges.Theseelectronicnavigationakchartsenablethe marinerto
customize what is shown on the screen, and they deliver far more information about chart
features than has ever been possible before.

C. Electronic Navigational Charts

Up until the earlyLl990s, mariners relied on paper nautical charts produced by NOAA
cartographers using a manual drafting and engraving process. Because it could take up to eight
months to revise and print a paper chart, new editions were only released every two or more
yeass, meaning that these static paper versions were essentially only current on the day printed.
For chartupdatesmarinershadto checkweekly Local Noticesto Marinerspublishedby theU.S.

Coast Guard and U.S. Notice to Mariners published by the fornfen®=Mapping Agency

(now the National Geospatial Intelligence Agendyyery Notice to Mariners correction since

the print date of the chart would then have to be applied by hand, a process that could take a
mariner several hours to update just one chart.

Throughouthe1990s,advancements technologytransformedheappearancayse,and
functionality of nautical charts, fueling dramatic improvements in navigational safety. A first
step in this transformation was creating digital images of paper nautical charts, called raster
charts. Raster charts could be viewed on the bridge opaising a simple computer. Raster
charts advanced maritime navigation by allowing mariners to quickly observe a vessel's position
usingglobalpositioningsystem(GPS)datawith charts.However rasterchartsdo notaddressll
of the limitations associated with paper charts, mainly that they do not provide danger warnings
to the mariner.

To address the limitations of paper and raster charts, in 1997, NOAA's Offiumasf

Surveystartedbuilding a vectorchartingdatabaseA vectorchartis aseriesof points,lines,and
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polygons that represent features on the chart. Chart information is stored in a database and
specific characteristics are identified for each chart feature. For example, database information
for abuoyonachartmightincludecharacteristicsuchaslatitude,longitude,color,andnumber.
D. The Future of Nautical Charting

Sincetheintroductionof electronicnavigationakharts(ENCs)thesizeof commercial
vessels has increased fdald and navigation systems have become more sophisticated.
Additionally, there are now over 15 million recreational boat users in the U.S. and many have
joinedprofessionamarinerdan usingelectronicchartdisplaysandNOAA digital chartproducts
when navigating. User groups of all types are increasingly expecting more precise, higher
resolution charts, and greater timeliness and-e&aecess to chart updates.

In November of 2017, the Office of Coast Survey releaset#tenal Charting Plara
strategyto improveNOAA nauticalchartcoverageproducts anddistribution.It outlinesactions
that will providethe customemwith asuiteof products that armoreuseful, upto-date, and safer
to navigate with. It is not a plan for the maintenance of individual charts, but a strategy to
improve all chartslt presents strategies to meet the growing dema&hd.National Charting

Plan outlines several improvements to chart content, such as:

0 Reducing unwarranted alarms in the electronic chart display and information system
(ECDIS)usedby largecommerciaiesselandimprovingthedifferentiationbetween
dangerous and neaslangerous wrecks.

O«

Resolvinguncertaintiegboutd r e p obretxei dgtdaurbdaddap o Sapp omx i mat e 6
dangers (now known as dunverified chart fe

0 Creating an orderly layout for EN€harts that will replace the current set of 1,182
irregularlyshapedENC cellscompiledat 131 differentscaleswith aregulargridded
framework of cells compiled at a few dozen standard scale.

0 Workingwith theU.S. CoastGuardto developmethoddo ingestchangego thedatabase
of USCG maintained aids to navigation dire
system. This will save time and avoid any chance of data being entered incorrectly by

7
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hand.

0 Workingwith theU.S.Army Corpsof Engineergo expeditethe provisionof minimum
channel depths on NOAA pfPoducts and the Co

Thenauticalcharthasmanyusesbut chiefamongthemaresafenavigationandvoyage
planning enabling the mariner to navigate a ship avoiding known dangers that lie invisible
beneath the water surfacél/ithout an upto-date chart the mariner is unable to avoid these
dangerous shoals, reefs, rocks, wrecks, and submerged debris lie.

The OCS has a large job to perfor@onsalves (2017) reports that the U.S. Exclusive
EconomicZoneis about3.4million squarenauticalmiles (nm?). Of this area,about44,000nn?
have been sur vey e dEathoea anakmge of@abost8,6068area r d s .
surveyed.Of the hundreds of ports in the U.S., the top fifty account for about 97 percent of all
import and export activityMajor ports are listed in Appendix B

Each year, OCS receives over 6,000 digital and hardcopy source documents from
NOAAOGs Hydrographic Surveys Division, Uu. S. Ar
National Geodetic Survey, and U. S. Coast Guard. Compiling data for updating charts may take
aslittle as six months but can take several years owing to the location, the extent of the surveys
required as well as competing requirements (e.g., roatiogtical) from othercharts® Today,
theOCSmaintainamorethan20 thousandhistoricalnauticalchartswhile maintainingits current

suite of over one thousand chafts.

9 https://nauticalcharts.noaa.gov/news/drettionatchartingplan.html

10 sourcehttps://oceanservice.noaa.gov/facts/chart_produce.fitidlo eng Doeslt Taketo Producea Nautical
Chart?ao

11 SourceNOAA celebrate00Yearsof Science ServiceandStewardship.
https://celebrating200years.noaa.gov/foundations/welcome.html
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[I. SCOPEOF ANALYSIS

A benefitcostanalysisvasnot undertakerowing to theinability to obtainhistoricaland
potential future costs of nautical chart new editiongile costs borne by NOAA might be
historicallyreconstructedheyrepresenonly aportionof total costs.For examplewhile ENCs
may bedistributed,costscharged fronprivateretailersof suchdatais notknownnoris thecost
of vessel Integrated Bridge Management System (IBMS) equipment to receive process and
display such dataHence, only gross benefits were estimated inghaysis.While limited to

gross benefits alone, this approach is in keeping @ithman (1994) who commented:

Al't i s not realistic to encompass all t
implementing gproject. So long as all the major costs and benefits are
consideredhis shouldbe sufficientto givean estimateofthecostb e ne f i t 0 .

Following Dorman, all major cost savinggenefits related from increased vessel
loadingswereincorporatednto this analysis.As majorcalculationsandresultsaredisplayedn
a highly transparent nature, readers may develop alternative conclusions when and if additional
data or data with enhanced granularity becomes available.
lll. PREVIOUS VALUATION STUDIES

Previous efforts at quantifying the valuehyfdrographic surveys and nautical charts
have largely taken one of several general approa@mse have researchers, in reviewing
the complexity and interrelated nature of charts and other supporting infrastructure, have
identified a variety of economic sectors who benefit from charts but did not provide any
guantitative estimates of those benefitsother studies, due to interdependence of factors,

only highlevelsof aggregationwereemployedo definebeneficiarygroups(e.g.,combining
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the impacts ofautical chart¥, integrated bridge management systems, PGRNAS other
factors.) Still othersparsedestimatechationaltotal benefitsto lower levelsof granularityto
estimate ENC benefits.
In an early example, Oudet (1972) recounts how the lack of accuratarealata
navigationakcoupledwith inappropriateactionsof the captainof thevesseled to thewreck
and total loss of the cruise shmtillesin 1971. In his review, no quantitative data was
provided.
In a later analysis, Vadus (1996) stated the nautical charts play a significant role in
providing safe and effective navigation of vessels involved in commerce, fishery landings,
marinerecreationpil spill preventionandremediatiorandcruises.Othersectorsncluding
research and naval operations were also highly dependent on nautical cttetsigted:
AEl ectronic nautical charting systems an
databases provide a vital supporting role in ensuring sustainable
developmendf marinetransportoperationghatfulfill nationalneeds
that have major economic, social, and environmental implications
that equate to hundreds®¥®of billions of d
Hecht etal. (2002)followed suitin detailingawide-variety of benefitsdueto ENCSbeyond
marine navigation.
Brinkmanetal. (1992)performed astudyof The Canadiaiydrographic Servicé€CHS).

He determined benefdost ratios ranging between 9.49 and 11.86 resulting from impacts on

commerciakhipping,accidentrates recreationaboatingandfishing vesseldasedn changesn

121n thisanalysisonly thevalueof chartsand underlying chadatadevelopedby NOAA hasbeen estimated. i$
recognizedhattherearealsoafew opensourcesourcef navigationdatasuppliedby volunteers.The TeamSurv

and Open Sea Majse examplesHowever, TeamSermoteson itswebsite for marineraot to relyonly on these

charts for fAnavigation or any other critical purposeso.

B Pagess.

10
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consumeandproducersurplus andelasticityof transportatiomlemand.Overall,he estimated
total benefits from all sources to exceed $473 million (1989 Canadian Dollars) against costs of
between $40 to $50 million (1989 Canadian Doll&?s).

Also in 1992 the AustralianDepartmenbf DefenseReportreviewedthe benefitsfrom a
number of sectors including: (1) establishmen
mineral exploration; (3) prevention of environmental damage; (4) commercial fishing; (5) safe
passage of cargo and passenger vessels; (6) freedom of movemerftestit{7) scientific
research; (8) complying with Australiabds inte
areas of Antarcticalhey concluded by stating:

AThe fact t lkaestratiesxoald not bb ealcudated t
is perhaps not that important as such ratios, even if arrived at
objectively, would not tell us the optimum level of activity in
any given year. That would require the marginal doestefit
ratiosa far morecomplexanalysis Whatis beyondreasonable
doubt is that the existence of official-tgpdate charts has a
benefit to theé® national economyo

AThe Hydrographic Programme is a public
economic sense of the word. Such a good or service would, by

definition, not be supplied in nationally optimal levels if left to

market forces alone. However, there are no theoretical or
empiricalreasonsvhymoreactivecostrecoveryshouldnotbe

considered, aimed towards carefully targeted groups of

benefitiaries. o

A Hy d r o gactisitphastraditionally beenviewedasa naval
activity but this analysis has described, and where possible,
analysed its effect on the national economy. The role played

14 Producer surplus is measured as the difference betmleginproducers are willing and able to supply a good for
andthepricetheyactuallyreceive. Consumesurplusis thedifferencebetweerthetotal amounthatconsumersre
willing to pay for a good or a service and the total amount that they actually pay (i.e., the market price).

15 Total benefitsapproximate$753in $2017U.S. dollars;costsapproximates64to $80in $2017U.S.dollars.

6 page21-3.

1" Page22-2.
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by theHydrographicProgrammas suchthatit is perhaps

time to question whether it should continue to be viewed

as a purely military Programme which has benefits to the

civil community or whether it should be seen more as a

nationalprogrammewhichhas botrcivil andmilitaryb e ne®i t s . 0
Fjoseetal. (2016)providedasimilarlist of potentialbeneficiarieof marinegeospatial

data and addedthatd et ai | ed depth data are the most i mp

predict ocean currenés®

In investigatingnauticalchartsad integratechavigationsystems,Kite-Powell (1997)
estimatedhat:
A E| e c tharisandintegratednavigationsystemstan
intermediate level aéffectiveness could help avoid 3,000
accidents involving commercial vessels in U.S. waters
betweerl996and 2010,assumingio significantchanges
in underlyingcasualtyrates. Theexpectedaverall costof
theseaccidentds estimateto beabout $2.1billion (1995d o | | #r s ) 0
Kite-Powell (2007) employed surveys of both commercial and recreational users of
nauticalchart$ Based on respondentsdé indication of th
Ai deal 6 chart, the value of charts (as measur

dollars) per year for recreational users and $27.5 million for commercial’@déesalso

estimatedhatthevalueof producersurplusderivedfrom theactivitiesof valueaddedresellers

18 |bid.
19 Pageb.
20 About $3.6billion in 2017dollars.

211,975surveysweresentto recreationaliserswhile 1,000weresentto commercialusers.406 (20 percent)of
recreational users and 138 (14 percent) of commercial users responded.

22$17.8and$31.9million in $2017dollars,for recreationahndcommerciausersrespectively.

12
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of chartsand datavasabout$2 million (2007dollars)peryear? He concludedhatthelower
bound of his total estimate as $44.8 million (2007 dollars) per3ear.
In 2006,Skjongdescribedheuseof formal safetyassessmertsa non-political approach
to rule making by the International Maritime Organization (IMBg investigated grounding
situations across three types of vessels in service outside of the U.S. and concluded the number
of grounding incidents and fatalities would be reduced by 36 percent in vessels with#CDIS.
VOLPE (2009) estimated the net benefits from seven areas that included: (1) voyage
planning; (2) avoided delays due to POR#S(3) PORTS capacity optimization; (4) averted
property damage from grounding; (5) averted spill costs; (6) averted fatalities; and, (7) averted
injuries. In these calculations, individual benefits from PORB8d ENCs were not always
clearly delineatedOverall, VOLPE in 2009 estimated total gross benefits of $1.198 billion and
government costs of producing National Ocean Service (NOS) products of $48.5 million and
calculated a benefitost ratio of 24 to 2/ Problematic with their estimate was that benefits
were accumulated at a societal level while costs were estimated for only NOS production and
maintenance of PORT3nd ENCs.This ignored all other costs that must be incurred to get to
the societal benefit, such as the purchase of an electronic chart system, training, and
maintenanceAdditionally, benefits were accrued as marginal benefits of NOS deliverables

while costsincludedfixed costs. Specificmonetarybenefitsassociateavith voyageplanningfor

23 Producessurplusis the differencebetweenvhatproducersvould bewilling to accepiandtheamountthey
actually receive from selling the product. This is a8 million in $2017 dollars.

24 This equateso almost52 million in 2017dollars.
25Bulk carriers(coal),crudetankersandproducttankers
26|n thesecalculationspenefitsfrom PORTS andTidesandCurrent(TC) datawerecomingled.

21 This equateso benefitsof almost$3. Lbillion andcostsof over$57million in 2017dollars.

13
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commercialvesselg$26.8million)?8, recreationalesselg$4.2million)?° and search anescue
(SAR) officers ($75.5 million. Collectively they account for a benefit of $106.7
million.3?

Benefits from averted property damage resulting from groundings or-sétaited
accidents were estimated for only recreational vessels and SAR v&&3eRE found that
ENCsandPORTS weremajorfactorsat minimizing risk. Averteddamagesvereplacedat
$2.9 million (over $3.4 million in 2017 dollars) while increased efficiency of SAR operations
were valued at $27 rhillion ($32.3 in 2017 dollars)Employing the then value of a human life
($5.8million), total avertedfatalitieswereestimatedo be $449million with $197million dueto
SAR activity ($535 and $2,350 million, respectively in 2017 dollars).

Leveson(2012)provideda highly focusedreport involvingthe valueof coastaimapping.
In his analysis he noted the wideray of Coastal Mapping Program (CMP) mapping
beneficiaries to include: (1) navigation safety; (2) shoreline modification; (3) environmental
protection (including precise coordinated of sensitive and protected ared&3)S(@pplications
in coastazonemanagemen(5) on-shoredevelopment(6) recreation|7) fish habitatmapping;
(8) energyexplorationandconstruction(9) offshoreaquaculture(10) planningandresponséo
natural disasters and environmental emergencies; (11) marine spatial planning; (12) legal and
insurance applications; (13) homeland and port security; (14) monitoring sea level change; (15)

scientific research; (16) national and international stand@tdsarcheology and cultural

28$32million in $2017
29$5million in $2017.
30$90million in $2017.

310ver$127million in $2017.
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heritage;and(18) military activities? Issuegelatedto inter-stateboundariestesultantaxation

issues and international boundaries are additional issues reported by Leveson impacted by the

CMP. In his analysis, Leveson estimated total direct, indirect and induced benefits to range

between $217.4 and $265.0 million with an overall estimate of $241.4 million (2011 dollars).

Thiswould equateo arangebetween almos$249and $303andan overallestimateof almost

$277million in $2017dollars. (Tablel) In his calculationseconomidenefitsweredelineated

as direct, indirect and induced benefits.

Table 1

SUMMARY OF COASTAL MAPPING PROGRAM BENEFITS, $2011

AREA ESTIMATE RANGE
Direct EconomicBenefits $100.4 $90.47 $110.4
IndirectandinducedEconomicBenefits $100.4 $90.4- $110.4
Total EconomicBenefits $200.8 $180.8- $220.8
Non-EconomicBenefits(notincludedin EconomicBenefits- 10%range $40.6 $36.5- $44.7
(above and below estimate)
Total Benefits $241.4 $217.4- $265.0

SourcelevesonTableES3,Pager.

Reductionsn morbidity andmortality areaddressewith respecto naturalhazardge.g.,

tornados, coastal storms, hurricanes, etc.), as well as commerciategational vessels.

Levenson assumed that averted morbidity and mortality would have been five to ten percent

higherwithout CMP products. lllustratingthedifficulty of suchestimationepointedoutthat

as some of the benefits captured were the result of interdependence among products and that

Aemphasis shoul

d

be

pl aced

o

n the

benef.

p r o d uitdastd#ficult to specifically estimate the precise dollar amount these reductions

32 eveson(2012),Page2.
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represent’

Econometricg2015)performedarecentanalysison thevalueof chartingin 2015. They
stated that such estimations were difficult as no empirical data or base case where charting
products did not exist could beund. In their study, they determined that the average marine
vessel incident type approached $107 thousand (about $119 thousand in 2017 dollars) and that
the annual benefit from safety benefits approached $1.13 million (almost $1.20 million in 2017
dollars)wt h a fAimoderate statistical | inko*but only
Also notedwerereductiondn travelanddelaytimesthatwereestimatedat $18perpassengefin
terms of passenger travel) and recreational boating user and $46 per hour for commercial vessel
crewmember.Finally, they estimated the impact of a dr@ur reduction in all waterborne
freight travel time at $0.6 million per year.

A more recent study by Wolfe et al. (2020) observed that over 1,200 ENCs across five
types of charts or Scale Bands (overview, general, coastal, approach and harbor) were released
during the study periodAt locations where PORTShad been installed, a significant portion of
allisions, collisions and groundings (ACGSs) variation was explained in cases where at least one
of each type of ENC had been released during the study pé&wsathe number of ENC releases
increasedtheaccidentratesfor allisionssignificantly declinedwith anannualbenefitof between
$1.6and $1.8 million($2017).

Reductions in allision, collision and grounding rates were also found to be significant in
casesvherebothPORTS existedandharboronly chartshadbeenupdated.Wolfe etal. (2020)

also noted with an annual benefit of about $3.1 million ($2017) resulting from grounding

33 |bid, Pages$ and65.

34 Econometricd2015),Pagess-4, Table2.
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reductionsatlocationswherePORTS existandENCshavebeenreleasedit mightbeinferred

that PORTS contributed about half of that annual total.

IV. RATIONALE

This report was undertaken for several reaséns.r st , OCS supports the
commerce with information for safe efficient agavironmentally sound transportatiofhe
importanceof waterbornanternationakradeis reflectedin thefactthatmorethan40 percenif
cargo value and 70 percent of cargo weight arrives via Water.

Second, t he miistepgrovide saehecbasdd solutibsIhrofigh
collaborationpartnershipgo addressvolvingeconomicgnvironmentahnd socialpressure®n
our ocean s’ @ne dfthe recers NGS@oalsistpr ovi de ship manager
theminutedataandinformationto maintainreliable safetymarginsto maximizeaccesgo highly
trafficked and i ncr eas*NO§&lsp usigrstacds that amorggt r ai ne d
challenges in the future therewillbei ncr eased demands on our mar i |
s y s t3%®Tm tespond to these challenges, NOS cites three major programs: (1) coastal
resilience: preparedness, response and recover; (2) coastal intelligence; and, (2 gaedce
conservation.

Third, theessentialityof NOS productsandservicessupportingransportations well

documented:

35 Source Departmenbf CommercelJSA Trad€ Onlinelong run averageoverthelasttwentyyears.
S6Refertofi A b @ s toom http://oceanservice.noaa.gov/abdutQ Mii s s iaczassefebruarys, 2017.

3 NOS PrioritiesRoadmap2016. Suchinformationcanhelp prioritize NOS effortsbasecn thelevelsandtrends
of transportation demand, October, Page 7.

38 Referto NationalOceanService 2016.NOSPrioritiesRoadmapQctober Pages.
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i P e oiptheearitimecommunityrely on coastalintelligence

for a range ofdecisions, from how much cargo to load to
choosinghemostefficientand safestoute betweernwo points.

They use coastal intelligence to plan seasonally for ship schedules,
mitigatethelong-termimpactsof sealevelrise on port infrastructure
and service global trade more efficiently as significantly larger
vessels transit through U.S. ports as a result of the Panama Canal
expansion.As our economic dependence on the U.S. Maritime
Transportation System (MTS) grows, robust coastal intelligence

is vital to maintainingM T Sresilience reducingmaritimerisk and
responding to inc¥dents when they occur

Fourth,the Office of the InspectorGeneralOIG) hasalsostatedthatthetop management
challenges facing the DOC include five tagks:

1 TRADE AND INVESTMENT i ExpandtheU.S.economythroughincreaseaxports
and inward foreign investment that lead to more and better American jobs;

1 INNOVATION - Fosteramoreinnovativeeconomyi onethatis betteratinventing,
improving, anccommercializing products and technologies that lead to higher
productivity and competitiveness;

1 ENVIRONMENT i Ensure communities and businesses have the necessary
information,productsandservicedo prepardor andprosperin achangingenvironment;

1 DATA i Improve government, business and community decisions and knowledge by
transformingDepartmentiatacapabilitiesandsupportingadataenabledeconomyand,

1 OPERATIONAL EXCELLENCE i Deliverbetterservicessolutionsandoutcomes
that benefit the American People.
Finally, the General Accountability Office (GAQO) described performance

measuremerdsii t bngoingmonitoringandreportingof programaccomplishments,

39 NOSPrioritiesRoadmap2014. A Guidefor AdvancingNational OceanServicePriorities overthe NextThreeto
Five YearsNational Oceanic and Atmospheric Administration, National Ocean Service, Silver Spring, Maryland,
May, Pages 5 and 11.

40 United States Department of Commerce. 20bh Management Challenges Facing the Department of
CommerceOffice of thelnspectorGeneral Office of Audit andEvaluation Final ReportNO. OIG-15-002,October
16, pps.14.
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particularly toward pre-establishedy o a .f' 8eégunwith the GovernmenPerformancend
ResultsAct (GPRA)performanceneasuremens anassessmerf resilienceof theinitiative
or product in terms of its capacity to respond to changing bustoaesgions as well as its
ability to recover from adverse evefifsComparison of general economic data before and
after the activation of a program or service is one method to achieve this assessment goal.
V. CHART HISTORY
Beginning in 1807 when Pr eddtdmavidlefofrhomas Je
surveying the coasts of the United States t he U. S. Coast Survey, | at
GeodeticSurveyin 1878thatwassubsequentlincorporatednto NOAA whenit wasformed
in 1970 have created thousands of nautical ch@dday, the OCS maintains more than 20
thousand historical nautical charts while maintaining its current collection of over one
Thousand chart§ OCS receives over 6,000 digital and hardcopy source documents each
year from five main sources account for over 70 percent of all fiptiiese include:
1 Waterdepthsandtheidentificationof wrecks,rocks,andotherobstructiongSource:
NOAAGs Hydrographic Surveys Division),;

1 Depthswithin federallymaintainecchannel{SourceU.S. Army Corpsof Engineers);

41 United StatesGovernmenfccountingOffice. 1998.PerformanceMeasuremenand Evaluation,Definitionsand
RelationshipsGAO/GGD-98-26, April.

42 GPRA,enactedn 1993, requiredagencieso engagen performancenanagemertaskssuchasestablishinggoals,
measuring results, and reporting their progr&@BRA, modernized in 2010, required performance assessments of
Government programs for purposes of assessing agency performance and improvement.

43 SourceNOAA celebrate00 Yearsof Science Serviceand Stewardship.
https://celebrating200years.noaa.gov/foundations/welcome.html

4 https://nauticalcharts.noaa.gov/learn/crsmtircedata. html. Remainingsourcematerialis providedby avariety
of other federal, state and local government agencies, national and international regulatory organizations, private
companies, professional organizations, and private citizens.
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1 Delineationof shoreling(SourceN O A A RasionalGeodeticSurvey);

1 Reportsoffid a n gtem & w is g awrecksandbbstructiongSourceU. S. Coast
Guard Notice to Mariners); and,

1 Positionstypes,andcharacteristicsf aidsto navigationincludingbuoys,beaconsand
navigational lights (Source: U.S. Coast Guard).

Begun in 1862, papdithographic nautical charts have been printed by the U.S. government and
sold to the public by commercial vendors. Beginning in April of 2014, paper charts were no
longer published by the Government owing to declining demand for lithographic charts, the
increasinguseof digital andelectroniccharts and federabudgetrealities?® NOAA continuego
develop and maintaiRrint on Demand (POD) chamshich are available from NOA#&ertified
printing agents.
In essence, raster charts are pictures of paper nautical dnadster charts data is a
seriesof pixels(tiny dot of color) thatarepositionallyreferencedo thatpictureonly. Theraster
data is sometimes referred to as "dumb" data because of its lack of useful information.
An ENC (or vector chart) is made of information rich or "smart" ¢afBhat is, data
eachbit of which haspositionalinformation(latitudeandlongitude),aswell as,informationon
what it is (dangerous rock, depth, or navigational light) and its relationship to other data in that
feature (depth area, shoreline) in addition to other important meta data.
TherealdifferencebetweerrasterchartsandENCsis bestdemonstratech their
use. Raster charts are used in the same way paper charts have been used for cENGses.

canbeusedto assisimarinersn plotting coursego avoiddangerousireagelativeto thatvessels

4 AnnouncedOctober22,2013.
46 ElectronicChartDisplay InformationService(ECDIS)is avectorbasedsystemthatmeetshe FederalChart

carriage regulations and the highest level of the International Maritime Origination (IMO) standards and
requirements.

20


http://www.nauticalcharts.noaa.gov/pod/POD.htm

ESTIMATED GROSS BENEFITS PROVIDED BY
NAVIGATIONAL CHARTS IN THE UNITED STATES

uniquedraftandwill soundwarningsif thevesseis atrisk of enteringinto adangerousreat’

New data for updating charts i Critigali oriti ze
change examples are those that potentially pose dangers to navigation (e.g., changes in position
of lights, baconspuoys,rocks,newly discoveredvrecks,shoalsor otherobstructions).Routine

changes involve less critical data such as ordinary shoreline and hydrographic surveys.

Table 2
TYPES OF SURVEYS
YEARS
SURVEY | CONDUCTED Ngll\J/lIE\EERY%F
TYPES OF SURVEYS CONDUCTED CODE (Through the
PERFORMED
End of 2017)
Hydrographic ExclusiveEconomicZone (EEZ) Surveys
Lower-resolutionearly multi-beamechosoundersurveys. B 1984-1995 290
DiscoverySurveys
Substandard Survey (Spediatonnaissance, or evaluation/test
surveys)ThesereconnaissancaurveyspftendonotmeetlHO Order
1 because they may be deep; have inadequate vertical control, D 19771 2017 112

inadequate sound velocity control or substandard sounding
density. Theserequirements are intentionally relaxed so that data
maybeobtainedoveralargerareaeitherto inform futuresurveysor

to supplement areas of the chart with little to no data.

Field Examination Surveys

They are iteninvestigations or surveys that cover small areas of
specificinterestfrequentlycalleda smallerscopedversionof surveys )

type H. They may be assigned to prove or disprove dangers or F 1934- 2017 614
obstructions, to provide data for harbor development, or supplem
prior hydrographic surveys.

Hydrographic Surveys(Basic)

These are the systematic hydrographic surveys, typically meeting
Il HO Order 1 and adhering to t

Surveys Specifications (HSSD) abéliverables Manual. These are H 1834- 2017 11,968
the most common commi ssioned

HydrographicSurveyDivision (HSD)andCoastS u r v Mayigaton
Services Division (NSD).

Chart Letter
They cover all types dhformation (it may or may not pertain to a )

survey).In thepastwhenOCSdid notreceivedigital data,thesource L 1900-1975 450
documents were recorded as either letters or blueprints.

Homeland Security Survey S 2002- 2016 29
ThesesurveysareHomelandSecurity(HLS) and areconductedby

4T Weintrit (2010) notes that raster data is only available in one layer and one format while ENC charts while ENCs
containlayeredinformationthatallowsuserso fi d e s ecértaimcategorie®f datathatarenotrequiredatthetime.
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NOAA ships. They have not been done for a while but the
nomenclaturareretainedn theeventthereis needto performHLS
surveys again. Typically, HLS surveys were IHO Special Order.

Triangulation Positioning Technique Surveys

In thepast,positioningby this methodfrom baselingointsonshore
was used to position vessels on relamre projects using generally
the azimuth/azimuth method.

T 1859- 1860 3

Non-NOS Hydrographic Surveys Thesearehydrographicsurveys
not commissioned by HSENSD and are received as externally

sourced data, generally by other government agencies (CHS, BA w 2000- 2017 365
which are Canada and British Admiralty. They obtain a W registry
number once a requirement has been identified to process the dg

From 1834 to 2017, OCS and its predecessors completed over 13,831 hydrographic
surveys across eight different types of survéysble 2) Of these, the hydrographic surveys
(TypeH) haveaccountedor almost87 percenf all surveysundertakenIf electronicchartsare
employed, data is updated weekly commensurate with its release. While existing paper charts
must be manually updated, newly issued paper charts will contain the most recent updates at the

time of compilation.

Figure 3

AVERAGHUMBEROFDAYS ORELEASE
NAUTICAL CHARTS (ENCs and RNCs)
WITHNEWHYDROGRAPHICYPH)DATA
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Compiling data for updating charts might take as little as six months but can take several years
owing to thelocation,theextentof the surveysrequiredaswell ascompetingrequirementge.g.,
routine or critical) from other chart8.Since 1998, the average number of days from the time
information is initially gathered until the time an ENC is produced has substantially fislen.
2017, the average days from data to chart was @dgure 3)

VI. IMPORTANCE OF TRADE TO THE U.S.ECONOMY

International trade allows countries to expand their markets and access goods and
services that otherwise may not have been available domestically. As a result of international
trade, the market is more competitivaternational trade allows countries to expand their
markets and access goods and services that otherwise may not have been available domestically.
As aresultof internationakrade themarketis morecompetitive. This ultimatelyresultsin more
competitive pricing and brings a cheaper product home to the consimeng the benefits of
international trade are increased revenUéss ultimately results in more competitive pricing
and brings a cheaper product home to the consumer.

In 2003, the weight of total U.S. imports exceeded 1.2 billion short tons while U.S.
exportsaccountor almost0.5billion shorttonsfor atotal of over1.7 billion shorttons. Of this,
waterborne traffic accounted for over 77 percent of total wéfgBy, 2020, total tonnage had
grown to almost 2.2 billion short tons with over 69 percent being handled by*Vater.

Adjustedfor inflation, thevalueof total importsfrom 2003to 2020increasedrom about

48 Sourcehttps://oceanservice.noaa.gov/facts/chart_produce.fitidlo beng Doeslt Taketo ProduceA Nautical
Chart?0

49 Importsaccountedor almost79 percentof all tonnagewhile exportsrepresentedver 74 percenof tonnage
handled.

50 Importsaccountedor 60 perceniof importtonnagewhile exportsaccountedor over77 percenif export
tonnage.
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$1.7trillion to $2.4trillion while exportsincreased fron$1.0to $1.4trillion. Total international
traffic cargo value increased from about $2.6 trillion to about 3.8 trill@verall, about 44
percent of total cargo value was handled by international védsétmsequently, charting
activities which support safe and effective transportation can provide large amounts of value to
the U.S. economy as in addition to primary benefits afforded to the vessels, operators and ports
themselvesresecondanandtertiary benefitsaccruedy supportingndustriessuchasrailroads,
motors carriers, manufacturers, and their suppli@rse study by Wolfe (2019) estimated the
valueof navigational aidsf all typessupportover$940million in annualbenefitsto therailroad
and motor carrier industries.

Moreover theability to safelynavigateeverlargervesselsn U.S.watersreduceshe
number of vessels required to carry growing traffic levélss results in lower fuel use,
resultanenvironmentaémissionsandlower injuriesanddeathsassociateavith waterborne
transportation.

Major economicsectors antheirimportanceanvestigatedncluded:

1 Commercial Shipping i Over82,000vesselzall onU.S. portseachyear;1.5billion
tons of cargo handled by vessels with a value approaching $1.7 trillion;

1 Recreational Boating- More than 32.3 million of 118.1 million households (27.3
percent)n theU.S. hadatleastonemembemwwho boated.Over21.6million boatsof all
kinds were used in the U.S.

1 Commercial FishingT Sincel950,commerciafish catchhasalmostdoubledfrom 2.2
to 4.3 million metrictonnesin 2019.%? During thistime, thenominalvalueof fish catch

51 SourceU.S. Departmenbf CommercelJSA Trad€ Online. It providescurrentandcumulativeU.S. exportand
import data.

52 During recessionar020,catchvaluedeclinedalmost15 percentfrom 2019levelsreflectinga declinein catch
weight by over ten percent.
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was$5.6 billionin 2019, ugirom 326million in 195023
1 Recreational Fishing- Saltwater fishing alone draws nearly 21.3 million participants
nationwide which accounts for 10.3 percent of the population age 16 or Dialeng

1999t0 2016,betweer7.8and14.0million participatedn recreationaboatingmaking
between 56.9 and 89 million fishing trips

VIl. VALUE OF MAXIMIZING VESSEL CAPACITY

The next generation of ships will require deeper drafts and more costly dredging to
maintain coastal entrance channels to insurersafigation. Minimum Under Keel
Clearanc€UKC) is therequiredminimumdistancebetweerthes h i kegdamndthebottom
of the channel (Figure 4)

TheUKC is afunctionof theshipsizeandhydrodynamiaharacteristicghechannel
be crosssection and shape, and the ship sp&adce every inch of added vessel cargo
carried represents considerable value, significant savings can be realized if a minimum safe
UKC can be reliably determiné.Moreover, better utilization of existing channel
dimensions reduce the need for dredging costs to expand channels (often costing millions of
dollars).

Tables 3 and 4 provide some examples involving imports and exports benefits from
theadditionof oneinch ofaddedvesseldisplacement® Calculationghataremoredetailed

are listed in Appendix C.

53 Landingsandrelatedcatchvaluedeclinedbetweer2019and2020owing the Februaryto April recessiorwhich
represented €.9.2 percent decline in GDP (peak to trougRgfer tohttps://www.fisheries.noaa.gov/foss/

54 Referto United StatesArmy Corpsof Engineersat http://chl.erdc.usace.army.mil/chl.aspx?p=s&a=Projects;87

55 SourceWolfe, K. Eric.2011,i R e ¢ o mm e fordeveldpmemdf a NationWide Systento Assesshe Valueof
NOS Products and Services Resulting From Import and Export Activity NOA A, NOS White Paper,
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UNDER KEELCLEARANCE

Figure 4

Under Keel Clearance
[UKC]

Table 3
SELECTED U.S.EXPORTS
Impactof anadditionall inch of vesseldraft
Product Weight Per Inch of Draft Value of Vessel Number of
Product®’ Type Employees
Wheat 358,400ibs. $39,315 Bulk Carrier U.S.950,600
(162.6Metric Tons)or Panamax producinggrain.
5,973.3 bushels (2008)
Flourneededo bake422,5350avesbread
Corn 358,400ibs. $48,302 Bulk Carrier U.S.950,600
(162.6Metric Tons)or Panamax producinggrain.
6,400 bushels (2008)
Soybeans 358,400ibs. $103,193 Bulk Carrier U.S.950,600
(162.6Metric Tons)or Panamax producinggrain.
5,973.3 bushels (2008)
Beef 358,400lbs. $713,382 Refrigerated U.S.860,600
(Choicel) Bulk Carrier Animal
Panamax | production(2008)

56 SourceKeelClearhttp://keelclear.com/abodteelclear.html

57 2011dollar quotationsconvertedo 2017dollarsthroughthe GrossDomesticproduct. SourceWolfe, K. Eric and
As s ess men tTime Bystemh e

Davi d

MacFarl and,

2013.

i An

Val ue
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(PORTS) to the U.S. Economy, NOAA, NOS White Paper, September 30.

.-

~ ChevyVolt 99 $4,999,313 | CarCarrier 91,960North
; America
72 $3,319,666 | CarCarrier 45,000in U.S.
JohnDeere6140D 36 $3,012,450 | CarCarrier 55,700world
Utility Tractor wide
with cab
Caterpillar950H 12 $3,445,104 | Bulk Carrier 43,251in U.S.
Wheel Loader Panamax
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Table4
ADDITIONAL SELECTED IMPORT AND EXPORT TRAFFIC
Pounds Number Of
Cargo Per Units / Containers Retail Cargo
Product / Container (if Number Of Units / 1 ®raft Value®®
Container applicable)/
1 ®raft
Athletic 11,900lbs. 5,292 pairs 11 containers | 58,212pairsathleticshoed inch
Shoegpairs) athleticshoes of draft $6,714,195
F" Enoughpairsto enablerunnergo
v;- run 23,284,800 miles, the
LIS equivalendistanceof 48.7round
trips fromthe Earthto the Moon.
Laptop 14,176lbs. 960Laptop 10 containers 9,600laptopcomputers
Computers Computers $10,759,755
Coffee Dry Bulk Dry Bulk Cargo- Dry Bulk 358,400bs. coffee/inch of draft
Cargo- No No Container Cargo- No $955,042
Container Required Container Enough coffee to make
Required Required 44,311,26860z)cupsof coffee
LCDTV5 5 ¢ 23,318lbs. 168TVs 10containers | 1,5405 5SonyTVs/ inch ofdraft
Sony $3,668,307
2010Toyota 3,042Ibs. Individual 88 Vehicles $2,625,749
Prius Units
2011 4,9501Ibs. Individual 54 Vehicles $10,699,953
Mercedes Units
BenzS600

58 The value of manufactured goods was determined from official company web sites before any diSt@unts.
value of coffee was determined from commodity prices on the New York Mercantile ExcBahgelollar
guotations converted to 2017 dollars using the Gross Domestic Prérifet. to: Wolfe, K. Eric and MacFarland,
David. 2016."A ValuationAnalysisof the PhysicalOceanographi®keal TimeSysten{PORTS)," Journalof Ocean
and Coastal Economics: Vol. 3, Issue 1, Article 12.
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A. PrecisionNavigation

In addition to these potential savings, many additional benefits could be obtained
from improved knowledge of approach, channel and harbor dimensions and conditions.
Begun as a pilot program by several NOS offitésr the port of Long Beach in 2010,
NOAAGs Precision Navigation Program (PNP) enl
provide vessel operators with better understanding of UKC with respect to the movement of
Very LargeCrude(oil) Carriers (VLCCS® In essencePNPrepresentsheability of avessel
to safely and efficiently navigate and operate in close proximity to the seafloor, narrow
channels, other vessels, fixed objects and other ha%akttre, VLCCs were vulnerable to
potential groundings when waves arrived in long period sweligure 5 depicts the
potential problem when a VLCC faces just one degree of pittiile the Port of Long
Beach channel is dredged and maintained at a depth of 76 feet, as a precaution, the port
reduced the maximum allowable ship draft to 65 feét. estimating the benefit of restoring
extradraft, for every extrdoot of draft, tankers couldoad40,000additionalbarrelsof crude

oil, which equates to $2 million of extra cargo véfite.

59 NationalGeodeticSurvey(NGS), Office of CoastSurvey(OCS),Centerfor OperationalDceanographi®roducts
and Services (CAPS) and U.S. Integrated Ocean Observing System Program (I00S) and the National Weather
Service (NWS).Refer to:https://nauticalcharts.noaa.gov/learn/precigianigation.htmlas of June 21, 2019.

50 Oil tankers are categorized into six group or classes based on DWT. VLCC are between 160,000 and 319,999
DTWs. Only Ultra LargeCrudeCarrierarelarger,rangingfrom 320,000to 549,999DWTs. Referto: Evangelista,
Joe (Editor),200i Scal i ng the,TdHnukereyMar k tmeri can B¥reau of Shi

61 SourceNOAA, OCS https://nauticalcharts.noaa.gov/learn/precigiavigation.htmlJune30,2018.

621bid; https://nauticalcharts.noaa.gov/learn/docs/precis@vigation/lalbprecisionnatpager.pdfAt thetime of

the initial report in 2010, Wolfe (2015) estimated, employing aveodgeice expectationom the World Bank

that each additional inch of draft carrier by VLCC would translate to almost $150,000 or about $7.1 million per
vessel transit.
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Figure 5

POTENTIAL PROBLEM WITH VESSEL PITCH

WITH ZERO PITCH

65’ max draft

Y 76 MLLW 11'under keel clearance {

ONE DEGREE OF PITCH

I 65’ max draft

y76MULW  14underkeelclearance t

Source:https://nauticalcharts.noaa.gov/learn/precisiamigation.html, June30, 2018.
Based on this potential benefit, employing a wide array of data involving weather

conditions, forecasts, and additional data in unison with nautical charts NOAA has been
refining processes of collecting and integrating data to develop greater accuracy of
navigationalproductsto supporbothrealtime andplanningdecisionmakingprocess.OCS,
working with privateindustryandacrossNOAA, developed precisionnavigationmodelfor
the Port of Long Beach. In this model, observations, forecasts, and famadakata in the

model include:

1 NearshoréVavePredictionSystem(NWPS)for forecastof waveandswell conditions;

1 Waterlevelsfor predictionsandreattime valuesavailablefrom N O A A Bhygsical
Oceanographic Real Time SysteRORTS”;

1 Wavebuoysfor reakttime valuesand3-hournow-castshorttermpredictions;

1 Lidar for shorelineupdatedo nauticalcharts;and,
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1 Hydrographicsurveysandhighresolutionbathymetriadnland ENC overlaysfor
increased accuracy and resolution over traditional charting products.

Due to the success of the model, several things have happérsdthe U.S. Coast
GuardCaptainof the Portremovedhe 65 foot draft restriction.Thelong-termgoalis to achieve
696 draft transits safely, at weguiredhmptovinge | i gh
operational efficiencies, safety, and reduce environmental $is&ond, additional PNP benefit
studies are being undertaken at several port complex areas (e.g., Lower Mississippi River,
Houston/Galveston, Beaumont, TX, New York/New Jersey, Savannah, Columbia River, Port of
Virginia, Puget Sound, WA, and San Francigoogstimate the benefit of additional
collaboration$?
VIIl. TRENDS IN VESSEL SIZE

Understandinghe precisdocationof avessehwith respecto channelwidth, depth,side
slope and curvature is essential to planning cargo loading and executing a safe passage through
reductions of groundingsSuch information can also aid in reductions of allisicolisions
through support of greater distances between vessels as well as stationary Gbjeatever
increasing international trade, U.S. ports will be increasingly stressed to accommodate larger,
heavier vessels making a greater number of port calls eachTyesitrend has only been
enhanced by the 2016 expansion of the Panama &anal.

A. Economiesof Size

New vesseldesignandconstructiorhasfollowed atrendfor yearsof increasingength,

53 Source: NOAA, NOS, Precision Marine Navigation Data Dashboard,
https://noaa.maps.arcgis.com/apps/dashboards/e791d620047b4de7878c0f44e5d0f288

64 June26,2016.
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width or beam, depth or draft and heigWithile larger vessels can generally be made and
operatednoreefficiently with lowertransportatiorcosts,addedcaremustbe exercisedo ensure
timely and safe operation of these vess@lisien cost savings from larger vessels, it is assured
that hie next generation of ships will require still deeper drafts and more costly dredging to
maintaincoastal entrance channels to insure safe navigdtiahis example, moving up from a
small 1,500 TEU container vessel to a previous Panamax vessel containership with 5,000 TEUs
could reduce per TEU costs by over 40 perchtaving up to a larger approximately 14,000
TEU carrier could reduce unit cost almost 62 percent less than the 1,500 TEU vessel. (Figure 6)
Evenlargercostper TEU reductiongesultfrom employingcontainewvesselover18,000
TEUs. Although currently restricted from U.S. ports owing to infrastructure limitations, vessels
over 22,000 TEUs are already in worldwide service. Other vessel types have also experienced
size increases which has resulted in ongoing requests for increasgsdepplos.Previously
authorized by the Congress, deepening the channels for the ports of Miami, Savannah and
Charlestofr illustrate these need©verall, waterborne traffic in 2019 represented almost 70
percentf all importedandexportedonnage asvell approximatelyt1 percentof thevalueof all
imported and exported gootfs.
Theevolutionof containewvessekizesis depictedn Figure7. Overall,containetraffic

has been the fastest growing portion of all vessel traffic in recent y&@ars. 2003 to 2017,

85 While the Portof Savannalhadreceivedacongressionauthorizatiorto deeperin 1999,it wasnotuntil Junel0,
2014 that is deepening to 47 feetratan low tide was authorize®efer to:http://savannahnow.com/exchange
/201406-10/presidensignswaterbill -will -allow-savannatharbordeepeningproceed#.U6sSn_ldWSo.

66 Sources:Sources: Compiled by U.S. Department of Transportation (USDOT), Research and Innovative
Technology Administration (RITA), Bureau of Transportation Statistics (BTS). Total, water and airld&a
Departmenbf CommercelJ.S.CensuBureau,ForeignTradeDivision, U.S.Exportsof MerchandiseCD-ROM
andU.S. Imports of Merchandis&otal, truck, rail, pipeline, other and unknown @&taSDOT, RITA, BTS,
Transborder Surface Freight Data and special calculation and USA Trade On line
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while thevalueof all vesselraffic cargogrewby 98 percentthevalueof containertraffic cargo
grew by 116 percefit. At the same time, while total vessel cargo weight increased by 14
percent, container weight increased by 70 percent.

Vessels calls at U.S. ports increased in average vessel size that rose from about 47,000
DeadWeightTons(DWT) in 2002to almost51,000DWT in 2015i an8.2percentincrease?
(Table 5)

Figure 6

ECONOMIES OF SCALE AMONG CONTAINERSHIPS
(COMPARED WITH A 1,500 TEU VESSEL)

4]
0.1
0.2
0.3
0.4 -37.4%
0.5

-49.5%
53.6%
61.5%

0.6

CHANGES IN COSTS PER HOUR PER TEU
(AT 15 KNOTS PER HOUR)

-0.7
4,200 8,200 10,500 14,000
MNUMBER OF TEUs

Sources: USACE, NNOMPEAS Database, December, 2020. Hourly costs include vessel capital, administrative
overhead, fuel for main propulsion and auxiliary.

57 |bid.
88 DWT is ameasuref how muchweighta shipis carryingor cansafelycarry. It is thesumof theweights

of cargo,fuel, freshwater,ballastwater,provisions passengergndcrew. Referto TurpinandMcEwen,pagesl4-
21, 1980.
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Figure 7
Evolution of Container Ships
: 4th Generation 5th Generation 6th Generation
3rd %ﬁqgggon 1988-1995 1990-2000 1998

2nd Generation
1st 5
Generaiion 1971-1980
pre-1960-
1970

Sourceuniserve.co.uk

Table 5

AVERAGE DEADWEIGHT (DWT) OF VESSEL CALLS AT U.S.PORTS

TYPE OF VESSEL 2002 2015 PERCENT CHANGE
GRAND TOTAL 47,026 50,877 8.2%
CONTAINER 42,238 57,458 36.0%
DRY BULK 42,886 54,772 27.7%
GAS (LPG,LNG) 32,099 29,646 -7.6%
GENERALCARGO 23,462 17,441 -25.7%
RO-RO 20,381 18,128 -11.1%
TANKER 69,076 61,501 -11.0%

Source Departmenbdf TransportationMaritime Administration. VesselCallsin U.S.Ports, Terminalsand
Lightering Areas Report2015 latest year available.

While this figure mightinitially appeademinimis, closeranalysisrevealssignificantly

larger increased-or example, container ship and dry bulk carriers average size r8¢e by
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percent an@8 percentrespectively.

While many U.S. ports are incapable of handling vessels over 14,000 TEQ® €ie

Hong Kongrecently in 2017 was the first ship to carry in excess of 21,000 ¥EUse

Mediterranean Shipping Company (MSC) and Hyundai Merchant Marine (HMM) have 11 and

12 vessels under development with maximum 23,000 TEU with late 2019 and 2020 delivery

datesyespectively.In fact, thesmallesiof the 54 newcontainewvesselsetfor deliverybetween

2018 and 2020 all exceed 20,000 TEQLOf the 200 largest container vessels in the world in

2017,only 73 (atlessthan14,800TEUs)aresmallenoughto transitthe newly enlargedPanama

Canal’* (Refer to Appendix D)

While manyof thelargest vessel&ontainertanker,etc.)will not call onmanyU.S.

portsowing to limited channeldrafts,morein-depthanalysisof recentvesselransitsrevealsa

morecompelling accountln the 13 years between 2002 and 2015, the number of total vessel

calls at U.S. ports increase by over 48 percérdable 6)

Table 6
VESSEL CALLS AT U.S.PORTS
TYPE OF VESSEL 2002 2015 PERCENT CHANGE
GRAND TOTAL 55,342 82,044 48.2%
CONTAINER 17,083 18,711 9.5%
DRY BULK 10,959 13,666 24.7%
GAS(LPG,LNG) 739 1,703 130.4%
GENERALCARGO 3,865 7,793 101.6%
RO-RO 5,626 7,065 25.6%

Source Departmenbdf TransportationMaritime Administration.VesselCallsin U.S.Ports, Terminalsand
Lightering Areas Report2015 latest year available.

69 Marine Insight, 2017

https://www.marineinsight.com/knemore/10worldsbiggestcontainerships2017

f10 Worl ds

Bi ggestlun€leglnt ai ner ships in

0 https://en.wikipedia.org/wiki/List_of largest_container_shivscessedOctober20, 2018.

“TWhile the

design capacity of
containershipguality, atotal of 73 couldmakethetransitbasedon recentmovement®f vesselaipto 14,863TEUSs.

t he

Canal is |isted
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Table 7

TOTAL DEADWEIGHT TONNAGE OF VESSELSCALLING AT U.S.PORTS

TYPE OF VESSEL 2002 2015 PERCENT CHANGE
GRAND TOTAL 2,602,524,191 4,174,134,138 60.4%
CONTAINER 721,547,797 1,075,088,86§ 49.0%
DRY BULK 469,983,250 748,512,245 59.3%
GAS(LPG,LNG) 23,721,306 50,487,163 112.8%
GENERALCARGO 90,682,352 135,916,711 49.9%
RO-RO 114,662,046 128,073,195 11.7%
TANKER 1,183,198,256 2,036,055,95¢4 72.1%

Source Departmenbdf TransportationMaritime Administration. VesselCallsin U.S.Ports, Terminalsand
Lightering Areas Report2015 latest year available.

Anothermeasuref increasaiseof U.S. portsinvolvesincreasedessekizeasmeasured
by total DWT handled(Table 7) Overall vessel traffic increased by over 60 percent

with all vessekypesexhibitinggains.

B. PanamaCanal Expansion
When opened in 1914, the Panama Canal provided significant reductions in existing
transittimesin regarddo traffic to and fromthe PacificRim to thegulf andeastcoastof theU.S.
as well as td&curope and Africaln 2013 vessels unable to use the then existing Panama Canal

made up only 16 percent of the worl d&s cont ai

2 SourceTheWashingtorPost,i ARBanamaCanalgrows,sodocargehungryp o r fasuaryl3,2013.Pagel.
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Additionally, increasesn depthrecentlyauthorizedoy the Congresdor the portsof
Miami, SavannatandCharlestof? illustratefurthertraffic increasessmicro bridgetraffic

through a gulf port to east and west coast locations can savé (iFigure 8)

Figure 8

TRAVEL TIME COMPARISONS FROM ASIA TO PACIFIC
AND ATLANTIC COAST DESTINATIONS

While the Portof Savannalhadreceivedacongressionaduthorizatiorto deeperin 1999,it wasnot until Junel0,
2014 that is deepening to 47 feet at mean low tide was authoffizefér to:
http://savannahnow.com/exchange/2@B410/presidensignswaterbill -will -allow-savannatharbordeepening
proceed#.U6sSn_ldwWSo.

74 Mini and microbridge describe use of the continental U.S. in place of all water movenSippers take
advantag®f lower costsandquickershipmentimesusinga combinationof drayagemotor carriers line haulmotor
carriers and railroads in lieu of direct water shipments through the Panama Canal.

S SourceParsonsBrinckeroff.2012.MARAD PanamaCanalExpansionPhasel Report
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Table 8
COMPARISON OF PANAMA CANAL DIMENSIONS
PANAMA PANAMAX PANAMAX NEW PANAMAX NEW PANAMAX
CANAL LOCK SIZES VESSEL SIZES LOCK SIZES VESSEL SIZES
DIMENSIONS (4/1/1914i (4/1/1914i (6/26/20160 (6/26/20160 present)
6/25/2016) 6/25/2016) present)
Length 1,050feet 965feet 1,400feet 1,200feet
(320.04meters) (294.13meters) (427.0meters) (366.0meters)
Width 110feet 106feet 180feet 160.7feet
(33.53meters) (32.31meters) (55.0meters) (49.0meters)
Depth 41 .2feet 39.5feet 60.0feet 49.9feet
(12.56meters) (12.04meters) (18.3meters) (15.2meters)
Numberof TEUS® 5,000 14,000

As vessels became larger, it was estimated that only 45 percent of total global traffic could

transitthe canal. With theexpansiorof the Canal in2016,in 2017it wasestimatedhatthenew

wider, longer and deeper locks and handle up to 79 percent of total global fraffic.

Table8 providesa comparisorof PanamaCanallock sizesandassociatetimitations of

vessel size that can be handledVhile initial estimates suggested that 14,000 TEUs were the

upperlimit of containers that could bendled in theipdated Pananfaanal, reports ofessels

6 Sourcehttp://maritimeconnector.com/wiki/panama?rior to June26 2016, the largestcontainershighatcould
transverse the Canal ranged between 4,500 and 5,000 TlBEsew Panamax ships daandle up to 14,000

TEUs. The twentyfoot equivalent unit (often TEU) is an inexact unit of cargo capacity often used to describe the

capacity ofcontainer shipandcontainer terminalslt is based on the volume of a-&ibt-long (6.1 m)intermodal
containera standaréized metal box that can be easily transferred between different modes of transportation, such

as ships, trains and trucks. Refer to Rowlett et al. (2008o w Many ,
University of North Carolina, Chapel Hill. There is a lack of standardization in regard to height, ranging between

A Dictionary

4 feet 3 inches (1.30 m) and 9 feet 6 inches (2.90 m), with the most common heig!& tesing inches (2.59 m).
Also, it is common to designate 480t (13.7 m) containers as 2 TEU, rather than 2.25 TRE&fer to:
http://en.wikipedia.org/wiki/Twentfoot_equivalent_unitThefirst 24,004TEU vesseWwasdeliveredin June2022
with an addition 13 ships planned for construction. https://gcaptain.comidélivarsfirst-24000teu
containershigeveralot/?subscriber=true&goal=0_ f50174efftlde2157ce
170456695&mc_cid=fble2157ce&mc_eid=e60elbda50

77 Refer to: https//www.washingtontimes.com/news/2017/jan/24/navigatimgpanamacanalexpansion/
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with a Total TEU Allowance(TTA) of 14,863havetraversedhe Canal’®
IX. DATA EMPLOYED
In an ideal world, data involving the size and scope of major economic sectors supported

by marine transportation would be readily available and detail awadety of costs which
could be avoided due to the presence of nautical chastsuch unified data repositories do not
exist,theywerecreatedor this studyby integratinga seriesof independentlatasources.Access
to several of these are restricted to Federal government personnel (listed imhek#.
included:

f United StatesDepartmenbf CommerceCensus u r e @IAdradeé Online;

1 UnitedStatedDepartmendf T r a n s p o Maritane Adminigiration
(MARAD);

1 United StatesArmy Corpsof En g i n @8ACE)&National Navigation
Operation and Maintenance Performance Evaluation and Assessment
System (NNOMPEAS);

1 UnitedStateCoastG u a rAditongaticldentificationSystem(AIS) network;

1 UnitedStateDepartmentf CommerceBureauof EconomicAnalysisGross
Domestic Product (GDP) Deflator;

1 United StatesArmy Corpsof En g i n @8ACE ©hannelPortfolio Tool
(CPT);

1 United StatesCoastG u a r Bloatisg Accident Report Data Base(BARD);

1 United StatesCoastG u a r Mabiree Information for Safetyand Law
Enforcement (MISLE);

1 NationalOceanicandAtmosphericA d mi n i s tOffiee bfiCaastSurvey
Dangers to Navigation; and,

"8 https://micanaldepanama.com/expansion/2017/08/pacamawelcomessecondmorethan14000teus
containervessetthroughexpandedocks/
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1 N O A ANasionalMarineFisheriesServiceReports.

Joiningselectiveportionsof theaforementionedatabasesthesizeandrelative
importance of the economic sectors investigated were estimated as were the avoidance
of costs (i.e., estimated benefit®robable changes in vessel operating costs involving
suchthingsasshiptype,speedgcargoweight,cargotype,enginesizeandotherengineering
attributes (e.g., hull dimensions, propeller size, fuel type, etc.) were developed.
Appendix E provides detailed explanations of the data bases and data tools employed in this
study. As deaths and injuries arepart ofmaritimetransportation, highly granular estimates of
societal costs resulting from marine accidents were also calculated through merger of several
datasources.A completedescriptionof the procesdo estimatemortality andmorbidity costsis

provided in Appendix F.
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CHAPTER 27 COMMERCIAL SHIPPING

l. INTRODUCTION
As a member of the Maritime Domain Awareness Steering Committee, NOAA
representing the Department of Commerce, has been tasked with carrying out the National
Strategyfor Maritime Securityaswell asPresidentiaPolicy Directive: Maritime Security’®
Over $5.4 trillion in economic activity is generated by U.S. seaports annually.
Safeandefficientmarinetransportatioressentiato theU.S.economyhaslong been
recognizedy NOAA as afundamentafjoal. The2016NOS PrioritiesRoadmayprovidesa
guide over the next three to five years for advancing NOS recognized essentiality of
transportation to the economy of the United Staltestated:
Alncreaseddemandson our marine transportationsystem.
U.S.commercialportsdirectly supportmorethan 13 million jobs.
The demand for safe, effective and resilient marine infrastructure
and transportati®n continues to grow. o
Theessentialityof NOS productsandservicesupportingransportations well
documented:
A P e oiptheearitimecommunityrely on coastalintelligence
for a range of decisions, from how much cargo to load to
choosinghemostefficientand safestoute betweerntwo points.
They use coastal intelligence to plseasonally for ship schedules,
mitigatethelong-termimpactsof sealevelrise on port infrastructure

and service global trade more efficiently as significantly larger
vessels transit through U.S. ports as a result of the Panama Canal

® Referto https://www.noaa.gov/mediaglease/noapins-federatmaritime securityteamto-supportamerican
blue-economy August 28, 2020.

80 NOSPriorities RoadmapA Guidefor AdvancingNational OceanServicePriorities overthe NextThreeto Five
Years National Oceanic and Atmospheric Administration, National Ocean Service, Silver Spring, Maryland,
October, 2016
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expansion.As our economic dependence on the U.S. Maritime

Transportation System (MTS) grows, robust coastal intelligence

is vital to maintainingMT Sresilience reducingmaritimerisk and

responding to inc¥%dents when they occur

N O SCbastalntelligenceOutcomel recognizeghat:

Ai nt e decissohsepgorttoolssafelyenableexpandedvaterborne
commerce i@ busy portso

I n short, to paraphrase the NOS Ocean Seryv
characterized as fiAmericas Ocean and €oast al
basedsolutionsthroughcollaborativepartnershipso addres®volvingeconomicgnvironmental
and social pressures on the oceans and cSasts.

ASafe and Efficient Transportation and Commere&hips
move$1.5trillion worth of productsin andoutof U.S.ports
everyyear.Everyshipmovingin andoutof U.S.portsrelies

on navigation chartandwater levelinformation that NOS
alone provides. All mapping, charting, and transportation
activitiesandinfrastructureare foundedon a reliable, accurate
national coordinate systemlOS is solely responsible for
maintaining that system, which providesre than $2.4 billion
in potential annual benefits to the U.S. econdBusinesses
in the maritime community rely on NOS for a range of
decisionsfrom howmuchcargoto loadto choosinghe
safestand mostefficientroute betweertwo points.They
useNOSdata,tools,andservicego plan seasonallyfor
shipschedules to service global trade more safely and
efficientlyassignificantlylarger vesseldgransit through
U.S.portsas aresultof thePanamaCanalexpansion b

81|bid, Pagey.
82 hid.
83 Referto: http://oceanservice.noaa.gov/about

84 Ibid.
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Morerecently,in 2018,presidenfTrumpillustratedtheimportanceof oceanpolicy in an

Executive Order.
ASection 1. Purpose. The ocean, coast al
watersof the United Statesare foundationalto the
economysecurity,global competitivenesgndwell-being
of the United StatesOcean industries emplavillions of
Americans and support?®a strong national
Overall,transportatiorandwarehousingt $25billion represent$.7 percentof the Blue

Economyg®

A. Requirementsfor Chart Carriage

The U.S. Coast Guard responsible for maritime safety in the United States exercises
oversight ofall marinetransportation activities in U.S. waters recognizesthieal importance
of nautical charts to the safety of commercial shipping by establishing regulations for all
shippingbothforeignanddomestido abideby. Theyrequirethateachvesseimusthavemarine
charts of the area to be transiféd.
II. WATERBORNE TRAFFIC TRENDS

Between2003and2019,total waterborndonnageof importedandexportedtraffic grew
over 16 percent while international container traffic measuredroyage grew by 78 percéfit.
(Table 1).Major changes were led by exports and a shift away from imported crude oil traffic.

During thesametimeframe thenominalvalueof cargoincreasedy overtwo-fold, again

85 ExecutiveOrder13840,0ceanPolicy to Advancethe Economic,SecurityandEnvironmentalnterestof the
United States, June 19, 2018.

86 Referto: https//www.noaa.gov/mediaelease/marineconomyin-2018grewfasterthanus-overall.

87 Codeof FederaRegulation§CFR) Title 33: NavigationandNavigableWatersSubsectiorPart164 Navigation
Safety Regulations, updated to January2021.

88 SourceUSA Trade® Online:U.S.ImportandExportmerchandisstatistics.
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leadby exports. Depressetmportedcrudeoil costsbeginningin late2014hashelpeddepress
total import cargo value. (Table 2)

Table 1

CHANGES IN IMPORT AND EXPORT CARGO WEIGHT
(RATIO BETWEEN 20038 to 2019)

TYPE OF WATERBORNE CONTAINER

TRAFFIC CARGO WEIGHT CARGO WEIGHT
EXPORT 2.410 2.268
IMPORT 0.696 1.536
TOTAL 1.163 1.780

SourceU.S.CensuBureau:ForeignTradeDivision, USA Trade®Online: U.S.Import
and Export merchandise statistié@ownloaded November 25, 2020.

Table 2

CHANGES IN IMPORT AND EXPORT CARGO VALUE
(NOMINAL DOLLARS i RATIO BETWEEN 2003°to 2019)

TYPE OF WATERBORNE CONTAINER

TRAFFIC CARGO VALUE CARGO VALUE
EXPORT 2.862 2.552
IMPORT 1.848 2.223
TOTAL 2.233 2.301

SourcelU.S.CensusBureau:ForeignTradeDivision, USA Trade®Online:U.S.Import
and Export merchandise statistié&ownloaded November 25, 2020.

Totalinternationatraderepresenta significantportionof theeconomyof the United
States.In 2019, the Gross Domestic Product (GDP) oflinéded States approached $21.4

trillion.®* The value of total imported and exported goods during that period exceeded $4.1

89bid. 2003wasfirst yearthatcontainertraffic datawasavailable.
90 2003wasfirst yearthatcontainertraffic wasavailable.

%1 Source: U.S. Department of Commerce, Bureau of Economic Analysis, Gross domestic product (GDP) is the
marketvalueof all officially recognizedinal goodsandservicegproducedwithin acountryin agivenperiod.GDP
per capita is often considered an indicator of a country's standard of living.
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trillion that equates to about 19.3 percent of GBPIn 2000, this figure was19.5percenof
GDP reflecting continued interdependency of the U.S. and world econdmies.

Of all internationakrade,the Marine TransportatiorSystem(MTS) remainsessentiato
the commerce of this countWaterborne traffic represented 72.4 percent of all imported and
exported tonnage as well as 41.9 percent of the value of all imported and exported goods in
2018. Wheninternationalwaterborneraffic is furtherexaminedcontainerizedreight, thefast
growing segment of international trade, represented 26.2 percent of total cargo value and 15.8
percenbf total cargo weighf* Since2003total tonnageof imported andexportedgoodsgrew
by 16.3 percent while international container traffic as measured by tonnage grew by 78.0
percent.

Based on interviews with more than 10,000 firms providing services to the cargo and
vessels handled at the U.S. deep water ports, Martin estimated thalrditesgaports and
seaporrelatedbusinessem the United Statedgeneratecépproximatelyl 3.3million jobsand

added nearly $3.15 trillion to the economy. (Martin, 2607)

92 As GDPis calculatedasthe sumof privateconsumptiongrossinvestmentgovernmenspendingplusthenetof
total exports less imports, both imports and exports impact the level of demand for domestic railroad and motor
carrier transportation services.

932000 nominal GDP was about $10.3 trillion with exported and imported goods valued at $0.8 and $1.2 billion,
respectively.SourceU.S. Departmenbf CommerceBureauof EconomicAnalysis,U.S.CensudBureau Foreign
Trade Division.

94U.S.CensusBureau ForeignTradeDivision, USA TradeOnline,U.S.ImportandExportMerchandiseStatistics.

% |n updating an earlier study from 2000, Maritiwestigatecadditionsfrom directjobs (firms providing support
services to the sea port), induced jobs (local and national jobs from the purchase of goods and services by those
directly employed), indirect jobs (national jobs generated as a result of local purchases by firms dependent upon
seaporactivity) andrelatedjobs (manufacturinganddistributionbenefitingfrom deepwaterports). Specialcare

was exercised to avoid double counting.
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Martin (2015) updated his data by estimating that in 2014-desdpseaports and
seaporrelatedbusinessem the United Statedgenerateépproximately23.1million jobsand
added nearly $4.6 trillion to the economy that represented 26 percent of th# GDP.

In 2000, there were almost 28.2 million containers (TEU equivalent) in worldwide
service. This had increased to 34 million in 2020While world GDP is forecast to increase
two to threeperceniannualratein the nearfuture,containemgrowthis forecasto increasey 4.7
percent annual growth rat®.Consequently, future neéerm TEU increases in the major
container ports of Los Angeles / Long Beach and New York/New Jersey traffic levels seem all
but certain.

[ll. NAUTICAL CHARTING ACCURACY

The InternationaHydrographicOrganization(2020)stateshat

fithe primary purposeof nautical chartss to providethe
informationrequired safenavigation: Themarinerhasa need
for appropriate,relevant,accurate andinambiguousnformation

% |bid, Pages.
9 https://www.worldshipping.org/abotite-industry/containers

98 Refer to: Source: Container through put growth is outperforming world GDP for&mstce: :
http://www.statista.com/statistics/253931/globahtainermarketdemanegrowth/ Downloaded-ebruary2019.

% page2.
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Table 3

ZONES OF CONFIDENCE (ZOC) CATEGORIES 100

ZocC POSITION TYPICAL SURVEY
CATEGORY | ACCURACY DEPTH ACCURACY | SEAFLOOR COVERAGE CHARACTERISTICS
Al +5m +5%[=0.50+ 1%d Full areasearch Controlled, systematic survey
depth Depth Accuracy(m) jundertaken. high position and depth
(m) 10 +0.6 Significantseafloor accuracyachievedisingDGPS
30 fcl)g featuresletectedind | and a multibeam, channel or
%880 105 depths measured. mechanical sweep system.
A2 +20m |=1.00 +2%d Full areasearch Controlled, systematic survey
Depth  |Accuracy(m) undertaken. achieving position and depth
(m)10 |12 Significant seafloor accuracyessthanZOCA1 and
30 +1.6 featuresletectecind using a modern survey echo
100 +3.0 depths measured. sounder and a sonar or
1000 +21.0 mechanicasweepsystem.
B +50m [=1.00 +2%d Full area search not | Controlled,systematic survey
Depth  |Accuracy(m) achieved; uncharted | achieving similar depth but
(m10 |[x1.2 featureshazardouso | lessempositionaccuracieshan
30 +1.6 surfacenavigationare | ZOC A2, using a modern
100 +3.0 not expected but may | survey echesounder, but no
1000 +21.0 exist. sonaror mechanicasweep
system.
C +500m [=2.00 +5%d Full areasearchmot Low accuracysurveyor data
Depth  |Accuracy(m) fachieved; depth collected on an opportunity
(m)10 (25 anomalies may be basis such as soundings on
30 +3.5 expected. passage.
100 +7.0
1000 + 52.0
D Worsethan [WorsethanZOCC'™  [Full area search not | Poor quality data or data that
Z0CC achieved|argedepth | cannotbequality assessedue
anomalies may be to lack of information.
expected.
U UnassessedThequality of thebathymetricdatahasyetto beassessét?

SourceinternationaHydrographicOrganization(IHO) S-57 Ed3.1Supp3 (Jun2014),pp.13-14

Theysummarizechartingactivitiesasnavigationakoolsthatpromotesafetransitfor all

100 |nternationaHydrographicdOrganizationAnnexA, TableA-1, Pagel9.

1while not officially establishedin this analysisjocationswith ZOC D ratingsweredefinedas3.0 meterst+/- 8
percent of depth.

1021n this analysis portswith afi U iatingwereassignedhesameaccuracyasthosewith afi D ating(i.e.,3.0
meters + 8 percent of depth.)
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classes of vessels from thmallest to the largest in both coastal waters and major gsts.
mariners use navigational charts for a variety of operational actiyéigs overall, general,

coastal, approach, harbor and berthing), the need to know the adequacy and accuracy of depth
informationis critical to the boththe planningand executiof thevoyage. By2016the Office

of Coast Survey was adding Category Zone of Confidence (CATZOC) to the Electronic
NavigationalCharts(ENC) to highlighttheaccuracyandreliability of the datapresentednthe

charts. TheZoneof Confidence (ZOChas six categories named Al, A2, B, Camd Ubased

Table 4
STAR INDICATORS OF CATZOC VALUE

ENC ZOC symbols 6 Stars =A1

* * " o .
» : ; ,
4 Stars =B '
3 Stars = C Varzin Passage

{Fl(")ﬁﬁsﬁ"ﬂ ~

& B

<
{
IS ° i o
.«

.

o 3 “ e

5 Stars = A2

G 2 Stars =D \ A 57

U

SourceinternationaHydrographicOrganizationFigure5-1 Pagel3.

on a minimum set of criteria for position, depth accuracy and seafloor co¥&t{gable 3)
CATZOC onthe ENC in simpletermsrefersto the Quality andAccuracyof surveydataandthe
applicableerrori n chart datum that somet iKeel€lecaraacea gr eat

(UKC) calculationst® Thenumberof stars on thehart is an indication ahe CATZOC value.

103 Admiralty Marine DataSolutions,CategoryZonesof Confidencg CATZOC) dispellingthe myths,March 16,
2017. Downloaded February 2, 2021.

04 yKC is thedifferencebetweerthekeelof thevesselndbottomdepth.
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(Table4) Bridge watchkeepers shoube awareof the ElectronicChart Display and Information
System(ECDIS)functionto activatethe CATZOC symbolonthe ElectronicNavigationalCharts
(ENC) 1% This data may be used to ascertain the contour settings on theFeragkamplé if
the data is unreliable, the vessel may need to keep a larger safety contour margin.

CATZOC designation can greatly affect t
be considered where the depths are shallssva basic rule of thumb the Master should plan
vessel 6s passage by keeping the vesiAgA2 i n
andB designationgindstayingawayfrom theareascoveredoy rectanglesn areasof CATZOC-

C, D and U designation.

Where the vessel canodt keep clear from
Sshould be posted on the ENC using the User
EchoSounderfi o marmfi Mo n UKCdCro n t i n uSohui sgiladfstouldfactorin thevalue
associated with these categories. This can be seen in the example below:

If thedepthmarkedon ENC is 3 meterstheactualdepthof thatareamaydiffer
depending upon the CATZOC shown on ENC.

1 Forareawith CATZOC A1, Actualdepthmaybeasshallowas:3- (0.5+0.1)=2.4
meters.

1 Forareawith CATZOC A2, Actual depthmaybeasshallowas:3- (1.0+ 0.2)=1.8
meters®.

1 Forareawith CATZOC B, Actual depthmaybeasshallowas:3- (1.0+0.2)=1.8
meters.

1 Forareawith CATZOC C, Actual depthmaybeasshallowas:3 - (2.0+ 0.5)=0.5
meters

105TheNorth of EnglandP&I Association2017.fi L oPyeventionBriefingd May.

106 Although A2 andB havethe samedepthaccuracywhatdiffersis the positionalaccuracy.
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For areas with CATZOC D and U the error is na&pecified or unassessed and
should therefore be avoided as far as possible specially when in shallow Wétdesthe
correctionto thedepthis + /- (i.e., it can alsassisty providingagreaterdepth),it is prudent
for the Master to cal cuiiataecfuoscracyhdlol ewer odenp
Several years ago the director of the Office of Coast Survey made the decision that
Uni ted States Army Corps of Engineers (USACE)
adequatelatais providedto warrantamoreaccurateating (whereB indicatesnot full coverage
andadepthaccuracyof plusor minus1.2 meterst® Therearestill someareas thaareratedii U 0
or unassessedVhile specialized work has been done with the USACE to reduce inaccuracy

(e.g., raising San Francisco Bayodéds Pinole Sho

107 personatommunicatiorbetweerRearAdmiral ShepSmith (NOAA) andDeniseLaDueU.S.Army Corpsof
Engineers, September 8, 2016.
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Figure 1
DYNAMIGJNDEREEL CLEARANOBKC )
(NOT TO SCALE)
Predicted
Tide Height |
Static Draft
in SeaWater
Allowance for WaterLevel Varigions
Channe Gross — SquatAllowance esEa e
Denth UnderKeel Heel Allowance SAME WEIGHT. ITEMS IN
P Clearance | Static Draft Allowanceand Changén Density ﬁ\,OTLS,gN ,ENR,ELé';ZRESSED
| Surveyand Situation Allowance(CATZOC)
| WaveResponsé\llowance Maneuverability
| | Bottom Clearance (Minimum UKC) | Margin (MM)

Source:Port Taranaki,OMC Interndional, Figure 1, Page2
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ChannelCATZOC to A1) 99 percentof all channelsareratedasii B'68.
IV. UNDER KEEL CLEARANCE (UKC)

Ports exhibit a wideariety of physical characteristicg/hile some ports may have
rocky bottomsothershavea softersilty or muddybottom. Likewise,while tidesarenotafactor
in theGreat Lakes, in coastal areas large differences in tides may exist across ports which need
to be taken into account to help ensure that UKC requirements ar8asetd on the physical
characteristics of a port, its management may dictate standards for minimum UKC.
measurements.

Following Regulationl9 involving preventinghereleaseof oil, doublebottomhulls of
tankervessels arenandatedor thoseof 5,0000r moredeadweightonnes an@dbovedelivered
on or after July 6, 1998? Vessel owners and operators may also establish UKC limits to
mitigate liability issues especially in the case movements of petroleum products.

Overall, the minimum UKC represents a safety factor thaogherators of the vessel,
pilots for the port, and perhaps U.S. Coast Guard and port authority feel is necessary to account
for the variability and potential error in measuring all the components of the UKC depthe
environments dynamic,to ensurdJKC standardsiremetseveraklementsnustbe concurrently
understood and accounted fdihese factors include? (Figure 1)

1 Allowancefor Tide Level Variations 1 Leewayfor tides

1 SquatAllowanceappr oxi mately proportional to the

is thehydrodynamigghenomenothatis associateavith avesseimovingquickly through
shallow water.This creates an area of lower pressure that results in the vessel being

108 A1 ratingsexpireaftertwo yearsandmustbereexaminedo retainthatrating.
109 http://wvww.marpoltraining.com/MMSKOREAN/MARPOL/Annex_1/r19.htm.

110 https://knowledgeofsea.com/underelclearance/UpdatedMarch 29, 2021
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drawncloserto theseabed thantherwisewould havebeenexpected.

1 HeelAllowancei thetemporaryinclinationof avessefrom externalforcesincluding
waves, winds, or during the shipbs turn.

9 Static Draft Allowance and Changein Densityi staticdraftis thedraft(depth)of the
vessel when it stationary or subject to sea and swell influeki¢ater density alters
statis draft as it changes with temperature.

1 Surveyand Situational Allowancei nauticalchartitself to includethe CATZOC depth
variability. The variability should always be applied by subtracting the variability from
the charted sounding this being the most conservative and thus safest practice.

1 WaveResponsellowancei A factoremployedn determiningoottomclearancehat
accounts for vessel motions induced by sea and swell waves

1 Bottom Clearance- Measurementf distancebetweerowestpointofv e s skeelardds
the bottom of seabed.
Gourlay(2007)reviewedtheseconsiderationandplacedtheminto thefollowing

formula: UKC = Chart datum depth + tidé static drafti (squat, heel and response).
Becauseilots andvesselbperatorsio not haveperfectknowledgesachportusuallyhas
a "ruleof-thumb" safety factor for minimum UKC to ensure a safe passage to and from the
port. In some cases like California the minimum UKC is published but in others this may
be known only by pilots, the Coast Guard Captain of the Rttt operational personnel and
vessel operatorgRefer to Appendix G and Hpomeports may call for added depth
(Washington ones) reflecting the need for greater cautgince ports usually compete with
each other for business this number may be considered a bit proprigftaitg.a number of
factorsarethebasisfor estimationof UKC, waterdepthsprovidedby ENCsprovidethebasisfor
subsequent calculations.
Channel depths were identified for each port and differences between reported vessel

draftandchannedepthwerecalculated.Total vessetonnagesndcargovalueswereidentified
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by vesseltypeandregion bysummatiorof reportedvesselransits.
V. MAJOR PORT CAPABILITIES

Detailedvesseimovementatafor 2016,thelatestyearavailable wasobtainedrom the
USACEOGs Channel Pdatabask i the argebtparts in theO3d?eht)Lakes and
U.S.coastabports. A completedescriptionof the CPTdatabasés providedin Appendix|

A total of 55 GreatLakes portsvereidentifiedwhile anadditional84 coastalocations
wereinvestigated.(Tables 5 and 6Lollectively, these 139 locations represented almost 94
percenbf total tonnageransportediia waterin 2016and84 percenbf total vessetransitst!!

Taylor et al. (2007) reports vessels on the Great Lakes capable of traversing the locks of
the St. Lawrence Seaway are called Seawaymbgy measure 225.6 meters (740 feet) in
length,23.8meterq78 feet)wide andhaveadraft of 8.08 meterg26.5feet)with aheightabove
thewaterlineof 116feet. Coastavessekizesfor containerdry bulk andtankersvereestimated
basedn overallaverage vesssize, measuredy DeadWeightTonnage (DWT)*? reportedoy

the Maritime Administration (MARAD}?3

1113,394,03wessekransitsin the studiedportscomparedvith 3,991,481total vesselkransitsin 2016. Source:
USACE, CPT.

112DWT refersto theentireweightof theshipincludingits lading, fuel, ballast,crew, etc.

1132015VesselCallsin U.S. Ports(latestavailable)
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Table 5

UNDER KEEL CLEARANCES AT MAJOR COASTAL PORTS!4

CATZOC CATZOC UNDER KEEL CHARTED CHANNEL
PORT RATING RATING CLEARANCE CONTROLLING
(MAINTAINED (NATURAL REQUIRED DEPTH6 (Feet)
CHANNELS) CHANNELS) (Feet)ts

AberdeenMD C 2 6
AberdeenWA B 1 36
Albany,NY B 2 11.6
Anacortes\WWA Al 10%/ 3 34
AnchorageAK B 10%!/ 3 35
Baltimore,MD B 2 50
BatonRouge,LA B 2 45
Beaufort,NC B 10% 15
BeaumontTX B 2 40
Bellingham WA B 10%/ 3 32
Boston,MA A2 10%/ 2 45
Brownsville, TX B 2 42
Brunswick,GA B 10% 36
CalcasielRiver,LA B 2 40
CanaveralFL B 25 44
CarquinezStrait,CA Al B 2 51
CharlestonSC B 10% 45
ChesteRiver,DE A2 2 45
ChesterPA A2 2 45
CoosBay, OR B 10%/ 3 37
CorpusChristi, TX B 2 47
EastportME Al 2 45
El SegundoCA Al 2 43
Everett WA B 10%/ 3 45
FernandinakL B 20% 36
Freeport,TX B 2 45
GalvestonTX B 2 45

14voted on and approved by the Harbor Safety Committee of the San Francisco Bay Region June 14, 2012.
Pursuanto the CaliforniaOil Spill andPreventionAct of 1990. Submittedby the HarborSafetyCommitteeof the
San Francisco Bay Region.

115 Numbers alone indicate the UKC recommendation in feetcentages alone indicate the UKC based on the
depth of the vessel (e.g., a 40 foot vessel depth in a port with 10 percent UKC suggests a UKC of fdar feet).
casesvherebothapercentagandnumberappearthelower of thetwo numberss used. Numbersn italics were
estimated based on similar ports in adjacent geographic &feas.of the values for under keel clearargaame

from personal communications with the Office of Coast Survey Navigktaoragers.

116 USACE, Soundingsrom USACE projectreports Chartedcontrollingdepth. Referto:

(https://nauticalcharts.noaa.gov/rnconline/rnconline.html)
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GloucestecCity, NJ A2 2 42
GloucesterNJ A2 2 45
GramercyLA B 2 81
Gulfport,MS B 3 36
Honolulu,HI Al 2 41
Houston,TX B 2 45
JacksonvilleFL B 20% 40
JuneauAK B 10%/ 3 25
Kalama,WA B 3 43
Ketchikan,AK Al 10%/ 3 35
LakeCharlesLA B 2 40
LongBeachCA Al 10% 80
Longview, WA B 3 43
LosAngelesCA Al 10% 53
ManateeFL B 2 40
Miami, FL B 2 50
Mobile, AL B 2 45
MorganCity, LA B B 2 20
NewHaven,CT B 10% 35
New London,CT B 10% 40
NewOrleansLA B 2 50
New York, NY Al 2 50
Newark,NJ B 2 50
Norfolk, VA B 2 50
Oakland,CA B 2 50
Olympia,WA B 10%!/ 3 30
PalmBeachFL B 2 36
Panam&ity, FL B 3 36
Pascagoulayis U 3 42
Pensacola;L B 2 33
PerthAmboy, NJ B 2 35
PhiladelphiaPA A2 2 45
PortArthur, TX B 2 40
PortEvergladeskL B 2 42
PortHuenemeCA B 35 36
PortLavaca,TX B 2 36
Portland ME B 10%/ 3 45
Portland OR B 3 43
PortsmouthNH Al 10%/ 3 35
ProvidenceRl B 10% 40
Richmond,CA B 2 46
Richmond VA B 2 25
SabinePassTX B 2 40
SanDiego,CA B 1 42
SanFranciscoCA B 2 43
SanJoaquinCA B 2 37
SanJuan PR B 3 40
SanPabloBay, CA Al 2 40
SavannahGA B 10% 42
SearsportME Al 10%/ 3 35
Seattle WA B Al 10%/ 3 60
Skagway AK Al 10%/ 3 96
TacomaWA B 10%/ 3 51
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Tampa,FL B 2 43
TexasCity, TX B 2 45
VancouverWA B 3 40
Wilmington,DE A2 2 42
Wilmington,NC B 10% 42

SourcesVotedon andapprovedy theHarborSafetyCommitteeof the SanFranciscdBay RegionJunel4,2012
Pursuant to th€alifornia Oil Spill and Prevention Act df990. Updates from 2021 NOAA navigation manager
input.

UKC in the Great Lakes is not normally referenced by pgostead, UKC is
determined by the level of experience and responsibility of the individual managing the
vessel.While companiesettheir own policiesfor minimumUKC clearance setof common
postedrequirementss: if aportpilot isin chargea UKC of 0.3 meterss recommendedvhile if
a vessel master, a one meter UKC is advocated andtltiitdemate is in charge, a three meter

UKC is suggestedt’

Table 6
UNDER KEEL CLEARANCES AT MAJOR GREAT LAKES PORTS
CATZOC RATING CATZOC RATING CHARTED CHANNEL
PORT (MAINTAINED (NATURAL CONTROLLING
CHANNELS) CHANNELS) DEPTH!®® (Feet)

Alpena,MI B 24
Ashland,WI B 25
AshtabulaQH B 27
Bay City, Ml B 25
Buffalo, NY B 23
BurnsHarbor,IN B 30
Calumet|L B 28
Cedarville Ml B 28
Charlevoix,Ml B 18
CheboyganMl B 21
Chicago/JL B 29
Cleveland OH B 29
ConneautQH B 28

117Sourcel CDR CharlesWisotzkey, NOAA, PersonatommunicationJanuarn?7,2021.

118 Soundingdrom USACE projectreports.Chartedcontrolling depth. Referto:
(https://nauticalcharts.noaa.gov/rnconline/rnconline.html)
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Detroit, Ml B 29
Duluth Superior MN B 32
Erie, PA B 28
Escanaball D 22,5
Essexville Ml B 27
Fairport,OH B 25
Gary,IN B 30
GladstoneMI B 22
GrandHaven Ml B 21
GreenBay, WI B 26
HarborBeach Ml B 16
Holland, Ml B 17.5
Huron,OH B 29
IndianaHarbor,IN B 29
Kel lishara ©H B 17
Lorain,OH B 26.3
Ludington,MI B 30
MackinawCity, Ml B 19
Manistee Ml 25
Manitowoc,WiI 25
MarbleheadDOH B 26
Marquette MI B 27
Marysville, M B 28
MenomineeWI B 24
Milwaukee,WI B 30
Monroe,MI B 21
MuskegonMl B 29
OswegoNY B 27
Presqudsle, Ml B 30
RochesterNY B 20
RougeRiver, Ml B 25
SaginawMI B 27
SanduskyQH B 26
SilverBay, MN D 28
St. Clair, Ml B 30
St. JosephsiMi B 21
TaconiteHarbor,MN D 30
Toledo,OH B 28
TraverseCity, Ml C 23
Two Harbors MN B 30
WashburnWi D 19
Wyandotte MI B 28
Medley(2018)wrote

fiThe U.S. federal channel in the Delaware Bay is vital
to maritime commerce, leading deep draft vessel traffic
to and from the major ports of Wilmington, Delaware,
Philadelphia, Pennsylvania, and Camden, New Jersey.
To navigate thigederally maintained waterway safely
and efficiently, mariners rely on the surveyed depths

58



ESTIMATED GROSS BENEFITS PROVIDED BY
NAVIGATIONAL CHARTS IN THE UNITED STATES

displayedon nauticalcharts. TheU.S.ArmyCorpsof

Engineers (USACE) Philadelphia Districtgularly

surveys this area, utilizing sophisticated techniques

and equi pment to map the depths of the
Officeof CoastSurveyjn turn, addsquality classifications

to thesechanneldepths andlisplays thenon thenauticalc har t . 0

AThe portion of the federal channel fro
ChannelRangedownto themouthof the DelawareBayis

thefirst waterwayin theU.S. to haven improved quality

classification assigned to USACE surdajad category

of zone of confidenc€ATZOQ A2. Improving survey

quality and upgrading the CATZOC classification allows

operatorsto accommodatemallermarginsof error while

still ensuring that navigating maritime approaches and

constrained environments remain safe. These decreased

tolerances allow ships to maximize their loads, ultimately

increasing inbound™and outbound cargoes

Thevalueof addedvesseldraft has longoeenrecognized.SenatotCoonsreported

AThis is a huge | eap forward toward the
nauticalcharts,andwill helpthemaritimesectoralongthe

Delaware River. | want to commend the men and women

at NOAAOGs Office of Coast Survey and th
Engineers District Philadelphia for working together to provide
safertimelyhigh-quality datafor maritimecommercel applaud

Commerce Secretary Ross for recognizing the vital role that

NOAAGs Coast Survey provides to the mar
thank him for this outcome. This synergy between NOAA and

the Army Corps is exciting to see, and | support efforts to

replicate this pilot project in other ports and waterways

aroundthec ou n¥°r y . 0

VI. COMPONENTS OF WATER COLUMN MEASUREMENT ACCURACY

In essenceCATZOC providesalevel of confidencahatthe marinerhaswith respecto

119Medley,Rachel 2018.i F i U.SsRederalChannelsingUSACE SurveyDataReceivesmprovedQuality
Classification From NOAAO, News and Updates, Office of

120.S. SenatoiChrisCoons(D-DE), 2018
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the depth of water under their vessel at a particular location for each maintained and natural
channel. The range of these intervals is dependent upon the depth of the vessel passing in that
areaandtheratinggivento thatlocation. As CATZOC designationsise,(e.g.,B to A1, A2 to
Al) thelevel of uncertaintydeclinesn bothdepthandpositionaccuraciesForexamplejf the
CATZOC rating for a positi onncatanlyafdepthss fr om a
reduced by 0.5 meters plus 1 percent of the p

The value of enhanced CATZOC designations is the ability to safely and efficiently
transportvesselsvith greateloads. Suchenhancementsanreducethe numberof vessekransits
requiredto transporthe samdevel of lading. With fewervessetransits vessefuel use forboth
main propulsion and auxiliary systems would decline along with resultant environmental
emissions.In addition, with fewer transits, thecidence of vessel collisions, allisions and
groundings would also kexpected to decline as would port congestiag.current traffidevels
do not make use of the total theoretical potential value of enhanced CATZOC designations, they
are explored in theory and not monetized in this stddye demand for transportation is derived
as vessel cargo represents a series of services (e.g., location, condition, storage, etc.) that support
other industries rather than the waterborne commerce industry in d@adlbfin essence, the
demand for vessel transportation depends on the demand for goods that it trabgorts.
selection and use of specific vessel types and sizes is dependent on many factors which include
the underlying derived demand function, characteristics of the commodity transported, vessel
availability, port congestion and supportive infrastructurebaiies (e.g., highway, rail access)
etc.

Analyzing each of the 84 coastal and 55 Great Lakes port locations studied, two methods

wereemployedo provideanassessmemf the potentialof heighteneaauticalchartaccuracyas
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measuredby changesn CATZOC ratings. In eachevaluationjt mustbestressedhatboththese
calculations are theoretical, based on the assumption that sufficient traffic became available to
make use of the added confidence supplied by heightened CATCOZ ratings and that no changes
in channel depths are maidenly reductions in existing ddpuncertainty.In short, this
investigates the theoretical maximum potential value that could result without addition channel
improvements by the USACE.
A. Value of Advancing All Current CATCOZ Designationstoi A 1 0

I n 2015, the Department of Transportationo
reportedthatover82,000 vessedallshadbeenmadeat U.S. coastabports?! Usingthelower
level of CATZOC port accuracy reported between maintained and natural channels, potential
added vessel displacement from coastal ports was estimated by calculating the increase
in vessel displacement which could be facilitated if all current CATZOC port location ratings
were upgraded to AlThis was calculated by vessel type and reported vessel displacement by
port. In turn, thisfigure for eachportvessekype-depthcalculationgroupingwasmultiplied by
the number of reported trips for thbuping?? (Table 7) In essence, this approach
estimated the theoretical amount of additional tonnage that could have been carried due to
increased certainty of underwater depth had sufficient demand been present.

This calculationsuggests theoreticapotentialof over825million additionaltonscould

be handled at coastal ports through handling the movement of an additional 8,476 vessels if

121Y.S. Departmentf TransportationMaritime Administration.2015.fi V e Callsih U.S.Ports,Selected
Terminals and Lightering Areaso.

122yesseltrips anddepthsvereobtainedrom theU S A C EEasnePortfolio Tool for 2016.
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sufficienttraffic demandvaspresent.Basedon reported2015MARAD datathis would

represent over a ten percent increase over 2015 levels.

Table7

ESTIMATE OF MAXIMUM ADDED VESSEL TONNAGE AND TRANSITS
(UPGRADE CURRENT CATZOC PORT RATI NGS TC

POTENTIAL
ADDED TYPICAL LADING NUMBER OF
VESSELTYPE TONNAGE PER VESSEL ADDED VESSEL
(THOUSANDS) (TONS)!23 TRANSITS
Container 264,659 108,877 2,431
Tank 265,633 97,524 2,724
Bulk 294,877 88,872 3,321
Total Coastal 825,170 8,476
GreatLakes 10,848 63,817 170
GrandTotal (All Areas) 836,018 8,646

Upgrading all ports in the Great Lakes from their current CATZOC assignment levels to
AAL1O suggest a theoretical potential to carry
sufficient traffic demand be preséft.Upgrading all ports in coastal states from their current
CATZOC assignmenlevelsto i A Isiggesttheoreticalpotentialto carryanadded325million
tons by 8,476 vessels should sufficient traffic demand be prebegether, this represents a
potential increase of over 836 million tons across an additional 8,646 veBsgace this into

perspective, the ability to safely handle an additional 836 million tons could increase waterborne

123 Basedon ninety perceniof DWT is attributableto cargo. Theremainingten percentaccountsor weightof
stores, crew, fuel, etc.

12493 3percenpf all GreatLakestonnageandcargovaluewascarriedin dry bulk vessels.
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tonnagegrom 1,527million tonsto 2,363million tonsi a54.7 percenincreasen 2017.

The theoretical value of advancing all c
reflectedin theaddedtonnagewhich theoreticallycouldbetransportedvithout theneedto invest
additional monies by the USACE to enhance or augment channel dépthgotential is
presented to only illustrate a theoretical potential future monetary benefit which could present as
use of larger, more economic vesséls.no traffic is currently present to take advantage of this

potential benefit, no current dollar value has been calculated at this time.

B. Value of Water Column Depth Measurement

The value of the ability to more fully load and safely operate vessels represent collective
benefitsfrom severalgroups. If depthaccuracywasin questionyesselsvould probablyhaveto
be more lightly loaded to ensure safe pas$&y&iven ongoing demand for vessel
transportation service, the forgone opportunity to transport additional cargo would ultimately
result in the use of extra vessels to transport the same level of lading.

Those costs, saved owing to heavier vessel loadings, are a measure of the value of
NWLON, PORTS, chartsandthe expertiseof vessepilots andbridgemanagersBenefitsfrom
averted vessel movements include: (1) vessel capital cost; (2) administrative overhead; (3) main
propulsion fuel use; (4) auxiliary fuel use; (5) societal costs from added environmental
emissions; (6) added property damages from accidents; (7) awghmeatbidity and mortality

from increased exposure; (8) heightened property damages (e.g., vessel, cargo) for added

125This may occur in one of two way§irst, the vessel may beaded at its point of origin to less than design
capacity to ensure adequate underwater clearakitarnatively, the vessel may be directed to a lightering location
wherefi e x targai®transferredo anothewesselo lesserthedepthof thevessel.In eitherevent,addedcostsfor
themovementvould beincreased.Both situationswould resultin therequireduseof additionalvesselgo transport
the same amount of cargn turn this would result in added vessel capital costs, fuel useganliant societal
emission costs.
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allisions,collisionsandgroundingsand,(9) vessehandlingfees.
C. LicensedPilots and VesselNavigation in Pilotage Waters

Vessel pilots are expert mariners in their geographic dreaycombine all available
information with their extensive experience to guide vessels safely through the waters of their
pilotage licenseAs part of obtaining their license they are required to memorize the nautical
chartsfor their areaof operation.Theexamrequireshemto reproducehe cartaccuratelygiven
only theshoreline.All otherchartedfeaturesarehanddrawn frommemory. They maintainthis
level of knowledge by studying the new chart editions and corrections from the Notices to
Mariners. Their knowledge goes well beyond the cartographic aspects of the nautical chart.
They synthesize all available data to provide the most knowledgeable shipping navigation in
their pilotage watersThey know what the area looks like in daylight and at night, in good
weatherandbad. Theyunderstandheeffectwind speedanddirectionhason waterlevel andon
local water currents. They know where the safe water is and pilot their ship to stay in the
channels and avoid dangers to navigatidhey do not traditionally track the vessels course
through traditional navigation techniques buhest mentally track and direct the vessel relying
on their image of the nautical chart and their knowledge of all aspects of the water and weather
in their area.

While alicensedpilot providesexpertassistancen the movement®f vesselst is still the
responsibility of the vessel master to ensure the safety of the viessgrudent for the bridge
watch to maintain a navigation backup using their ECDIS (Electronic Chart Display and
Information System) using the most-tgpdate Electronic Navigation Chart (ENC) and the ships

GPS for accurate vessel positioning.
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D. Assignmentof Benefitsto Benefit Providers
While useful in providing warnings @freas with potentially shallow channel depths,
CATZOC wasnot designedo makespecificsituationalassessments watercolumndepthscan
safely support transit of more heavily loaded vesdalgead, three instrumentalities work
together to enable safe and efficient transit of vessels when their DUK is less than what is

nominally required.

1 Nautical Charts i Thedepthof thewatercolumnmeasurediuringatime of Mean
Lower Low Water (MLLW) provided as a static meastffe.

1 NWLON and PORTS®f Managed by the National Ocean Se
OperationaDceanographiProductsandService CO-OPs)Office, the NationalWater
Level ObservatioNetwork (NWLON) andPhysicalOceanographi®eal Time System
(PORTS) provides real time information on water levelinds, temperature, salinity,
waves, etc. which affect static water column depths.

f Pilots and Bridge Managersi While NWLON, PORTS and charts provide data, it is
ultimatelythevessemasteithatmakeshefinal decisionconformingto instructionsfrom

the shipping company by merging real time data with extensive local and situational
experience to safely and efficiently direc

Vessels are required to have and us¢odgiate nautical charts and water level
information fortheareas to bé&ransited, and to utilizéhe services of dicensed pilot with expert
local knowledge As a requirement for their licensing Pilots are required to memorize the
nauticalchartsfor their areaof expertiseandreproduceghemaccuratelyfrom memoryduringthe
pilot exam. All three of these sources of information are critical for the safe transit of the vessel.

For thepurposes of this analysis, the benefits to heavily laden vessels were apportioned

126 Meanlower low water(MLLW) is theaverageheightof thelowesttide recordedat a tide stationeachdayduring
a 19year recording period, known as tRational Tidal Datum Epoch as used by NOAA.
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accordingly:(1) Charts- 30%o0f total; (2) NWLON & PORTS - 40%of total; and,(3) Pilots-

30% of total.

VIl. OPERATION, RESPONSIBILITIES AND UKC MANAGEMENT

Themanagemenif a safeunderkeelclearancdor avesseremaingheresponsibilityof
the vessel MasteNVessel groundings over the past years have resulted in loss of cargo and
damage to vessel but more significantly has been the large losses that have resulted from the
release of fuel oil or oil and chemical cargthe value of cleanup and punitive damages levied
by Federal, state and local authorities can be overwhelming to insurance and shipping
companiesAs a result, shipping companies often set minimum under keel clearance standards
that they require their vessel masters to comply with.

Because of these large risks not only shipping companies but marine insurers and P & |
Clubs, shipping trade associations, port authorities, Harbor Safety Committees, and even state
governmenthavedevelopedecommendationfor safeunderkeel clearancestandardd?’ Refer
to Appendix G and H.

A. Ship PassagéPlani Ship Master and Company Operations Manager

Priorto berthingto a portfacility with theassistancef a portpilot the shipmasters
required by the shipping company to plan the
guidance and estimate the anticipated under keel clea@nce.

INTERTANKO (theInternationalAssociationof IndependentTankerOwners)hasbeen

127 A P&l Club (ProtectionandIndemnity)is a mutualinsuranceassociatiorthatprovidesrisk pooling,information
andrepresentation for its members.

128 Draft Guidelineg(for mariners)on determinatior(estimation)ofv e s ssafduridsrkeelclearanceHelsinki

Commissiori Expert Working Group on Transit Routing,"Bleeting, Helsinki, Finland,-B October 2008
Agenda Item 2.
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active in addressing the development of minimum under keel clear@heg state that ZOC
(Zoneof Confidencedepthuncertaintyshouldbe addresseduring passag@lanning,takinginto
account the UKC policy of the Company and the ZOC data of the chart.

In determiningthes h i WKE,ghefollowing variablesneedto be accountetbr:

S h i giabicslraft

Squatbasednthev e s sspekdhroughwater
Waveandswell height

Predictedide

Effectof wind speedanddirectiononwaterlevel
Natureof bottom(e.g.rock, silt, sandwaves etc.)
Reliability of s h i doaft measurement

Increasen draftfrom heelduringturns
Accuracy/reliabilityof chartdepthdata
Companyminimumunderkeelclearanceequirement

= =4 -4 -4 8 9 -9 -2 -2 -2

Thecompanymandatedninimumunderkeelclearancevasdesignedisa safetyfactorto
account for anything not previously includdtiwas not intended to account for any of

theabovef act!®dr s . 0
INTERTANKO wrotereferringto theuseof CATZOC in transitingport channels,

ATankers determine the maxi mum draft al
during transits of waterways in US ports, adding a margin of

error to thedraft for safety.In somecasesa safetymarginof

25-30% may be added, ultimately resulting in dollars lost for

the shipping and terminal operators, not to mention negating

the expense and time involved in dredgirghannel. The

navigational tolerances are determined using guidelines that

include the known quality of survey data in a particular

waterway. The better the quality of the survey, the lower the

129 Guideto SafeNavigation(Including ECDIS), 18t Edition 2017,INTERTANKO.
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risk associatedvith the shiptransit, resultingin additional
cargo |l oaditg per transit. o

In portwhennavigatingwithin aportor securedo aberth,it is recommendethe UKC is
never less than 2 feet (0.6m); unless under extenuating circumstances, when the Master, with
concurrence from thghipping company, may allow for the reduced UKC provided considered
safe.In case a UKC of 2 feet cannot be maintained circumstances do not apply; the Master must
advise and consult with the Company to seek further guiddhééote the INTERTANKO

specifieduseof CATZOC (ZOC)in planningthevoyageUKC in channel.

TheHelsinki Commissionaddressethe needfor thevessemasterto determinghe

underkeelclearancdor the entiretransitof thevessel.

AThe master is responsible for estimat:.
under keel clearance along the whole transit route of the

vesselincludingtheport facility or anchorageTo assistthe

master with this requirement, the vesse
providethe mastemwith written underkeelclearanceguidance.

Vessel draft, controlling depth of the port, and the impact of

weather and other environmental conditions such as sea

conditions and vessel traffic must be addressed in written

guidance.If conditions which mandate when the Company

must be contacted should be prescribed in writing and provide

the master with direct authority to delay the transit to take

anyaction necessarip ensuréghev e s seln@ay i &t € on. 0

B0INTERTANKO newsletteryweekof February3, 2019
B1Helsinki Commissiori ExpertWorking Groupon TransitRouting

132 |bid.
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B. Role of the Ship Master and Pilot

Vessel pilots are amportant part of the vessel teaifhey are engaged and used as
requiredby law to beemployedanytimeavesseknterspilotagewatersmovesthroughthe port

or departgheport. Pilotsareengaged:

Fortheir expertisén navigatingin closeproximity to landin narrowchannels.
Fortheir ability to anticipateaccuratelthe effectsof currentsandtidal influences.
Fortheirunderstandingf local traffic.

Fortheir abilityto work effectivelywith thelocal VTS.

Fortheirlanguageability whendealingwith shoreservices.

Fortheir expertisén handlingtugsandlinesmen.

To supportMasterandrelievefatigue.

To providean extrgoerson opersons omhe bridgeto assistwith navigatingthe ship.

= =4 -8 -8 -4 _9_45_-°

Overall,a Pilot onboardmprovesboththe safetyandefficiency of operation.

I n U.S. ports the shipbs master retains co
ship at all timesPilots when employed advise the Master on the movement of the ship in a
pilotagearea.While the Mastermayallow the pilot to directbridgecrewin courseandspeedhe
Master retains responsibility and is required to countermand the orders of the pilot if the Master
considers themunsafe.f , i n the masterds opinion, the sit
dangerous, itis his duty to drdtwepilot 6 s at t dsk and, dnecedsapy irthts pidgment,
take over the conduct of the vesS&lThe shipmaster and the relevant pilot shall discuss and
agree the transit plan including the anticipated under keel clearance.

C. Considerationsin Deviating From Company Mandated Minimum UKC

While all shipmasterdry to complywith thestandard founderkeelclearancealefined

133 hitps://cultofsea.com/navigation/maspeiot-exchangedutiesresponsibilitiesand elementsof-effective
relationship/
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by their company and the relevant pauthorities there can be occasions when it is worth
considering whether these standards could be relaxed for a specific instainee/essel is

slightly overloaded and either the cost of lightering or the delay caused by lightering would
result in a ship missing its docking schedule it is occasionally worth considering the option of
operatingwith alessemunderkeelclearanceninimum. Informationthatcouldindicateapassage

should be safe even at a reduced minimum under keel clearance would include:

1 Theavailability of higher tharexpectedeattime waterlevelinformationeitherfrom
aNOAA PORTS(physicaloceanographioeaktime system)aNOAA hydrodynamic
model, or even NOAA redime water level information from the National Water
Level Observation Network (NWLON) stations in the port.

1 Theaccuracyof thenauticalchartespeciallythe soundingdatais of suchquality that
water shallower than what is charted would not be expected.

1 TheHarborpilot believeshatin theirexpertopinionconsideringall informationthat
a safe passage can be expected.

It is recognizedhattherearecasesvhereoperatingwith alessemunderkeel clearances
justified. These cases require the vessel master to discuss the matter with the vessel pilot and
with the concurrence of the vessel company such a passage may be undétakerssel

master retains responsibility for the consequences of any such action.

VIll. ADDED VESSEL UTILIZATION

While improvementsn CATZOC portratingsprovidetheoreticabenefitsfrom enhanced
port performance without the need for added investments for deepening of channels, reliance on
existing ENC reported water depth provides a number of benefits from the ability to more
heavily load vesselsAn existing benefit of nautical charts results from the ability of vessels to
more efficiently and safety travel into and from poisese result from the ability to load

existing vessels to a greater extent or nega&@&ded to lighter existing vessels which reduces
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thetotal numberof vesselransitsrequired taransporthe sameamountof cargo.

While individual portshaveestablishedecommendetdKC highlevelsof nauticalchart
accuracy coupled with knowledge of near +&ale water levels can facilitate the movement of
vessels with lower than recommended UKTs.estimate these benefits, the cost of vessel
operations was developed through a bottgrapproach were components are individually
estimated later summe@omponents of vessel costs were individually developed.

A. Vessellmmersion

In orderto assesshevalueof additionalcargothatmight betransportedy vesselst is

necessary to assess its displacement 1in |ight

Displacemenis afunctionof thewaterplaneof thevessewhere34
A = area
L =length

B = Width orBeam
F = Finenes®f the watemplane (G coefficient}*

W =Volumein cubicfeetof oneton of seawater(35)
| = Inches per foot (12)

Tons Per Inch of Immersion (TPII) A=(L*B*F)/(W*I)
Hypotheticalexample:Coastabil tankervessel

Length = 674 feet
Beam= 104.4feet
Fineness (€) = 0.8 (Typical G coefficients ardisted inTable8.)

A = (674*104.4*0.8) = 56,292

134 SourcesHughes CharlesH., 1917,Handbookof ShipCalculationsConstructionand Operation D. Appleton
andCompanyNew York, Pagedl 707 178;Gillmer, ThomasC. andBruceJohnson1982,Introductionto Naval
Architecture United States Naval Institute, Annapolis, MD, Page 55.

5 Fineness has been defined as the ratio of the area of the immersed midship section to the area of its

circumscribingrectangleor theratio of theimmersedvolumeof avesselo the productof its immerseddraft, length
andbeaml n essence this measures the degree to which a shi
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TPI =A/(W* 1)
TPIl =56,292/ (35 * 12) = 134.1

Table 8
Typical Cy, values at fully loaded drafts
Ship Type Typical C, Fully Loaded Ship Type Typical C,, Fully Loaded
uLCC 0.850 General cargo ship 0.700
Supertanker 0.825 Passenger liner 0.575—0.625
Oil tanker 0.800 Container ship 0.575
Bulk carrier 0.775—0.825 Coastal tug 0.500

Medium-form ships (C, approx. 0.700), full-form ships (C, > 0.700), fine-form ships (C, < 0.700).

Based on the USACEGs National Navigat.i

on

EvaluationandAssessmertbystem(NNOMPEAS),a seriesof stepswasundertakerio estimate

added vessel operating costs.

Table9

ESTIMATED TONS CARRIED PERINCH OF VESSEL DISPLACEMENT

VESSELDWT METRIC TONS
STUDY LENGTH / (METRIC PER INCH OF
AREA VESSEL TYPE BEAM (FEET) TONS)!36 DISPLACEMENT
GreatlLakes Dry Bulk 759.6/ 105.8 70,908 153.1
Coastal Dry Bulk 814.3/132.2 98,647 205.0
Coastal Tanker 808.3/ 137.6 108,360 211.9
Coastal Container 1,182.8/158.0 120,974% 255.9

136 SourceUSACE,NNOMPEASdatabase

B7HandlinganestimatedL2,500TEUs.
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Empl oying vessel dimensions from the USACE
with estimated fineness gonumber$®, tons per inch of immersion were calculated based on
the average vessel sizes reported by the Maritime Administrgfiables 8 and 9yWhile
shippersvould probablywantto utilize thelargestshipsavailableunderUKC constraintgo take
advantage of economies of size, it is unlikely that there would be suffstippty in the short
run. This would result in use of even smaller ships with larger operating costs pail¢éon
Although the Great Lakes are fresh water and consequently less dense, the linear formula for
TPII would tendto slightly overstatehe capacityof vesselsandhenceunderstatéhe numberof
added vessels required to ensure vessel clearance.

An additional adjustment was made to account for the portion of DWT attributable to
cargo as it is a measure of how much a vessel can carry including the weights of cargo, fuel,
fresh water, ballast water, provisions, passengers, crew and stAegessel size becomes
larger a smaller proportion is represented by-cengo weight (e.g., stores, fresh water, fuel,
crew,etc.) Adjustmentsveremadeto eachvesselgroupsaveragecarryingcapacityto reflectthe
portion of DWT attributed to cargo alone.

B. Squat

Squatis the hydrodynamighenomenoiby which avesseimovingthroughshallowwater
creates an area of reduced pressure that causes theisbig&se its draft and thereby be closer
to the seabed than would otherwise be expedtéslimpacted bythd i neness of the v
hull andthe speedf the vessellt is calculatedby thefinenesscoefficienttimesthe speedof the

vessel squared divided by 100his was added to reported vessel drafts to estimate total vessel

138Source:https://cultofsea.com/shigtability/coefficientsof-form-shipswaterplaneblock-midship-and prismatic
coefficient/
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draft. Not knowingthe precisespeedf thevesseln channelsaveragerip speedsvere

utilized 13°

C. Travel Distances

In keeping with the conservative approach of this study average length of haul was
estimated to be 859Qautical Mile$*° on the Great Lake'$! Distances for coastal movements
were estimatedo be 1,500nauticalmilesfor dry bulk andtankvesselsaand6,000nauticalmiles
for container movement4?
IX. DEVELOPMENT OF VESSEL COSTS

Costs resulting from operation of additional vessels are estimated fraddhien of
major vessel cost categories calculated on a per vessel trip basis based summation of vessel and
port costs. These categories included: (1) hourly vessel capital cost; (2) hourly administrative
overhead; (3) hourly main propulsion fuel use;H@lirly auxiliary fuel use, and (5) hourly
societalcostsfrom addedmain propulsionandauxiliary environmentaémissions.Pertrip costs

from (1) added property damages from accidents; (2) augmented morbidity and mortality from

139 As thevessehpproachethe dock, vessekpeedsvould undoubtedlydeclineandhencereductionsn DUK due
to squat.

140850 miles was selected as a conservative estimate given dominate trafficNlatiemal distance examples

include; Chicago to Detroit (633 miles); Milwaukee, WI and Erie, PA (759 miles); Buffalo to Milwaukee (828

miles); Duluth to Ashtabula(876 miles),Duluth, MN to OgdensburgNY (1,218miles) SourceU.S.Departmenbf
Commerce, NOAA, NOS. 2019 #ADi st #FBdtiensPagg84 ween United St

141 ron oreis thedominatecommoditycarriedrepresentingt 7 percenof total traffic. Coalrepresent&1 percenpf
traffic while limestone accounts for 21 perceBalt and cement account for 8 and 2 percent, respectiveB012

a total of 132.0 million short tons were transport8&durcefFigures extracted from Lake carriers Association 2012
Statistical Annual Report, U.&lag Share of Major Commodities: 192812, 2012.U.S. Flag carries handled 71
percent of total lake traffic in 2012.

426,000 miles was selected as a conservative estimate given dominate trafficfimmsational distance
examples include: Hong Kong China to Long Bea&h323 nautical miles; Rotterdam to New Y&ri8,161
nauticalmiles; Singaporego New York (8,284nauticalmiles); Singaporago TacomaU.S.(7,013nauticalmilesand
San Francisco to Melbourne (6,837 nautical miles).
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increased/esselrips; and,(3) vessebport handlingfeeswereaddedo total hourly coststo form

total per trip cosestimates Employing operational demographics from vessels typically
operating on the Great Lakes and coast al regi
Navigation Operation and Maintenance Performance Evaluation and Assessment System
(NNOMPEAS) cost and emission wohes were estimated.

Inventory carrying costs (ICC), the total of all expenses related to storing unsold goods
including intangibles such as depreciation and lost opportunity costs were not included in this
analysis.As ICC mayhavebeeninitially reduceddueto lighter vesseloadingsmaintainUKC
levels, ultimate carriage of this traffic on added vessel trips would offset any sawvings.
essence, in this analysis approach, ICC is cost néfitral.

A. Fuel Cost

Bialystocki et al. (2016) related that fue
for almost50 percentf voyagecost** Wijnolst etal. (2009)reportedwith energyrepresenting
a significant portion of deepea vessel operating costs interest in designing more fuel efficient
vessels is linearly related to fuel prices.

1. Changesin vessekmissionregulations

Noted by GardAS in 203% various international regulations and Emission Control

Areas (ECA)havebeenin forcesince2005to mitigatevesselemissions*® New andstricter

143 This assumesgqualtransittimes,cargovaluesandinterestratesbetweerthe original andaddedvessel
movements.

144 Also referto M. Stopford Maritime EconomicsThird Edition, 2009.

145 Referto: http://www.gard.no/ikbViewer/Content/134078/N0%2015
09%20Low%20sulphur%20fuel%20changeover.pdf

148 UnderMARPOL Annex VI, Regulationgor the Preventiorof Air Pollutionfrom Ships,countriescanapplyto
set up Emission Control Areas (ECA). More information about ECA areas is available at:
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fuel sulphur content regulatiopsomulgated by the European Union (EU) and California were
earlier implementedt’ The Californian Air Resource Board (CARB) has since July 1, 2009
enforced the use of marine diesel oils (MDO) or marine gasoils (M&@)Californian

waters'4® Reported by the Energy, Finance and Future Weekly, heavy fuel oil (HFO), also
referredasii B u nk oevhile relativelyinexpensiveandusedextensivelywasresponsibldor 15

percent of global sulphur dioxide (9@missions>® They reported:

dThe International Maritime Organization (IMO), the governing
body of international shipping, decided to diversify the industry
away from HFO into cleaner fuels with fewer side effects on the
environmenandhumanhealth.Effectivein 2015,shipsoperated
within the Emission Control Areas (ECAs)covering the
Economic Exclusive Zone of North America, Baltic Sea,

North Sea,andEnglishChannebwill beginto useMarine

Gas Oil (MGO) with the sulphur level @p 1,000 ppm.

Starting from 2020, ships sailing outside ECAs will

switch to Marine Diesel Oil (MDO) with the sulphur

level up to 5,000 ppitio

http://i.pmcdn.net/p/ss/library/docs/subscriber/ECAs_2009.pdf.

147 CARB, i Ma r Notice2009-2, Regulation®n Fuel SulphurandotherOperationaRequirementfor Ocean
Going Vessels within California Waters and 24 NM of thi
2005/ 33/ EC, ifiAmendment of the EU Low Sul phur Directive:q

148 Marine gasoildescribesnarinefuelsthatconsistexclusivelyof distillates. Similar to dieselfuel MGO hasa
higher density.It does not have to be heated during storage as does Heavy Fuel Oil (HFO).

149 The following regulations are in force when operating within the 24 nautical mile regulatory zone off the
CaliforniaCoastlineFrom1 July 2009,Marinegasoil (MGO) ator below1.5% Sulphurcontent,or Marinediesel

oil (MDO) at or below 0.5% Sulphur content. From 1 January 2012, Marine gas oil (MGO) or Marine diesel oil
(MDO) at or below 0.1%ulphur content.

150 Source: https://lookbackatchina.wordpress.com/2014/07/084thetof-the-eraof-heavyfuel-oil-in-maritime
shipping/;July 9, 2014by Haifeng;downloadedViay 14,2015.

Bl 1mplementatiorof thislastrequirementvassubjectto areviewof fuel availability to becompletedoy 2016.
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Table 10
MARINE FUELS
FUEL SULPHUR
TYPE DESCRIPTION CONTENT
VLSFO IMO 2020gradebunkers Maximum0.5%sulphur

LSMGO Compliantwith 2015EmissionControlAreas(ECA) regulation> MaximumO0.1%sulphur

Capof 3.5%Sulphur

HFO HeavyFuel Oil*53 Most common 2.5%
sulphut®*

MGO Marine Gasoll Maximum1.5%sulphur

LS-MGO | Low SulphurMarine Gasoil MaximumO0.1%sulphur

Paris(2019)lateropinedthat13 percenof world-wide sulphurdioxideemissionsame
from shipping Due to the level of pollutants. especially,&@d related emissions, The
International Maritime Organization (IMO) issued new ship emissagalations (IMO 2020)
that requires vessels use loveeiphur bunkering fuel effective January 1, 26Z0Under the
IMO 2020 standard, in addition to the 0.5 percent Very Low Sulphur Fuel Oil (VLSFO),

shippers can employ Low Sulphur Marine Gas Oil (LSMGO) with a sulphur content of 0.1

152 EmissionControl Areas(ECAs) alsoreferredto asSulphurEmissionControl Areas(SECAs),areareasf thesea
where stricter controls wegsstablished to minimize airborne emissions from ships as defined by Annex VI of the
1997 Maritime Pollution (MARPOL) ProtocoRegulations on these emissio®Ok; NOx; Ozone Depletion

(ODs); and, (4) Volatile Organic Compound&JCs) began in May 2005. Beginning in July 2010nare stringent
version of Annex VI was enforced in the ECAs with significantly lowered emission limits. As of 2011 there were
four existing ECAs: th8altic Seathe North Seathe North American ECA, including most of U.S. and Canadian
coa¢t! and the U.S. Caribbean ECA.

153 SourceU.S.EnergylnformationAdministration(August2019,2020)

B4 hitps:/ivww.exxonmobil.com/en/marine/technicalresource/nesgources/imaulphurcapandmgo
hfo#:.~:text=The%20current%20global%20sulphur%20cap,today%20%2D%20is%20around%202.7%25.

155 Emissioncontrolareasnclude:(1) TheBaltic SeaArea;(2) the North SeaArea; (3) theUnited States(4)
Canada; and the United States Caribbean Sea area.
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percent taeplace the currently used High Sulphur Fuel Oil (HSFO) that contains up to 3.5
percent sulphur conteft® (Table 10)Also impacting the decision of what fuel to burn is the
questionof thefi o p gensosi ¢ | olgop strabbers An openloop scrubbeutilizes seawater
to lower the sulphur content of the exhaust gases to an equivalent of 0.1 pEheesgawater
canthenbedischargedn openseain compliancewith IMO 2020regulations.Severakountries
have already banned optop systems and discharge wash water in their port and emission
control areas (e.g., Singapore, China, &ttIn closed systems, the wash water is held in
holding tanks and off loaded at appropriate facilitrés.

Beforethe Covid-19 pandemicexpertsverein generalgreementhat2020would see
thegreatestmpact on prices as the oil industry ramps up production to meet demand.
However sincethe pandemicreduceddemandor transportatiomasdepresseworld energy
prices.

2. Emissionsimpact

Paris (2019)eported that theewfuel guidelines arestimated tampact at least 60,000

vessels.At thetime of this statementindustryexecutivesstimatedhattheywould haveto pay

156 The term HVO (Heavy Viscosity Oil) often used interchangeably with HFO (Heavy Fuel Til.is as

opposed to IFO (Intermediate Fuel Oil) and the more refined distillates of MDO (Marine Diesel Oil) and MGO
(Marine Gas Oil).HVO or HFO is what is often referred to as residual oil, bunker C oil or bunker number 6 (and
sometimesbunkermnumber5) fuel oils. IFO is usuallyablendingof HVO andMDO (traditionallyabout10 percent

give or take though not sure if this specification has changed as IFO is not as commonly used anymore for
shipping). The ranges in viscosity for these four basic classes of fuel are based on ranges for ceqiistakent

with the heaviest fuels approaching or exceeding 380 Ct. and with IFO being in the range of between 180 Ct. and
380 Ct. with the vast majority beirajoser to 180 Ct.Most of these fuels now have low sulfur designations or
variantsas well and usually will employ the "LS" to indicate as such in respective labeling-&ldyO, LSHFO,
LS+380, LSC, etc.).

157 As of May 28, 2020, CaliforniaandMassachusetisavebannedpenloop scrubbedischarge.Source:
https://www.shipandoffshore.net/fileadmin/pdf_Fachartikel/Sulphurcapspo119.pdf

158 A third typeof wet scrubbei(hybrid) makesuseof seawateror acombinationof seawaterandfreshwater
running operationsDry scrubbers make use of lime granulates in place of water.
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a25to 40 percentpremiumon fuel. With fuel thencostingabout$440permetricton, this
would place future costs between $550 and $616 per metrid kit estimates appear
high as of July 2020 prices of lesulphur fuels was about $317 to $369 per metric ton.

The International Shipping News (2019) estimated that up to six percent of the global
vessefleetwill employscrubbersdy theendof 20201°° Oneyearbeforeimplementatiorof the
new fuel standard Gelder (2019) reported that vessel owners are now hreasting in
scrubbersThey stated that there were over 2,000 scrubbers on order mostly designed-for long
distance vessel$siven the global shipping fleet exceeds 90,000 vessels, this seems as a slow
start. Later, Blackmon (2020) reported that the majority of shippers had chosen to use lower
sulphur fuel.Ewing-Chow (2019) reported that the Caribbean Shipping Association predicted
the new IMO fuel standard will increase operating costs by three percent and that 80 percent of
vessel owners will switch tihe lower sulphur, more costly fuel what the remaining 20 percent
are expected to retrofit their vessels with scrubbliacleod (2019) stated that scrubbers cost
his firm between two and four million dollars per vessel with an expected payback of between
none to 18 month¥?

Drewry (2019) has urged containership owners planning to scrap older vessels this year
tofi g @amoveo n'd' Theynotedthatthenumberof vesselscrappedastyearfell to aneight

year low, adding to the overcapacity issues blighting the liner industry and the maritime

159 Shipyardsverereportedaninability to keepup with thedemandor retrofitting shipswith scrubbers.
https//www.universalcargo.com/worlleet doesnotseemreadyfor-imo-2020/

180 RobertMacleod,CEO,FrontlineManagemen#/S, aNorway-basedankerfirm in TheWall Street) o ur nal 6 s
i Ma r i BmissioakuleTriggersSplitin ShippingCost® Decembel0,2019.Storyby CostasParis.

161 Referto: https://gcaptain.com/drevagontainershigscrappingrebalance/May 19, 2019
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consultantsaidi | t woul d c er t aemahdypalance If poretatittes top eng qf they
agerangeweretobed e mo | i Iswae rdportedhat85% of the currentglobalcellularfleetis

less than 15 years old and only five percent are oveb&8wry anticipated that the 2020 IMO
low-sulphur regulations would accelerate the scrapping of the slolera | | ed &édi rt y o,
containerships, given the quest for fedficient or scrubbefitted tonnage.

Lastyearcarrierssuchasthe MediterranearshippingCompany(MSC), Evergreerand
Hyundai Merchant Marine (HMM), agreed to add extra hire charges foitéwngcharters of
scrubbeffitted ships that could see them enjoy cost savings over competitors unable to bunker
with cheaper heavy fuel oil (HFOHowever, it would probably be uneconomic for older
containership$o considelinstallingscrubbesystemsgiventheestimatedfive million dollars
per unit being quoted.

In this study,athreeyearaverageof fuel costs(20171 2019)usedby the USACEIn their
analyses were employed to represent a more accurate assessmenterhidingl costMGO
average costs were $648 per tonne while HFO costs were $351 perMaindunkerage costs
were based on a weighted average of tihvwds HFO and on¢hird (MGO) was employed
($449 per tonne)Auxiliary power configurations were assumed to use a mix of HFO and MGO
fuel ($500 per tonne).

B. VesselFuel Costs

Traditionally, fuel usage use has represented a dominant portion of total vessel
operationatosts. Fuelutilization for mainpropulsionis highly variableandafunctionof transit
speedwhile fuel employedo run auxiliary systemgi.e., electricalpower)areuniform withlittle

if any changes over the speed and draft range of the vessel.
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Figure 2

EXAMPLE OF HYPOTHETICAL VESSEL
FUEL CONSUMPTION FUNCTION

FOR A CONTAINERSHIP
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Source: USACE, NNOMPEAS Model

In the case of main propulsion, fuel use estimates were basggpximately 400
combinations ofessel speed and displacement deptledoh vessel size and tygerom these
numerous point estimates, continuous fuel cost functions were developed for operations at sea
for each vessel type and size combinatiGoefficients of determination @Rdeveloped for all
fuel use estimations exceeded 0.8%hypothetical examplés provided as Figure %2
Empl oying Ax0 as the speed of the vessel a

50,400DWT movingat 14 knotswould consumel,692kilogramsperhour/ (1.7 metrictonnes).

162\While propulsionenginesusefuel atexponentiaratesbasedn vessekpeedauxiliary engineswvhich areusedto
provide electrical power for nepropulsion systems such as air conditioning, are independent of vessel speed and
highly linear. Often there will be two or three auxiliary engines on a digssthanical vessel and four to six on a
dieselelectricvesseland can represenp to 15percenif total vesselfuel consumption.Refer to:Global Maritime
Energy Efficient partnershipsttps://glomeep.imo.org/technology/improvadxiliary-engineload/
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Table 11
VESSEL FUEL USEASSUMPTIONS
VESSEL VESSEL FUEL USET MAIN FUEL USE -
LOCATION /VESSEL SPEED SIZE163 PROPULSION AUXILIARY
TYPE (Knots) (Metric Tons) (Metric Tons/ Hour) (Metric Tons/ Hour)

GreatLakes/ Dry Bulk 12 70,908 0.651 0.154
Coast/ Dry Bulk 11 98,647 0.763 0.159
Coast/ Tank 12 108,360 0.988 0.171
Coast/ Container 15 120,974% 2.481 1.360

In this analysisfuel usefor bothmainpropulsionandauxiliary powerwereestimated
based on kilograms of fuel used at a constant speed for one\lensel speed and size
assumptions are listed frable 11.

C. SocietalCostof Emissions

Asemissions are a reflection of fuel utilization, they are calculated in a method similar to
themethodemployedo estimateuel use. For eachof the 400 0r sopoint estimategor fuel use
based on vessel type, speed and depth, resultant levels of emissions were calaolatdidese
point estimates, continuous functions were develdfe@ihe vast majority of these equations
were exponential with the remainder polynomial in nat@eefficients of determination @R

developed for emission estimations equaled or exceeded®a8@d on estimated tonnage

163 Nearestessekize(in DWT) reportedn NNOMPEASbasedn averagedisted by the Maritime Administration
for 2015 transits (latest available).

184\With a capacityof 12,500TEUs

1851t shouldalsobenotedthatNNOMPEASmodelemissionestimatiorvolumeshavebeenreviewedby the
Environmental Protection Agency (EPA).
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releasedocietalcostswereestimatedaseddn costspertonneprovidedby severakourcege.g.,

Shindell (2015), Muller et al. 2006, 2007, 20XE)gure 3)

Figure 3

EXAMPLE OF HYPOTHETICAL VESSEL
PM, s RELEASEORA CONTAINERSHIP
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Therehave been a large number of models and estimations of monetary and societal
impact of pollutantsThey often take one of two general formakse first involves
measurement of damages that result from pollutaitng (1994) explains that requires: (1)
identification of emission sources; (2) emission amounts; (3) simulations of air pollutant
concentrations; (4) exposure by humans and objects to air pollution; (5) identification of air
pollution effects on humans dmbjects; and, (6) economic valuation ofgollution effects.
While asoundanalyticalapproacht oftenrequiresmanyassumptionandsimplifications. Table
12 compares estimated damages across several pollutants.

Thesecondnvolvesestimationof controlcosts. Wang (1994)explains:
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A T kecantrol costestimatingmethods basedonthe presumption
that emission standards or air quality standards are established
at the ideal level where the marginal damage of air pollution

is equal to the marginal control cost. In this approach, it is
assumed that the cost required to meet predetermined air quality
standards imposed by legislators "reveals" the value society
placesontheemissiondeingcontrolled(the methods sometimes
called the "revealed preference method"). Therefore, the
estimated marginal control cost to meet air quality standards
represents the marginal damage value of air pollution when

air quality standardsareme t Wang p20

ACal cul ati on doflarsper tort of emissiooso st s i n
controlled requires information on the cost and emission
reduction of the control measure over its lifetime. Cost
estimation must include initial capital cost, operation and
maintenanceosts andotherpollutantspecificcostcomponents.
Estimates of emission reductions need to account for emission
control deterioration over the lifetime of the equipment. If a
control measure reduces emissions of more than one pollutant,
the cost of the technology needs to be allocated ameng th
reduced pollutants to obtain a dollaper-ton cost for each
pollutant. Obtaining the detailed information necessary for
control cost estimates can be resource intensive. Assumptions
oftenhaveto bemadefor certainc o mp o n angpp.21e22

A H o w ewedomgttakethe positionthatemissiomdamage

values are accurately represented by the estimated emission

control costs. In many cases, emission damage values can

differ significantly from control costs. Thus, control costs

cannot represent damage valueso (Wang p

The Interagency Workin@Groupon SocialCostof Carbon(2010)determinedhe costof
CO; was $65 per ton in 2007This equates to about $75 per ton in $2887Muller et al.

(2006,2011)reportedresultsfrom the Air Pollution EmissionEExperimentsandPolicy Analysis

166 page33.
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(APEEP)model. Theyreportedthe costperton of particulatematter(PMz 5y wasover$52,000

($2017) in San Franciséé’ It is designedo estimatehe marginal epidemiological;alueof

human health effects and concentration damages of emissions in almost 10,000 districts in the

contiguous U.SEnviron (2007) estimated the cost to control highly reactive volatile organic

compounds (HRVOC) at between $14,774 and $17,778 per ton ($17,096 and $22,146 per ton

$2017).
Table 12
EXAMPLES OF SOCIETAL EMISSION DAMAGE ESTIMATES
SELECTED EMISSIONS | DAMAGES PERMETRIC GLOBAL MEAN PATHWAY TO
(EMISSION TON ADJUSTED TO SURFACE COMPOSITION 1
ABBREVIATION) ($2017 DOLLARS)¢8 TEMPERATURE HEALTH IMPACTS
IMPACT 1°
CarbonMonoxide(CO) $731 Warming SurfaceOzone
CarbonDioxide (CO;) $97 Warming None
NitrogenOxide (NOy)'"° $77,700 Cooling| SurfacePMzsandozone
SulphurDioxide (SQ,) $48,707 Cooling SurfacePM; 5
Methane(CH.) $5,335 Warming SurfaceOzone
Ammonia(NHs) $28,992 Cooling SurfacePMz 5
Black Carbon(BC) $313,118 Warming SurfacePM; 5

SourceShindell,Tablel andTable2

187 particulate matter inhaled emissions are deposited throughout the human afvagsnaller the particle, the
morelikely it is to travelfartherinto thelung. Suchparticlescaninducetissuedamageandlung inflammationsuch
as acute or chronigronchitis, asthma attacks, etc.

168 Referto: Shindell(2015)Table2, MedianTotal (3% discountrate),page319.
¥FErom Shindel | The ¢ldbdl mda) surfacelieingerature iinpact is also a proxy for the many
additionalclimateimpactsthatoccuralongsideglobalmeantemperaturehangejncludingchangesn sealevel,

rainfall, heat waves, etc. 0 page 315.

170|bid, Tablel
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Marten et al. (2015) estimated the 2007 cost per ton of carbon monoxide, methane, and
nitrogenoxidesrangedirom $12to $123,$540to $3,200and$4,700to $39,000. Theseequate
to $14 to $142, $625 to $3,703 and $5,439 to $45,129, respectively in $2@hdell (2015)
estimated monetary damages across a number of polludiatisle 12)
D. VesselCapital and Administrative Cost
Annualcapitalcostsweredevelopedy the USACEbasednvesseDWT weight. First,
annual vessel 2019 replacement less scrap costs for each vessel group were calculated based on
the assumptions that the vessel ¥oasign flag (flag of convenienck}, employed the use of
high sulfur Heavy Viscosity Oil (HVO) fuel with scrubbers and had-g&& economic lifé’?
It was additionally assumed that 12 days of downtime due to annual maintenance would be
allotted for establishing the length of an operational year for vedselgly vessel operating
costs from insurance, maintenance, depreciation, stores, crew wages, insurance, etc. for each
vessel type were also developéd.
E. Safety
With additionalvesselransitsto transporimaterials additionalaccidentsanbe

expected.

11 The Institute of Shipping Economics and Logistics (20&8limated that 86 percent of tonnage attributed to
North Americanshippingcompaniesvasoperatedy foreignflag carriers. This numberhasundoubtedlyincreased
as the DOT reported in 2010 the U.S. fleet represented 0.7 percent of the oceangpirpskdfd cargo carrying
vessels of 1,000 or more tons declined to 0.4 percent in 20881dition, a 14.1 percent decline in the total DWT
capacity of U.S. vessels occurred (4,584 to 3,939 thodisans! during the 2010 to 2019 period.

172 Costs were based on a five year average (20P®) with an average year of build was considered to be 2018.
Thesecostsincludeclosedioop andhybrid scrubberdbasedon coststo retrofit existingvesselsandcostof inclusion
at the time of new construction.

173 As capitalcostsfor TEUsarealreadytakeninto accounttheir transferto anothewvesseldoesnotresultin
additional TEU costs.
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1. Property damages

The United Stateoast Guard (USCG6s) Marine Caswual't
containdatarelatedto commercialmarine casualtynvestigationgeportableunder46 C.F.R.
4.03 and pollution investigations reportable under 33 C.F.R. 153720% incident must be
filed if: (1) a person dies; (2) a person disappears from the vessel under circumstances that
indicatedeathor injury; (3) apersons injuredandrequiresmedicaltreatmenbeyondfirst aid;
(4) damageo vesselsandotherpropertytotals$2,006 > or more;and,or (5) thevesseis
destroyed.

While data is available for 2003 and 2004 the number of reported ACGs incidents are
significantly lower than the lonrterm average of over 1,424 events per year during the latter
2005 to 2017 periof®* Dur i ng the earlier period of time i:1
consequenceo incidents including "touch and g
did notresultin anydamagesverenotuniformly reported.”” A comparisorof 20052017ACG
reports with earlier 2003004 ACG reports showed reported events doubling in later years.
Consequentlyexaminatiorof ACGswasbasedn morecompleteandrepresentativeatafrom
2005 to 2017.

With eachvesselrip, thereis apossibility ofanaccidentwherelossof life, injury and

174 Any personin chargeof avessebr of anonshoreor offshorefacility shall,assoonastheyhaveknowledgeof

any discharge of oil or a hazardous substance from such vessel or facility in violation of section 311(b)(3) of
theAct, immediatelynotify the CommandantCG-MER-3).

175 _ossesncludethevesseltself, its cargo,damageo facilities (e.g.,docks)andother.

1761n 2003and2004anaveragef 724 ACG eventsreportedeachyear. During the 2005to 2017period,anannual
average of 1,424 ACG events were reported.

7The U.S. CoastGuardtransitionedrom the Marine Safetylnformation System(MSIS) to the Marine Information
for Safety and Law Enforcement (MISLE) information system in December 2001.

87



ESTIMATED GROSS BENEFITS PROVIDED BY
NAVIGATIONAL CHARTS IN THE UNITED STATES
property damages may result. Three types of commercial shipping accidents occurring between
2005and2017wereemployedn this analysist’® Allisions, Collisions,andGroundinggACG)

were defined as:

i Collisionsi thestriking of a (moving)vessel upomnother{moving)vessel;

 Allisions'’®7 thestriking of amovingvesselwith a stationaryobject(anothervessel,
bridge, dock, obstructions, etc.); and,

1 Groundingd theimpactof avessebntheseabedr waterwayside(within or outsideof
the channel§®°

Table 13

COSTSFROM VESSEL ACCIDENTS

ACCIDENT TYPE EVENT RATE PER COSTPERINCIDENT EXPECTED COST
VESSEL TRIP ($2017) PERVESSEL TRIP
Allisions 0.00463% $215,694 $9.99
Collisions 0.00148% $237,689 $3.52
Groundings 0.00314% $54,383 $1.71
All Accidents 0.00925% $154,417 $14.28

Wolfe et al. (2020) reported marine accidents are relatively rare eeqiscted
propertylossedrom vesselcargo facility andotherpropertyexceede®14 pervessetransit.

(Table 13)

178 This included all reported coastal accidents where nautical charts had been released. Anecdotal evidence from
earlier2003to 2004suggestshat,i nmo n s e q inc@entsirciiding "touchandgo" groundingsand"bumpand

go" allisions that did not result in any damages were not uniformly repdtsginning in 2005 this changed as
witnessed by the 80 percent (2003 to 2004) and 30 percent (2004 to 2005) increases inyegricgear

increases in total ACGs. Source: USCG MISLE data.

17 Themovemenbf objectsinvolvedin accidentss acritical decisionfactoris assignmenof thetype of accident.
For example, if a bridge were stuck while in motion (e.g., a drawbridge in the process of opening for vessel
passage). the accident would be classified as a collision rather than an allision.

0 |ncludesinstanceseportedasii a g r dnadditiantoi gr oundi ngo.
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2. Morbidity and mortality

With anincreasedhumberof accidentdrom additionalvesseimovementstheincidence

of both mortality and morbidity increaskike property damages, death and injury losses are

relatively rare but highly costlyin this analysis, 2017 costs employed by Wolfe et. al (2020)

were employed(Table 14).Overall, the average cost of deaths and injuries per vessel

movement approached $3,400.

Table 14

MORSBIDITY AND MORTALITY COSTSFROM VESSEL ACCIDENTS

TYPE OF ACCIDENT EVENT RATE PER COSTPERINCIDENT EXPECTED COST
VESSEL TRIP ($2017) PERVESSEL TRIP
Mortality 0.00021% $9,800,000 $2,058
Morbidity 0.00169% $789,233 $1,334
Total $3,392

F. Port Costs
Commensurate/ith anincreasen thenumberof vesseldransitsareport costsassociated

with portcalls. Reported by Wolfe et al. (2016) a survey of the ports of Norfolk, Miami, New
Orleans, Houston, Long Beach, and Seattle was conducted September 13, 2013 the USACE to
determine typical port costs that a vessel would expect to incur when calling on al et do
unload cargo.Most of the ports were unwilling to supply values for all the types of costs
claiming that it was proprietary informatiorlowever enough information was obtained to
enabletheresearcher® developa compositeset ofport costsfor atypical coastaportandmake
an educated estimate of the port costs for a Great Lakes/goere multiple responses were

received for a cost category an average was used for the composite typical coadtabkport.
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believedthatthesecostsaretypically low especiallyfor the pilotagefees. All costswereupdate

to $2017.
Table 15
ADDITIONAL MARINE TRANSPORTATION COSTS
OWING TO ADDED VESSEL TRANSITS
COST CATEGORY
(Per Trip) COASTAL PORT COSTS® GREAT LAKES PORT COSTS®
ASSUMPTIONS ($2017) ASSUMPTIONS ($2017)

Tug Fees 2 tugs,2 hourseach $6,105| 2tugs,1houreach $2,200
PilotageFees Average2 hourtrip $2,613| Average2 hourtrip $0Les

$2,613if not
Stevedoréd.ine Averageof surveydata $614 | Averageof surveydata $614
HandlingDees
TOTAL RoundTrip $18,663 $5,628
(arrival and
departure)
DockageFee 8 0 Dedsel $10,715| EstimatebasecdbnHoustorwhich $1,900

2 davstavat dock was the smallest encountered in
ystay this survey.Fees in Great Lakes
are typically small

FreshWater Averageof surveydata $101| Averageof surveydata $101
Administrative Averageof surveydata $427| Averageof surveydata $427
TOTAL $29,906 $8,055

Costsfor RoundTrip

Fees associated with cargo handling (removal and loading), storage, and moving away

from theportfacility werenot consideredn thesecosts. Therationalfor this wasthatonly the

numbersof shiptransitswere changingn this analysisandnottheamountof cargo.(Table15)

181 Updatedrom Wolfe et at. study(2016)usingGDP.

182 |bid.

8 VesselMastersusuallyhavetheir pilotagelicense
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X. WATER LEVEL CALCULATIONS

Dusek (2019) reports that ocean tides fluctuate between two and six feet with two high
andtwo low tideseachdayat six hourintervals!® NOAA basests nautical chart®n thewater
depth determined at the Mean Lower Low Water measurement (MLLW) which is the average
height of the lowest tide recorded at a tide station each day during the recording period.

Much smaller than oceans, the gravitational pull from the sun and the moon is not as
strong on th&reat LakesConsequently, watdevels may changa few centimeters pefay in
these areas but are essentially consideredidah That does not mean that water levels do not
changeovertime. Both oceanandGreatLakeswaterlevelsaresubjectto nontidal fluctuations,
due to atmospheric conditions (e.g., barometric pressure, wind speed and direction), as well as
river and storm runoff.

To make maximum use of vessel capacity, it is not uncommon for operators to navigate
heavily | aden ships into channels and ports w
appeato exceedhedepthof thep o r chabreel.In this analysisallowancesveremadein Great
Lakes and coastal vessel transits to reflect the impact of ocean tides and changes in Great Lakes
verticaldatumg(dueto changesn thee a r trdstwdich canfacilitateanoperationaprocedure
often referred t o Iathesdicaseq heavily latieh eessbls ntapsafelyaande: r o .
efficiently approach and dock at otherwise limited channel and port locations.

A. Great Lakes

Vessel types werevaluated and datavealed that oved3 percent of all cargo tonnage

and cargo valuevas categorized as dry bulkhe remaining seven percenttadffic was made

up of tankersJiquid bargesandmiscellaneous crafe.g.,cranes).This analysisfocusedon dry

184 Commentof GregoryDusek,OceanographeNOAA, reportedn https://www.cleveland.com/news/2019
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bulk giventheir preponderancef the Great.akes.

The International Great Lakes Datum (IGLD) (1992) reportstheatelevation reference
systememployedo definereferencavaterlevelswithin the GreatLakesandSt. LawrenceRiver
System is adjusted every 25 to 36 Thelasr s to re
datum determination was created in 1985 and implemented in January, 1992.

Great Lakes companies often set their own guidelines with respect to UKC but can
deviate from them®® Pilots on Lake Superior, Michigan, Huron, and Erie can load to the
maximumallowedatthelocksonthe St. Lawrenceg(8.08 metersor 26.5feet). Lakersoftenload
to the maximum depth of the interconnecting (lake to lake) waterways stteh@isMa r y 6 s
River, which flowsfrom Lake Superiorto Lake Huron,the NiagaraRiver connecting
Lake Erie to Lake Ontario and the narrow Straits of Mackinac, joining Lake Michigan
and LakeHuron.

A setof commonlypostedrequirement$or UKC in the GreatLakesarereferencedo the
level of experience for the bridge officer: (three meters UKC 'fomate; (2) one meter for
Master on Bridge; and, (3) 0.3 meters for Pilot on Bridijee rule of thumb for pilots on the
Great Lakes managing ocean bulk carriers is to expect squat of 1.3 nrethrs.analysis, the
value of the chart is reflected in the volume of tonnage for both pilots and masters on the bridge
that were carried at UKC levels less than those recommended (0.3 and 1 foot, respectively).

B. CoastalMovements
UKCs for ports were calculated based on guidelines from individual coastal morts.

instancesvherean estimateof footagewasprovidedasanumberalone(e.g.,two or three) the

8 Thezeroreferencepointfor theIGLD is setin Rimouske Quebec.

186| CDR CharlesWisotzkey, NOAA, Personatommunicatiorwith CaptainMacFarland,January27,2021.
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number was interpreted as the depth of UKC recommended by thérpimgtances where a
percentage alone was listed (e.g. 10 or 20 percent), the recommended UKC was calculated by
multiplying reportedressel depth times the stipulated percentageases were both a percent
and number are provided (e.g., 10% / 2), the greater of the UKCs calculated by comparing the
single digit UKC with the percentage of reported vessel depth was taken as the UKC for that
location. Additionally, assuming average transit speeds and vessel fineness, vessel squat was
added to reported drafts to estimate effective d(atible 8) For each coastal port location,
chartedcontrollingdepthandsquat(thelatterbasedntheve s s #ydical slock coefficientand
estimated speed) were summed to estimate the UKC.

Potentialmaximumdepthsverethencomparedvith reportedvessetransitdepthswvhere
these trips exceeded the recommended UKGhose cases, the amount of cargo weight that
was carried to depress the vessel 6s depth bel

In an example of this process a bulk vessel reporting a 39 foot draft would be 1.03 feet
UKC or 0.97 feet under the recommended UKC at their port location were angl{tietthis
v e s dagihghabeenreducedo achievetherequestedwo foot DUK, thev e s slocadwoudd
have had to be reduced by 23,862 t88df four vessels were in this depth category, a total of
almost 96 thousand tons would require the use of one additional vessel to trambpability
to avoid added vessel transits represents the benefits provided by NYLON/PQR3tS and
bridge management and nautical charts.

The estimated portion of averted vessels transits was then summed across all ports at all

reportedvesseldepthsby vesselype. Hourly costs(vesselpverheadfuel, mortality, morbidity,

187V esseldraftwasincreasedy anestimateof squat.

188 Referto Table9. It wascalculatedhataveragecoastabulk carrierdisplacemenivas205.0shorttonsperinch of
displacement.
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property environmentahndport handling)wereestimatedy the multiplication of vessetransit

hours by hourly costs. (Table 16)

Table 16
SUMMARY OF AVOIDED VESSEL TRANSITS DUE TO
NWLON/PORTS®, CHARTS AND PILOTS
TOTAL METRIC TONS
ESTIMATED | COSTPER TRANSPORTED IN AVERTED
VESSEL TRIP TRIP VESSELSIN EXCESSOF VESSEL
LOCATION TYPE LENGTH (Millions DUK TRIPS
$2017) RECOMMENDATIONS
(Millions)
COASTAL CONTAINER 5,000 $2.7 195 189
COASTAL BULK 1,500 $0.9 32.1 382
COASTAL TANK 1,500 $0.9 28.0 341
GREAT BULK 850 $0.5 6.9 114
LAKES
TOTAL 86.4 1,026

Dueto theinformationprovided byNYLON/PORTS, theskills of pilots and

nauticalchart accuracy, 1,026 feweessels areequired to transport current traffevels(over

86 million metric tons) which results in lower costs and emissions from a number of sources

including: (1) vessekapitalcost;(2) fuel use;(3) morbidity andmortality; (4) dockageees;(5)

property damage; and, (6) environmental emissi¢hable 16) This suggests that about

3.7 percent of all vessel arrivals at U.S. coastal ports and 1.2 percent at U.S. Great Lakes ports

occurredat UKCs lessthandesired.Together 3.4 percentvesselsatall U.S. portstransitedwith

DUKs less than specifiedTable 17)
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Table 17

VESSEL TRANSITS WITH DEPTHS UNDER KEEL LESSTHAN RECOMMENDED

TOTAL TRIPS PERCENT OF TOTAL DOMESTIC AND FOREIGN

LOCATION OVER DUK 18 TRIPS OVER DUK RECOMMENDATIONS
COASTAL - CONTAINER 2,814 5.8%
COASTALT BULK 3,757 2.2%
COASTALT TANK 3,914 6.2%
COASTALT TOTAL 10,484 3.7%
GREATLAKES 496 1.2%
GRANDTOTAL -ALL 10,981 3.4%
AREAS

Xl. CONCLUSIONS

Overall, about three percent of all vessel transits occur with DUKSs less than those
recommendedThecombinationof NWLON/PORTS, pilot andbridgemanagemerpersonnel
andreliable nautical charts enable the safe movement of almost 11 thousand vessel transits that
result in total annual savings from the averted vessel transits by mor&tahillion.
(Table18) Overall,annualbenefitsrom NWLON/ PORTS wereestimatedo
approach $488 million while annual benefits from pilot and bridge management personnel and
nauticalchartsapproache&366million each. Total addedcontainercostspertrip werehighest
due to longer lengths of transit assumptions, higher vessel capital and administrative costs,

greater fuel use and resultant emissions.

89 |ncludesall vesselge.g.,selfpropelledvesselsbargesetc.)
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Table 18

AVOIDED VESSEL COSTS DUE TO NAUTICAL CHART ACCURACY
(30PERCENT OF TOTAL AVOIDED COSTSIN THOUSANDS OF $2017)

TOTAL
GREAT COAST AVOIDED
COSTAREA LAKES DRY COAST COAST COSTS
DRY BULK BULK TANK | CONTAINER (ALL
AREAS)
VESSEL $845.7|  $5,707.7] $8,120.8 $14,606.8  $29,281.0
(CAPITAL AND
OVERHEAD)
FUEL $1,092.4]  $6,600.4]  $6,766.5 $33,987.2]  $48,4465
(MAIN PROPULSION
AND AUXILIARY)
EMISSION $13,596.8) $88,018.6] $72,8553  $105502.7 $279,973.4
(MAIN PROPULSION
AND AUXILIARY)
PROPERTY $0.5 $1.7 $1.6 $0.9 $4.7
MORBIDITY & $115.7 $389.0 $347.2 $192.8 $1,044.7
MORTALITY
PORTHANDLING 1% $363.9| $3,429.4] $3,060.8 $24.3 $6,878.4
TOTAL AVERTED COSTS $16,015.0] $104,146.8 $91,152.1  $154,314.7  $365,628.5

190 poesnotincludevesseloadingandunloadingcostsasthesewereassumedo bethesameregardless thecargo
was handled on one or more additional vessels.
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Figure 4

AVERTED VESSEL COSTS

DUE TO ACCURATE NAUTICAL CHARTS
£365.6 Million Annual Cost ($2017)

MORBIDITY, MORTALITY &
/ PROPERTY DAMAGE (LT 0.4%)

PORT HANDLING (1.9%)

VESSEL CAPITAL (8.0%)

EMISSIONS (76.6%) FUEL (13.3%)

Overall, societal costs of emissions accounted for almost $280 million which is 77

percenbf all addedvesselkosts. Fuelandvessekapitalcostsrepresentedpproximatelyl3 and
eightpercent, respectively(Figure4)

Table 19

POLLUTANTS AVERTED FROM MAIN PROPULSION AND AUXILIARY
POWER DUE TO NAUTICAL CHARTS
(30PERCENT OF TOTAL AVOIDED IN METRIC TONNES)

COAST TOTAL
GREAT LAKES DRY COAST COAST GREAT LAKES
EMISSION DRY BULK BULK TANK CONTAINER AND COAST
ParticulateMatter(2.5) 4.5 29.3 25.2 33.9 92.9
Ammonia(NH3) 0.0 0.2 0.2 0.3 0.7
Methang(CH4) 1.9 124 125 12.3 39.1
SulphurOxide (SOx) 0.3 1.7 14 1.9 5.3
NitrogenOxide (NOx) 159.0 1,029.4 848.8 1,237.9 3,275.1
CarbonDioxide (CO,) 7,561.2| 48,947.0| 41,995.8 57,048.9 155,552.9
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CarbonMonoxide(CO) 16.2 105.1 88.9 123.8 334.0
ReactiveOrganicGases 8.0 51.9 43.6 61.4 164.9
(ROG)

ParticulateMatter(10.0) 4.6 30.1 259 34.9 95.5

Black Carbon(BC) 0.0 0.2 0.0 0.1 0.3

Total Emissions 7,755.8| 50,207.0f 43,042.5 58,555.3 159,560.6

Atmospheric carbon dioxide measured at NOAA's Mauna Loa Atmospheric Baseline
Observatorypeakedor 2021in May 2021at monthlyaverageof 419 partspermillion (ppm),
the highest level since accurate measurements began 63%eaver the next ten years, the
nationds goal is to reduce cHYr bon emissions
Due to accurate nautical charts, between almost 160 thousand fewer metric tons of
emissionsvould occur. Of these almostl156thousandnetrictons(97.5percentiaredueto
carbon dioxide and over three thousand metric tons (2.1 percent) are due to nitrogen oxide.

(Table 19 and Figure 5)

191INOAA ResearctNews,June7, 2021.

192NOAA. 2022.7i Bu i la@limateReadyN a t i NOAA FY22-26 StrategidPlan,page56.
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Figure 5

CARBON DIOXIDE DOMINATES AVERTED EMISSION
TONNAGES DUE TO ACCURATE NAUTICAL CHARTS

159,560.6 Metric Tonnes (52017)

/ NITROGEN OXIDES (2.1%)

I +—— ALL OTHER (0.4%)

CARBON DIOXIDE (97.5%)

Overall, total averted emission costs approach $280 million per M@aogen oxide
emissions, while representing little over two percent of emission tonnage are over 800 times
morecostlyto societythancarbondioxide *3 Annualnitrogenoxide costssaveddueto charts
range are estimated to exceed $254 million to soc({@gble 20 and Figure 8)Vith the
mandates involving Sulphur emissions through scrubbers an8udphur fuel, S emission

costs are little more than five million dollars.

Table 20
SOCIETAL SAVING FROM FEWER EMISSIONS DUE TO
NAUTICAL CHARTS
(THOUSANDS OF $2017)
COAST TOTAL
GREAT LAKES DRY COAST COAST GREAT LAKES
EMISSION DRY BULK BULK TANK CONTAINER AND COAST

ParticulateMatter (2.5) $213 $1,377| $1,188 $1,598 $4,376
Ammonia(NH3) $1 $7 $6 $8 $22

193$85,649costperton of nitrogenoxideemissions/ersus$107perton of carbondioxide. Referto Table12.
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Methang(CH4) $10 $66 $67 $65 $208
SulphurOxide (SOx) $12 $81 $69 $94 $256
NitrogenOxide (NOx) $12,355| $79,980| $65,953 $96,181 $254,469
CarbonDioxide (COy) $733 $4,746 $4,072 $5,531 $15,082
CarbonMonoxide(CO) $12 $77 $65 $91 $245
ReactiveOrganicGases $140 $910 $766 $1,076 $2,892
(ROG)
ParticulateMatter(10.0) $110 $714 $616 $829 $2,269
Black Carbon(BC) $10 $62 $3 $30 $105
TOTAL $13,597| $88,019, $72,805 $105,503 $279,973
Figure 6

SOCIETAL COSTS FROM NITROGEN OXIDES
DOMINATES AVERTED EMISSIONS DUE TO ACCURATE

NAUTICAL CHARTS
$279.9 Million Dollars ($2017)

PARTICULATE

" MATTER (*%) 1.6%

NITROGEN OXIDE (30.9%) PARTICULATE MATTER (17), AMMONIA

METHANE, SULPHUR OXIDE, CARBON
MOMNOXIDE, REACTIVE ORGANIC GASSES,
BLACK CARBON (2.1%)

Theconclusiorthatcanbedrawnfrom this studyillustratescurrentrelianceon nautical
charts reduces the number of vessels employt&drieport cargoln turn, this reliance has

reduced vessel fuel usad resultant emissions providing environmental and sodetafits.
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It should also be noted that timely, accurate and complete nautical charts add to social equity as

commerciaportsandmainwaterwaychannelgendto bein economicallydistressedreasof the

country. Any reductions in pollutants help improve the environment for those living in

proximity to those areas.

Table 21

SUMMARY OF ANNUAL BENEFITS DERIVED FROM ACCURATE
NAUTICAL CHARTS DUE TO MORE HEAVILY LOADED VESSELS

ANNUAL BENEFIT VALUE
($2017 MILLION)

AVOIDED EMISSIONS
(ALL TYPES IN
THOUSANDS OF METRIC
TONS)

CONFIDENCE LEVEL %4

$365.6

159.6

HIGH TO VERY HIGH

1%41n eachbenefitappraisala subjectiveassessmemif the confidenceof the estimates madebasedon the quality
of theunderlyingdata,documente@xactnessf therelationshipbetweemauticalchartsandresultantenefitsand

proximity to previous research findings.
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CHAPTER 3-DANGER TO NAVIGATION AVOIDANCE TOOL i
THE NAUTICAL CHART

l. INTRODUCTION

Themarinerstandingon the bridgeof the shipis unableto seewhatlies underthe surface
of the water and thus cannot see where it is safe to opéfigigre 1. They are completely
reliant on the nautical char©ne of the most important values of tieutical chart is that of

making safe navigation possible.

Figure 1

PICTURE OF BOW OF A SHIP AT SEA

o ' r
’ - B

Source: (https//www.saldo.ch/artikel/artikeldetail/fueweniggeldueberdenatlantik/, n.d.)

To promote safe and efficient marine transportation, fishing and recreational activities,
nautical charts provide vessel operators with essential data invelvmglines, water depths,
anchoragegjp-tides,channelocationsanddimensionsandplacementf navigationakids(e.g.,

buoys). In addition,nauticalchartspromotesafetythroughidentificationandlocationof dangers
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CHARTED DTONSs!%

Mexico, Hawaii, Puerto Rico, U.S. Virgin Island, and West Coast.

to navigation(DTON), rocks,reefs,wrecksandsubmergedar partially submergeabstructions
which could result in an allision if not considered in vessel operations and trip plafming.

(Table 1).Areas investigated included U.S. waters of Alaska, Atlantic, Great Lakes, Gulf of

Table 1

NUMBER OF REPORTED

PERCENT OF GRAND

DTON DESCRIPTION OCCURRENCES TOTAL OF ALL DTONs
Breakers 1,107 0.4%
Dolphin 12,027 4.7%
Eddies 76 0.0%
ObstructionCrib 1,271 0.5%
ObstructionDiffuser 11 0.0%
ObstructionFishhaven 113 0.0%
Obstructionfoularea 1,249 0.5%
ObstructionFoulground 3 0.0%
ObstructionGroundtackle 13 0.0%
ObstructionSnag/stump 24,724 9.7%
ObstructionlUnknown 12,294 4.8%
ObstructionWellhead 981 0.4%
OtherWaterTurbulence 6 0.0%
Rock:Awash 12,333 4.8%
Rock:CoversandUncovers 143,298 56.2%
Rock:Other 55 0.0%
Rock: Submerged 33,202 13.0%
Ruins(Not alwaysdry) 40 0.0%
Tiderips 634 0.2%
Wreck: Awash 15 0.0%
Wreck: CoversandUncovers 273 0.1%
Wreck:Other 7,115 2.8%
Wreck:Submerged 1,887 0.7%
Wreck: Visible 2,432 1.0%
TOTAL: 255,159 100.0%

19 Al featureof 11 fathoms(66 feet)or lessin navigablewatersare evaluated and may tlearted aslangergo
navigation.

195 Someobstructionsnight bevisible only during certainportionsof thedayremainingsubmergediuringtimesof
high tide.
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DTONSsin this studywereextractedrom N O A A BlextronicNauticalCharts(ENCs)by
ENC bands to ensure no duplication of objects identifying more than 255,000. In addition to the
position and type of obstruction, submerged DTON data included the depth of water over the
highest point of the danger to navigation known as the least deptipled with knowledge of
vessel drafts, it is possible to judge if the vessel can safely pass over the obstruction (e.g., if the
difference between the least depth of the obstruction and the draft of the vessel is a positive
value). (Figure 2) A negativevalue indicates that it would be possible for the vessel to have an

allision with the DTON.

Figure 2

RELATIONSHIPS AMONG DEPTH MEASURES
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Also, as part of the assessmenpofential allisions, Aids to Navigation (ATONS) in the vicinity
of each of the dangers to navigation involved in potential allisions were examined to better understand
their role in preventing allisions. These aids may be lighthouses, beacons, fog sigagsump,
covers and uncovers rocks, sound signals, buoys, and others to assist navigation. A U.S. Coast
Guard's ATON geodatabase file consisting of 50,696 records was used to intersect with the 40m
buffer for the 255,159 DTONSs to understand the ATONsimity with DTONSs. The intersection
found only 2,063 ATONSs in the 40m circle®nly a few of the ATONS marked the precise position
of the DTON accurately enough to enable mariners to navigate closely (less than 40m) to a DTON
without the aid of a nawdal chart.

To determine how important nautical charts are to the avoidance of vessel allisions with
charted dangers to navigation, the DTONG6s bel
or allision of deepedraft commerciakhippingwereeliminatedfrom considerationBased on
the attributes information of the DTONs database, @iil$% of all DTONSs (70,842)ad depth
data indicating they wenghetherawashor submerged at chartlal datum (mean low water)
andwereconsidered possiblgangerous to deep draftsselsf not navigatingwith a nautical

chartand GPSThesewereretainedfor analysis.SeeTable2 and Figure 3.
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Table 2
DTONs RETAINED FOR ANALYSIS
NUMBER OF PERCENT OF PERCENT OF
REPORTED GRAND TOTAL OF TOTAL RETAINED
DTON DESCRIPTION OCCURRENCES ALL DTONs DTONs
ObstructionCrib 1,271 0.5% 1.8%
ObstructionDiffuser 11 0.0% 0.0%
ObstructionFishhaven 113 0.0% 0.2%
ObstructionFoularea 1,249 0.5% 1.8%
ObstructionFoulground 3 0.0% 0.0%
ObstructionUnknown 12,294 4.8% 17.4%
ObstructionWellhead 981 0.4% 1.4%
Rock: Awash 12,333 4.8% 17.4%
Rock:Other 55 0.0% 0.1%
Rock:Submerged 33,202 13.0% 46.9%
Ruins(Not alwaysdry) 40 0.0% 0.1%
Wreck:Awash 15 0.0% 0.0%
Wreck:CoversandUncovers 273 0.1% 0.4%
Wreck:Other 7,115 2.8% 10.0%
Wreck: Submerged 1,887 0.7% 2.7%
TOTAL RETAINED 70,842 27.8% 100.0%

Identificationof DTONsoriginateform reportsfrom NOAA hydrographicsurvey

operations, U.S. Coast Guard (USCG), vessel operators, U.S. Army Corps of Engineers

(USACE)andotherwaterwayusers.Oncereportedandverified, theseobstructionsaareaddedo

navigational charts. Only when identified as having been removed or no longer in existence, do

nauti cal

obstructions from the chart.

chart

personnel i n t

he

NOAAOGS
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Figure 3

DTONSMPACTIN®EE®RAFT
COMMERCIAL SHIPPING
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// T ALLOTHER (L.U.1%)

Just as mariners are unable to avoid dangers that they are unable to see without a nautical chart a dang
to navigation cannot be avoided without a means of accurate positioning the vessel in relation to the
charted dangers to navigation. Tdiebal positioningsystem (GPS) positioning is a very accurate
positioning system employed on all commercial vessels and most recreational ve$selshart

provides the location of dangers while the GPS provides the position of the vessel.

A. Identification of VesselTracks
Automaticldentification SystenfAlS)? datawasusedto identify thetrack of vessels.AlS is an automatic
tracking system that uses transceivers on ships and is used by vessel traffic fegrsfidpso-ship collision
avoidance.(Referto AppendixE for adetaileddescriptionof AlS). It facilitates communication of vessel

position, speed and other data via a Very High Frequency (VHF) virtual data link.

I Small recreational boaters are able to use their cell phone GPS with a nautical chart navigation app.

2 https://www.navcen.uscg.gov/ais
requirements#:~:text=AlS%20Requirements%201%20%281%29%20Vessels%20that%20operate%20solely,likely%20t0%20
encounter%20other%20Al&quipped%20vessels%3B%20More%20items

U.S. Coast Guard requires AlS reporting for all vessels includingpselfo pel | ed vessels 6586 or mol
2606 or mor eprapelledivesselg of BOD grasetbng or more certified to carry more than 150 passengers, and
vesselof 150 gross tons or more when carrying 12 or more passengers. The AIS usually reports vessel position at least
every 30 seconds but as often as every 5 seconds for most large commercial vessels.

107


https://www.navcen.uscg.gov/ais-requirements#:~:text=AIS%20Requirements%201%20%281%29%20Vessels%20that%20operate%20solely,likely%20to%20encounter%20other%20AIS-equipped%20vessels%3B%20More%20items
https://www.navcen.uscg.gov/ais-requirements#:~:text=AIS%20Requirements%201%20%281%29%20Vessels%20that%20operate%20solely,likely%20to%20encounter%20other%20AIS-equipped%20vessels%3B%20More%20items
https://www.navcen.uscg.gov/ais-requirements#:~:text=AIS%20Requirements%201%20%281%29%20Vessels%20that%20operate%20solely,likely%20to%20encounter%20other%20AIS-equipped%20vessels%3B%20More%20items

ESTIMATED GROSS BENEFITS PROVIDED BY

NAVIGATIONAL CHARTS IN THE UNITED STATES
Each year hundreds of millions of vessel transit segments are reported during the

calendarear. To expeditecalculationsdatafor onemonthwasemployedn this analysis.June

was selected as representative for the year as reported cargo value and tonnage was closest to
annualmonthlyaverages?® In this study,2017pointandtrack AlS datawasobtainedrom the
Vessel Traffic data page at the MarineCadastre.gov wefSite.

The data available in the MarineCadastre.gov originates from the Nationwide Automatic
Identification System (NAIS) by the U.S. Coast Guard and contain records for U.S. coastal
waters. The data represent 16 of the most important fields from the origine¢c®li®l and are
filtered to a oneminute rate and formatted in zipped, monthly files by Universal Transverse
Mercator (UTM) zone. The data show all vessels that thebasdd antennas received, with the
exception of certain law enforcement and militargseds that are excluded. The NAIS is
composed of approximately 200 lahdsed receiving stations located near important navigation
routesin theconterminoud).S., Alaska,Hawaii, Guam,andpartsof the CaribbeanNAIS datais
generally not available for the Arctic, waters beyond 40 to 50 miles of the coast, or foreign
waters. Figure 4 illustrates the relationship between reported DTONs (green dots) and cargo
vessel track lines (pink vessel transit lines).

In this analysisAIS track datdor six vessektypes(i.e., cargo,tanker,passengefishing,
tug andtow, andpleasurecraft/sailingvessels)vereinvestigated. Table 3 providesthe number

of Vessels and Tracks by geegion.

97 Total import and export traffic during June represented 99 percent of monthly average cargo value and 100
percenbf monthlyaveragecargoweightduring2017. Internationakraffic duringthe Decembeto Februaryperiod
is often lower than the annual average. Source: USA Trade On Line.

198 The mostrecentavailableat the beginningof this analysis.As 2017datafor Hawaii wasnot availabledatafrom
2018 was instead used. Alaska 2017 AIS data not available at the marine cadastre.gov site were obtained from the
MARINE Exchange of Alaska
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Figure 4
DTONS AND CARGO SHIP TRACK LINES
(JUNE 2017)
Table3
NUMBER OF VESSELSAND TRACKS BY REGION
(JUNE 2017)
REGION CARGO TANKER PASSENGER FISHING TUG TOW PLEASURE
VESSELS TRACKS VESSELS TRACKS VESSELS TRACKS VESSELS TRACKS VESSELS TRACKS VESSELS TRACKS

Alaska 740 | 1,049,498 48| 158,380 11| 2,114,760 708 | 9,154,179 41| 452,075 208 | 1,442,898

) 1,515 44,525 730 22,638 755 29,681 821 31,236 968 11,070 5,832 104,090
Atlantic
Great 212 2,380 56 587 147 5,512 4 46 269 3,308 583 9,701
Lakes ! ! ’ !
,\GAZ'L‘;L 735 20,141 771 | 27833 378 26,937 650 20214| 2225| 33438 563 11,334

) 91 1,465 54 791 22 1,034 105 1,428 43 1,266 42 264
Hawaii
;}’;‘1" 452 8,073 258 4,668 64 4,231 5 105 58 619 147 1,815
U.S. Virgin 36 308 37 178 44 2,181 2 63 15 345 99 760
Island

1,152 33,899 246 9,588 461 12,651 524 10,029 471 6,528 3,063 34,569
WestCoast
Total 4933 | 1160309| 2200| 224663| 1982| 2196987 2819 9226300\ 4,000| 508649| 10,627| 1,605,431
[I. INTERSECTIONS

The concept of a danger circle was introduced to represent that area around a DTON where it is
imprudent for a mariner to navigate due to the risk of an allision. For the purposes of this study a radius

of 40 meters from the center of the DTON was idesdis an area dangerously close to the obstruction,
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even when navigating with a nautical chart and GPS. The 200 largest cargo carrier vessels have beams

(width) between 59.1m and 48. 2m. With a GPS r
with a beam of 59.1m intersecting a danger circle woailctmo more than 10.5m from the vessel side

to the charted danger. Vessels frequently experience departures from planned tracks from a few meters
to significantly more. A number of factors can contribute to these unanticipated changes in direction
including environmental factors such as changes in wind or current speed or direction and mechanical
and human factors such as decision time and time to execute a rudder or engine order command. Thes
can have an adverse effect on the intended vessel cdumedent mariner allows for these

unanticipated factors by building in a safety factor in their navigational plan.

Since the mariner cannot see below the surface of the water to locate dangers to
navigationthatthey are unable to take corrective action to avoid the danger unless they have a
nautical chartlf themarinerhas anautical chart they knowherethedangeiays and are able
to navigatein suchamannerasto avoidstriking thedanger.Without a chartthe marinerwould
not be aware that a danger exists extremely close to their vessel track.

Estimation of the frequency of vessel traffic operating dangerously close to DTONS was
undertaken by creating 40 meters buffer circle around each of the DTON locations (Figure 4)
anddetermininghenumberof timesin onemonthvesselracklinestouchedor intersectedhese
DTON dangercirclesTo i | |l ustrate this, Figure 5 shows t
intersecting the 40m danger cirglerrounding the danger to navigation (DTON) red circle and
thus not sailing dangerously close to the DTAMe track line of Vessel B does intersect the
danger circle around the DTON and is thus sailing dangerously close to the T@Nile of

height above the channel or sea floor is known, the precise width and shape of the DTON is not

1991t needgo beunderstoodhattherearelargenumberof potentialtracklineswithin the 40-meterdangercircle.
Literally, a vesselo6s track could vary by millimeters
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known. For examplePTONscouldberound,triangular,elliptical or take anrregularshape.

Figure 5

VESSEL TRAFFIC OVER AND NEAR 40 METERS DTON CIRCLE BUFFER

Vessel does not intersect with DTON Circle

Vessel Trackline Vessel B

Vessel intersects with DTON Circle

. Center of Danger to Navigation (DTON)

Additionally, the Office of Coast Survey, as the producer of the official U.S. nautical
chart,hasadoptedhe Zoneof ConfidencgZOC) standardsf the InternationaHydrographic
Office (IHO) shown on Table #?

In addition to the depth accuracy standards that will be discussed in Section Il of this
chapterthereis a positionalaccuracythatindicatesthe possiblepositionalerrorin thelocationof
the soundings or dangers to navigation. Considering the possibility of human error, mechanical

issues, environmental factors and the uncertainty in the position of the danger, the prudent

200 InternationaHydrographicOrganization2020.i $67Ma r i rGeidet Accuracyof Depthinformationin
El ectronic Navi gaph, Bditienll.0.€Qctobet. s ( ENC) 0
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marineris well advisedwherepossibleto steerat least40 metersfrom aknowndangeito

navigation.
Table 4
ZONES OF CONFIDENCE (CATZOC)
(X -Y POSITION ACCURACY)
NUMBER OF PORTSWITH
CHANNELS
ZOC RATING POSITION ACCURACY 20t (MAINTAINED AND NATURAL)
WITH ZOC RATING 202
Al +5m + 5% Depth 14
A2 +20m 7
B +50m 115
C + 500m 2
D WorsethanZOCC 4
U Unassigned 1
Figure 6

DTON LOCATIONS AND CARGO TRACKS
(JUNE 2017)

201 Accuracyof thepositioneastwestor north-southof the precisepointreported(in meters).

202This Report,Chapter2, Tables5 and6.
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Only vessels with a draft greater than the least depth of the DTON were at risk of
grounding or allision.The vessel reported draft was subtracted from the least depth of the
danger (highest point off the sea bottohy negative values, where the vessel draft was
reported deeper than the shallowest point of the DTON, were considered potential &fffsions.
Additional corrections were made to account for water level and the squat of the Vassel.
potentialerrorin theverticalmeasuremeraf the DTON leastdepthwasaccountedor by using
theminimumandmaximumcorrectorsn theI[HO CATZOC tables(Table6). Thesewereused
to ensure the analysis was done on the best possible (deegtestyonditions and the worst
possible (shoalest) water conditions.

Theintersectionsvereobtainedby regionandvessetype. After mergingall AIS vessel
track lines region files (almost 15 million records) and keeping only the DTON types listed in
Table 2, there were 194,763 records (events) involving 10,581 uniqgue DTONSs remaining.
Records that had missing values for both DTON least depth and AIS vessel draft were also
eliminatedreducingthe numberof eventgo 36,105andthe numberof uniqueDTON locations

to 2,751.

203 Shoalesbr lowestpoint.
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Table5
INTERSECTION (DTON 40 METER RADIUS WITH AIS TRACKS)
NUMBER OF RECORDSBY VESSEL TYPE

CARGO TANKER CRUISE TUG &TOW | FISHING | PLEASURE | TOTAL
All Events 14,337 6,849 1,785 101,976 17,312 52,504| 194,763
With AvailableDTON
Depths and Vessel 7,939 2,604 1,577 18,017 4,718 1,250 36,105
Drafts
With AvailableDTON
Depths but Missing 274 609 34 27,412 6,902 39,249 74,480
Vessel Drafts

Separately, intersection cases having values of DTON least depth but vessel drafts

missing were kept (74,480 event3gable 5. Potential allisions for these cases were also

estimated.Figure 7 shows these DTON locations (red circles) over Cargdrslis. During

onemonththerecanbe multiple vesseltracksgoingoverDTONSs. Figure8 providesexamples

of multiple vessel transits over the same DTONS.

CARGO TRACKS AND DTONS
(JUNE 2017)

Figure 7
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Figure 8

EXAMPLES OF MULTIPLE VESSELSOVER ONE DTON

a o
755 ‘,’/",‘,'” e =3 - o - = = -_’_. s

5 i,
é)j@r/’/'/%/;)

A%

77
7/
N

’ (cargo, tanker, and tug and tow) tracking over five DTONs. ‘ ‘ (cargo and tug and tow) vessels tracking over a DTON. ‘

Cases of potential allisions are those where the DTON depth minus the Vessel draft
equaldessthanzero.Thesenstance®f potentialallisionsin all 36,105eventsresultedn 2,916
cases (negative values) some of which occurred in channels maintained by the United States
Army Corps of EngineersAnnualizing this number then there would be 34,992 (2,916 x 12)
indications of potential allisions between vessels and DTONs annually.

These results were compared with the 2017 U.S. Coast Guard Marine Information for
Safety and Law Enforcement (MISLE) database of commercial shipping accitlerasgh
analysis of the 2,916 potential allisions in June, 2017 only one was found to match a reported
allision/grounding included in th@oast Guard MISLE datab&8&(June2017)suggesting that

all theremainingallisionsweresuccessfullyavoidedby thes h i mavdgationteamwith the use

204 ThevesseBIG AL (aseagoingtugwith tow) strucka dangerousubmergedvreckoff the coastof Alabamain
July 2017 with no injuries or damages to vessel or cargo reported (USCG MISLE case # 1088704).
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of the nautical chart being aware of the danger. ift@ans that, all other calculated allision
instancesrecasesvherethevessewould havebeenexpectedo havehadanallision. Thetotal
calcul ated cost of allisions that didndét actu

avoidance®®

[ll. APPLYING CORRECTIONS TO THE VESSEL DRAFT AND DTON LEAST
DEPTH

Vesselgnvolvedin potentialallisionswould sufferdamage.An equationwasdeveloped
to obtain those negative values of ADTON minu
CategoryZonesof Confidencg CATZOC), Mean Sed evel, andSQUAT 2% Thesewereusedto
ensure the analysis was done on the best possible (deepest) water conditions and the worst
possible (shoalest) water conditions.

A. IHO CATZOC Hydrographic Depth Accuracy

All charts, whether paper or electronic, contain data which varies in quality due to the
age, accuracy and completeness of individual surveys. A chart is made up with many
hydrographic surveys pieced together to form a single image. Most charts contsiare of

individual surveysof differing qualities?®” IHO publicationS-67f Ma r iGuideto Accuracy

205The MISLE 2017 reports 343 Allisions and 413 Groundings. There were only 52 intersections of those 756
accidents with 255,159 DTON 40 m Danger Circles and only one was visually verified to be in fact an
allision/grounding case. (Refer to the vessel BlGd&lineated in the previous footnotd&ecause of the
requiremenfor reportingvesselccidentdo the U.S. CoastGuard,the otherapparentllisionsneveroccurredor
occurred with DTONs not considered in this study (i.e. Obstruction: Snag/stump).

2%/ The s qgu a thydeoflyhanophendonenon by evhichweesseimoving quickly througrshallow
watercreatesanareaof loweredpressurehatcauseshe shipto be closerto the seabedhanwould otherwisebe

expected. This phenomenon is caused when water that should normally flow under the hull encounters resistance
due to the close proximity of the hull to the sealhebnardo's laveauses the water to move faster in water level
(wheresectionis smaller);accordingto Bernoulli'sprinciple,theincreasingvelocity causesow pressuresuchthat

the ship is pulled down. Squat effect from a combination of vertical sinkage and a change of trim may cause
thevesselo dip towardsthesternor towardstheb o w Rederto TransportatiorBafetyBoardof CanadaMarine
Investigation Report MOOL0039, April 27, 2000 dmitps://en.wikipedia.org/wiki/Squat_effect

207 |nternationaHydrographidOrganizationS-67Ma r i iGeide® Accuracyof Depthinformationin Electronic
Navigational Charts (ENC), p. 5, Edition 1.0.@ctober 2020.
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of Depth I nformation in an Electronic Navigat
navigatorsandthoseplanningé n a v i goapt ei r oanbaithe degreiof confidenceheyshould

have in the adequacy and accuracy of charted depths and their positions in an ENC.

Table 6

ZONES OF CONFIDENCE (CATZOC)
(DEPTH ACCURACY)

Z0C POSITION
CATEGORY ACCURACY 208 DEPTH ACCURACY
DEPTH OF CATZOC + ACCURACY
+ A (FIXED - Confidencenterval)+
B (DEPTHDEPENDENT- Confidencenterval)
Al + 5 meter+ 5% depth + (0.50+ 1% depth
A2 + 20 meters + (1.00+ 2% depth
B + 50 meters * (1.00+ 2% depth
C + 500meters * (2.00+ 5% depth
D WorsethanZOCC + WorsethanZOC C?®
U UnassessedThequality of the bathymetricdatahasyetto be assessedf

Theconceptof Minimum LeastDepthandMaximum LeastDepthbecomes

importantin thecalculationgo incorporateCATZOC depthaccuracyvariance.

Minimum Least Deptis defined as the minimum depth of water over@RA©N.

Thisis theleastdepthaftertheapplicationof the negativeportionof the correctionfrom the

208 Jyst as there was a maximum and minimum component to the CATZOC for the Depth (vertical component),
therecouldbeaminimumandmaximumvaluefor thehorizontalcomponenbf themeasuremer(CATZOC tables).

It was decided not to utilize this because most of the observed intersections occurred in the charted channel and the
placementf theDTON in thechanneis constrained in theartographigrocess.Thatis, if thereportindicatest is

in the channel but the latitude and longitude of the reported DTON plots outside the channel, the cartographer will
adjust the position slightly to make it fit in the chann®hything that can be doneitlr the CATZOC horizontal

component of the positional error budget could abrogate this Bifi@he-channel relationship.

209While not officially establishedin this analysis)ocationswith ZOC D ratingsweredefinedas3.0 meters+/- 8
percent odepth.

210n thisanalysisportswith afi U ratingwereassigned depthaccuracyof 4.0 meters+/- 10 percenf depth.
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DepthAccuracy column in Tablé. The CATZOC variancas themeasurement dhedepth of
theDTON whichis subtractedrom theoriginal measurementThis resultsin ashallowerdepth
over the DTON and when the draft of the vessel is subtracted fromabeDTON depth the
number of potential allisions increases.

MaximumLeastDepthis definedasthemaximumdepthof wateroverthe DTON. Thisis
the least depth after the application of plesitive portion of the correction from the Depth
Accuracy column in Table 6. The CATZOC variance in the measurement of the depth of the
DTON is addedo theoriginal measurementThis resultsin adeepedepthoverthe DTON and
when the draft of the vessel is subtracted from the deeper DTON depth the nuptientél
allisions decreases.

Therearetwo component$or the CATZOC correctionto thedepthmeasurementPartA
is a fixed value dependent on the ZOC accuracy designation (e.g. = 0.5 fd?akilB is a

variable value dependent on depth (e.g. 1 percent of depth value for Al).

B. Minimum Correction Potential Allision (MinCPA) and Maximum Correction
Potential Allision (MaxCPA)

Two equationdy vesseltypewereusedto calculatethe Minimum andthe Maximum

Correction Potential Allisions as definbdlow:
Equationl: MinCPA
MinCPA = Minimum LeastDepthi (Draft + SQUAT)

where:
Minimum Least Depth = [(Depth of DTON + Mean Sea LeveDATZOC
CorrectorA] i [(Depthof DTON + MeanSeal evel) x CATZOC CorrectorB]

Equation2: MaxCPA
MaxCPA= MaximumLeastDepthi (Draft + SQUAT)
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where:

Maximum Least Depth = [(Depth of DTON + Mean Sea Level) + CATZOC
CorrectorA] + [(Depthof DTON + MeanSealevel)x CATZOC CorrectorB]

1. CategoryZoneof Confidencg CATZOC)
The CATZOC accuracydesignatiorfor theDTON leastdepthinformationwas
determined by inspection of the NOAA EN@&ccuracy of CATZOC were
obtained from Table 6.

2. MeanSealevel (MSL)
It is anaveragdevel of thesurfaceof E a r tddiéssf waterfrom which heights
such as elevation may be measured. MSL is affected by the tides, wind,
atmospheric pressure, local gravitation differences, temperature, salinity, and so
forth. The MSL was obtained from the NOAA Tides and Currents dat&site.

3. SquatCorrection
Squat is the reduction of vessels k€d&tarance, caused by the relative movement
of the ship'shull throughthe surroundingoody of water.Comparedvith theneutral
position the hull sinks deeper into the water and at the same time will trim slightly.

OpenWaterSQUAT (m) = (Block Coefficient* Speed)/100
The block coefficient of a vessel is obtained by dividing the underwater volume of
displacemenof ashipby thevolumeof ablock of the samdengthandbreadthandof height
equal to the draught of the sHi3.
Speedf ashipdepend®nvariousfactorslike displacemenof thevessel draft, wind
force and direction, sea weather condition, condition of the hull and the propeller and so on.

Typical vessel speeds by type of ship is listed in Table 7.

211 https://TidesandCurrents.noaa.gov

212Theblock coefficientof ashipis theratio of theunderwatewolumeof shipto thevolumeof arectangulablock
having the same overall length, breadth and depth.
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Table 7
VESSEL BLOCK COEFFICIENTS AND SPEEDS
BLOCK COEFFICIENTS VESSEL SPEEDS
Cargo:(0.60t0 0.75) Used0.675 @ Speed13-22) Used13knots
Tanker:(0.82to0 0.86) Used0.840 Speed12- 16) Used12knots
Cruise:(0.55t0 0.60) Used0.575 Speed15- 26) Used15knots
Tug Tow: (0.54t0 0.58) Used0.560 | Speed5 - 10) Used10knots
Fishing:(0.47) Used0.470 | Speed12-26) Used12knots
PleasureCraft: (0.157 0.20) Used0.175 Speed12-26) Used12knots

SourceS h i \WdiesplaneBlock, Midship & PrismaticCoefficient,Cultofsea.com.,
https://cultofsea.com/shigtability/coefficientsof-form-shipswaterplaneblock-
midshipandprismaticcoefficient/

The distribution of cases where the vessel draft for Cargo, Tanker, Cruise, Tug and Tow,
Fishing,andPleasureppearedo resultin anallisionis depictedn Table8 (by negativeranges).
Table 9 reflects the only 6 types of DTONSs involved in the MinCPA and MaxCPA.

Theeventswithoutvesseldraftinformationwerecalculatedby assumingsameratio of
MinCPA and MaxCPA to the number of events where DTON depth and draft data existed.
Forexample:

Numberof casesvith DTON DepthdataandVesselDraft missingx (Eventsof MinCPA

with available DTON Depth and Vessel Draft / Number of cases with available DTON

Depth and Vessel Draft) = Events of MinCPA with DTON Depth data and Vessel Draft

missing.

Thenumbersn theequatiorfor Cargoare:

274 x (2,780 /7,939) = 96

Table10lists potentialallisionsby vesseltype.
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DISTRIBUTION OF POTENTIAL ALLISIONS

Table 8

BY DISTANCE BETWEEN VESSEL DRAFT AND DTON LEAST DEPTH

NEGATIVE RANGES (METERS)
BETWEEN VESSELDRAFT AND MinCPA MaxCPA
DTON LEAST DEPTH
FREQUENCY PERCENT FREQUENCY PERCENT

<0.0to-0.5 916 16.7% 410 18.9%

-0.5t0-1.0 855 15.6% 400 18.4%

-1.0to-2.0 1,757 32.1% 713 32.9%

-2.0t0-5.0 1,416 25.9% 441 20.3%

-5.0t0-7.5 351 6.4% 127 5.9%

-7.5t0-10.0 124 2.3% 45 2.1%

Lowerthan-10.0 58 1.1 33 1.5

TOTAL 5477 100.0 2,169 100.0%
Table9

DISTRIBUTION OF POTENTIAL ALLISIONS BY TYPE OF DTON
DTON TYPE .
DESCRIPTION MinCPA MaxCPA
DTONSs EVENTS DTONS EVENTS

ObstructionCrib 7 319 5 144

Obstructiondnknown 440 3,422 253 1,515

RockAwash 44 277 31 127

RockSubmerge 124 397 51 87

WreckOther 108 1,060 45 296

Wreck:Submerged 1 2 0 0

TOTAL 724 5,477 385 2,169
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Table 10
DISTRIBUTION OF POTENTIAL ALLISIONS BY VESSEL TYPE
VESSELTYPE MinCPA MaxCPA
DESCRIPTION (WITH DTON DEPTH) (WITH DTON DEPTH)
EVENTS WITH EVENTS WITHOUT EVENTS WITH EVENTS WITHOUT
VESSEL DRAFT VESSEL DRAFT VESSEL DRAFT VESSEL DRAFT
Cargo 2,780 96 1,036 36
Cruise 89 2 31 1
Tanker 1,152 269 620 145
TugandTow 933 1,420 338 514
Fishing 474 693 139 203
Pleasure 49 1,539 5 157
TOTAL 5,477 4,019 2,169 1,056

As part of theassessment of potential allisions, Aids to Navigation (ATONS) were
examinedo betterunderstandheirrole in preventingallisions. ATONs areguidancesquipment
or markers to aid mariners in determining position or a safe colinese aids alsassist
mariners in making a safe landfall, mark isolated dangers, enable pilots to follow channels, and
provide a continuous chain of chartered marks for precise piloting in coastal Watese aids
may be lighthouses, beacons, fog signals, sound signals, buoys, and others to assist navigation.
A U.S. Coast Guard's ATON geodatabase file consisting of 50,696 records was used to
intersect with the 40 m buffer for the 255,159 DTONSs to understand the ATONs proximity with
DTONSs. The intersection found only 2,063 ATONSs in the 40m circles. While applying an
intersectiorof ATONs with theMIinCPA 724 DTONsof 40mbuffer, theintersectiorfoundonly
20 ATONSs in the 40m circled=rom all of these identified ATONs only two marked DTONS,
while all of the others were mostly buoys marking chann&lsecond exaxise of intersecting
ATONSs with the MinCPA 724 DTONSs of just 10m buffer, resulted in only one ATON (lighted
bell buoy) in the circle.
Theinterpretatiorof this analysisconfirmsthat ATONSs areprimarily usedto aid in the

processof safenavigationand tomarka possibledangerput notto indicateanexactlocationof
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aDTON. For shipsto avoidallisionswith DTONswhile navigatingperilouslycloseto DTONS,
mariners must use Nautic@harts in conjunction with available ATON&TONS should be

used with Nautical Charts for safe navigation.

C. Allision CostEstimates
Theaverage cogtf anallisionfor Cargo,Tanker,Cruise,andTug andTow vesselsn
$2017 was determined to be $215,694 dollars and for Fishing and Pleasuré’esasls
determinedo beapproximately$63,420dollarsfrom accidentseportedn theU.S. CoastGuard

MISLE database fro2005to 2017. (Table11).

Table 11
ESTIMATED ALLISION COST
(20051 2017714
LOSSDESCRIPTION LOSS FROM ALLISIONS LOSSFROM ALLISIONS
FOR CARGO, TANKER, FOR FISHING, AND
CRUISE, AND TUG & TOW PLEASURE VESSELS
VESSELS($2017DOLLARS) ($2017 DOLLARS)
Death $68.6M 0
Injuries $339.4M $34,420
VesselLosses $170.0M $18,404
CargoLosses $9.7M 0
Facility Losses $352.1M $5,594
OtherLosses $364.1M $5,002
Total Allision Loss $1,303.9M $63,420
NumberAllisions 20052017 6,045 73
AVERAGE LOSSPERALLISION $215,694 $63,420

213FishingandPleasurevesselsverecomparablén length(8-68 metersand11-53 metersyelatively)

2“Wol fe, Eric and Percy Pacheco, 2020, fAGross Benefit E
GroundingsDueto ElectronicNavigationalC h a r Jousnalgf OceanandCoastaEconomicsyVolume7, Issuel,
Table 7.
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IV. AVERTED ALLISIONS AFTER ADJUSTMENT FOR CATZOC, MEAN SEA
LEVEL AND SQUAT

A. Estimated Intersectionswith DTONSs

The effort so far has been tvdimensional through the identification of the number of

vessels with drafts (adjusted for squat) that are greater than the least depth of a DTON (adjusted

for tide and the potential CATZOC variance in depth measurement DITO&) that are

navigatingdangerouslylose(within 40 m) to aDTON.?'®> However,it is possiblefor avesseto

sail through a portion of the danger circle without striking the danger at its cEotdetermine

t he

potenti al

of

a

vessel

stri

k

i ng t

he

DT ON

analyzed’® As there is no information on the dimensions or orientation of the DTON it was

considered as singlepoint featurewvith aposition and least deptiAn intersectiorof any part of

thevessel with that point is considered an allision event. Tables 12 and 13 delsssslwidth

and draft characteristics employed in the MinCPA and MaxCPA calculations.

Table 12
MIinCPA - VESSEL WIDTH AND DRAFT INFORMATION
NUMBER MEAN MEAN MIN - MAX MIN - MAX
VESSEL OF WIDTH DRAFT WIDTH DRAFT
TYPE EVENTS (METERS) (METERS) (METERS) (METERS)
Cargo 2,780 28 10.9 8-61 2.57 18.2
Cruise 89 40 13.2 27-61 7.11 22.6
Tanker 1,152 35 13.3 17-60 6.77 22.6
TugandTow 933 10 4.6 4-25 1.77 10.0
Fishing 474 10 2.6 4-19 2.07 13.0
Pleasure 49 7 2.7 3-10 1.71 7.0
25 Thisisthei Zdimensiorrelatedtoi h e i aydrthe®TONSs.
2This is equivalent to an estimation of the @AXO0

While thewidth of thevesselWwasemployedn this analysisno datais availableregardingthewidth or shapeof the
DTON. Consequently, the center point of the DTON was used as the basis for measurement of vessels from the
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Table 13
MaxCPA - VESSEL WIDTH AND DRAFT INFORMATION
NUMBER MEAN MEAN MIN - MAX MIN - MAX
VESSEL OF WIDTH DRAFT WIDTH DRAFT

TYPE EVENTS (METERS) (METERS) (METERS) (METERS)
Cargo 1,036 30 12.0 10- 49 3.51 18.2
Cruise 31 38 14.5 30-60 7.1-22.6
Tanker 620 39 14.3 17-60 6.71 22.6
TugandTow 338 10 54 6-25 2.1-10.0
Fishing 139 10 3.8 6-15 1.97 13.0
Pleasure 5 9 34 7-10 1.71 7.0

Vessels track lines operating dangerously close, within 40 meters of a DTON, do not

necessarilgtrikethe dangerasin somecaseghe vesselmight missthe DTON by fractionsof a

meter to much larger distances.

In theexampleshownin Figure9 all vesselgracklinesintersecthe40 m radiusdanger

circle around the DTON indicating they are all saild@ngerously close to the DTOM this

figure only vessels A, B, and C will strike the DTON (center of 40 m circle with black X)

causing an allisionVessel D will travel within the danger zone but not result in an allision.

Therefore asimpleequationto determineheprobability of intersectinghe DTON andto better

estimate the potential allision was developed as:

Probability of Intersectinghe DTON (PID)= (VesseMWidth/ DangerCircle Diameter)
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POSSIBLE DANGER TO NAVIGATION

40m Radius

A

Vess{él Port
Allision

Vessel Starboard
Allision

C Vessel Dead Center

Allision

A

E

(e}
Ll

Vessel

Intersection with

[~ DTON Circle

. Center of Danger to Navigation (DTON)
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Table 14

DTON DEPTH AND AIS DRAFT

DTON DEPTH EXIST BUT AIS

EXIST DRAFT MISSING

VESSEL E\E/Eggz %E.’;LS PERCENT E\E/ESFTQE EVENTS PERCENT

TYPE PID PID OF TOTAL PID AFTER PID OF TOTAL
Cargo 2,780 931 33.49 96 32 33.49
Cruise 89 46 51.69 2 1 51.69
Tanker 1,152 464 40.28 269 109 40.28
TugandTow 933 97 10.4 1,420 148 10.40
Fishing 474 47 9.92 693 69 9.92
Pleasure 49 4 8.16 1,539 126 8.16
Total 5,477 1,589 29.01 4,019 485 12.07
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Table 15
MaxCPA EVENTS AFTER APLYING PID EQUATION
DTON DEPTH AND AIS DRAFT DTON DEPTH EXIST BUT AIS
EXIST DRAFT MISSING
VESSEL EVENTS EVENTS PERCENT EVENTS EVENTS PERCENT
TYPE BEFORE AFTER OF TOTAL BEFORE AFTER PID OF TOTAL
PID PID PID
Cargo 1,036 362 34.94 36 12 34.94
Cruise 31 13 41.94 1 0 41.94
Tanker 620 275 44.35 145 64 44.35
TugandTow 338 35 10.36 514 53 10.36
Fishing 139 15 10.79 203 22 10.79
Pleasure 5 1 8.16 157 31 20.0
Total 2,169 701 32.32 1,056 182 17.23

The results of this equation adjust the number of events of MinCPA and MaxCPA as
shown in Tables 14 and 15. These numbergeaeeindicating that not all vessels sailing
dangerouslyloseto aDTON will actuallystrikethe DTON resultingin anallision. Therefore,
these MinCPA and MaxCPA are considered allisions.

In this analysis the width and shape of the DTON waileown, the DTON was
assumedo beasinglepointwith nodimensions.In reality, theseDTONs probablymeasuret
least a portion to more than one meter in widtlonsequently, the number of allisions would
increase if the actual DTON width was known.

B. Visual Reviewof Intersections

To ensure that all the calculated allisions were legitimate, a visual review of all 724
differentDTONsinvolvedin expectedllisionswasconductedo seeif therewerecasesvhere
the danger was barely outsidenaintained channel or in water shallow enough that deep draft
vessels could not navigate close enough to reach the DTON. A visual review of DTONS were
notneededor FishingandPleasuraresseldbecaus®f theiroperationutsidethechannelnd

in close to land.
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Figurel0 depictsthe exampleof vesselsiavigatingwithin 40 metersof the DTON but

the DTON is barely outside the maintained channel and thus is not actually a danger to deep
draft vessels. The yellow circle around the DTON (green dogformage represents the 40
meters DTON radius circldt was intersected multiple times by vessel tracks as illustrated in
theright-handimageof Figure102!” TheDTON is just outsidethe channelandthusdoesnot
represent a danger that would have resulted in an alli€ionsequently, the vessel tracks for

this DTON do not represent a danger to shipping constrained to the channel, so they were not

counted as allisionsThis analysis was repeated for all 724 DTONSs.

Figure 10

DANGER TO NAVIGATION JUST OUTSIDE THE CHANNEL

In performingthevisualreviewof the DTONS involvedin boththe MinCPA and

MaxCPA events resulted in:

1. MinCPA (leastdepth over DTON). Following visualinspectior86.5percentof
the affected DTONs were valid dangers to shipping.

217The 19 mentioneds theleastdepthof adangerousubmergedbstruction.
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2. MaxCPA (greatestdepth over DTON). Followingvisualinspection83.5percent
of the affected DTONSs were valid dangers to shipping.

C. Annual Value of Chart
Applying the PID correction and the visuaspection correction and applying the
averagecost(2017dollars)of anallision ($215,694¥or Cargo,Tanker,Cruise,andTug and
Tow and applying the average cost (2017 dollars) of an allision ($63,420) for Fishing and
Pleasure, the cost of allisions where the mariner was not able to navigate around the unseen

danger for lack of a nautical chart can be calculated as:

AnnualValue of Chart($) = monthlynumberof vesselsn danger circlex percentintersect
DTON x percentDTONsthataredangerouso shippingx average
cost of allision x 12 months

a. Costof allisionswhereDTON depthandvesseldraft dataexisted:

i. Forcargovessels:

Annual Value of Chart for MinCPA (minimum depth) =
2,780x 0.3349x 0.865x $215,694x 12 =$2,084.5million

AnnualValueof Chartfor MaxCPA (maximumdepth)=
1,036x 0.3494 x 0.835 x $215,694 x 12%82.3million

ii, Fortankervessels:

Annual Value of Chart for MinCPA (minimum depth) =
1,152* 0.4028x 0.865x $215,694x 12=$1,038.9million

AnnualValueof Chartfor MaxCPA(maximumdepth)=
620 x 0.4435 x 0.835 x $215,694 x 12 = $594.3 million

iil. Forcruisevessels:

AnnualValueof Chartfor MinCPA (minimumdepth)=
89 x 0.5169 x 0.865 x $215,694 x 12 = $103.0 million
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AnnualValue of Chartfor MaxCPA(maximumdepth)=
31 x0.4194 x 0.835 x $215,694 x 12 = $28.1 million

iv. Fortug and towessels:

AnnualValue of Chartfor MinCPA (minimumdepth)=
933 x 0.1040 x 0.865 x $215,694 x 18$217.2million

AnnualValue of Chartfor MaxCPA(maximumdepth)=
338 x 0.1036 x 0.835 x $215,694 x 12 = $75.7 million

v. Forfishing vessels:

AnnualValueof Chartfor MinCPA (minimumdepth)=
474 x 0.099 x $63,420 x 12 = $35.7 million

AnnualValueof Chartfor MaxCPA(maximumdepth)=
139 x 0.108 x $63,420 x 12 = $11.4 million

vi. Forpleasureressels:

AnnualValueof Chartfor MinCPA (minimumdepth)=
49 x 0.082 x $63,420 x 12 = $3dillion

AnnualValueof Chartfor MaxCPA(maximumdepth)=
5x 0.108'8x $63,420 x 12 $0.4million

b. Estimatectostof allisionswheredraft datawasmissingbut DTON depth
existed. It was calculated by assuming same ratio of MinCPA and
MaxCPA to the number of events where DTON depth and draft
dataexisted.Therefore:

I. Forcargovessels:

AnnualValue of Chartfor MinCPA (minimumdepth)=
96 x 0.3349 x 0.865 x $215,694 x 12 = $72.0 million

AnnualValueof Chartfor MaxCPA(maximumdepth)=
36 x 0.3494 x 0.835 x $215,694 x 12 = $27.2 million

218 The samplesizewastoo smallfor the MaxCPAPID for Pleasurevesselsthereforethe MaxCPAPID value
of Fishing was use.
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ii. For Tanker:

AnnualValueof Chartfor MinCPA (minimumdepth)=
269 x 0.4028 x 0.865 x $215,694 x 12 = $242.6 million

AnnualValueof Chartfor MaxCPA(maximumdepth)=
145 x 0.4435 x 0.835 x $215,694 x 12 = $139.0 million

iii. Forcruisevessels:

AnnualValueof Chartfor MinCPA (minimumdepth)=
2 X 0.5169 x 0.865 x $215,694 x 12 = $2.3 million

AnnualValueof Chartfor MaxCPA(maximumdepth)=
1 x 0.4194 x 0.835 x $215,694 x 12 = $0.9 million

iv. Fortug and towessels:

Annual Value ofChart for MinCPA (minimum depth) =
1,420x 0.1040 x 0.865 x $215,694 x 126330.6million

AnnualValue of Chartfor MaxCPA(maximumdepth)=
514 x 0.1036 x 0.835 x $215,694 x 12 = $115.1 million

v. Forfishing vessels:

AnnualValueof Chartfor MinCPA (minimumdepth)=
693 x 0.099 x $63,420 x 12 = $52.2 million

AnnualValue of Chartfor MaxCPA(maximumdepth)=
203 x 0.108 x $63,420 x 12 = $16.7 million

vi. Forpleasureressels:

AnnualValueof Chartfor MinCPA (minimumdepth)=
1,539 x 0.082 x $63,420 x £2$96.0 million

AnnualValue of Chartfor MaxCPA(maximumdepth)=
157 x 0.20 x $63,420 x 12 = $23.9 million

V.VALUE OF CHARTS AND MARINE PILOTS IN DTON AVOIDANCE
A. Nautical Charts
The nautical chart contains the necessary information for a marisefely navigate a

vessehvoidingcharteddangergso navigation. Themarinerstandingon the bridgeof theship
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Is unableto seewhatlies undeithe surfaceof thewaterandthus cannoseewhereit is safeto
operate.They arecompletely reliant on the nautical cha@ne of the most important values
of the nautical chart is that of making safe navigation possible.

To promote safe and efficient marine transportation, fishing and recreational activities,
nauticalchartsprovidevessebperatoraith essentiatliatainvolving shorelinesyaterdepths,
anchorages, rigides, channel locations and dimensions and placement of navigational aids
(e.g. lights, buoys, day shapes, channel markers, gt@ydition, nautical charts promote
safety through identification of DTON®)TONSs identify locations of rocks, reefs, wrecks
and submerged or partially submerged obstructidnistwcould result in an allision if not
considered in vessel operations and trip planning.

The nautical chart is required by regulatidie U.S. Coast Guard (USCG) is
responsible for establishing regulations that govern nautical chart and publication carriage
requirementsn U.S.waters.Theseregulationsarefoundin Title 33 andTitle 46 of theU.S.

Code of Federal Regulations (CFR). Other recent Federal Register Notices issued by the

USCG and NOAA also address current policies.

Title 46 CFR- Shipping

Title 33 CFR,Part164- NavigationandNavigableWaters NavigationSafety

Regulations

1 Title 15CFR,Part995- CertificationRequirementsor Distributorsof NOAA

Hydrographic Products

FederaRegistemotices

July 14,2004:Vol. 69,No. 134- Carriageof NavigationEquipmentfor Shipson

International Voyages

1 Augustl5,2002:Vol. 67,No. 158- Carriageof NavigationEquipmentor Shipson
International Voyages

1 Junel0,2002:Vol. 67,Numberlll- Identificationof Itemsthatare"Nautical Charts"
under 1974 International Convention for the Safety of Life at Sea

1 USCGCirculars

= =

= =
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1 NavigationalandVesselinspectionCircularNo. 01-16 (NVIC 01-16) - Useof Electronic
Charts and Publications in Lieu of Paper Charts, Maps, and Publicifions

B. Pilots

A maritime pilot, marine pilot, harbor pilot, port pilot, ship pilot, or simply pilot, is a
marinerwho maneuvershipsthrough dangerous or congested waters, subladg®rsor river
mouths Maritime pilots are largely regarded as skilled professionals in navigation as they are
required to know immense details of waterways such as depth, currents, and hazards, as well as
displaying expertise in handling ships of all types and size. In ordétam the title, maritime
pilot, requires being an expert ship handler licensed or authorized by a recognized pilotage
authority. Pilots are required by law in most major sea ports of the world for large?$hips.
Pilotsusepilotagetechniqueshatrely on nearbyvisualreferencepointsandlocal knowledgeof
tides swells,currentsdepths andghoalsthat might not beeadily identifiableon nautical charts
without firsthand experience in certain watés.

Navigationof ashipin United Stategilotagewatersis a sharedesponsibilitybetween
the pilot and the master/bridge crew. The compulsory statediiémits the navigation of the
ship, subject to thmaster's overall command tbfe ship and theiltimateresponsibility forits
safety. Pilots handle well over 90 percent of all large oegaimg vessels moving in
international trade in U.S. waterwayBhe role and official responsibility of these pilots is to

protect the safety of navigation and the marine environment on the waters for which they are

219 https://nauticalcharts.noaa.gov/charts/cleartiagerequirements.html

220https://en.wikipedia.org/wiki/Maritime_ pilandhttps://www.americanpilots.org/pilotage_
in_the_u.s_/index.phpApplies only to vessels in U.S. waters.

221 https://en.wikipedia.org/wiki/Maritime_pilot#cite_réP
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licensed.

While the pilot doesnét typically navigate
mariner would, pilots commit large portions of the charts to menfeitgt licensing
requirements includes the memorization of the nautical charts covering the area of their
expertise.They are expected to draw the chart or charts covering their area of license from
memory. Theymaintainthatknowledgeby studyingNoticeto Marinersupdatego thenautical
charts as well as the changes made as new chart editions are published.

Pilots provide an essential service for the safe navigation of commercial vessels (Cargo,
Tanker, and Cruise but not for Tug and Tow, FishinBleasure vessels) in pilotage waters and
are thus required by state and federal laBiace both nautical charts and marine pilots are
recognized as essential for safe navigation as evidenced by numerous regulations and laws
requiringtheir use the benefitfrom safenavigationis split evenlybetweerthe nauticalchartand

the marine pilot.

C. Global Positioning System (GPS)

The Global Positioning System (GPSa satellitebasedhavigation systermade up of a

network of 24 satellites placed in orbit by th&SlDepartment of DefenseGPS satellites circle Earth

twice a day in a very precise orbit and transmit signal information to Earth. GPS receivers take this
information and use triangul altigaoeryaccaratepaditioning at e
system employed on albmmercial vessels and most recreational vefsetaeasuring accurately
vessel ds position, course and spedcdsenablésor mati o
increased levels of safety and efficiency for mariners worldwide. While at sea, accurate position, speed,
and heading are needed to ensure the vessel reaches its destination in the safest, most economical and
timely fashion that conditions wipermit. The need for accurate position information becomes even

more critical as the vesselmiats from or arrives in port. Vessel traffic and other waterway hazards
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make maneuvering more difficult, and the risk of accidents becomes greater.

Basedon theaforementionedyenefitson Cargo,Tanker, andCruisevesselgangefrom

$1,571.8nillion for MaxCPAto $3,543.3million for MinCPA events(Table16).

Table 16

ANNUAL NUMBER AND VALUE OF ALLISIONS

MinCPA MaxCPA

VESE | ausions | VANEQERISONS | s | VAL SEALSONS
Cargo 9,998 $2,156.5 3,753 $809.5
Tanker 5,941 $1,281.5 3,400 $733.3
Cruise 488 $105.3 134 $29.0
SubTotal 16,427 $3,543.3 7,287 $1,571.8

(Charts: $1,181.) (Charts: $523.9
TugandTow 2,540 $547.9 884 $190.8
Fishing 1,386 $87.9 443 $28.1
Pleasure 1,563 $99.1 383 $24.34
SubTotal 5,489 $734.9 1,710 $243.2

(Charts: $367.5) (Charts: $121.6
TOTAL 21,916 $4,278.2 $1,815.0
TOTAL $1,548.6 $645.5
CHARTS

Benefits on Cargo, Tanker, and Cruise were split equally betweers@ilotes GPS,and

nautical chartsTherefore the value of the nautical chart in DTON avoidance for Cargo,

Tanker, and Cruise vessels ranges f&%23.9 million to $1,1811 million ($2017) per year

The individual estimated value for each, nautical charts and GPS for Tug and Tow, Fishing, and

Pleasure vessels ranges betweerl $lt» $367.5million ($2017) per yearCollectively, based

on average costs of an allision, savings from avoided allisioat® nauticalchartsin theU.S.,

wasestimatedo rangebetweers645.5million to $1,548.6million ($2017) per year. Table 17

summarizes the value of the nautical chart as a Da@htanceool from all six typesof

vesselsanalyzedn this studyandlists theconfidence in the results as Very High
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Table 17

ANNUAL VALUE OF NAUTICAL CHART FOR DTON AVOIDANCE

ANNUAL BENEFIT VALUE ($2017MILLION) CONFIDENCE LEVEL 222
$645.5- $1,548.6 VERY HIGH

222|n eachbenefitappraisala subjectiveassessmermtf the confidenceof the estimatds madebasedon the quality
of theunderlyingdata,documente@xactnessf therelationshipbetweemauticalchartsandresultantbenefitsand
proximity to previous research findings.
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CHAPTER 417 COMMERCIAL FISHING

[. INTRODUCTION
In 2018the U.S. Marine Economy(includinggoodsandservicesprovidedabout$373
billion to the GDP and grew f aBetween20l4handn t he n
2018,marinerelatedGDP increasedy 5.8 percentascompared witla 5.4 percenincreasen
overall GDP.In 2018, businesses reported that the marine economy supported 2.3 million
jobs?22 |t was estimated that almost 169 thousand commercial harvesters were employed in
2017 which represented over seven percent of total marine economy empl&/ment.
Overall,themarineeconomyin the United Statesaccountedor 1.9 percent($397billion)
of current dollar GDP in 2019 and have average 1.9 percent from 2014 t&#2®&ween
2018 and 2019, the marine economy again outpaced the overall economy as measure by GDP
(4.2 versus 2.2 percent) while businesses reported support of 2.4 million jobs in 2019.
Since 1950, commercial fish catch has almost doubled from 2.2 to 4.3 million metric
tonnesin 2019. (Figurel) Duringthistime, the nominalvalueof fish catchwas$5.6billion in
2019, up from 326 million in 195%° (Figure 2)

In 2017the United Nationsreportedtotal employmenin the U.S.commerciafishing

223NOAA. 2020.ii Ma r BEcan@myin 2018GrewFasteThanU.S.Ov e r duheR.o .

224NOAA. Economiclmpactsof the United StatesSeafoodndustry, https://www.fisheries.noaa.gov/data
tools/fisherieseconomicsunited statesinteractivetool. Downloaded June 10, 2021.

225 Bureauof EconomicAnalysis, Table3. Marine EconomyValue Addedby Activity asa Percentagef Gross
Domestic Product.

226 During recessionar020,catchvaluedeclinedalmostl15 percentrom 2019levelsreflectinga declinein catch
weight by over ten percent.
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Figure 1

COMMERCIACATCWOLUME
(FISH AND SHELLFISH)

4,500
4,000
3,500
3,000
2,500
2,000

1,500

METRITONSTHOUSAND:

1,000
500
0

T N A N N W T, S SO A PR S . S N R S S, NN Y AR, S S S R S S S
I i Al g, e L g AL R BN L . AR g LR Lt L St g LR S gty
R R LN N R S A G R C . S R L N L s M s EP R S

Source:NOAAFisheries

Figure 2
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industry approach 170 thousand among between the 25 to 27 thousand vessels that operated in

theEEZduring2017. In areportby TheNationallnstitutefor OccupationabafetyandHealth
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(NIOSHY?’in 2020suggestethattherewereapproximately39,000commerciavesselsn the
United States from a Bureau of Labor Statistics sté#{ore recently, the National

Transportation Safety Board (NTSB) later stated in September 2021:

firhe commercial fishing industry remains largely uninspected

and is a marine sector of concern, 0 acc
announcemenii Ap p r o x58,008U.Scbmmerciafishing

vessels are in service today in the &5.

[I. BACKGROUND

Thechiefimportance of the nautical chart to the commercial fisherman is twofold: (1)
safe navigation; and, (2) plannifighing operationsJust as all other vessel operators the
marine fisherman is completely dependent on the nautical aWaite many might think of the
large format printed paper chart as the nautical chart, commercial fishermen have for the most
part switched to using some form of electronic chart prodtiatay be one of the chart plotters
available with software packages that enable the vessel operator to plot a course to and from the
fishing groundsto the homeportavoidingall dangergo navigation. Without a nauticalchartthe
vessebperatorsvould beunawareof thelocation ofsubmergealangerghe collision with could
result in severe damage to the vessel or even its complete destrudimdepth of the water,
the topography of the bottom, the type of bottom (e.g. rocky, mud, or sand), and the location of

obstructions that might foul their fishing gear are all important to fishermen.

227 Centerdor DiseaseControlandPreventionTheInstitutefor OccupationaBafetyandHealth.2020f Mar i t i me
Heal t h and S ahttestiwve.cdc.dd@moshimaritirhe/industries/commercial_fishing.html

228B|S. 2019.Table11b.HouseholdataannualaveragesEmployedpersonsy detailedoccupatiorandage.In:
Current Population Survey. Washington, DC: U.S. Department of Labor, Bureau of Labor Statistics,
https://www.bls.gov/cps/cpsaatl1b.htmExternalexternal iconexternal icon

229 hitps://www.nationalfisherman.com/natioriaternational/ntskio-hold-fishing-vesselsafety

roundtable#:~:text=%E2%80%9CThe%20commercial%20fishing%20industry%20remains,service%20today%20in
%?20the%20U.SDownloaded-ebruaryl8,2022.
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Knowing the water depth is critical for properly setting the fishing gear nets, lines, or
other dredging geairish are known to inhabit waters of certain deptisowledge of the
bottom topography, the location of rises, reefs, and ledges are some of the features fish have
been known to congregate aroukhowledge of the type of bottom may be of importare.
example kellfishandbottomfish may prefera sandybottomto onethatis rocky or muddy
while other crabs and fish may prefer more rocky bottofsese are just a few examples of
what a fisherman might know about the type of fish they are focusing on for their fishing
operations.
Thelocationof obstructionson thebottomareimportantfor thefishermanto beawareof
in planning their operations so that their ge
obstruction.
While the nautical chart is useful for operational planning the primary purposkusnd
the design of the nautical chart is safe navigatidre data portrayed on the chart while very
useful for fishermen is often not completely adequBitshermen have supplemented this
informationby keepingtheir own recordsincludingpositionsin alog book. Morerecentlythere
are products like CMOR Mapping that are higisolution seafloor maps for electronic chart
plotters that show the vessel 6s CMORadvertisésoc at i o
that it has resolution as high as one meter s

in unpreceé&ented detail .o

[lI. ENVIRONMENTAL CONSIDERATIONS

Observers such as Love (1997) have detailed several environmental conditions that are

230Referto: https://www.cmormapping.com/
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conduciveto enhancedish catch. (Tablel) Nauticalchartsin conjunctionwith timely accurate
and complete knowledge of water depth, shorelines and seafloors as well as navigational hazards,
informationon tidesandcurrentsandlocal detailsof theE a r imagaedidields, provide specific
answers to each of these measurements.

Table 1

BENEFICIAL USEOF CHARTS FOR FISHERMEN

FACTOR CHART USE EXPLANATION

FishHabitatDepth LocationandNavigation | Specie®f fish frequentlyhavepreferrechabitatdepths

HabitatLocation LocationandNavigation | Some species of fish prefer habitats centered on
obstructionsmanmadestructuresteefs,rock shoalsetc.

BottomType LocationandNavigation | Somespeciegpreferaspecifichottomtype (rocky, sandy,
or mud bottoms)

WaterTemperature Navigation Somespeciepreferfeedingattheedgebetweernwarmand
coldwater(e.g.,Gulf Stream).Fishermerplot thelocation
of theedges of the Gulf Stream and then navigation the
with a chart

Salinity Requirements | Navigation For species with low tolerance for salinity changes
fishermencanlocateareasvherefreshwateplumesdo not
affect fish. Other species prefer lowsalinity and will
congregate near entrances to rivers.

A. Examplesof Situations Where Charts Benefit Commercial Fishermen

Chartsbenefitbothcommercialindrecreationafishermerby enablingthemto identify
prime fishing grounds and navigateatod from the sites safelyjMany fishermen, particularly
those chasing pelagic fishes such as tunas and swordfish, now use satellite images of the
California coast which show sea surface temperatures. They look for regions where warm and
cold oceanic fronts meet and they fish thétako shark and swordfish fishermen know that
these species tend to stay on the warmer side of the temperature break, while blue sharks often
remain on the cooler edge. This knowledge helps them target makos or swordfish but avoid

blues,which arelargely unmarketed Fishermeroftentrackthe edgeof the Gulf Streamwhere
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warm Gulf waters meet the cold Atlantic Ocean watkesge predator fish frequently feed in
this area.
Reef fishes often station themselves atupeurrent side of the reef, in order to be the
first predatorgo getacrackatwhateverfood is carriedontothereefby the current.Thus,often

there will be a school of fishes on one end of the reef, but few on the other. In turn, the species

which prey on these fishes may concentrate on theument end.

IV. COMMERCIAL FISHING BENEFITS

Unlike recreationafishing NOA A6 s F i s h themarketvaluea commedcil
fishing catch.Commercial catch from 0 to 3 miles from shore from 2004 to 2019 has ranged
betweenl.1andl1.7 million metrictonneswith anaveragef almostl.4 million metrictonnes.
Catch from 3 to 200 miles from 2004 to 2019 spanned between and 2.0 and 3.5 million metric

tonnes and averaged over 2.8 million per yéaable 2)

Table 2
AVERAGE COMMERCIAL CATCH SUMMARY
(AVERAGE 2004 to 2019)

0to 3 MILES 3to 200MILES 0to 200MILES

MEASURE FROM SHORE FROM SHORE FROM SHORE
CATCHWEIGHT (Metric Tonnes) 1,398,898 2,824,587 4,223,479
CATCH VALUE (MILLIONS $2017) $2,369 $3,121 $5,490
AVERAGE VALUE / POUND($2017) $0.77 $0.50 $0.59

Overtime themajority of commercialcatchoccurredwith theU.S. ExclusiveEconomic

Zone (EEZ).(Figures 3 and 4Pver the study period, catch within the EEZ represented 95.8
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percentof catchweightand92.0percentof inflation-adjusteccatchvalue. (Table3)

While commercial fishermen utilize nautical chat&ta either directly or indirectly from
anothersource no empiricaldataexistsasto the preciseextentof thatusageor the specificvalue
of that information.Nevertheless, nautical chart information supports commercial fish catch
whether it is where to navigate vessels, set lines or nets, or the location and depth of where to

fish among other considerations.

Figure 3
PROPORTION OF COMMERCIAL LANDING WEIGHT
BY DISTANCE FROM US SHORE
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Figure 4

PROPORTION OF COMMERCIAL LANDING VALUE
BY DISTANCE FROM US SHORE
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SUMMARY OF COMMERCIAL FISHING CATCH 2!

Table3

METRIC TONS NOMINAL VALUE METRIC TONS NOMINAL VALUE TOTAL TOTAL NOMINAL

LANDED (0to 3 (00006s DOl LANDED (00006s DOL METRIC TONS | VALUE ( 0 0 20067s
YEAR MILES FROM (0Oto 3MILES FROM (3to 200MILES (3 to 200 MILES LANDED (ALL DOLLARS) ALL

SHORE) SHORE) FROM SHORE) FROM SHORE) DISTANCES)%* DISTANCES?*

2004 1,565,689 $2,176,874 2,821,305 $2,763,463 4,467,173 $5,066,349
2005 1,423,012 $2,218,689 2,973,995 $2,782,363 4,463,184 $5,110,739
2006 1,210,526 $2,132,534 3,088,441 $2,795,44]] 4,373,958 $5,041,671
2007 1,378,253 $2,069,816 2,802,338 $2,871,639 4,259,396 $5,067,204
2008 1,407,652 $2,307,839 2,361,060 $2,991,890 3,890,450 $5,467,997
2009 1,515,565 $2,163,933 2,045,888 $2,653,430 3,745,575 $5,083,344
2010 1,324,587 $2,204,442 2,400,506 $3,254,24( 3,952,394 $5,861,443
2011 1,666,475 $2,715,565 2,798,216 $3,593,125 4,676,261 $6,760,15(Q
2012 1,445,441 $2,530,399 2,916,731 $3,404,622 4,625,068 $6,632,548
2013 1,595,098 $3,052,439 2,877,187 $3,220,737 4,733,397 $6,982,787
2014 1,418,853 $2,939,454 2,872,763 $3,127,581] 4,594,751 $6,637,485

231 Fishandshellfish catch.

222 |ncludeshigh seasandoff foreignshores.

233 bid.
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2015 1,666,323 $2,524,664 2,730,355 $3,097,615 4,656,507 $6,013,275
2016 1,490,965 $2,595,243 2,838,646 $3,036,044 4,532,556 $6,025,801
2017 1,039,016 $2,007,879 3,445,876 $3,611,179 4,688,385 $5,997,642
2018 1,157,292 $2,204,940 3,087,791 $3,409,152 4,457,253 $6,016,799
2019 1,077,626 $2,058,810 3,132,286 $3,316,668 4,438,728 $5,722,802

SourceriFisheriesof the United StatesCurrentFisherStatistic® NationalMarineFisheriesService NOAA for involvedyears.
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Recognizing the underlying logical contribution of navigational charts to commercial
fishing,aNordhausapproachwas employedavhereavery conservativedigure of onepercentof
averageannualcatchvalue(about$58 million within theU.S. EEZ) wasattributableto nautical
charts?®*

Kite-Powell (2007)determinedawillingnessto payfor commercialvessel chartat
$2,600 pewvesseperyear?®® Thisfigure rangedbetween $3,206or self-propelled shipsind
$1,850 for tug/towsAdjusted to 2017, these average annual willingness to pay figures would
exceedb3,000pervessel $3,700for self-propelledshipsand$2,100for tug/tows. He concluded
thattotal commerciavessebenefitsfrom charts werdetweer$35.8to 39.8million for existing
and fdi deal 0 c lEaployirgy $2017eadupsdar dgtifopedidd ghips, current
commercial fishing vesseknefits would range between $41.4 to $46 milken.

The KitePowell study was done in 2007 when mariners were using a combination of
chart types.The Electronic Navigational ChgiliENC) was the ultimate in nautical charting.
Beingvectorinformation,it wasinformationrich, easilyupdatecandableto berescaledo give
the mariner greater information as well as being able to be used with the most advanced
navigationsystemgElectronicChartDisplayand InformatiorSystemgECDIS). Thesecharts
would betheequivalentof theKite-Powellfi i d ehart. ®herewasalsoarastemauticalchart

thatwasadigital picture ofthe paperchartwith thesameone scaledata. It wasableto beused

234 Applying a variation of the rule of thumb developed by Nordhaus originally employed in estimating the
relationshipbetweerthevalueof weatherandclimateforecastandeconomicactivitiesthataresensitiveto weather
/climatetrends. Absentmoredetailedinformation,relationshipbetweertotal benefitsandthoseassociatedvith a
specific activity tends to be on the order of (at least) one percent.

25 page23.

236 Basedon estimate®f 2,223self-propelledandl,965towboatsuserU.S. flag andanadditional7,600foreignflag
vessels in U.S. waters for a total of less than 12,000 vessels.
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with navigationsoftwarethatwaslesscapableghanthe ECDIS. Lastly, therewastheolderpaper
chart format which woul d be t-RoaellBtadyln2017 ngo ch
the base year of this study the ENC was the standard nautical chart with the raster being used by
smallerboatoperators.Now, in 2022,the paperandrasterchartproductsarebeingeliminatedas
part of the Coast SuMheyacosnit@pnseotftiinge apr eadpnra
chart being waterproof. With thmigration of the nautical chart from a physical paper chart to a
digital data set displayed on an ECDIS or as a raster file displayed on a chart plotter or even a
cell phone with one of the many aps the requirement for waterproof is no longer an issue.
Levinson(2012)calculatedhe commerciafishingfleet sizeat almost60 thousand
vesseldrom a 2010 National Transportation Safety Board report and estimated an annual benefit
betweer78.8to $87.6million ($2011)* Theseranslatego betweer$90.6to $100.7 millionin
$2017dollars.
V. CONCLUSIONS
Collectively,commercialfishing benefitestimationsaresignificantlyimpactedoy the
number of fishing vessetyperatingn U.S. EEZ waters. (Table 4}iven the
current low barriers to obtain and use nautical charts @hart plotteror cell phone
applications), a largeumberof smallerfishing vesselghatmaynottechnicallyberequiredto

carrychartsmostlikely actually do so.

237 NationalTransportatiorSafetyBoard,i C o m m eFishirig¥elsselCountby State/JurisdictiomndFederally
Document ed by t h atplUwwid.ntsb@ovmews/evénis/a0ladfishing_vessel/
background/USCG%202008%20CFVs%20Cont%20vt%
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Table 4

SUMMARY OF COMMERCIAL FISHING BENEFITS FROM NAUTICAL CHARTS

($2017)

APPROACH MILLIONS ($2017)
Kite-Powell(2007)Employingaboutl12,000vessefleet sizeestimateand $44.4%
$2017value($3,700)for seli-propelledvessels.

CurrentStudy(onepercenif thevalueof commerciakcatch)from 2017 $58.4
reported valu&®

Current Study (Updated Kiteowell with $2017 dollar value ($3,700) for sel $214.6
propelledvesselsandNTSB (2021)reportedself-propelledfishing vesselcount

of 58,000 vessels).

Basedonthe numberof commerciafishing vesseloperatingn U.S.waters theannualbenefit

from nautical charts is thought to approximate $215 millibable 5.

Table5
ANNUAL BENEFITS FROM NAUTICAL CHARTS
DERIVED FROM COMMERCIAL FISHING IN U.S.WATERS
ANNUAL BENEFIT VALUE ($2019MILLION) CONFIDENCE LEVEL 240

$214.6 MEDIUM

2%8Foro i d eharts o
239 Average$2017from 2004to 2019,NationalMarine FisheriesService NOAA, p. 9, September2018.
240|n eachbenefitappraisala subjectiveassessmemf the confidenceof the estimatds madebasedon the quality

of theunderlyingdata,documenteaxactnessf therelationshipbetweemauticalchartsandresultantenefitsand
proximity to previous research findings.
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CHAPTER 517 RECREATIONAL BOATING

[. INTRODUCTION
Theconcepbof leisureis asold asmankinditself; its definitionalnaturebeingculturally
specific (Neulinger, 1971, 1974Therefore, it is beneficial for the researcher not to seek one
definition of leisure tapply to all mankind, but instead conceptualize the development of the
leisure concept as man himself has changrethis manner the behavioral foundations of
beliefs, attitudes, behavioral intentions, and actual elicited actions can be incorporated.
Classicallyconceptualizedgeisurewasthe stateof existencenotedby i me a n iamdg f u |
nonutilitariano a @heanciéntGreeks placéiilesuwrd aboyve all €9s6 i ) .
that both work and routine daily activities were placed in subordinate positions to leisure.
Aristotle, revealingtheintrinsicgoodnes®f leisure,definedit asanyactivity fi f siownsake
and it s (Boowm 1969)*Y Stebbins (2006) also believed tikantemplation was a
leisure activity?*?> Ouellette et al. (2004, 2005) also makes a critical observation in that it is
important to find time for reflection that leads to personal revitalization which is achieved
through getting to know oneself bettét.

Theneedfor globalanalysishasbeenidentified by severakesearchersKretsch(1963)

states:

A Wh i | ewomhwhildhand much nonsense has been written
aboutthevaluesof outdoorrecreation,it remainsthatthereis
animportanteconomiacemandor it whichis clearlydemonstrable.
However, we have been quitepliepared to include the values of

241 SeeDeGrazigpagel3.

22InSt e b hnalysis@ntemplatioris seerasbothaleisureandnontleisureactivity.

243|n essencehy knowing oneselfbetter,activitieswhich arerestorativein nature(e.g.,recreationjcanbesought
outwhenond eel s the need for fArechargingo.
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outdoorrecreationin thesocialcalculusin waysthatleadto a
better allocation of 26ur | and an

Neulinger (1974) observed that, gradually in philosophic thought, the ideal of
contemplatiorgaveway to asearchfor understandingisingn a t ulaws,d fgst through

alchemy, astrology, magic but later by waynedicine?*

d water

More than anyone else, Thorstein Velben (1953) brought the concept of leisure into the

American arena of thoughtelben in this, th& heory of the Leisure Classatirically

documented the group of very rich Americans for whom work in its traditional sense was

unnecessarytHe viewedwork asm a nadhlg honorableprofession.Seppo(1980)in evaluating

theneed forrecreation stated that teeonomigperson should beeplaced by thesychological

persort4
The role of recreation has increased in modern times owing to enhanced work
productivity,affluence populationtrendsandincreaseacommercializatiorof recreational
opportunities.Thefi n etedbsomethindorr e c r e & titedbyrDaniels(1995)asan
essential el ement of human biology and
EarlierBurtetal. (1971)wrote:
A T meedfor objective quantitativecriteria to evaluatenvestments
in outdoor recreation is acute and recognized by most public

agencies delegated responsibility for allocation of public funds
among such ® nvestmentso

244Referto Knetsch page387.
245 Referto pages.
246 Referto Seppopage394.

247 Referto Burt, page813.

psycho
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West(1977)detailsthosepreviousattemptsat forecastinguturerecreationatlemanchas
been inconsistentle states that for recreational forecasts to be accurate:

i Anoreadequateprojectionmethodologynustrestona sound
sociological understanding of hawderlying social forces can
determine stability and change in greapecific participation
rates. An introduction to the kind of understanding needed
requires a discussion of status group theory and its relation to
l ei sure #ifestyles. o

More recently, Dardis et al. (1981) suggested that income plays a major role in concert
with demographic characteristics in determining household expenditures on recratiois.
concluded that recreation expenditures were positively related to income and education, and
negatively related to age of household hadduseholds headed by minorities and households
with youngchildrenspentlesson recreatiorthanotherhouseholdsLocationalsoprovedto bea

significant variable with urban households speggroportionately more on recreation

expenditures than rural households.

Figure 1

RECREATIONASERVICESSAPORTIONKDFTOTAL
PERSONAL EXPENDITURES HAS GROWN
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SourcefederalReserveBankof St.Louis

248 pagel98.
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Over sixty years (1959019), the level of total personal and recreational expenditures

increasedignificantly. (Figurel) Duringthistimetheportionof total expendituresepresented
by recreational expenditures more than doubled from two to four per€eatneed for
recreation thorough history has been well documented from social, anthropological and personal
perspectivesGiven the longterm relational growttetween total personal consumption and
acquisitionof recreationaservicedutureleisurepurchasegsrenotforeseerto diminish. (Figure
2)

Figure 2
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[I. RECREATIONAL BOATING EXPOSUREAND EXPENDITURES
In a 2003 study for the United States Cdasgard (USCG), Strategic Research Group
observed that over 70 million Americans enjoyed recreational boating with over 13 million

registeredecreationalessels.TheNationalMarine ManufacturerfssociatiofNMMA) stated
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thatrecreationaboatingandfishinginvolved 16.7million boatsin 2010%*° Nationalretail

spending on inland and coastal recreational boating was $30.4 Biflion.

Table 1

SIZE AND ACTIVITY OF THE RECREATIONAL BOATING INDUSTRY

AVERAGE
AVERAGE AVERAGE NUMBER
NUMBER NUMBER NUMBER OF | OF PEOPLE BOATING
BOAT TYPE OF BOATS OF DAYS HOURS ON ABOARD PERSON
USEDPER WATER PER PERUSE HOURS
YEAR %51 USE DAY DAY (MILLIONS)
PowerBoats 10,147,000 12.0 6.0 2.7 2,035
Sailboats 735,000 11.1 7.8 2.4 154
PontoonBoat 854,000 14.9 4.1 3.8 220
PersonaWaterCraft 1,704,000 11.0 4.7 2.3 212
Canoe 2,508,000 8.6 6.3 2.3 362
Kayak 3,916,000 11.2 4.6 1.3 280
Row/Inflatable/OtheBoat 1,747,000 10.0 6.8 2.4 322
Total 21,611,000 11.3 5.7 2.4 3,584

SourcelUSCG,2012NationalRecreationaBoatingSurvey,Table40, Page63.

By 2012, an updated USCGO6s survey suggeste

million households (27.3 percent) in the U.S. had at leastn@meber who boated during in

2012. They also reported that over 21.6 million boats of all kinds were used in the U.S. during
20122°2 (Table 1)In 2019, the U.S. outdoor recreation economy accounted for 2.1 percent
($459.8)of currentdollar grossdomestigproduct. Boatingandfishing wasthe dominantareaof

value added among outdoor recreational activities at $19.9 Btfiqfrigure 3)

29NMMA, Tablel.3

20NMMA, Table5.1

251 Numberof trips

25230urcelUSCG,ii Na t iRecreatibrBoatingS u r v 20420 able40, Pages3.

253Valueaddeds theselling price of thegoodor serviceminuscostsof the materialsandcomponentso produce
that good or service.
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Figure 3

OUTDOOR RECREATIONAL VALUE BY ACTIVITY
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Source: Bureau of Economic Analysis, November 10, 2020.

A 2018 study by the National Marine Manufacturers Association (NMMA) reported the
majority of economidmpactis concentrateth 31 coastaktatesandestimatedhat141.6million
Americans experience recreational boafitfg(Table 2) About 8.9 million (52.6 percent) of all
boats can be characterized as power d&t$ percent), sail boats (3.3 percent) and pontoon
boats (3.8 percent.) which are more likely to use charts than the remaining types of watercraft.

(Figure 4)

254 Stateswith coastline®n the Atlantic, Pacific, Gulf coastsandGreatlLakes
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Table 2
IMPACT OF THE RECREATIONAL BOATING INDUSTRY
31 COASTAL
TOTAL 31COASTAL STATESASA
UNITED STATES PERCENT OF
STATES TOTAL
ANNUAL ECONOMICIMPACT ($Billions) $170.3 $142.7 83.8%
(Manufacturerssupplierssalesandservice boating
activities, and business tax revenues)
JOBS 691,149 586,376 84.8%
NUMBER OF BUSINESSES 35,277 31,019 87.9%
REGISTEREDBOATS 11,900,008° 9,632,244 80.9%
ANNUAL SALE OFBOATSAND MARINE $42.0 $18.2 43.3%
PRODUCTS AND SERVICES ($Billions) including
Maintenancestoragefuel, insurancetaxesandservices

Source NationalMarine Manufacturerg\ssociatior2018RecreationaBoatingStatisticalAbstract,2018
Boating Economic Impact Study and 2016 Recreational Boating Participation Study.

Figure 4
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Source: USCG, National Recreational Boating Survey, 2012, page 74.

255 Many smaller craft (e.g., kayaks, personal watercraft, rowboats) many may not require registration .
Collectively,thesecraftaccountedor almost9.9 million craftin the2012USCGstudythe approximatalifference
between NMMA and USCG estimates.
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[ll. IMPORTANCE OF NAUTICAL CHARTS

Recreationaboaterssufferfrom thesamemajordisadvantagéhatall marinersdo. They
are unable to see what lies below the surface of the water for any appreciable distance.
navigate safely theoater must have knowledge of the water depths, shoals, and channels, the
location of aids to navigation and landmarks, the location of ports, harbors, marinas, dock
facilities and boat rampshe boater cannot avoid a submerged danger they cannot see unless
they use a nautical chart that shows the location of all known dangers in the area.

There are more than 255 thousand dangers to navigation located on NOAA nautical
chartsalmost160thousandf which arelocatedbetweerthe shoreandtwo milesoff shore.This
is the area frequented by recreational boaters.

A. BoatersCannot Avoid the DangersThey Cannot See

While largeships are required by law to caup-to-date nautical charts it is left to the
discretion of the recreational boater.

An easier to ustormat for recreational boaters is a paper book chart (Booklet@harts
which arereducedscalecopiesof NOAA papemauticalchartsdividedinto asetof adozen8 . 5 0
x 110 pages that show different portions of a
BookletCharts' are available free on the Web, cover the 95,000 miles of U.S. coastline and the

Great Lakes, and are favored by recreational boaters. Thassuatly spiral bound and printed

256 ChapmarPilotingandSeamanship8™ Edition, 2017,Hearstcommunicationsinc. p.50.
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onwaterproof material?®’
Available to boaters are also U.S. Coast Pilot nautical books that cover a variety of
importantsupplementarynformationsuchaschanneldescriptionsanchoragedyridgeandcable
clearances, currents, tide and water levels, prominent features, pilotage, towage, weather, ice
conditions, wharf descriptions, dangers, routes, trafffgaration schemes, srathft facilities,
and Federal regulations applicable to navigatiddditionally,o n  Apr i | 1, 2021, N C
Office of Coast Survey releasBifDAA Custom Chart version 1,.@ dynamic map tool which
enables users to create their own paper andriglDical charts derived from the official NOAA
electronic navigational chart (NOAAENE , NOAAOGs premier ®hautical ¢
Boatersarerapidly movingawayfrom theold style of analogpaperchartproductso the
more useful electronic chart producEaser (2021) on the reality of modern boating in stating
Aithe general Dboating public now relies al most
B. Chart Plotters and GPSReceivers
A wide variety of handheldandinstalledchartplottersintegratedvith GPSreceiversare
now available from many manufacturers.
1. Chart plotters
A varietyof chartplottersareavailablefor useon recreationaboatswith a protected
space to keep the electronics difhese systems are usually paired with a GPS receiver to

enable thenariner to locate their position on the chart plotter chart image.

257\WestMarinewebsite. https://www.westmarine.com/WestAdvisor/SelectipgperCharts

258 Referto: https://nauticalchds.noaa.gov/updates/category/recreatidnaiting/.
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Example of SITEX Chart
Plotter. The unit needs a
separate GPS receiver to
integratehevesselgpositionon
the charbackground.

ChartPlotters are hardwired in the recreational boat and are suitable for larger boats
wherethey canbe protectedrom the elements.RaymarineandSimrad areexampleof such
products®®® These typically cost about two thousand dollars.

2. Cell phonechart navigation apps

Mariners not wanting to purchase expensive chart plotter systems may opt for the
numerous apps available for the ubiquitous cellphdine chart image is linked to the cell
phones GPS receiver so that the users position on the chart can be determined and monitored
duringboatingoperations.Theseappsarevery inexpensive.Thedisadvantagef thesesystems
is the small screen format. There are a great many nauticahelagation applications for
small formats (e.g., Apple iPhones or Android cell phomdayv X: Marine Navigation is one
example?®© Marine-US Easis another applicatiomnvhich covers the East region of the U.S. It

has plenty of points of interests and has very useful chartsttiets the boater check tides and

259 Raymarine Axiom 12 12" Multi-Function Display Chart plotter E7036®),
https://www.wmjmarine.com/e70368-101.html,Furuno GP170 IMO GPS Navigator,
https://www.wmjmarine.com/marirelectronicsgpsfuruno-gpsfuruno-gps.htmlandSimrad Cruise9
Fishfinder/Chart plottehttps://simrad.factoryoutletstore.com/Category/

CategoryListNoCache.aspx?

260iNavX: Marine Navigation APPAdvertised as the world's #1 handheld Chart plotter. Access marine charts,
maps,weather AlS andmore!iNavX is theonly appto give you completeworldwide chartcoveragefrom all your
favorite charts providers, including Navionic#ivailable for $4.99. https://apps.apple.com/us/app/inavarine
navigation/id286616280
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do manyotherthingsontheiriPhone. Navionicshasplenty of otherappsfor lakes,andother
areas of our world®*

Now with marine navigation / GPS positioning cell phone apps with their nautical chart
backgroundsscommonlyavailableasdriving directions/ GPSpositioningwith theirroadmap
backgrounds it is difficult to claim that mariners do not have access to a nautical chart anytime

they are within cell phone coverage.

MX Mariner - cost$9.99

NOAARasterChartimage

https://www.boatus.com/experadvice/expertadvice
archive/2019/december/best%20marirgavigationappsfor-2020

iSailGPX costs$7.99

NOAARasterChartimage

https:// www.boatus.com/experadvice/expertadvice

In U.S. waters all nautical chart products whether paper or electronic are either direct
copiesof official NOAA Office of CoastSurveynauticalchartsor arederiveddirectly from their
data and may have other valadded information included.

An important consideration in the use of any chart plotter or cell phone nautical
navigationdisplayis the smallerformatsof the electronicscreensnakeit very difficult to picture
theentireoperationabrea. Whatmaybereadilyapparenbn alargeformatnauticalchartcanbe
obscured on small format electronic scre€ertss is especially true for voyage planning in

unfamiliar waters.The large format of the paper chart enables the user to view the entire area of

261 https://apps.apple.com/us/app/marirsid376844755
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the voyage.This is particularly helpful in selecting the most economical course or identifying

areaghatmightbeof interest,or perhapsnostimportantly,identifying thevessetrackthatwill

keep the vessel away from the invisible dangers beneath the water surface. Once the desired

track is decided the mariner can utilize any of the popular electronic chart formats to navigate.
In a survey of recreational boaters in 2@I®6 KitePowell (2007) found that an

overwhelming majority of recreational boaters carry some chart products such as NOAA paper,

rasteror vectorchartsor copiesof NOAA productssoldby privatevendors.He stated:

ANautical charts and chart data play an
in enablingtheactivitiesof bothcommerciavesselsand

recreational boats. Charts are finecessa
to operate effici®ntly, safely and | ega

He alsonotedthatonly 15%of boatergespondedhattheydo not carry chartsmostof those
sayingthat they were familiar with the waters they boated in.
C. U.S.CoastGuard & Carriage Requirements
While largeships areequired by lawo carry upto-datenautical charts it is left to the
discretionof therecreationaboater. Chapman#®iloting andSeamanshigells therecreational
boater:
i T keanscientiouskipperhoweverwill alwayshaveat
hand the proper charts for the waters he is traveling on.

Thesdogetherwith theappropriatenavigationtools, will
domuch to ensurthesafetyof his craftand thosenb o a % . o

The U.S. Coast Guard (USCG) has not published regulations requiring recreational

boaterdo carryup-to-datenauticalcharts. However theyrecognizehevalueof nauticalcharts

262Kite-Powell,Page31.

263 ChapmarPiloting andSeamanship8" Edition, 2017,Hearstcommunicationsinc. p.116.
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and strongly encourage recreational boaters to carry charts for the waters they plan to navigate.
The USCGO0s states, nOne of the most I mportant
nautical chart. Today, many recreational boaters use GPS receivers and perform electronic
waypoint navigation Although GPS can tell you where you are in terms of latitude and
longitude, it cannot show what is aroundeneath the boat, or what obstacles may be in the
way. Changes brought about by people and nature require that nautical charts be constantly
mai ntained and updat®ldn ttoh ea i WS GGddsparBreaavtiegrast i Porne
Checklistit lists Chartsof the AreaandNavigationToolsin thelist of recommende&quipment
and supplie$®
IV. RECREATIONAL BOATING TYPES OF OPERATIONS

Boatersoperateeitherin waterstheyarefamiliar with or waterstheyhavelittle or no

knowledge.
A. Boating Operationsin Familiar Waters

Boatersoperatingn waterstheyknowwell may not needto constantlyreferto anautical
chart during theirecreational activity (e.g. fishing, water skiing, sightseeing, ett\¢y have
piloted in these waters many times and have developed a local knowledge of the waters that
would include location of dangers, landmarks, general water depths, applicable aids to
navigation, local tides and currents and perhaps the locatiorhinftfispots.Boaters may have
gottenmuchof their informationfrom a nauticalcharton thewall of the marinaor yachtclub, at

the fuel station or even at the fishing tackle shogyarlking with other boaters or marina

264USCG, A B 0 a t Guiddioghe FederaRequirementfor RecreationaBoaters Page45

265|bid, Pages70-71.
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personnel who told them about dangers to watch outontinueddiscussions with locals can
keep them abreast of changes in local conditions such as a new obstruction or changes in water
depthfrom siltationor stormdamageThepointbeingis thattheimportantinformationfrom the
chart is disseminated in ways other than the boater purchasing a nauticdinchatidy
coveringa2005 and2006survey,Kite Powell(2007)foundalmost40 percentof respondentto
his study that did not use a chart reported 0
reason whyhey did not use chart produéfs.
Covering recreational boaters between September 2001 and Se@é@begstudy by
the StrategidResearclsroup(2003)for the USCGreportedthat31 percentcarriednavigational
charts 37 percentcarriedgeneraimapsand44 percentcarriedacompasg®’ Later,Kite-Powell
(2007) from a 2005 and 2006 study reported that 85 percent of all survey respondents reported
carrying a chart product on board their ves$&Ié\s he reportedi A t ot al of 96 resp
(24% of total) indicated they do not use chart products either all or some of tiiéfirttes
suggests about 69 percent of recreational boaters used charts at least some portiéiof time.
Boaters may find that they dondt need to r
operations in familiar watersThis was especially true when charts were only in unwieldly,
large format paper sheetow with the advent of cell phone apps coupled with the cellphone

GPSreceivemmarinershaveabackupchartnavigationsystemin theeventof poorvisibility (e.g.

266 Table9, pagesl1-12.(38 out of 96 responses)

267paged?.

268pagel. 15 percenpf all respondentseportecthatdid not carrya chartproducton board.
269pagel 2.

21076 percentusechartsof 85 percentwho carrythem
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rain,fog, darknessetc.)
B. Boating Operationsin Unfamiliar Waters

Part of the enjoyment in recreational boating is visiting new areas and exploring
unfamiliar watersBoat er s  wi | | go to other areas they ar
knowwheredangergo navigationexist,shoalspbstructionsmarinaandchannelbepthsaidsto
navigation, and landmarké$n these cases, they needdty on a nautical chart at least in the
voyage planning stagé.arger recreational boats will have a chart plotter and perhaps a set of
paper charts of the area for voyage planning and general refefenegigation app on their
cell phone is a great backup for way point navigation.

In U.S. waters all nautical chart products whether paper or electronic are either direct
copiesof official NOAA Office of CoastSurveynauticalchartsor arederiveddirectly from their
data and may have other valagded information included.
V. RECREATIONAL BOATING ACCIDENT REPORTING

The USCG has the legal responsibility to collect, analyze, and publish recreational
boating accident data and statistical information for the fifty states, five U.S. territories, and the
District of Columbia.Federal lawrequires the operatdror owner to file doating accident
reportwith the Statereportingauthoritywhen,asaresultof anoccurrencehatinvolvesaboator

its equipment:

1 A persondies;
1 A persondisappearfrom thevessel undecircumstancethatindicatedeathor injury;
1 A persons injuredandrequiresmedicaltreatmentbeyondfirst aid;

1 Damageo vesselsandotherpropertytotals$2,000(lower amountsn somestates
andterritories) or more; or,
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1 Theboatis destroyed.

Annually, the USCG compiles statistics on reported recreational boating accidents
referred as the Boating Accident Report Database (BARD). These statistics are derived from
accident reports that are filed by the owners / operators of recreational vegskeisd in
accidents. The fifty states, five U.S. territories and the District of Columbia submit accident
reportdatato the USCGfor inclusionin theannualBoatingStatisticspublicationandthe USCG
boating recreational accident databaaile the USCG has maintained the boating accident
data for almost two decades it hasndét been un
from all states and territories.

Thedatabaseontainsnformationon:

Yeari of theaccident

Statei in which accidentook place

Wateri nameof the body of watertheaccident occurreth

City I nearestity or town

CountyT’ nameof thecounty neareghe accident

Additional LocationIinformationi a moreexactdescriptorof thelocation
Deadi numberof deathsattributed taheaccident

Injuries’ numberof injuriesattributedto the accident

Damagéd damageestimate

Causel i majorresultfrom accident (e.ggrounding,collisior?’?, flooding, etc.)

= =/ =2 =2 4 A4 -4 A A - -2

Cause i majorreasordirectly leadingo theaccident

21n this databasallisionswerenot separatelydentified butincludedwith collisions.
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1 Cause3-571 issuedeadingupto theaccident.Causel issuesaremoresignificant
to the accident than are those for Causes 4 and 5.

VI. RECREATIONAL BOATING ACCIDENT OVERVIEW
In thisanalysisyecreationahccidentsverelimited to those accidents involving vessel

collisions,allisionsandgroundings defined as:

f Collisionsi thestriking of a (moving)vessel upommnother(moving)vessef’?

f Allisions?®i thestriking of amovingvesselwith a stationaryobject(anothevessel,
bridge, dock, etc.); and,

1 Groundingd theimpactof avessebntheseabedrwaterwayside(within or outsideof
the channel§’*
Nauticalchartinformationcanbeof helpto recreationaboatersn avoidinggroundings
as well as allisionsVessel groundings usually occur when thariner becomes disoriented
and navigates into an area with a shédlisions with fixed objects whether visible or

submergedould bemitigatedwith properuseof anavigationakchartandaccuratgositional

information.

Duringthe2011to 2018studyperiodatotal of 34,287accidentaverereportedwhich
represented all mishaps from all causes across all states, commonwealths and territories in
the US.Nearly 26 percent of all recreational boating accidents causes in all states (8,889)

were theresult of grounding, collision or allisionéccidents that occurred in naroastal

22IncludesBARD reportedcollision with floating objectandcollisionwith arecreationalessel

273 BARD doesnotreportallisionsunderthatnomenclatureInstead BARD reportscollisionswith fixed objectsas
well as (fixed) submerged objects.

24 Thisalsoincludesincidentscharacterizeasfi a gr ound o .
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statesandU.S. territoriesverealsoeliminated leaving,108events>’® (Figure5)

Figure 5

NUMBER OF RECREATIONAL BOATING ACCIDENTS
IN COASTAL STATES
(Allisions, Collisions and Groundings)
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Source: United States Coast Guard

During 2011 to 2018hese 7,108 accidents occurred resulting in 437 deaths, 4,439
injuries and total property damages of almost $194 million nominal dollars ($2Ddf3).
deathsandaccidentaswell aspropertydamagesrom all causesemainedairly consistenbver

time. (Figures 6 and 7).

215 This excludedaccidentonriversandlakes.NOAA doesdevelopchartsin thoseareas. The United StatesArmy
Corps of Engineers provides Inland Electronic Navigational (IENC) charts.
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Figure 6
NUMBER OF RECREATIONAL BOATING ACCIDENT
INJURIES AND DEATHS IN COASTAL STATES
(Allisions, Collisions and Groundings)
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Source: United States Coast Guard

Figure 7

PROPERTYAMAGESROMIOTAIRECREATIONAL
BOATING ACCIDENTS IN COASTAL STATES
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VIl. RECREATIONAL BOATING ACCIDENTS

Acrossthe7,108accidentslocumenteaver 30 cause®f accidentavereidentifiedin the
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BARD. Many of these reasons would probably not have been remedied by the presence of
nautical chartsFor example, if the operator of the boat had suffered a medical emergency,

experienceanachineryfailure, etc.the presencef chartswould not havehadanimpactonthe

accident’® (Table 3)

Table 3

RECREATIONAL BOATING ACCIDENT CAUSESACROSSALL EVENT TYPES
(20117 2018)

ACCIDENT CAUSES NUMBER OF ACCIDENT CAUSES NUMBER OF
INCLUDED IN STUDY ACCIDENTS EXCLUDED IN STUDY ACCIDENTS

Operatolinattention 1,415| Alcohol 565
Improperlookout 958 | Machineryfailure 554
Operatolinexperience 773 | Other 506
Excessivespeed 665 | Unknown 134
Navigationrulesviolation 311 | Forceof wake/wave 78
Hazardousvaters 268 | Equipmenfailure 43
Weather 223 | Suddemmedicalcondition 22
Missingor inadequat@av 213| Drug 13
Restrictedsision 189 | Hull failure 12
Improperanchoring 54 | Overloading 11
Congestedvaters 44 | Peopleongunwale bow 7
Sharpturn 31| Failureto vent 4
Dam/lock 8 | Ignition of spilledfuel 2
Inadequat®nboard 1 | Startingin gear 2
navigation

Carbonmonoxideexposure 1

Improperloading 1
TOTAL 5,153 1,955

Sixteen accident causes were identified to underlay 1,955 accidéatsical charts

would probablyhavehadlittle prophylactiampacton preventionor intensityof theseaccidents

278 \While someprimary accidentcausesnay haveultimately resultedin groundingsor collisionsassecondanpr
tertiary events, (e.g.,rachinery failure led to grounding),asthey were nothe primarycause of the accident,
they were excluded from the analysis.
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andwereexcludedrom theanalysis>’’ Recreationaboatingaccidentsanalyzedn this study

took place during a variety of environmental conditionsile external events from winds

(none light, moderatestrong),visibility (clear,good,fair, poor), wateicalm,choppy,rough,

very rough), weather (cloudy, fog, rain, snow, hazy) and time of day (day, night) may have
impacted the ultimate effectiveness of charts, charts were nevertheless available to all boaters

and if properly used could have had some impact on acciedgunttron.

Figure 8

RECREATIONAL BOATING ACCIDENTS IN
COASTAL STATES WHERE CAUSAL EVENTS
COULD HAVE BEEN IMPACTED BY CHART USE
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217 Of the 7,108coastarecreationaboatingaccidents1,955(27.5percentweredroppedeaving5,153in the
database.
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Figure 9

RECREATIONAL BOATING ACCIDENT DEATHS IN
COASTAL STATES WHERE CAUSAL EVENTS
COULD HAVE BEEN IMPACTED BY CHART USE
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Figure 10

RECREATIONBDATINGACCIDENINJURIE®SN
COASTAL STATES WHERE CAUSAL EVENTS
COULD HAVE BEEN IMPACTED BY CHART USE
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Figure 11

RECREATIONBDATING\CCIDENFROPERTOOSTS
IN COASTAL STATES WHERESAL EVENTS COULD
HAVE BEEN IMPACTED BY CHART USE
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Across the accidents retained over the eight gtaty period, allisions and groundings
dominated accident occurrencébigure 8) Allisions accounted for 59 percent of accident
events and resulted the largest losses from morbidity (61 percent), mortality (79 percent) and
propertydamage$49 percentof totallosses).(Table5) Groundingsaccountedor 36 percenif
accident events, 35 percent of morbidity, 17 percent of mortality and 42 percent of property

damages(Figures 9, 10 and 11)

VIIl. RECREATIONAL BOATING ACCIDENT LOSSES
Allisions, collisionsandgroundingswhich occurredundercircumstancesvhich could
have been aided by navigational charts resulted in 244 deaths, 3,100 injuries and property

damages of $72.5 million ($2017)Table 4)
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LOSSESFROM RECREATIONAL BOATING ACCIDENTS

Table 4

IN COASTAL STATESWITH ACCIDENT CAUSESTHAT COULD HAVE BEEN
IMPACTED BY NAVIGATIONAL CHARTS

(2011-2018)
NUMBER OF NUMBER OF DAMAGES
ACCIDENT CLASSIFICATION DEATHS INJURIES MILLIONS
(MORTALITY) (MORBIDITY) ($2017)
Groundings 42 1,089 $30.4
Allisions (CollisionsWith Fixedor Submerged 192 1,887 $35.3
Objects)
Collisions(Commercialrecreationahnd 10 124 $6.7
floating objects)
Total 244 3,100 $72.5
Table5

ANNUAL LOSSESFROM RECREATIONAL BOATING ACCIDENTS

IN COASTAL AREAS

($2017)

ACCIDENT MORTALITY MORBIDITY DAMAGE TOTAL COSTPER

CLASSIFICATION COSTS COSTS COSTS COSTS ACCIDENT
(MILLIONS) (MILLIONS) (MILLIONS) | (MILLIONS) | (THOUSANDS)

Groundings $51.9 $108.3 $3.6 $168.3 $92.5
Allisions (Collisions $237.2 $187.8 $4.2 $429.2 $148.1
With Fixed or
Submerge®bjects)
Collisions $12.4 $12.4 $0.8 $25.5 $72.2
(Commercial,
recreationahnd
floating objects)
Total $301.5 $308.5 $8.6 $618.5 $123.1

Based on updated costs for mortality and morbidity employed by Wolfe et al. (2020),

annualossedrom all threetypesof accideneventseviewedapproache®619million ($2017).

Appendix F provides a detailexplanation of how morbidity and mortality costs were

estimated.This equates to about $123 thousand ($2017) per accident event per year. (Table 5)
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IX. ESTIMATION OF CHART BENEFITS

In estimating the value of nautical charts several approaches were investigated: (1)
detailing previous research findings updated to $2017; (2) employing accident data from the
current period of analysis (202D18) in prior benefit estimation formulas;darf3) estimating
reductionsn costsfrom updatecestimationprocedurepasedn previousresearclandaccident
trends. Collectively, these approaches provide a lower and upper range for benefit potential for
recreational boaters.

Kite-Powell (2007) studied the value of paper and electronic charts to recreational and
commercial boaters by employing survey data from 2005 to Z60Gte-Powell collected
responses from a mail and email survey of recreational boaters and commercial vessel operators.
The survey determined $13 million was spent by recreational boaters for chart products
excluding hardware and software or digital chasptiiy?’® Kite-Powe |l | 6 s study was
estimating the level of consumer surplus which represents the value of nautical charts to users
abovewhattheyactuallypayfor the charts. Fromthesurvey,it wasreportedthatthe majority of
recreational boaters making usievectorand rastechart product did smorethan 75 percent of
the time?8°

I n their responses, recreational boaters d

whichincluded:(1) asmallerformatfor paperchartsandchartbooks;(2) waterproofchartsand

278 |t was reported that among the roughly 500,000 U.S. recreational boaters with auxiliary sailboats, cabin
motorboatsandlarger( > 2 dpénjnotorboatsanestimated7%carryNOAA papercharts,36%usepaperchart
books, and 33% use digital chart systems. Page 30.

219 At thistime, paperchartswerestill beingproducedoy NOAA. Thesurveysuggestedhat$1.8million of the$13
million was spent on paper charts.

280Table5 pagel0
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books; and, (3) thahey are updated more frequentlgeal digital charts should include additioteterssuch

astide currentspeed/directionChart plotter software has options to utilize tidal and tidal current predictions.
With the significant improvements in chart accuracy from moderveys, the continuous updated chart data

the chart data is now equal to the KiRewellfi i d e a| ¢ hTaeanalysisfstimgtedtbenefitof $15.3
million per year ($18. 7 mi P Thestudy$anduded jhat this figureiviasl e a |
considered by the authortobe theo wer boundo ¥f such esti mates.

TheVOLPE Center(2009)undertookanassessmemtf N O A A MasionalOceanService
(NOS) navigational products which included navigational charts, tides and currents data,
navigational response team services and the Physical OceanographiinRe8lystem
(PORTS). VOLPE assumed that 20 percent of recreational boaters used electronic nautical
charts?®® They also assumed the usage rate of charts was 25 percent for tankers, 35 percent for
containerships and 20 percent for freight vesdedser, they estimated by the 2010 to 2018
period the usage rate overtime for tankers would expand to 50 p&ftent.

In their survey of recreational boaters, involving convenience, (issues including route
planning,routemonitoringanduseasareferencalevice),theyindicatedawillingnessto pay of
$32.20peryear(2006dollars)fora n i i d e*® Theyassamed asagerateof 20 percent
for all NOS productg®®

In theiranalysishasedn thereductionof boatingaccidentdbetween996and2006,they

assumed an efficacy rate of 36 percent for the combined effects of electronic nautical charts and

281 He noteda strongpreferencdor electronicchartsoverthethendominatepapercharts.

282 Thiswasconsideredh lower boundasit did notincludemilitary userscommerciafishing vesselsor marine
resource managers among others, Page 5.

283 Table4, Pages6
284pagesO0.
285 About$50in $2019.

286\VOLPE Center Final ReportTask4, Pagel12.
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tides and current data bbgcreational boaters and Search and Rescue officers given a twenty
percenusageaateby boaters®” V O L P Eotalbenefitestimategrom AvertedFatalities(AF)
and Averted Injuries (Al) approached $61 milliokdjusted for general inflation, total losses

would be about $72.8 ($2017) millioTable 7)

AvertedFatalities(AF) wereestimateds:
AF = ( cavoidedFatalities)* (Value of StatisticalLife (VSL) for anAvoided Fatality)*
(Effectiveness Rate) * (Usage Rate)

AF = (70* $5,800,000 0.36* 0.20)
AF = $29,232,000.

AvertedInjuries (Al) wereestimatedy VOLPE as:

Al= ( (AyoidedInjuries)* (WTP for MaximumAbbreviatednjury Scale(MAIS)

for avoided injuries (663) =

200MAIS1: minor + 200 MAIS 2: moderate + 100 MAIS3: serious + 100

MAIS 4: Severe:+ 63 MAIS 5 = Critical)) * (Effectivenesfkate* UsageRate)

Al =((200 * $11,600 £00* $89,900 +100 * $333,500+ 100 * $1,087,500 63 *

$4,422,500)¥ 0.36* 0.20)

Al = $31,753,260.

In 2012 Leveson expanded on the work of K@well (2007) by estimating direct and
indirect economic benefits where direct benefits accrue only to users while indirect benefits are
those from benefits provided to supplier and user industlissng an updated willingness to
pay of $56.33% per user times an estimated 2.4 million coastal and Great Lakes recreational

boatuserssuggeste@d benefitof $135.1million. Thebenefitrangewasalsocreatedy reducing

the $135.1 figure by ten percent ($121.6 million) to reflect that nautical charts may have a lower

287\/OLPE, Final ReportTask4, Pagel17

288 Updatedirom $49.70
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valuethani i doehad 8% Wpdatedor $2017this estimateangewould be betweer$136.2
and $151.3 million.

Reductions in annual morbidity, morality and property damages between the VOLPE
study employing accidents from 2000 to 2006 and the current analysis which covered the period
2011 to 2018 were examinebh the current study it was found that on average an annual 10.2
fewer deaths, 129.2 fewer injuries, and $6.8 million lower property damdgese were
averageaeductiongn annuallossesverealmost$214million lessacrossll accidentypeswhich
occurred from events that could be impacted by the usavajational charts if they were
employed 100 percent of the time and were 100 percent effe(Tiable 6)

Reductions in deaths, injuries and property damaged are due to the collective and
synergistic impacts of more easily obtained nautical chart information, user training, enhanced
use as well as the timeliness and accuracy of the char?#&lb. reflect the impact of human
factors,wherepasthistoryandhumannaturesuggestshatevenperfectchartswould belessthan
100 percent effective and used in only a portion of the time a recreational boater was underway,
two assumptions were made.

First, in place of the historical 20 percent utilization figure used by VOLPE;RGteell
(2007) estimated that a chart utilization rate of 69 peréniince 2009, annual navigational

chartsalesfrom a Certified NOAA ENCP® Distributor (CED) rosefrom 154to 926thousand an

289pages3.

290 BpatingIndustrystatedthatthe USCGin 20200bservedhatabout34.4percenbf recreationaboaterghat
operated a boat in 2018 had taken a boating safety course.

291\Weightedaverageof vectorandrasterchartusein 2007. Kite-Powell,2007 Table5, Pagel0
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over500percentncrease>? (Chart12) FromKite-Powellandchangesn 2009to 2020sales
figures which include all types and sizes of both recreational and commercial boating, a 69
percent usage rat¢Figure 12)

Second, measures of effectiveness have been related to avoided causalities and property
damages$®® While a 36 percentauticalcharteffectivenessatewasusedoy VOLPE,sincethe
time of that study technological improvements (e.g., expanded use of cell phones and other
electronic devices, elimination of paper charts), have no doubt enhanced this figure as reflected
in the reduction in grounding accidents (down 19 percent) leettwne periods when the
number of registered boats declined less than seven petagimg this time the annual
reduction in thewumber ofdeaths and injuries between M@®LPE and current study (10 fewer
deaths and 129 fewer injuries) suggests advanced effectiveness and use &f*chamtsdest
reduction in property damages was also noted.

Dueto notedreductiongn accidentadvances technologyandloweredacquisitiontime
and cost, it waassumed that theurrent effectiveness aharts had increased from 36 percent in
2009 to 50 percent in 202Employing the VOLPE approach with a 50 percent effectiveness
and 69 percent usage rate along with 2011 to 2018 annual morbidity and mortality costs results

in a benefit estimate of almos®& 7 million. (Table 6)

292 CEDsarepermittedto downloadNOAA ENCP files, performexactcopying,andredistributethosecopiesof NOAA
ENC® data.A CEVAD is a "Certified NOAA ENC Value Added Distributor" who is permitted
to reformat official NOAA ENC data into a System Electronic Navigational Cl{&NC) using typepproved
software,andmaydistributethe SENC. Certificationtyperequirementarelistedin the FederaRegister/\Vol.70,
No.171.

293VOLPE final TaskReport4, Page20.

294\/OLPE Task4, Table32.
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Figure 12
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Table 6

ESTIMATES OF RECREATIONAL BOATING BENEFITS FROM CHARTS

ANNUAL BENEFIT

STUDY / APPROACH (MILLIONS $2017)
KITE POWELL (2007)Willingness to Pay $179
VOLPE (2009Groundingsonly) employing2009valueof life andinjury costs $66.0
(assuming 36 percent effectiveness rate and 20 percent usage rate)
LEVENSON (2012)(recreationaboatingandfishing) $142.3- $158.1
CURRENT STUDYi Reduction in average annual allisions, collisions and $211.6

grounding occurrences from 2002006 and 201-RP018 using current life, injury
andpropertycostswith a 50 percenteffectivenessateand69 percenusagerate?%®
CURRENT STUDY SALTWATER BENEFITS portion of the number of fish $92.7
caught in coastal saltwater areas as compared with total catch in inland and ¢
areas (811.6*0438)

2%5((30.5 deaths * $9.8 million) + (387.5 injuries * $789,233) + ($8.6 million property damages) * (0.50 effectiveness rate)
* (69 percent usage rate)).
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The central conclusion that can be drawn from this study as well peethieus studies is
that the use of nautical charts by recreational boaters is essential for boaterT$efetge of

nautical charts while engaging in recreational boating activities retheiesidenceof allisions

andgroundingsreducesoatdamagendinjuriesfrom boatingaccidents(Table 7)

Table7
SUMMARY OF ANNUAL RECREATIONAL BOATING BENEFITS
DERIVED FROM NAUTICAL CHARTS IN U.S. WATERS
ANNUAL BENEFIT VALUE ($2017MILLION) CONFIDENCE LEVEL 2%
$92.7 MEDIUM

2% In eachbenefitappraisala subjectiveassessmemf the confidenceof the estimatds madebasedon the quality
of theunderlyingdata,documente@xactnessf therelationshipbetweemauticalchartsandresultantenefitsand
proximity to previous research findings.
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CHAPTER 617 RECREATIONAL FISHING

I. INTRODUCTION

Saltwaterand Great Lakerecreational fishing is an integral partArherican coastal life
andcommunities.Recreationafishing is botha culturalcornerstonendanimportanteconomic
driver. Millions of Americans annually migrate to the water to temporarily septrateselves
from the stress and boredom of their daily life and work routine seeking solitude on the water or
the comradery of friends all the while hoping to catch fish in numbers or size to afford them
A br ag g igmihese nodoubtthattheemotional societalandaesthetiozaluesof a quality
environment, healthy fish and wildlife populations, and safe and sustainable recreation exceed
our ability to quantify them in dollars, but nonetheless the dollar figures are impressive.

Recreational fishing, also known as sport fishing, is undertaken for a variety of reasons
including personal pleasure, recreation and competition as opposed to commercial fishing which
is defined as fishing for profitDuring 2018, the International Game Fish Association reported
thatalmosttwo-thirds of recreationafish catchwerereleasedilive 2°’ Earlier, CookeandCowx
(2004) estimated that discard/release rates for recreational catch were pegred.
II. OVERVIEW OF INDUSTRY

Pendleton et al. (2006) reported that fishing represents a large portion of marine
recreation in the United States. Saltwater fishing alone draws nearly 21.3 million participants
nationwidewhich accountdor 10.3percentof the populatioragel6 or older. Saltwaterfishing
rankedthird mostpopularactivity in marinerecreationn the United States.Saltwateffishingis

expected to attract over 24 million participants by 2010.

297 Sixty-four percenbof recreationatatchin termsof thenumberof fish caughtwerereleasedlive in 2018.Refer
to: https://igfa.org/2020/04/23/fisherie$-the-united states2018report/
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Recreational fishing is an important part of the recreational economy for three of the
largest recreational boating states California, Florida and T&agornia ranks second in the
nation in terms of participation in saltwater fishing with more than 2.7 million participants,
falling only behind Florida. Texas is ranked third with more than 1 million fewer saltwater
fishing participants than in Califorsi Based on the 2000 participation estimates and an
estimated valueangeof $75 to $200 peparticipant peryear, theannual expenditures associated
with recreational fishing in California ranged from $205 million to $545 million in the year
2000. This would be equivalent to $283 and $753 million in 2017 dollars. Based on the 2000
participationestimate420.3million personrdays)andanestimatedraluerangeof $15to $90per
person day, the annual [nomarket] value of recreational fishing in California likely ranged
from $305 million ($421 million $2017) to $1.83 billion ($2.52 billion $2017) in the year 2000.

Detailed information on marine recreational fishing is required to support a variety of
fisherymanagememurposesndis mandatedy the Sustainabld-isheriesAct, 1996(PL 104
297) and the MagnuseBtevens Fishery and Conservation Act of 2006 (PLAT®) 2%

DataontheAtlantic andGulf coastds collectedvia acoastahouseholdelephonesurvey
as well as a field survey of completed angler fishing trigss information is augmented with
stateand local recordsln Oregon and Washingtamtean boat surveys are used to develop catch

estimates Alaskan data is collected through an annual mail survey administrated by the Alaska

2% Each year, a comprehensive survey is undertaken which covers all fishing modes (e.g., private/rental boat,
party/charteboatandshore). Literally millions of recreationahnglersareannuallymonitoredin orderto accurately
assesthe stock®f manyfish speciesasrecreational fishingignificantly impactghe stockof manyfinfish species
as well as the fact that recreational landings of some finfish actually surpass commercial landings.
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Departmenbf FishandGame.Datais summarizedn anannualreportby theNationalMarine
Fisheries Serviceg®®

A 2011reportby N O A A NasionalMarine FisheriesServicestated

Aln 2011, there wer ecreafopat oxi mately 11 m
saltwater anglers across the U.S. who took 70 million saltwater

fishingtrips aroundthecountry. Theseanglersspent$4.5billion

on fishing trips and $22 billion on durable fishinglated equipment.

Theseexpenditures contribute®i7Obillion in salesimpactsto theU.S.
economygenerateds32billion in valueaddedimpactsandsupported

over 455, 00%° job i mpactso.

During 1999to 2016,betweer7.8and14.0million participatedn recreationaboating

making between 56.9 and 89 million fishing trigs(Table 1) This averaged seven trips per

year.
Table 1
RECREATIONAL ANGLERS
AVERAGE PERCENT
NUMBER OF NUMBER OF NUMBER OF PARTICIPATION
YEAR ANGLERS FISHING TRIPS TRIPS PER OF U.S.
(Millions) (Millions) YEAR PER POPULATION
ANGLER
1999 7.8 56.9 7.3 2.8%
2000 9.0 76.0 8.4 3.2%
2008 12.0 84.0 7.0 4.2%
2002 10.5 73.0 7.0 3.6%
2003 13.0 82.0 6.3 4.5%
2004 14.0 82.0 5.9 4.8%
2005 12.0 83.0 6.9 4.1%
2006 13.0 89.0 6.8 4.3%
2007 12.0 87.0 7.3 4.0%
2008 12.0 85.0 7.1 3.9%

29 Refer to: U.S. Department of CommerdieFi s her i es of t hMatiobai@ceasidan®st at es 2010
AtmosphericAdministration,NationalMarine FisheriesService,CurrentFisheryStatisticiNO. 2010,August2011,

S00NOAA, NMFS,2012.1 F i s HEeondmiesftheUnitedState?2 0 1 Paye9.
301 Dueto changesn collectionmethodsheginningin 2017 laterdatais not strictly comparablevith earlierdata.

302Recessiofirom March2001to November2001
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20093 10.0 75.0 7.5 3.3%

2010 11.0 81.0 7.4 3.5%

2011 11.0 70.0 6.4 3.5%

2012 9.4 70.0 7.4 3.0%

2013 11.0 71.0 6.5 3.5%

2014 10.4 68.0 6.5 3.3%

2015 8.9 61.0 6.9 2.8%

2016 9.8 63.3 6.6 3.0%

AVERAGE 10.9 75.4 7.0 3.6%
(19992016)

Sourcefi Fi s HEeonamiesf the United StatesFisheriesof the United StatesCurrent
Fishery Statistio3 National Marine Fisheries Service, NOAA for involved years.

[ll. BENEFIT OF NAUTICAL CHARTS FOR RECREATIONAL FISHING

The benefits of the nautical chart for those engaged in recreational fishing occur for the

boating operations and the fishing operatidnssummary, boating operations can be broken

into voyageplanningbeforethe boatingvoyagetakesplace the actualboatingoperationgiuring

the voyage, and during any emergency or unscheduled operations.

A. VoyagePlanning

Boaterdetermineghe destination(s) andplansa routefrom the startingmarinato the

destination (s) via a safeute that avoids shoals and submerged dangers to navigation, busy

vesselraffic laneswhile takingthe shortestroute oroneincorporatingwaypointsof interest.

B. Boating Operations

Thechartis usedto monitorthe progresof thevesselutilizing a nauticalchartbaseon

which is plotted the GPS vessel positidmacking the vessel position relative to the desired

track ensures

dangers.

t

h e

303 Recessiofrom Decembef007to June2009

vessel

doesnot

stray I
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C. Emergenciesor UnscheduledEvents

These events can occur to even the most experienced and well preparedTiheater.
experiencedboaterensuresn thevoyageplanning thatnchorageitesarelocatedin theboating
area and facilities where emergency services (medical, fuel, mechanical repaidmc.).
emergency that happens too often is when a boater is delayed and find themselves on the water
after dark.When landmarks disappear with the onset of darkness the boater is left with a
confusing myriad of lights on shore with some that areoregteen and some flashinghese
aremeaningles$o anuninformedboaterbut oneusinga nauticalchartcanidentify the color and
flashingcharacteristicsf aidsto navigationto identify thosethatwill guidethemto theirmarina
destination.The navigation on a chart with the GPS position of the vessel shown on the chart
becomes a much more manageable operation if the boater is using an electronic chart and GPS
positioning. The mariner can safely navigate avoiding dangerous areas and obstructions.

Kite-Powell (2007) from a 2005 and 2006 study reported that 85 percent of all survey
respondentseportedcarryingachartproducton boardtheir vesselsandat leastusingit partof
the time. Since 2005 the improved chart plotters and navigation apps for cellphones when
coupled with free NOAA raster chart images have enabled all mariners to have access to very
accurate navigational tool&ven a mariner on the water without a chart can download the
necessary app with a nautical chart and the GPS from the cell phone to navigate in an
emergency.

Fishermerhaveseverahauticalchartformatsavailableto themfrom largeformatpaper
charts or electronic chaptotters for the larger recreational boats to the smaller paper book
charts, smaller electronic displays or even one of the many cell phone application utilizing

electronic chart with the GPS navigatioRefer to Appendix J.
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D. Fishing Operations
Nauticalchartsalsoprovideinformationrelevantto determiningthelocationof whereto
fish, how to fish as well as the ability to of their vessels to reach locations where fishing
conditions are favorable.
Knowing the water depth and bottdopography is critical for properly choosing and
settingthefishing gear. Fishspeciesaareknownto inhabitwatersof certaindepths.Thelocation
of rises, reefs, and ledges are some of the features fish have been known to congregate around.
Knowledgeof thetype of bottommaybe of importance.Bottomfish mayprefera sandybottom
to one that is rocky or muddy while other crabs and fish may prefer more rocky bottioese.
are just a few examples of what a fisherman might know about the type of fish they are focusing
on for their fishing operationdMuch of this information is available from the nautical chart.
Thelocationof obstructionson the bottomareimportantfor thefishermanto beawareof
in planning their operations so that their ge
obstruction.
Observers such as Love (1997) have detailed several environmental conditions that are
conduciveto enhanced fislsatch®** Nauticalcharts assigb providespecificanswergo eachof
these measurements along with timely accurate and complete knowledge of water depth,
shorelines and seafloors as well as navigational hazards, information on tides and currents and
| ocal details of the Eartho6s magnetic fields.
While the nautical chart is useful for operational planning the primary purpose and thus
thedesignof the nauticalchartis safenavigation. The chartis usedby the vesseloperatotito plot
a course to and from the fishing grounds avoidingladials andiangers to navigationithout

a nautical

304Referto Tablelin CommerciaFishingChapter3
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Table 2
U.S.RECREATIONAL FISH HARVEST BY DISTANCE FROM SHORE
NUMBER OF AVERAGE NUMBER OF AVERAGE NUMBER OF AVERAGE
YEAR METRIC | FISH LANDED WEIGHT METRIC | FISH LANDED WEIGHT METRIC | FISH CAUGHT WEIGHT
TONS (THOUSANDS) PER FISH TONS (THOUSANDS) PER FISH TONS (THOUSANDS) PER FISH
(POUNDS) (POUNDS) (POUNDS)
0 TO 3 Miles 3 TO 200Miles 0to 200 Miles
2011 25,358 41,275 1.35 11,544 21,387 1.19 36,902 62,662 1.30
2012 24,889 41,153 1.33 13,243 26,039 1.12 38,132 67,192 1.25
2013 28,188 55,531 1.12 17,379 31,461 1.22 45,567 86,992 1.15
2014 25,099 55,396 1.00 17,303 26,117 1.46 42,402 81,513 1.15
2015 24,425 53,910 1.00 15,583 29,861 1.15 40,008 83,771 1.05
2016 27,528 57,197 1.06 16,323 26,161 1.38 43,851 83,358 1.16
2017 68,272 152,262 0.99 38,519 61,399 1.38 106,791 213,661 1.10
2018 54,078 129,368 0.92 32,196 50,026 1.42 86,274 179,394 1.06
2019 49,505 135,491 0.81 47,536 36,752 2.85 97,041 172,243 1.24
201% 36,371 80,176 1.00 23,292 34,356 1.49 59,663 114,532 1.15
2019
Average

SourcefiFisheriesof the United StatesCurrentFisherStatistic® NationalMarineFisheriesService NOAA for involvedyears.

186



ESTIMATED GROSS BENEFITS PROVIDED BY
NAVIGATIONAL CHARTS IN THE UNITED STATES

chart the vessel operators would be unaware of the location of submerged dangers and any
collisionwith theobstructionor groundingin shallowwatercouldresultin severadamageo the
vessel oeven its completdestruction and injury aven death to passengers aboard/éssel.
The depth of the water, the topography of the bottom, the type of bottom (e.g. rocky, mud, or
sand), and the location of obstructions that might foul their fishing gear are all important to
fishermen.
V. CALCULATION OF BENEFITS

Between2011and2019,56.2 percentof recreationatatch,measuredby weight,wasin
inland fresh watersThe remaining 8.8 percent of the fish landed were caught in salt water
between zero and 200 miles from shdfeable 2 and Figure 1)

In this study,recreationafishing benefitsattributableto nauticalchartswereestimatedo
be derived from two source$.he first, i s a measure of the re
associated with the infrastructure needed (e.g., boats, tackle, etc.) to facilitate fishing activity.

Theseconds relatedto thevalueof the catch retainedstensiblyfor consumption(Figure2)
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Figure 1
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A. RecreationalExpenditures

Participants of recreational fishing expesignificant monies in pursuit of this activity.
NOAA (2016) reported there were approximately 10 million recreational saltwater ariglers.
the same report, related U.S. recreational fishing trip and durable expenditures approached $31
billion resulting from boat expense ($15.4 billion), trips ($4.3 billion), fishing tackle ($3.7
billion), vehicle expense ($3.5 billion), second home expense ($2.1 billion) and other equipment
cost. ($1.9 billion}*® In a broader measure of total impact involving all recreational boaters
(freshwater and saltwater), the National Marine Manufacturers (2018) have estimated that total
annual economic impact exceeded $170 billion from manufacturers, suppliers, salesiaad ser
boatingactivitiesandbusinessax revenues®® Recreationaboatingis seerto beessentiato the
U.S. economy as 95 percent of boats sold in the U.S. are made in the U.S., 93 percent of U.S.
boatmanufactureraresmallbusinesseand61 percentof boatownershaveanannualhousehold
income of $75,000 or less.

Basedonthe portionof totaltonnagecaughtin aread) to 200 milesfrom coastsaportion
of total recreational trip and durable expenses were allocated to activities in thosé\areas.
boating equipment used in ocean versus inland locations tend to be larger, stronger and as a
result tend to be more expensive, the estimate of 48.6 percent (total number of landed
recreational catch between 0 and 200 miles from shore as compared with inland landings) is

considered to be conservative in nature.

S05NOAA, 2018.i1 F i s HEeondmiesf theUnitedStates? 0 1 &actSheetandHighlightsfrom the Annual
Report., NOAA Fisheries, Office of Science & Technology, DecembeGtaph 5, Page 13.

S0O6NMMA. 2019.fi E ¢ o nimpact$tudy,2 0 1 &ndreportedn Aquafinance2019.i Re ¢ r e Boatingo n a |
I ndustry Growth A Boon to American Economyo, March 25.
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Table 3

ESTIMATE OF ANNUAL SALTWATER RECREATIONAL BOATING BENEFITS

NOAA
ESTIMATE
($2017)
RecreationaFishingTrip andDurableExpendituregFreshandSaltWater) $31.6billion
PercentAssumedProportionatel\Spent0-200miles(SaltWateronly) from shore $13.8billion
(43.80)°7
OnePercenbf Annual ExpenditureDueto Charts $138.4million

SourceNOAA, NMFS.

Taking the portion of recreational fishiagtivity between 0 and 200 miles offshore
wherenauticalchartscould havetheir greatestmpact,atotal of about$13.8billion couldresult.
If only onepercenf theseexpendituresupportactivities200or fewermilesfrom shore(based
on the proportion of total catch weight), an annual benefit to the U.S. economy of &k@ut $
million ($2017) could result(Table 3)

B. Catch Value

The total value of retained fish catch was estimdttasied on catch and retained catch
data by recreational by tidational Marine Fisheries Service (NMFS)ith the value of
commerciakatch($0.59perpound)obtainedirom zeroto 200 milesfrom shorewerevaluedat
almost $28 million, under a Nordhaus assumption if one percent were attributable to nautical

charts, annual benefit would approach $0.3 millifrable 4)

307 Basedon percenbf total numberof landedrecreationatatchbetweerD and200milesfrom shoreascompared
with inland (lake and river) landings.
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Table 4
ESTIMATE OF RECREATIONAL CATCH ESTIMATION

AverageAnnual CatchWeight2011-2019 (0 to 200Miles) in ShortTons 65,767
PercenCatchRetained” 36%
AnnualCatchRetainedPounds) 47 .4Million
CatchValuePerPound(0 to 200 milesbasedn CommercialCatch) $0.59
Total AnnualValue $28.0Million
OnePercenof AnnualValueDueto Charts $0.3Million

V. CONCLUSIONS

Collectively,recreational fishingpenefitsareestimatedo be $138.7million ($138.4million plus
$0.3million in catchvalue)in $2017.(Tables3 and4) Basedon knownannualexpenditures
for recreational fishing and a hightpnservative apportionment of total benefits to nautical
charts, it is assumed that an annual benefit of alim@&.¥inillion occurs. (Table 5)

Table5

ANNUAL BENEFIT DERIVED FOR SALTWATER RECREATIONAL FISHING
FROM NAUTICAL CHARTS IN U.S. WATERS
ANNUAL BENEFIT VALUE ($2017MILLION) CONFIDENCE LEVEL 30®

$138.7 MEDIUM

308 SourceNMFS.2019.i F i s hofahe UnéeslStates? 0 1 Page36.

309 In eachbenefitappraisala subjectiveassessmermtf the confidenceof the estimatds madebasedon the quality

of theunderlyingdata,documenteaxactnessf therelationshipbetweemauticalchartsandresultantbenefitsand
proximity to previous research findings.
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CHAPTER 7 - CONCLUSIONS

International trade allows countriesdrpand their markets and access goods and
serviceghatotherwisemaynothavebeenavailabledomestically.In theU.S.thecargovalueof
total imports exceeded $2.8 trillion while imports approached $1.8 trillion for a total of $4.6
trillion ($2021). Concurrently, total imported tonnage exceeded 1 billion tons while exports
approached 1.2 billion tons for a total of over 2.2 billion tons in 2@&%r the last 12 years,
waterborne transportation represented over 72 percent of international tonnageuad@ abo
percent of international cargo value.

Safe navigation is based on the concept that from the bridge of a ship the mariner is
unable to see beneath the surface of the water. Without a nautical chart they cannot avoid
dangers that they cannot s&afe and efficient offshore commercial and recreational
transportation, whether involving cargo transportation or fishing, is the result of quality
informationandprudenthumaninteraction. Nauticalchartsprovidevaluefrom anumberof
perspectives for both commercial and recreational u3érs benefis to major user groups
include:

1 CommerciaMarineri voyageplanning,navigatingavoidingdangergo navigationand
shoal water, aiding in calculation of optimal vessel loading.

1 Commercial Fishing Recreational Fishing voyage planning to fishing grounds,
navigatingto avoiddangergo navigationandshoalwaters aid in fishing operations
(setting and deploying fishing equipment).

1 RecreationaBoatingi voyageplanning,piloting andnavigatingto avoiddangerso
navigation and shoal waters.

Without a nautical chart, ships and boats are in extraordinary danger of an allision or
groundingwith theresultandeathandinjury of passengerandcrew,thedamageor total lossof

the vessel and itsargo and perhaps most costly, damage to the environment from the release of
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fuel, and oil and chemical cargod=nllowing estimation of total averted costs from the
combinednfluencesof nauticalcharts waterlevel andPORTS dataandthe decisionsof port
pilots and bridge managers, the portion attributable to nautical charts was caldulaach
benefit appraisal, a subjective assessment of the confidence level associated with the estimate
based on the quality of the underlying data, documented exactness of the relationship between
nautical charts and resultant benefits prmkimity to previous research findings.

Due to fewer accidents navigational costs were either averted or dimin{Sbsts.
reductiongncluded:(1) mortality; (2) cargolosses{3) facility/otherlosses{4) morbidity; and,
(5) vesselosses.

Cost savings also result from efficient voyage planning as charts provide a graphical
representation of relevant information to mariners for planning and executinmpsajation
making it one of the most fundamental tools available to the matmaddition to avoided
accidents and voyage planning the ability to more efficiently load and navigate vessels results in
fewervesselransits Jessemport congestionlower total energyuseandresultanfeweremissions
which contributes to societal equity as commercial ports and main waterway channels tend to be
in economically distressed less diverse areas of the coukrigyreductions in pollutants help
improve the enviroment for those living in proximity to those areas.

Finally, the economic impact of charts on commercial and recreational fishing was
assesseih relationto levelsof capitalinvestmentindthevalueof catch. Overall,total annual
benefits due tmautical charts was estimated to range betvadrmanst$1.5 and £.4 billion

($2017).Table 1
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Table 1

ANNUAL VALUE OF NAUTICAL CHARTS

ESTIMATED BENEFITS

VALUE ($ 2017 MILLION) CONFIDENCE LEVEL
CommercialShipping*° $365.6| High1 Very High
Allision Avoidancé!! $645.5- $1,58.6 | Very High
CommerciaFishing $214.6| Medium
RecreationaBoating $92.7| Medium
RecreationaFishing $138.7| Medium

TOTAL

$1,457.1i 2,360.2

Nautical charts benefit the environment gmdmotes societal equityAside from lesser

port and channel congestion, the reduced number of vessel trips also has a societal benefit from
fewer emissions from the burning of ships fudlable 2) As many ports and vessel transit lanes
arelocatedin or adjacento relativelyeconomicallydisadvantagedreasreductiongn emissions

proportionately assist individuals living in or in proximity to these areas.

310Thevalueof thepilot & waterlevelswasrecognizedcandthetotal benefitwasdivided betweerchart,waterlevel
and pilot.

311 Thevalueof thepilot and accurate GPS positionwgisrecognizedandthetotal benefitwasdivided betweerchart GPSand
thepilot.
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Table 2
SOCIETAL SAVING FROM FEWER EMISSIONS DUE TO
ACCURATE NAUTICAL CHARTS
(THOUSANDS OF $2017)
Great LakesDry | Coastal- Dry Bulk,
Bulk Tanker, Container TOTAL

Metric | Thousands| Metric Thousands| Metric Thousands
EMISSIONS Tonnes $2017 Tonnes $2017 Tonnes $2017
ParticulateMatter
(PMz5) 45 $213 88.4 $4,163 92.9 $4,376
Ammonia(NHs) 0.0 $1 0.7 $21 0.7 $22
Methane(CH.) 1.9 $10 37.2 $198 39.1 $208
SulphurOxide (SQ) 0.3 $12 5.0 $244 53 $256
NitrogenOxide (NOy) 159.0 $12,355 3,116.1 $242,114 3,275.1 $254,469
CarbonDioxide (COy) 7,561.2 $733| 147,991.7 $14,349| 155,552.9 $15,082
CarbonMonoxide(CO) 16.2 $12 317.8 $233 334.0 $245
ReactiveOrganicGases
(ROG) 8.0 $140 156.9 $2,752 164.9 $2,892
ParticulateMatter
(PM10.0) 4.6 $110 90.9 $2,159 95.5 $2,269
Black Carbon(BC) 0.0 $10 0.3 $95 0.3 $105
TOTAL 7,755.8 $13,596| 151,805.00 $266,327| 159,560.7| $279,973

Finally, the importance of precision charting was also investigated through the

calculation of the theoretical impact of increasing all pegith accuracy measurements from

t heir

current

CATZOC

accur ac s tiafiicimayl net

t

(0]

currentlybepresent aall portlocationsto fully utilize thesepotentialallowableincreasesn safe

an

navigation, monetary benefit estimates other than the potential of the opportunity for added

vesselgover8,600vesselfaulingover836 million tons)which couldbe safelyhandledwithout

added USACE channel dredging were not calculated.
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APPENDIX A

HISTORY OF NAUTICAL CHARTS
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The first marine charts were actually maps with continents and islands located usually
inaccurately.There were no chart projections that would enable the accurate depiction of
continentsaandislands. Therew e r eamyildicationsof subsurfacéeaturesndicatingdangers
to beavoided.Therewereno soundingsr informationon dangergo navigation. Therewa s n 6 t
even a projection that would enable the continents and islands to be located acotitaiély.
that would be developed later.

An exampleof oneof the earliestnauticalchartsis the 1339DulcertPortolancharthand

drawn on a calf hide velunkigure A1

Figure A-1

PORTOLAN CHART

Portolan chart attributed to
AngelinoDulcertmid-1300s.
Drawn on velum.

Source:
https//www.bl.uk/collectior
items/portolarchartattributedto-
angelinedulcert#

Evenseverahundredyearslaterchartshadlittle informationotherthancoastine and

sometimes included mythical sea creatures. FiguPe A


http://www.bl.uk/collection-
http://www.bl.uk/collection-
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LATER NAUTICAL CHART

Figure A-2
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Figure A-4

CARTA MARINA i MA PFTHE S E Al®39 (Olaus Magnus)

Ihttps:/ivww.bing.com/images/search?view=detailV2&ccid=z6Up1U53&id=3FCABE9141FDOE77DADA4E735535
33180178B48D2&thid=0IP.z6Up1U53VJIYxhST2K3BnlwHaFf&mediaurl=https%3A%2F%2Fth.bing.com%2Fth
%2Fid%2FRcfa529d54e775496318524f62b706797%3Frik%3DOkiLFAAXU1M15w%26riu%3Dhttp%253a%252f%
252fwww.publicdomainpictures.net%252fpictures%252f160000%252fvelka%252fantagnt


http://www.bing.com/images/search?view=detailV2&ccid=z6Up1U53&id=3FCABE9141FD9E77DAD4E735535
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Figure A-4

MANUS CARTA MARINA SHOWING ICELAND AND NORWAY

Enlargemenbf theManusCartaMarinashowinglceland thewestcoastof Norwayand

a number of mythical ifsea mMmoguwesAFandsAd a mari ner
Between 1650 and 1700 while the EngliBlitch, and French were competing as sea

powers, the American colonies, principally the shipbuilders of Massachusetts had built and

launchedveronethousandshipsby 170F. In theyearsleadingup to the Revolutionarywar

there was a rapidly growing American merchant marine and a growing dependence of marine

2 peterWhitfield. 1996.i T tChartingofthe Ocean® Pomegranat8ooks,POBox 6099,RohnettPark,California
94927, p 89.
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tradebothfor theexportof raw materialsandgoodsproducedn the Coloniesandfor theimport
principally from Europe omanufactured goods not yet produced in America.

By the time the American colonies declared their independence from Great Britain in
1776 charts were completing an amazing period of technical development transforming marine
maps from inaccurate artistic representations of the continents and oceaiytanbigern
nautical charts complete with accurately located shoreline, depth soundings, dangers to
navigationandevensomeaidsto navigationaswell asanaccuraterojection. Marinerslikewise
had progressed form inaccurate piloting to being able to compute their position in both latitude
and longitude plotting the results on a chart (both large and small scale) based on a refined

projection.

B. Technical Improvements
TechnicalDevelopmentsransformedhe chartfrom a marinemapasa pictureof the

worl dés oceans and c dhesetingprotementa inauded:i gati onal ¢

1 1584- Dutchdevised newnarinemapwith soundings otargescale

1 1569- GerardMercatordevelopedaprojectionof thee a r sulfatepnachart.
It took the marine community many more years before they began using
this on their nautical charts.

1 1701- Firstchartof theworld-wide magneticvariation.

I 1757- Firstsextant

9 1760- Firsthighly accuratechronometefor ship useenablingmarinersto aidin
the determination of longitude.

1 1765- Firstsetof LunarTablesenablemarinergo accuratelydetermingheir
position at sea

In thelate 18" century,the British Navy still hadno original chartsof the coloniesn
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North Americaandweredependentn smallscaleFrenchcharts. The British wereawareof the
inadequacy of the charts of the Ameri can
sounding information until 1784Larger scale nautical charts just prior to the Revolutionary

War had remarkably little sounding informatidrigure A5

Figure A-5

BRITISH CHART OF BOSTON HARBOR 17754
(NOTE THE LACK OF SOUNDINGSAND DETAIL)

Following the Revolutionary War, it is interesting to see the priority the colonial

governmentplacedon hydrographicsurveyingandcompilingmodernnauticalchartsto support

3 The Chartingof the OceansPeterWhitfield, 1996,PomegranatBooks,POBox 6099,RohnettPark,California
94927, p 110 & 113.

4 https://shop.oldnaps.com/nevenglandmaps/

coas
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economiadevelopmenthroughthetransporiof goodsandpassengersetweercoloniesand
foreignnations.Following the formation of the United States in 1789 Congress began to
examine the prospect of a national approach to the charting of the United States waters.

In 1795Congressvasdecidingonthefundingfor thesurveyandchartingof the Georgia
coast but recognized the need to have a larger more systematic approach to the charting of the

Nationds waters and ports.

AThe coast not only of Georgia, but al so
Carolina,andVirginia, hasneverbeensurveyedvith thedegreeof

accuracy which their importance to the commerce and navigation

of the United States demandss to Georgia, in particular, whose

harbors are numerous and as yet little known, few observations have

beenmadeuponthis coast,andthosefewhavenowbecomauncertain,

from the shifting of bars, banks, and ch

Most significantin this discussiorwastherecognitionthatchartscoveringlargesectionsof
the new natiomeeded to be authorized and paid for and that those areas needed to be periodically
resurveyed and the charts updated.

In 1802CongressmaBanaof Connecticuarguingfor surveysof thewatersof the United

States stated in a HouseRépresentatives debate:

5 DawnForsythe 2017.fiNautical ChartsContributeto EconomicGrowthandNational Defensel18071 9 4,5 0
unpublished white paper, p.BIOAA, National Ocean Service, Office of Coast Survey, April 20.
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AWith a correct chart of every part of
no longer be under the necessity of relying on the imperfect or
erroneousaccountgyivenof our coastby foreignnavigators.| hope

thelivesof our seamentheinterestof our merchantsandthe benefits

to the revenue, will be regarded as affording ample compensation for

making a complete survey %%f the coasts

Congressmabanaproposeda surveyof the entirenationunderthe authorityof the

national government.

AThe surveys which have thus been autho
and the waters of North Carolina), weperhaps most urgent but

other surveys of the coast are desiralii¢hat has already been

done may be regarded as introductory to a general survey of the

coastsf the United Statesunderauthority of the GovernmentWith

a correctchart of everypart of thecoast,our seamemwouldno longer

be under necessity of relying on the imperfect or erroneous accounts

given of our coast by foreign navigator

Al hope the | ives of our seamen, the in
the benefits to the revenue (of the nation), will be regarded as
affordingamplecompensatiofor makinga completesurveyof the
Coasts of the United ‘States, at the pub

Accurate nautical charts were seen as essential for safety, for vital commerce and as a
sourceof revenudrom tariffs ontrade. The Housef Representativgsassed resolutionto,
A i n gintotheexpediencyf makingprovisionfor surveyof the coastf the United States,
designating the several islands, with the shoal and roads or places of anchorage within twenty

leagues (69 miles) of any part of the shores of the United States.

8 Ibid.
7 Ibid.
8 Ibid.
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In 1807,theHousepassedH.R.21fi a u t h ocandreguestirgPresidentleffersorto
A ¢ a a sueyto betakenof thecoastsoftheUnitedS t a t Rresideatleffersorsignedthe

bill the next day authorizing that a survey be taken of the coasts of the United States.

C. ResultsOf Early Charting
LieutenantCommandingseorgeBlakein aletterto Superintendentiassleriscussinghe
results of his surveys of Delaware Bay, January 11, #8Many dangerous shoal s
few feet water upon them, and up®n which nume
William Mitchell writing to Superintendent Bache in 1846 concerning the need for a

surveyof NantucketShoaloverandaroundwhich nearly13,000vesselsailedannually, stated

AThe hi s mostdangerdus andhfatasshoal is startling.
Situatedn mid-ocean;having,in low ebbs scarcelya foot of water;
in a region proverbial for its heavy swell; rising, at times without a
moment 6s warning; the dread of all mar i
thousahdséo
As settlersmovedwestin the 1850sshiptraffic increasehroughthe Straitof Florida

and most significantly passed the Florida Reef along the Florida Kagses Tilghman

states

ABy t 18D0snhe kef lay on the margin of one of the busiest
shippinglanesin theworld, andthe numberof shipwreckseacheda
vessehw e e Ki.L®d s s esavageawardsapproachedb2 million

9 https://celebrating200years.noaa.gov/foundations/nautical_charts/welcohe.html

10 DawnForsythe 2017.fiNautical ChartsContributeto EconomicGrowthandNationalDefense1807%1 9 4,5 0
unpublished white paper, p.BIOAA, National Ocean Service, Office of Coast Survey, April 20.

11 | bid.

10
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annually;insuranceratesskyrocketedand Key West the closestport
with a courtto adjudicatesalvageclaims,wason its wayto becoming
the richest city in Florida and one of the richest on a per capita basis

Y

in the Un®fted States. 0

Notethedifferencein detailfrom the 1775British chart(FigureA-5) andnumberof

soundings and detail in all areas of the harbor. Figuée A

Figure A-6

COAST SURVEY CHART OF BOSTON HARBOR (1867)

PresidenWilsonin hismessagéo Congres®n Decembe8, 1914stated:

i Weannotuseour greatAlaskandomain,shipswill not ply thither,
if those coasts and their many hidden dangers are not thoroughly

2 Jamedrilghman,i S u r v theFloridaR e e HydrolnternationaMagazine July 26,2012.,p. 18

11
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surveyedandcharted. Theworkis incompleteat almosteverypoint.
Ships and lives have been lost in threading what were supposed to
bewelk nown mai nt

Y

channel s. 0

TheCoastandGeodetic Survein their 1911 Annual Reportstated:

A S ur muesthesnadeat frequentintervalsto keeppacewith
changes due to natural causes, to artificial improvements,
changes in lights and buoys, and newly discovered rocks and
shoals.Many waterways formerly but little frequented are
now extensively used and the great development of motor
boating, has caused an extensive demand for accurate
chartsof theinland waterwaysandshallowerwaters

along tHh*e coast. o

TheCoastandGeodeticSurveyin their 1918 Annual Reportstatedthatin Alaska,

fiThe amount of these natural resources ripe for exploitation
had been so great and the prize they offered so tempting that
transportation could not wait for the Government to make the
wayto themsecureg(chart). It hasgoneahead finding its own

path to each new field, suffering great losses in so doing, but
content to suffer them because the returns were so immensely
greater. The Coast and Geodetic Survey, which in this field
should have been the pioneer showing the way for commerce
to reach each new enterprise, has, instead, been following
impotently behind, chartg dangers less from data obtained

by its own surveys than from reports of vessels which have
been wrecked on thém

Fromtheearlyhistoryof the United Statest wasapparenthataccuratenauticalcharts

wereneededor thedevelopmenbf thenation andts economy.As the nationgrewin sizeso

13DawnForsythe2017.ﬁNauticaIChartsContributeto EconomicGrowthandNationalDefense1807%1 9 4,5 o
unpublished white paper, p.BIOAA, National Ocean Service, Office of Coast Survey, April 20.

14 bid.
15 Ibid.

12
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too did thedemandor newandaccuratechartsto promotecommerceandthetransportatiorof
needed good<Charts were needed to enable ships to deliver cargoes and passengers safely.
The modern Office of Coast Survey continues this missidre size of the United States
territory hasgreatlyincreasedrom its beginning. CoastSurveyis now responsibldor chartinga
vast area of 95,000 miles of shoreline and 3.6 million square nautical mile of water representing
the Exclusive Economic Zone of the United States.
Unlike the early days afharting in U.S. waters, the charting is now compiled and
updatedvith informationfrom manydifferentsources.CoastSurveyreceivesover6,000digital
and hard copy chart source documents annually. Each is reviewed for its suitabilfigditing
one or more raster nautical chart, NOAA ENC®, or U.S. Coast®Riteducts. Of these, about
18, 000 separate chart compilations are assign
employee and contract cartographers.
Of all the naturalandmanmaddeaturesdepicted oNOAA nauticalcharts the four

typesthatchangehe most,andfor which CoasSurveyreceivegshe mostsourcematerial,are:

6 Waterdepthsandtheidentificationof wrecks,rocks,andotherobstructiong from
N O A Aldyslrographic Surveys Division

6 Depthswithin federallymaintainecchannels from theU.S. Army Corpsof Engineers
6 Delineationof shorelingi from N O A A RasionalGeodeticSurvey

6 Positionstypes,andcharacteristicsf aidsto navigation(buoys,beaconsand
navigational lights) from the U.S. Coast Guard

These account for over 70% of the source applications assigned. The remaining source

materialis providedby avariety of otherfederal,stateandlocal governmentagencieshational

13
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andinternationafregulatoryorganizationsprivatecompaniesprofessionabrganizationsand

private citizensg®

Thenauticalchartsin U.S.waterscancomefrom anumberof providersof nauticalchart
productsn U.S.watersbutall of theseeither copy th&NOAA OCSchartor usethe NOAA data
andaddadditionalvalueaddednformation.The National ImagergndMappingAgency, goart
of the Department of Defense, compiles nautical charts from official NOAA charts with

additional military information.These charts are intended for military use only.

1 U.S.Army Corpsof Engineergproducesa setof paperchartsfor someof thenavigable
rivers in the United Stated.hese are mostly compilations of their survey information.

1 TheBritish Admiralty compilesasetof paperchartscoveringtheU.S.waters. These
charts are based on the NOAA official chart but may differ in their interpretation.

1 Thereareanumberof Value AddedProviderghattakethe NOAA chartcompilationand
repackage it with some additional information usually-namigational information.

The important point is that, with the exception of navigable rivers that the Corps of
Engineershartsthe NOAA nauticalchartis the official U.S. nauticalchartasrecognizedy the

U.S.CoastGuardin their carriageregulations.

16 https://nauticalcharts.noaa.gov/publications/docs/Exghsformation. pdf,

14
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APPENDIX B

MAJORU.S.PORTS
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Table B-1

DOMINATE U.S.EXPORT PORTSFOR CARGO VALUE DURING 2018

TOTAL CARGO PERCENT OF CUMULATIVE
PORT NAME VALUE TOTAL PERCENT OF
($2018) TOTAL

1 Total All Ports 586,941,632,76( 100.0%

2 Houston,TX 89,855,975,74 15.3% 15.3%
3 LosAngelesCA 35,809,247,531 6.1% 21.4%
4 LongBeachCA 34,109,886,357 5.8% 27.2%
5 New York, NY 34,006,598,652 5.8% 33.0%
6 NewOrleans]A 31,544,089,11¢ 5.4% 38.4%
7 SavannahGA 27,055,319,027 4.6% 43.0%
8 CharlestonSC 25,925,245,807 4.4% 47.4%
9 Norfolk-NewportNews,VA 24,457,635,54( 4.2% 51.6%
10 CorpusChristi, TX 23,229,720,77" 4.0% 55.5%
11 Oakland CA 19,399,870,17( 3.3% 58.8%
12 Baltimore,MD 16,769,275,153 2.9% 61.7%
13 GramercyLA 16,568,968,507 2.8% 64.5%
14 BeaumontTX 15,928,190,321 2.7% 67.2%
15 PortEvergladeskL 12,634,392,692 2.2% 69.4%
16 Newark,NJ 10,800,849,43¢ 1.8% 71.2%
17 Miami, FL 9,811,905,183 1.7% 72.9%
18 PortArthur, TX 9,567,583,17¢ 1.6% 74.5%
19 LakeCharles| A 9,175,221,577 1.6% 76.1%
20 BatonRouge LA 8,890,499,877 1.5% 77.6%
21 TacomaWA 8,874,083,311 1.5% 79.1%
22 TexasCity, TX 8,080,182,01¢€ 1.4% 80.5%
23 Freeport,TX 7,867,305,511 1.3% 81.8%
24 Seattle WA 7,721,627,497 1.3% 83.2%
25 Norfolk/Mobile/Charleston 7,298,384,645 1.2% 84.4%

(confidentialityplaceholder- not
a real location)

26 JacksonvilleFL 6,474,406,237 1.1% 85.5%
27 Wilmington,NC 5,281,285,34] 0.9% 86.4%
28 Brunswick,GA 5,182,038,42¢ 0.9% 87.3%
29 Portland OR 5,101,663,03¢ 0.9% 88.2%
30 SanJuan PR 4,882,811,90¢ 0.8% 89.0%
31 Mobile, AL 4,718,893,547 0.8% 89.8%

16
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32 PhiladelphiaPA 4,111,595,572 0.7% 90.5%
33 AnchorageAK 3,787,909,44: 0.6% 91.1%
34 Kalama,WA 3,202,943,991 0.5% 91.7%
35 Pascagoulavs 3,191,377,287 0.5% 92.2%
36 Longview, WA 2,892,254,81¢ 0.5% 92.7%
37 Wilmington, DE 2,862,012,064 0.5% 93.2%
38 ChesterPA 2,785,562,923 0.5% 93.7%
39 GalvestonTX 2,690,832,414 0.5% 94.1%
40 VancouverWA 2,253,953,571 0.4% 94.5%
41 MorganCity, LA 2,088,225,824 0.4% 94.9%
42 WestPalmBeach FL 1,871,483,017 0.3% 95.2%
43 SanFranciscoCA 1,780,206,09z 0.3% 95.5%
44 Richmond,CA 1,651,474,16¢ 0.3% 95.8%
45 Tampa/FL 1,567,911,861 0.3% 96.1%
46 AberdeerHoquiam WA 1,462,292,406 0.2% 96.3%
a7 ChamplainRousedPoint,NY 1,389,847,023 0.2% 96.5%
48 Boston,MA 1,260,898,55Z 0.2% 96.8%
49 AnacortesWA 1,238,928,32¢ 0.2% 97.0%
50 Buffalo-NiagaraFalls,NY 1,140,089,204 0.2% 97.2%
Table B-2
DOMINATE U.S.EXPORT PORTSFOR CARGO WEIGHT DURING 2018
TOTAL CARGO PERCENT CUMULATIVE
PORT NAME WEIGHT OF TOTAL PERCENT OF
(KILOGRAMS) TOTAL
1 Total All Ports 786,043,992,32¢ 100.0%
2 Houston,TX 118,075,775,2641 15.0% 15.0%
3 LosAngelesCA 79,457,538,164 10.1% 25.1%
4 LongBeach,CA 54,508,444,925 6.9% 32.1%
5 New York, NY 52,500,927,223 6.7% 38.7%
6 NewOrleansLA 43,784,272,38] 5.6% 44.3%
7 SavannahGA 31,189,208,927 4.0% 48.3%
8 CharlestonSC 27,133,413,663 3.5% 51.7%
9 Norfolk-NewportNews,VA 26,323,008,81¢ 3.3% 55.1%
10 CorpusChristi, TX 25,457,378,794 3.2% 58.3%

17
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11 Oakland,CA 22,240,385,881 2.8% 61.2%
12 Baltimore,MD 21,687,608,287 2.8% 63.9%
13 Gramercy A 20,029,954,844 2.5% 66.5%
14 BeaumontTX 17,300,224,823 2.2% 68.7%
15 PortEvergladeskL 15,697,714,725 2.0% 70.7%
16 Newark,NJ 14,398,095,49¢ 1.8% 72.5%
17 Miami, FL 13,366,212,431 1.7% 74.2%
18 PortArthur, TX 13,152,976,66¢ 1.7% 75.9%
19 LakeCharles A 12,473,644,28] 1.6% 77.4%
20 BatonRouge LA 12,313,873,404 1.6% 79.0%
21 TacomaWA 11,836,812,223 1.5% 80.5%
22 TexasCity, TX 11,272,551,854 1.4% 82.0%
23 Freeport,TX 10,327,207,951 1.3% 83.3%
24 Seattle WA 9,199,337,055 1.2% 84.4%
25 Norfolk/Mobile/Charleston 8,955,771,473 1.1% 85.6%
(confidentialityplaceholder- nota
real location)
26 JacksonvilleFL 8,167,952,087 1.0% 86.6%
27 Wilmington,NC 8,057,844,63€ 1.0% 87.6%
28 Brunswick,GA 6,564,880,289 0.8% 88.5%
29 Portland OR 5,199,571,747 0.7% 89.1%
30 SanJuan PR 4,203,507,763 0.5% 89.7%
31 Mobile, AL 4,105,947,24( 0.5% 90.2%
32 PhiladelphiaPA 4,087,739,03¢ 0.5% 90.7%
33 AnchorageAK 3,975,060,088 0.5% 91.2%
34 Kalama,WA 3,937,968,431 0.5% 91.7%
35 Pascagoulayis 3,644,923,913 0.5% 92.2%
36 Longview,WA 3,094,321,07( 0.4% 92.6%
37 Wilmington, DE 2,760,864,517 0.4% 92.9%
38 ChesterPA 2,693,314,891 0.3% 93.3%
39 GalvestonTX 2,587,120,43( 0.3% 93.6%
40 VancouverWA 2,488,497,344 0.3% 93.9%
41 MorganCity, LA 2,479,300,84( 0.3% 94.2%
42 WestPalmBeach FL 2,451,281,613 0.3% 94.5%
43 SanFranciscoCA 2,421,502,42¢€ 0.3% 94.9%
44 Richmond,CA 2,357,719,216 0.3% 95.2%
45 TampaFL 2,336,857,83¢ 0.3% 95.5%
46 AberdeerHoquiam WA 1,871,219,15¢ 0.2% 95.7%
47 ChamplainRouses?oint,NY 1,863,032,36§ 0.2% 95.9%
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48 Boston,MA 1,828,269,837 0.2% 96.2%
49 AnacortesWA 1,529,900,38¢ 0.2% 96.4%
50 Buffalo-NiagaraFalls,NY 1,526,966,20¢ 0.2% 96.5%
Table B-3
DOMINATE U.S.IMPORT PORTSFOR CARGO VALUE DURING 2018
PORT NAME TOTAL CARGO PERCENT OF CUMULATIVE
VALUE TOTAL PERCENT OF
($2018) TOTAL
Total All Ports 1,175,270,204,13 100.0%
1 LosAngeles,CA 260,973,553,744 22.2% 22.2%
2 Newark,NJ 152,138,512,781 12.9% 35.2%
3 LongBeachCA 74,940,216,63¢ 6.4% 41.5%
4 SavannahGA 74,070,190,17% 6.3% 47.8%
5 Houston,TX 69,007,112,114 5.9% 53.7%
6 \N/erolk-NeWportNews, 49,081,040,42¢ 4.2% 57.9%
7 CharlestonsSC 46,686,332,0664 4.0% 61.8%
8 Baltimore,MD 42,855,058,68¢ 3.6% 65.5%
9 TacomaWA 40,090,990,891 3.4% 68.9%
10 Oakland,CA 29,858,578,464 2.5% 71.4%
11 NewOrleans| A 21,679,430,164 1.8% 73.3%
12 Seattle WA 20,836,032,321 1.8% 75.1%
13 PhiladelphiaPA 20,512,505,05¢ 1.7% 76.8%
14 JacksonvilleFL 19,195,090,85¢ 1.6% 78.4%
15 Miami, FL 15,839,982,747 1.3% 79.8%
16 Brunswick,GA 13,129,747,93( 1.1% 80.9%
17 Mobile, AL 12,429,853,444 1.1% 82.0%
18 PortEvergladeskL 11,760,790,254 1.0% 83.0%
19 PortArthur, TX 11,660,146,174 1.0% 84.0%
20 Wilmington, DE 10,951,415,15( 0.9% 84.9%
21 New York, NY 9,632,301,21( 0.8% 85.7%
22 Boston,MA 9,221,604,801 0.8% 86.5%
23 PortHuenemeCA 8,861,299,50¢ 0.8% 87.2%
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24 ProvidenceRl 8,748,511,7671 0.7% 88.0%
25 Richmond,CA 8,414,321,10¢ 0.7% 88.7%
26 SanJuan PR 7,333,022,817 0.6% 89.3%
27 CorpusChristi, TX 7,149,662,732 0.6% 89.9%
28 ChesterPA 6,873,782,46¢ 0.6% 90.5%
29 Portland OR 6,799,825,994 0.6% 91.1%
30 MorganCity, LA 6,470,168,793 0.6% 91.7%
31 SanDiego,CA 6,154,703,742 0.5% 92.2%
32 LakeCharles A 5,806,584,923 0.5% 92.7%
33 El SegundoCA 5,567,150,801 0.5% 93.1%
34 CarquinezStrait,CA 4,922,781,009 0.4% 93.6%
35 GramercyLA 4,666,558,577 0.4% 94.0%
36 Wilmington,NC 4,516,748,39( 0.4% 94.3%
37 Martinez,CA 3,899,706,639 0.3% 94.7%
38 SanFranciscoCA 3,701,250,555 0.3% 95.0%
39 Honolulu,HI 3,671,068,467 0.3% 95.3%
40 GalvestonTX 3,667,996,021 0.3% 95.6%
41 Freeport,TX 3,662,710,298 0.3% 95.9%
42 PerthAmboy, NJ 3,627,549,94( 0.3% 96.2%
43 PascagoulayiS 3,118,172,793 0.3% 96.5%
44 BatonRouge LA 3,044,145,984 0.3% 96.8%
45 BeaumontTX 2,745,060,564 0.2% 97.0%
46 VancouverWA 2,416,308,211 0.2% 97.2%
47 Panam&ity, FL 2,364,736,227 0.2% 97.4%
48 TampaFL 2,110,264,684 0.2% 97.6%
49 Portland ME 2,094,851,60¢ 0.2% 97.8%
50 Bellingham WA 1,991,453,433 0.2% 97.9%

Table B-4

DOMINATE U.S.IMPORT PORTSFOR CARGO WEIGHT DURING 2018
TOTAL CARGO PERCENT | CUMULATIVE
PORT NAME WEIGHT OF TOTAL PERCENT OF
(KILOGRAMS) TOTAL
Total All Ports 663,739,178,16¢ 100.0%

1 Houston,TX 63,167,596,23¢ 9.5% 9.5%
2 Newark,NJ 56,211,245,697 8.5% 18.0%
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3 LosAngelesCA 52,671,095,86¢ 7.9% 25.9%
4 NewOrleans| A 35,240,662,857 5.3% 31.2%
5 LongBeach,CA 26,987,261,19¢ 4.1% 35.3%
6 PortArthur, TX 26,043,059,57¢ 3.9% 39.2%
7 Wilmington, DE 20,894,405,721 3.1% 42.4%
8 PhiladelphiaPA 19,956,787,28¢ 3.0% 45.4%
9 SavannahGA 19,167,625,123 2.9% 48.3%
10 GramercyLA 18,661,948,074 2.8% 51.1%
11 Mobile, AL 17,478,865,02¢ 2.6% 53.7%
12 CorpusChristi, TX 17,392,756,72¢ 2.6% 56.3%
13 LakeCharlesLA 14,468,734,48"4 2.2% 58.5%
14 MorganCity, LA 13,098,904,97¢ 2.0% 60.5%
15 Baltimore,MD 12,863,192,63¢ 1.9% 62.4%
16 CharlestonsSC 12,594,135,90¢ 1.9% 64.3%
17 Richmond,CA 12,150,567,193 1.8% 66.1%
18 El SegundoCA 11,724,870,24¢ 1.8% 67.9%
19 Norfolk-NewportNews,VA 11,151,637,617 1.7% 69.6%
20 Seattle WA 8,457,698,434 1.3% 70.9%
21 Boston,MA 8,385,208,577 1.3% 72.1%
22 Martinez,CA 7,979,808,857 1.2% 73.3%
23 Pascagoulayis 7,086,295,217 1.1% 74.4%
24 Tampa,FL 7,061,634,025 1.1% 75.5%
25 Oakland,CA 6,840,658,23¢ 1.0% 76.5%
26 JacksonvilleFL 6,747,736,20Z 1.0% 77.5%
27 Freeport,TX 6,746,840,18% 1.0% 78.5%
28 PortEvergladesi-L 6,667,429,49¢ 1.0% 79.5%
29 Honolulu,HI 6,559,113,13¢ 1.0% 80.5%
30 BatonRouge LA 6,552,830,497 1.0% 81.5%
31 BeaumontTX 6,273,801,40¢ 0.9% 82.5%
32 TacomaWA 5,983,377,69( 0.9% 83.4%
33 SanJuanPR 5,784,599,17¢ 0.9% 84.2%
34 PerthAmboy, NJ 5,351,081,581 0.8% 85.0%
35 ChesterPA 4,875,873,261 0.7% 85.8%
36 SanFranciscoCA 4,831,218,78( 0.7% 86.5%
37 New York, NY 4,566,697,864 0.7% 87.2%
38 PoncePR 4,320,063,177 0.7% 87.8%
39 TexasCity, TX 4,143,676,23¢ 0.6% 88.5%
40 ProvidenceRlI 3,982,471,64¢ 0.6% 89.1%
41 Miami, FL 3,898,898,56¢ 0.6% 89.6%
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42 Bellingham WA 3,710,119,115 0.6% 90.2%
43 Detroit, Ml 3,430,619,787 0.5% 90.7%
44 CarquinezStrait,CA 3,376,290,074 0.5% 91.2%
45 PortCanaveralFL 3,355,831,094 0.5% 91.7%
46 Portland ME 3,248,530,25¢ 0.5% 92.2%
47 Wilmington,NC 3,021,866,63¢ 0.5% 92.7%
48 Chicago/JL 2,746,023,575 0.4% 93.1%
49 PortManateefFL 2,725,783,835 0.4% 93.5%
50 ChristianstedVI 2,625,862,08§ 0.4% 93.9%
Table B-5
2016VESSEL TRANSITS (CPT DATA)
TOTAL DOCKED AND THROUGHTRAFFIC 3,991,481
2016
YEAR PERCENT
COUNT PORT NAME PORTS® STATE TOTAL OF CUMULATIVE
INSTALLED VESSEL TOTAL PERCENT
TRANSITS
1 CorpusChristi 2018 TX 358,723 9.0% 9.0%
2 New York 1994 NY 315,072 7.9% 16.9%
SouthLouisianaPortof
3 (including St. Rose and 2009 LA 196,080 4.9% 21.8%
Destrehan)
4 Houston 1996 TX 182,707 4.6% 26.4%
5 Avondale/ GoodHope 2009 LA 161,553 4.0% 30.4%
6 Gramercy 2009 LA 157,511 3.9% 34.4%
7 BatonRouge 2009 LA 156,065 3.9% 38.3%
8 PlagueminesRortof 2009 LA 143,242 3.6% 41.9%
9 Galveston& Bolivar 1996 TX 141,019 3.5% 45.4%
NewOrleangIncludingPort
10 Sulphur) 2009 LA 125,056 3.1% 48.5%
11 SanFrancisco 1995 CA 103,072 2.6% 51.1%
Norfolk Harbor/Hampton
12 Roads 2003 VA 94,250 2.4% 53.5%
13 St. Louis MO 92,472 2.3% 55.8%
14 NewportNews 2003 VA 86,721 2.2% 58.0%
15 Chicago IL 74,445 1.9% 59.8%
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16 PortArthur 2010 > 55,571 1.4% 61.2%
17 Louisville KY 52,510 1.3% 62.5%
18 Mackinaclsland MI 50,083 1.3% 63.8%
19 Mobile 2007 AL 44,154 1.1% 64.9%
20 DetourCity Ml 38,911 1.0% 65.9%
21 Wilmington NC 38,351 1.0% 66.8%
22 Oakland 1995 CA 35,567 0.9% 67.7%
23 PortFourchon 2015 LA 32,565 0.8% 68.5%
24 Lake Charles/Cameron 2009 LA 31,718 0.8% 69.3%
25 Portland ME 26,365 0.7% 70.0%
26 Peoria IL 26,141 0.7% 70.6%
27 Beaumont 2010 TX 25,243 0.6% 71.3%
28 Seattle WA 23,476 0.6% 71.9%
29 MorganCity 2015 LA 23,207 0.6% 72.5%
30 SanPabloBay CA 21,613 0.5% 73.0%
31 Long Beach 2001 CA 21,451 0.5% 73.5%
32 Wilmington 2002 DE 20,085 0.5% 74.0%
33 Matagorda 2017 TX 19,820 0.5% 74.5%
34 Los Angeles 2001 CA 19,664 0.5% 75.0%
35 SanDiego CA 19,054 0.5% 75.5%
36 Portland 2005 OR 17,629 0.4% 75.9%
37 Jacksonville/Mayport 2014 FL 17,498 0.4% 76.4%
38 Philadelphia 2002 PA 16,936  0.4% 76.8%
39 Alameda 1995 CA 16,845 0.4% 77.2%
40 MarcusHook 2002 PA 15,101 0.4% 77.6%
41 New Castle 2002 DE 14,498 0.4% 78.0%
42 Tacoma 2004 WA 13,981 0.4% 78.3%
43 New London/Groton 2012 CT 13,498 0.3% 78.7%
44 CamdenrGloucester 2002 NJ 13,130 0.3% 79.0%
45 Newark 1994 NJ 12,044 0.3% 79.3%
46 Richmond 1995 CA 11,644 0.3% 79.6%
47 TexasCity 1996 TX 11,633 0.3% 79.9%
48 Charleston 2013 SC 11,114 0.3% 80.1%
49 Everglades 2018 FL 10,619 0.3% 80.4%
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50 Vancouver 2005 WA 9,705 0.2% 80.7%
51 Paulsboro 2002 NJ 9,595 0.2% 80.9%
52 Chester 2002 PA 9,561 0.2% 81.1%
53 Empire/Venice 2009 LA 9,405 0.2% 81.4%
54 Baltimore 2003 MD 9,134 0.2% 81.6%
55 Kalama 2005 WA 8,885 0.2% 81.8%
56 Freeport X 7,946 0.2% 82.0%
57 Fajardo PR 7,869 0.2% 82.2%
58 CruzBay VI 7,432 0.2% 82.4%
59 BocaGrande FL 6,974 0.2% 82.6%
60 Longview 2005 WA 6,726 0.2% 82.7%
61 Pascagoula/ModRoint 2008 MS 6,633 0.2% 82.9%
62 Detroit Mi 6,618 0.2% 83.1%
63 SabinePass 2010 TX 6,587 0.2% 83.2%
64 Rockland ME 6,554 0.2% 83.4%
65 Memphis TN 6,473 0.2% 83.6%
66 Savannah 2016 GA 6,408 0.2% 83.7%
67 Tampa 1991 FL 5,693 0.1% 83.9%
68 Algonac 5,650 0.1% 84.0%
69 CarquineZzStrait CA 5,430 0.1% 84.2%
70 Selby CA 5,430 0.1% 84.3%
71 SanJuan PR 5,370 0.1% 84.4%
72 Miami 2018 FL 5,277 0.1% 84.6%
73 ToledoSandusky OH 5,124 0.1% 84.7%
74 Honolulu HI 5,070 0.1% 84.8%
75 Kalama WA 4,789 0.1% 84.9%
76 Boston MA 4,655 0.1% 85.0%
77 Anacortes 2010 WA 4,564 0.1% 85.2%
78 Huntsville AL 4,364 0.1% 85.3%
79 WestPalmBeach FL 4,069 0.1% 85.4%
80 Astoria 2005 OR 3,966 0.1% 85.5%
81 Juneau AK 3,847 0.1% 85.6%
82 PortLavaca X 3,816 0.1% 85.7%
83 New Haven 2004 CT 3,614 0.1% 85.8%
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84 Ketchikan AK 3,673 0.1% 85.8%
85 GloucesteCity 2002 NJ 3,632 0.1% 85.9%
86 Washington 2003 DC 3,532 0.1% 86.0%
87 Naval SubBase, KingBay GA 3,461 0.1% 86.1%
88 PerthAmboy NJ 3,431 0.1% 86.2%
89 Petersburg AK 3,416 0.1% 86.3%
90 Pensacola FL 3,404 0.1% 86.4%
91 SaultSteMarie 2001 MI 3,016 0.1% 86.4%
92 SoolLocks 2001 MI 3,016 0.1% 86.5%
93 Anchorage 2002 AK 2,741 0.1% 86.6%
94 Everett WA 2,634 0.1% 86.7%
95 Albany NY 2,632 0.1% 86.7%
96 CoosBay OR 2,607 0.1% 86.8%
97 Duluth MN 2,577 0.1% 86.8%
98 Greenville SC 2,545 0.1% 86.9%
99 PortCanaveral FL 2,451 0.1% 87.0%
100 BeaufortMoreheadCity NC 2,380 0.1% 87.0%
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APPENDIX C

BACKGROUND FORONE-INCH CHANGE
IN DEPTH ESTIMATES
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1 Metric Ton =2,204.6lbs

Wheat
Priceof Wheat= $5.25/bushel
Source: http://www.quotewheat.comMWheatQuoteUpdatedJar06-11

1 bushelof wheatweighsapproximately60 Ibs
Source:WheatFoodscouncilwebsite http://www.wheatfoods.org/AboutWheatheat
facts/Index.htm

PanamaBulk CarrierShip Long Tons/inchdraft= 160average= 358,400bs. Source Captain
John Betz, Los Angeles Pilo8ecember, 2010.

B u s h edra$t £5]983.3bushels
Calculation: 358,400bs/inchdraft+ 60 Ibs/bushel

Valueof Wheat= $31,360
Calculations5,973.3bushelsx $5.25/bushel

How manyloavesof white breadwould this make:

Onebushelof wheatweighsapproximately60 pounds.

Onebushel ofwheat yieldsapproximately 4oundsof white flour.

Onebushelof wheatyields approximatelyy0 poundsof whole-wheatflour.
Source:
http://wiki.answers.com/Q/How_many_pounds_of wheat_does it take _to_make_one_pound_of
_flour#ixzz1AffSsSWO7

Calculation: (42 Ibs white flour = 60 Ibs raw wheat)x 358,400bs wheat= 250,880bs white
flour.

Approximately2 cupsof flour perloaf of white bread.
Source: http://wiki.answers.com/Q/How_much_flour_in_a one_pound_loaf of bread

Weightof 2 cupsof flour =2 x 4.750z/cup #9.50z + 160z/Ib= 0.59375bs/loafwhite bread
Sourcehttp://www.preparedpantry.com/hetw-measurdlour-convertcupsounces.aspx

# loaves white bread / 1 inch draft = 422,535 loaves bread
(250,880bswhite flour/1 inch draft+ 0.59375bs/loafbread)

EMPLOYMENT: U.S.= 950,600agriculturalworkersproducinggrain.(2008)
Source:http://www.bls.gov/oco/cg/cgs001.htm
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Corn
PanamaBulk CarrierShip Long Tons/inchdraft= 160average= 358,400lbs SourceCaptain
John Betz, Los Angeles Pilo8ecember, 2010.

1 bushelof cornweighsapproximatelys6 lbs
Source: http://www.unc.edu/~rowlett/units/scales/bushels.html

Priceof Corn(shelled)= $6.02/bushel
Source: http://www.quotecorn.com/CornQuote Updatedar06-11 3:19PM

B u s h edra#t+ 6]400bushels
Calculation: 358,400Ibs/inchdraft + 56Ibs/bushel

Valueof Corn= $38,528
Calculations,400bushelsx $6.02/bushel

EMPLOYMENT: U.S.= 950,600agriculturalworkersproducinggrain.(2008)
Source:http://www.bls.gov/oco/cg/cgs001.htm

Soybeans
PanamaBulk CarrierShip Long Tons/inchdraft= 160average= 358,400lbs SourceCaptain
John Betz, Los Angeles Pilo8ecember, 2010.

1 bushelof soybeansveighsapproximately60 Ibs
Source: http://www.unc.edu/~rowlett/units/scales/bushels.html

Priceof Soybeans $13.78/bushel
Source: http://www.quotesoybeans.conboybean®uoteUpdatedlar06-11 3:19PM

B u s h edra$t £5]983.3bushels
Calculation: 358,400Ibs/inchdraft + 60Ibs/bushel

Valueof Soybeans $82,312
Calculations5,973.3bushels< $13.78/bushel

EMPLOYMENT: U.S.= 950,600agriculturalworkersproducinggrain.(2008)
Source:http://www.bls.gov/oco/cg/cgs001.htm
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Beef
2009U.S. exported 1.868illion poundsbeef
Source: USDA website http://www.ers.usda.gov/news/BSECoverage.htm

Price of beef = $1.5877/Ib (Choice 1 Carcass weighti 6800 |bs)
Source:USDA reporthttp://www.ams.usda.gov/mnreports/nw_Is410.txt

Fooditemslike beef arecarriedin refrigerateccargoships
Source:http://lwww.globalsecurity.org/military/systems/ship/bréakk-reefer.htm

PanamaBulk CarrierShip Long Tons/inchdraft= 160average= 358,400lbs Source:Captain
John Betz, Los Angeles Pilo8ecember, 2010.

Beef(Ibs)/1linch of draft= 358,400bs

Valueof beef/linchdraft= $569,032
Calculation:(358,400lbsx 1.5877/Ib)

EMPLOYMENT: U.S.860,600nvolvein animalproduction
Source:http://www.bls.gov/oco/cg/cgs001.htm

ChevyVolt
Weight= 3,500Ibs
http://www.chevyvolt.net/chevrolevolt-weightdetails.htm

Cost= $40,280ManufacturerssuggestedRetail Price(msrp)
Source:http://usnews.rankingsandreviews.com/eansks/Chevrolet _Volt/

ShipVehicleCarrier- ALLIANCE CHARLESTON TPC61.92
Calculation: (61.92TPCx 2204.6lbs/metricton) x 2.54cm/inch= 346, 732bs/inchof draft

# of cars per inch draft = 346,732 Ibs/inch draft + 3,500 Ibs/car = 99 (99.07 rounded down)
Value of cars for 1 inch draft = 99 cars/inch x $40,280/car = $3,987,720
Employment:91,960(GM employs209,000peopleworldwide of which 44%areNorth

American employees)
Sourcehttp://www.numberof.net/numbaf-gm-employees/
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OTHER VEHICLES

FordF150
Weight=4,803Ibs
Source:http://www.fordf150.net/2010/20word-f150-specifications.php

Price- $36,777(average)
Source http://consumerguideauto.howstuffworks.comtfald-f-150s.htm

ShipVehicleCarrier- ALLIANCE CHARLESTON TPC61.92
Calculation: (61.92TPC X204.6 Ibs/metriton) x 2.54cm/inch =346,732 Ibs/inclof draft

# of trucksperinch of draft= 346,732bs/inchdraft+ 4,803Ibs/truck= 72 (72.19rounded
down)

Valueof trucksfor 1 inchdraft=72trucksx $36,777/trucks $2,647,944

Employees = 45,000 in U.S.
Source: http://answers.yahoo.com/question/index?qid=20081119141833AAb71i9

JohnDeereTractor

JohnDeere6140Tractor weight=9,390Ibs,

John Deere 6140 Tractor price = $66,747

Source: Call to JohnDeereCustomeiServiceDepartmeni/11/2011

ShipVehicleCarrier- ALLIANCE CHARLESTON TPC61.92
Calculation: (61.92TPC X2204.6 lIbs/metriton) x 2.54cm/inch =346,732 Ibs/inclof draft

# of Tractors/inch of draft = 36 (36.9 rounded down)
Calculation346,732bs/inchof draft+ 9,390Ibs/tractor)

Valueof Tractors= 36 x $66,747= $2,402,892
JohnDeerehasHeadquarterandmanufacturindacilitiesin lllinois, lowa, Wisconsin Kansas,
North Carolina, Georgia, Louisiana, and California.

Source:

http://www.deere.com/en_US/compinfo/media/pdf/publications/jd_journal/journal_no_vu_2002.
pdf

Caterpillar950HWheelLoader
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PanamaBulk CarrierShip Long Tons/inchdraft= 160average= 358,400lbs Source Captain
John Betz, Los Angeles Pilo8ecember, 2010.

Price: $229,000.00
Source:Milton CAT Equipment Dealer
http://www.equipmenttraderonline.com/find/listing/26CATERPILLAR-950H97802699

Weight: 28,500 lbs

Source:RichieSpecs
http://mww.ritchiespecs.com/specification?type=construction+equipment&category=Wheel+Loa
der&make=Caterpillar&model=950&modelid=91545

# of Caterpillar950HWheelLoaderperinch of draft= 12 (12.58roundeddown)vehicles
(358,400 Ibs/inch of draft + 28,500 Ibs/vehicle)

Valueof Cargo(Caterpillar950HWheelLoaders)= (12 x $229,000.00/vehicle} $2,748,000

The 950H was manufactured in the USA, with a K5K serial number prefix
Source: http://www.ritchiewiki.com/wiki/index.php/Caterpillar_950H_Wheel_Loader

Caterpillar is the world's largest manufacturer of wheel loaders. The medium size (MWL) and
large size (LWL) are designed at tha&inrora, lllinoisfacility. Medium wheel loaders are
manufactured at: Aurora, lllinoisLarge wheel loaders are manufactured exclusively in the

United Stateson threeseparat@assemblylinesat Aurora, lllinois. Caterpillarstill hasfour major

plantsin the Peoriaareaithe MapletonFoundry wheredieselengineblocksandotherlargeparts

are cast; th&ast Peoridactory, which has assembled Caterpillar tractors for over 70 years; the
Mossvilleengine plant, built aftewworld War II; and theMorton parts facility. As of December

31, 2009, Caterpillar employed 93,813 persons of whom 43,251 are located in the United States.
Source:http://en.wikipedia.org/wiki/Caterpillar_Inc

Athletic ShoeCalculation

Typical PanamaxContainerShip4,300T E U &ahg Tons/inchdraft= 104 Source:Captain
John Betz, Los Angeles Pilots December, 2010.

40foot shippingcontaineiinterior dimensionsaandweighti length39.5ft, width 7.7 ft, height

7.8ft, emptyweight 8,380 Ibs Source:Wikipedia
(http://en.wikipedia.org/wiki/Intermodal_container
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Shoe boxes are stacked in a shipping &#hipping boxes are double stacked on a pallet.
ShippingBox: boxdimension$ 0long,3 9wide,4 5high, weight231bs (basednweightof
S-4684 ) Pallet H1618 fits box 4684, weight60lbs? al | et 60 hi gh
Source:Uline ShippingSupplySpecialists(http://www.uline.com/BL_430/35Qb-Test
DoubleWall-Boxes)

Athletic Shoeboxesi Measured! boxesat FootLockeri Averagebox size
1 3long,8 . Wide,5 digh , weightshoebox andpackingmaterialwithout shoestoz
Source:MacFarland measurement Foot Locker, December 23, 2010.

Athletic ShoeWeighti averagel6 oz/shoeSource:TennisCompany
(http://www.tenniscompany.com/shoes_weight_comparison.html)

Price Athletic shoes = Average $ 92

Nike Tennis$120- $64= $92Average

Source:Nike website (http://store.nike.com/us/en_us/?&wfp=true#l=shop, pwip;£00701/4

12001/h10002+4294967109Ken's_Tennis_Shoes/igiB/pnl)
New Balance$120- $78= $99 Average

Source:New Balancewebsite (http://www.shopnewbalance.com/category.asp?type=MNFTTC)
Reebok $130 $40 = $85 Average

Source: Reebokwebsite (http://www.reebok.com/US/mens/footwear

CALCULATION: # pairs of shoes
http://www.shopnewbalance.com/category.asp?type=MNFidGhippingbox = 189
(packed 7 x 3 x 9high)

CALCULATION: Loadedweightpershippingbox425Ibs (2 Ibs (shoes) 0.25lbs(packing))
x 189 boxes/shipping box)

CALCULATION: Numberof shippingboxespercontainer= 28 boxespercontainer(packed?
long x 2 wide x 2 tall)

CALCULATION: Numberof shoepairspercontainef(189pair/shippingoox x 28
boxes/container) = 5292 pairs of athletic shoes

CALCULATION: Weightof loadedcontainer
Weightof Shoeg 425Ibs/shippingooxx 28 boxes/container 11,900Ibs
Weight of Shipping boxes 28 boxes x 23Ibs/box = 644 Ibs
Weightof Pallets(first layeronly) i 14x 60=8401lbs
Weight of Empty Container = 8,380 Ibs
TOTAL WEIGHT LOADED CONTIANER = 21,764lbs

CALCULATION: # of containergo reducedraft of shipl 0
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(104longtonsx 2240Ibs/longton) + 21,764lbs/container 11 containerg10.7roundedo 11)
containers

CALCULATION: # of pairs of shoes to reduce ship draft by 1 inch = 58,212

(11 containers 189 pairsof shoes/box 28 boxes/container 58,212)
CALCULATION: Valueof athleticshoes= $5,355,504($92/pairshoesx 58,212pairsof
shoes)

How Many Miles CanBe Run With58,212Pairs ofRunningShoes?

Thegenerallyacceptedonsensug runnerswill requireanewpair of runningshoesvery300-
500 miles.Source: The Runners Guide
http://www.therunnersguide.com/howlongrunningshoeslast/

Calculation:# of Miles Run = 58,212 pairs of shoes x 400 miles (average e5@00nile
spread) 23,284,800miles. Thisis theequivalentof 48.7roundtrips betweerthe Earthandthe
Moon.

Distancefrom Earthto Moon = 238,857miles Source:UniverseToday
http://www.universetoday.com/38128/distasicam-earthto-moon/

Laptop Computer Calculation

Typical PanamaxContainerShip4,300T E U &ang Tons/inchdraft= 104 Source:Captain
John Betz, Lo#\ngeles Pilots December, 2010.

40foot shippingcontainedimensionsandweighti interiorlength39.5ft, width 7.7 ft, height
7.8ft, empty weight 8,380 IbsSource:Wikipedia
(http://en.wikipedia.org/wiki/Intermodal_container

ShippingBox: boxdimensions 71ong,4 6wide,3 6high, weight23Ibs (basedn weightof
S-4684)

PalletH-1618fits box S-4684,weight60Ibs Palleté digh

Source:Uline ShippingSupplySpecialists(http://www.uline.com/BL_430/350.b-Test
DoubleWall-Boxes)

Dell LatitudeE5510LaptopComputeBoxes(with computelinside/13.5nchscreen) shipping

di mensions: 190 |l ong, 180 wide, 90 high,
SourceRobertGillium, InformationSystem®Division, CO-OPS/NOS/NOAADecember2010.
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Priceof Dell LatitudeE5510LaptopComputer= $894.00(startingpricewithoutaddonsor
discounts)

Source:Dell website. http://www.dell.com/us/business/p/latitud&510/pd?refid=latitude
eb510&baynote_bnrank=1&baynote_irrank=0&~ck=baynoteSearch

CALCULATION: # of laptopcomputergpershippingbox = 30 (packed3 longx 5widex 2
high)

CALCULATION: Loadedweightpershippingbox =443Ibs (30 computers 14 Ibs/computer
23 Ibs/shipping box)

CALCULATION: Numberof shippingboxespercontainer= 32 boxes(packedd long x 2 wide
x 2 tall + |l ayer of 60 tall pallets on bottom

CALCULATION: Numberof laptopcomputergpercontainer= 960 (30 computers/shippingox
x 32 shipping boxes/container)

CALCULATION: Theweightof theloadedcontainer:
32 shippingboxesx 443Ibs/loadedshippingbox = 14,176lbs
16 pallets x 60@bs/pallet = 960 Ibs
Weightof Empty Container= 8,380Ibs
Total weightof loaded container 23,516lbs.

CALCULATION: # of containergo reducedraft ofshipl o
(104longtonsx 2240lbs/longton) + 23,516lbs/container 10 container$9.91roundedio 10)

CALCULATION: # of laptopcomputergo reduceshipdraftby 1 & 9,600 (960
computers/container x 10 containers)

CALCULATION: Valueof computers= $8,582,400($894/computex 9,600computers)
CUPS of COFFEE Calculation

33o0zcoffeemakes240i 270 (average255)cups(60z) Source:Maxwell House33o0zcoffee
container December, 2010.

PanamaBulk CarrierShip Long Tons/inchdraft= 160average= 358,400lbs SourceCaptain
John Betz, Los Angeles PiloBecember, 2010.

Priceof raw coffeebeans$2.1255/Ib

SourceNew York MercantileExchangéNYMEX) Decembef9,2010
http://www.cmegroup.com/trading/agricultural/softs/coffee.html
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CALCULATION: 358400ibs * 160z/Ib= 5,734,400 oof coffeeperl &hipdraft

CALCULATION: 5,734,400z X 7.727272Zups/oz of coffee= 44,311,2686 oz cupsof
coffee / 10 ship draft

CALCULATION: Valueof raw coffeebeanss $761,779

LCD TV Calculation
5 53pnyKDL 55EX500ShippingDatadimension 1 0 | D 0wi3ded,twaidghti8] Ibs.
Source:Tiger Direct. ComPhone call with sales representative December 27, 2010.

PriceSonyKDL 55EX500retail nondiscounted1899.99

Source:Official Sony web site.
http://www.sonystyle.com/webapp/wcs/stores/servlet/ProductDisplay?catalogld=10551&storeld
=10151&langld=1&productld=8198552921666077656)

Typical PanamaxXContainerShip4,300T E U &g Tons/inchdraft= 104 Source:Captain
John Betz, Los Angeles Pilots December, 2010.

40 foot shippingcontainerdimensionsaandweighti interiorlength39.5ft,width 7.7 ft, height
7.8ft, empty weight 8,380 IbsSource:Wikipedia
(http://en.wikipedia.org/wiki/Intermodal_container

TV boxesarestackedn ashippingbox andplacedon a pallet. Shippingboxesandpalletsare

double stacked.

Shi pping Boxes 620 | ong, 4 9adalethmysvgight4d73b6.0 hi gh,
Source:CS Packaging, Inc. customized box based on box AF584145 weight.

CALCULATION: #TVsperbox=5 ( 4 59000)
CALCULATION: # boxesthatcanbepackedn acontainer:7 long,2 wide, 2 tall =
28 boxes per container

140TVs percontainer

CALCULATION: weightof loadedcontainer
TV weight =140TVs/containeiX 81 lbs/TV=11,340lbs

Weightof shippingboxes= 47Ibs/boxX 28boxes/container 1316lbs
Weight of empty shipping container = 8,380Ibs
TOTAL WEIGHT LOADED CONTAINER = 21,036lbs
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CALCULATION: # Containergequiredto reduceshipdraftby 1 o

(104longtonsX 2,240Ibs/longton) + 21,036lbs/loadedcontainer= 11 containers
CALCULATION: # TVs required to reduce ships draft |

11 containers X 140 TVs/container = 1,540 TVs

CALCULATION: Valueof TVs=%$2,925,984.60

Other Automobile Calculations
ToyotaPriuslll 2010
Typical CarCarrierShip200metersTons(long 2,240lbs)perinch (TPI) = 120long tons/inchor

268,800 Ibs/inch of draft
Source: CaptainJohnBetz,Los AngelesPilots January2011.

TOYOTA Prius2010weight= 3,042Ibs
Source: Toyotawebsite http://www.toyota.com/priudybrid/specs.html

Calculation:# vehiclesto lower shipsdraftby 1 inch = 268,800bs (vesselTPI) + 3,042(vehicle
weight) = 88.36 or 88 whole units

Needto rounddownto nextwholeunit.

88 Toyota Priuses per inch of draft

Retailvalueof 2010ToyotaPrius Il = $23,800

Source: Toyotawebsite: http://www.toyota.com/priudybrid/trims
prices.html#/?view=showroom&vehicle=1

Calculation: CargoValue= 88 Toyotas< $23,800= $2,094,400

2011MercedeBenzS600
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Typical CarCarrierShip200metersTons(long 2,240lbs)perinch (TPI) = 120long tons/inchor
268,800 Ibs/inch of draft
Source: CaptainJohnBetz,Los AngelesPilots January2011.

MercedesBenz2011S600weight= 4,950lbs
SourceMercedesBenzwebsitehttp://www.mbusa.com/mercedes/vehicles/explore/specs/class
S/modelS600V

RetailValueof 2011 MercedesBenzS600= $158,050
Source: YahooAutoswebsite http://autos.yahoo.com/2011 _mercedes_benz_s class/

Calculation:# Vehiclesto lower shipsdraft 1 inch = 268,800bs (vessellTPI) + 4,950
Ibs/vehicle = 54.3 or 54 whole unitéeed to round down to next whole unit.

54 MercedesBenzS600perinch of draft

Calculation: Cargo Value= 54 Mercedes< $158,050/vehicle $8,534,700

Hyundai2011SonataSE

Typical CarCarrierShip200metersTons(long 2,240Ibs)perinch (TPI) = 120long tons/inchor
268,800 Ibs/inch of draft

Source: CaptainJohnBetz,Los AngelesPilots January2011.

Hundai Sonata SE

Weight = 3,199 Ibs

Retailprice+ $22,595

Source: Hyundaiwebsite http://www.hyundaiusa.com/sonata/specifications.aspx

Calculation# Vehiclesto lower shipsdraft 1 inch = 268,800bs (vesselTPI) + 3,199Ibs/vehicle
= 84.00r 84 wholeunits Needto rounddownto nextwholeunit.

84 Hyundai 2011 Sonata SE per inch of draft

Calculation: Cargo Value=84Hy u n dx&22&%5/vehicle $1,897,980
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APPENDIX D

200LARGESTCONTAINERSHIPS
IN THE WORLD
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YEAR
BUILT

2017

2017

2017

2017

2017

2018

2018

2018

2018
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LARGEST CONTAINERSHIPS IN THE WORLD

VESSEL
NAME

OOCLHong
Kong

OO0CL
Germany

OOCL Japan

OOCLUnited
Kingdom

OOCL
Scandinavia

OOCL
Indonesia

COSCO
Shipping
Universe

CMACGM
Antoine de
SaintExupery

CMACGM
JeanMermoz

LENGTH
(METERS)

399.9

399.9

399.9

399.9

399.9

399.9

400.0

400.0

400.0

LENGTH
(FEET)

1,312

1,312

1,312

1,312

1,312

1,312

1,312.3

1,312.3

1,312.3

BEAM
(METERS)

58.8

58.8

58.8

58.8

58.8

58.8

58.6

59.0

59.0

BEAM
(FEET)

193

193

193

193

193

193

192

193.6

193.6

MAXIMUM

TEUs

21,413

21,413

21,413

21,413

21,413

21,413

21,237

20,954

20,954

GROSS

TONNAGE

210,890

210,890

210,890

210,890

210,890

210,890

201,000

217,673

217,673
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https://en.wikipedia.org/wiki/CMA_CGM_Antoine_de_Saint_Exupery
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2018

2017

2017

2017

2017

2017

2018

2018

2018

2018

2018
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CMACGM
LouisBleriot

Madrid
Maersk

Munich
Maersk

Moscow
Maersk

Milan Maersk

Monaco
Maersk

Marseille
Maersk

Manchester
Maersk

Murcia
Maersk

Manila
Maersk

Mumbai
Maersk

400.0

399.0

399.0

399.0

399.0

399.0

399.0

399.0

399.0

399.0

399.0

1,312.3

1,309.1

1,309.1

1,309.1

1,309.1

1,309.1

1,309.1

1,309.1

1,309.1

1,309.1

1,309.1

59.0

58.6

58.6

58.6

58.6

58.6

58.6

58.6

58.6

58.6

58.6

193.6

192

192

192

192

192

192

192

192

192

192

20,954

20,568

20,568

20,568

20,568

20,568

20,568

20,568

20,568

20,568

20,568

217,673

214,286

214,286

214,286

214,286

214,286

214,286

214,286

214,286

214,286

214,286
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2018

2018

2018

2018

2017

2018

2017

2017

2017

2017

2018

2018

2018
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EverGolden

EverGoods

EverGenius

EverGiven

MOL Truth

MOL Treasure

MOL Triumph

MOL Trust

MOL Tribute

MOL
Tradition

COSCO
Shipping
Taurus

COSsCoO
Shipping
Gemini

COSCO
ShippingVirgo

400.0

400.0

400.0

400.0

399.0

399.0

400.0

400.0

400.0

400.0

399.8

399.9

399.9

1,312.3

1,312.3

1,312.3

1,312.3

1,309.1

1,309.1

1,312.3

1,312.3

1,312.3

1,312.3

1,312

1,312

1,312

58.8

58.8

58.8

58.8

58.0

58.0

58.8

58.8

58.8

58.8

58.7

58.7

58.7

193

193

193

193

190.3

190.3

193

193

193

193

193

193

193

20,388

20,388

20,388

20,388

20,182

20,182

20,170

20,170

20,170

20,170

20,119

20,119

20,119

217,612

217,612

217,612

217,612

210,691

210,691

210,678

210,678

210,678

210,678

194,864

194,864

194,864
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https://en.wikipedia.org/wiki/MOL_Triumph

2018

2015

2015

2015

2015

2016

2016

2016

2016

2016

2016

2017

2017

2016
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COSsCO
ShippingLibra

Barzan

Al Muraykh

Al Nefud

Al Zubara

Al Dahna

Tihama

MSCDiana

MSCingy

MSCEloane

MSCMirjam

MSCRifaya

MSCLeanne

MSCReef

399.7

400.0

400.0

400.0

400.0

400.0

400.0

400.0

400.0

400.0

400.0

400.0

400.0

398.4

1,311

1,312.3

1,312.3

1,312.3

1,312.3

1,312.3

1,312.3

1,312.3

1,312.3

1,312.3

1,312.3

1,312.3

1,312.3

1,307

58.7

58.6

58.6

58.6

58.6

58.6

58.6

58.8

58.8

58.8

58.8

58.8

58.8

59.1

193

192

192

192

192

192

192

193

193

193

193

193

193

194

20,119

19,870

19,870

19,870

19,870

19,870

19,870

19,462

19,462

19,462

19,462

19,462

19,462

19,437

194,864

195,636

195,636

195,636

195,636

195,636

195,636

193,489

193,489

193,489

193,489

193,489

193,489

194,308
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https://en.wikipedia.org/wiki/Barzan_(ship)

2016

2016

2016

2016

2017

2016

2017

2018

2018

2018

2018

2015

2015
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MSCJade

MSCDitte

MSCMirja

MSCErica

MSCTina

MSCAnna

MSCViviana

COsCO
ShippingAries

COsCO
ShippingLeo

COSCO
Shipping
Capricorn

COSCO
Shipping
Scorpio

MSCOscar

MSCOliver

398.5

398.5

398.5

398.5

398.5

400.0

400.0

400.0

400.0

400.0

400.0

395.5

395.5

1,307

1,307

1,307

1,307

1,307

1,312.3

1,312.3

1,312.3

1,312.3

1,312.3

1,312.3

1,298

1,298

59.1

59.1

59.0

59.1

59.1

58.6

58.6

59.0

59.0

59.0

59.0

59.1

59.1

194

194

193.6

194

194

192

192

193.6

193.6

193.6

193.6

194

194

19,437

19,437

19,437

19,437

19,437

19,368

19,368

19,273

19,273

19,273

19,273

19,224

19,224

194,308

194,308

194,308

194,308

194,308

187,587

187,587

196,670

196,670

196,670

196,670

192,237

192,237
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2015

2015

2015

2015

2014

2014

2015

2015

2015

2013

2013

2013

2013
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MSCZoe

MSCMaya

MSCSveva

MSCClara

CSCLGlobe

CSCLPacific
Ocean

CSClLIndian
Ocean

CSClLlArctic
Ocean

CSClLlAtlantic
Ocean

Meersk Me
KinneyMgller

Majestic
Maersk

Mary Meersk

Marie Maersk

395.5

395.5

395.5

395.5

399.7

399.7

399.6

399.6

399.6

399.0

399.0

399.0

399.0

1,298

1,298

1,298

1,298

1,311

1,311

1,311

1,311

1,311

1,309.1

1,309.1

1,309.1

1,309.1

59.1

59.1

59.1

59.1

58.7

58.7

58.7

58.7

58.6

59.0

59.0

59.0

59.0

194

194

194

194

193

193

193

193

192

193.6

193.6

193.6

193.6

19,224

19,224

19,224

19,224

18,982

18,982

18,982

18,982

18,982

18,340

18,340

18,340

18,340

192,237

192,237

192,237

192,237

187,541

187,541

187,541

187,541

187,541

194,849

194,849

194,849

194,849
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https://en.wikipedia.org/wiki/MSC_Zoe
https://en.wikipedia.org/wiki/MSC_Maya
https://en.wikipedia.org/wiki/CSCL_Globe
https://en.wikipedia.org/wiki/CSCL_Indian_Ocean
https://en.wikipedia.org/wiki/CSCL_Indian_Ocean
https://en.wikipedia.org/wiki/CSCL_Arctic_Ocean
https://en.wikipedia.org/wiki/CSCL_Arctic_Ocean
https://en.wikipedia.org/wiki/M%C3%A6rsk_Mc-Kinney_M%C3%B8ller_(ship)
https://en.wikipedia.org/wiki/M%C3%A6rsk_Mc-Kinney_M%C3%B8ller_(ship)

2013

2013

2014

2014

2014

2014

2014

2014

2014

2014

2014

2015
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Madison
Maersk

Magleby
Maersk

Maribo Maersk

Marstal
Meersk

MatzMaersk

Mayview
Meersk

MereteMeersk

Mogens
Meersk

MortenMaersk

Munkebo
Maersk

MarenMeersk

Margrethe
Meaersk

399.2

399.2

399.2

399.2

399.2

399.0

399.2

399.0

399.2

399.2

399.2

399.2

1,310

1,310

1,310

1,310

1,310

1,309.1

1,310

1,309.1

1,310

1,310

1,310

1,310

59.0

59.0

59.0

59.0

59.0

59.0

59.0

59.0

59.0

59.0

59.0

59.0

193.6

193.6

193.6

193.6

193.6

193.6

193.6

193.6

193.6

193.6

193.6

193.6

18,340

18,340

18,340

18,340

18,340

18,340

18,340

18,340

18,340

18,340

18,340

18,340

194,849

194,849

194,849

194,849

194,849

194,849

194,849

194,849

194,849

194,849

194,849

194,849
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https://en.wikipedia.org/wiki/Madison_Maersk
https://en.wikipedia.org/wiki/Madison_Maersk
https://en.wikipedia.org/wiki/Magleby_Maersk
https://en.wikipedia.org/wiki/Magleby_Maersk

2015

2015

2015

2015

2015

2015

2015

2006

2006

2007

2007

2007
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Marchen
Meersk

MetteMeersk

Marit Maersk

Mathilde
Meersk

CMACGM
Vascode
Gama

CMACGM
ZhengHe

CMACGM
Benjamin
Franklin

EmmaMeersk

EstelleMaersk

Eleonora
Maersk

EvelynMaersk

EbbaMeersk

399.2

399.2

399.2

399.2

399.2

399.2

399.2

397.7

397.7

398.9

397.7

397.7

1,310

1,310

1,310

1,310

1,310

1,310

1,310

1,305

1,305

1,309

1,305

1,305

59.0

59.0

59.0

59.0

54.0

54.0

54.0

56.4

56.4

56.4

56.4

56.4

193.6

193.6

193.6

193.6

177.2

177.2

177.2

185

185

185

185

185

18,340

18,340

18,340

18,340

17,859

17,859

17,859

17,816

17,816

17,816

17,816

17,816

194,849

194,849

194,849

194,849

178,228

178,228

178,228

171,542

170,794

171,542

171,542

170,794
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https://en.wikipedia.org/wiki/Marchen_Maersk
https://en.wikipedia.org/wiki/Marchen_Maersk
https://en.wikipedia.org/wiki/CMA_CGM_Vasco_de_Gama
https://en.wikipedia.org/wiki/CMA_CGM_Vasco_de_Gama
https://en.wikipedia.org/wiki/CMA_CGM_Vasco_de_Gama
https://en.wikipedia.org/wiki/CMA_CGM_Zheng_He
https://en.wikipedia.org/wiki/CMA_CGM_Zheng_He
https://en.wikipedia.org/wiki/CMA_CGM_Benjamin_Franklin
https://en.wikipedia.org/wiki/CMA_CGM_Benjamin_Franklin
https://en.wikipedia.org/wiki/CMA_CGM_Benjamin_Franklin
https://en.wikipedia.org/wiki/Emma_M%C3%A6rsk
https://en.wikipedia.org/wiki/Estelle_M%C3%A6rsk
https://en.wikipedia.org/wiki/Eleonora_M%C3%A6rsk
https://en.wikipedia.org/wiki/Eleonora_M%C3%A6rsk
https://en.wikipedia.org/wiki/Evelyn_M%C3%A6rsk
https://en.wikipedia.org/wiki/Ebba_M%C3%A6rsk

2007

2007

2008

2015

2015

2015

2013

2013

2014

2014

2015

2015

2015
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Elly Meersk

Edith Maersk

EugenMeersk

CMACGM
Kerguelen

CMACGM
GeorgForster

CMACGM
Bougainville

APL Temasek

APL Changi

MSCLondon

MSCNew
York

MSClstanbul

MSC
Amsterdam

MSCHamburg

398.9

397.7

398.9

398.0

398.0

398.0

397.9

397.6

399.0

399.0

399.0

399.0

399.0

1,309

1,305

1,309

1,305.8

1,305.8

1,305.8

1,305

1,304

1,309.1

1,309.1

1,309.1

1,309.1

1,309.1

56.4

56.4

56.4

54.0

54.0

54.0

51.0

51.0

54.0

54.0

54.0

54.0

54.0

185

185

185

177.2

177.2

177.2

167.3

167.3

177.2

177.2

177.2

177.2

177.2

17,816

17,816

17,816

17,722

17,722

17,722

17,274

17,274

16,652

16,652

16,652

16,652

16,652

171,542

171,542

171,542

175,688

175,688

175,688

167,658

167,658

176,490

176,490

176,490

176,490

176,490
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https://en.wikipedia.org/wiki/Elly_Maersk
https://en.wikipedia.org/wiki/Edith_M%C3%A6rsk
https://en.wikipedia.org/wiki/Eugen_M%C3%A6rsk
https://en.wikipedia.org/wiki/CMA_CGM_Kerguelen
https://en.wikipedia.org/wiki/CMA_CGM_Kerguelen
https://en.wikipedia.org/wiki/CMA_CGM_Bougainville
https://en.wikipedia.org/wiki/CMA_CGM_Bougainville

2016

2012

2013

2013

2017

2017

2017

2017

2018

2018

2018
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MSCVenice

CMACGM
Marco Polo

CMACGM
Alexanderon
Humboldt

CMACGM
JulesVerne

MaerskHong
Kong

Maersk
Horsburgh

Maersk
Honam

Maersk
Hidalgo

MaerskHanoi

Maersk
Hangzhou

Maersk
Hamburg

399.0

396.0

396.0

396.0

353.0

353.0

353.0

353.0

353.0

353.0

353.0

1,309.1

1,299.2

1,299.2

1,299.2

1,158.1

1,158.1

1,158.1

1,158.1

1,158.1

1,158.1

1,158.1

54.0

53.5

53.5

53.5

53.5

53.5

53.5

53.5

53.5

53.5

53.5

177.2

176

176

176

176

176

176

176

176

176

176

16,652

16,020

16,020

16,020

15,262

15,262

15,262

15,262

15,262

15,262

15,262

176,490

175,343

175,343

175,343

153,744

153,153

153,153

153,744

153,153

153,153

153,744
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2018

2014

2014

2015

2015

2015

2016

2016

2016

2016

2017

2017

2017

Maersk
Herrera

Sajir

Al Murabba

Salahuddin

Linah

Al Nasriyah

Al Dhail

Al Mashrab

Al Jasrah

UmmQarn

Afif

Al Jmeliyah

COSCO
Shipping
Himalayas
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353.0

368.5

368.5

368.5

368.5

368.5

368.4

368.0

368.4

368.0

368.4

368.0

366.0

1,158.1

1,209

1,209

1,209

1,209

1,209

1,209

1,207.3

1,209

1,207.3

1,209

1,207.3

1,200.8

53.5

51.0

51.0

51.0

51.0

51.0

51.0

51.0

51.0

51.0

51.0

51.0

51.3

176

167.3

167.3

167.3

167.3

167.3

167.3

167.3

167.3

167.3

167.3

167.3

168

15,262

14,993

14,993

14,993

14,993

14,993

14,993

14,993

14,993

14,993

14,993

14,993

14,568

153,744

153,148

153,148

153,148

153,148

153,148

153,148

153,148

153,148

153,148

153,148

153,148

154,300
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2017

2018

2018

2018

2018

2018

2018

2018

2016

2016

2016

2016
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COSCO
Shipping
Kilimanjaro

COSCoO
ShippingAlps

COSsCO
Shipping
Denali

COsCO
Shipping
Andes

Tenreach

Goodreach

Fanreach

Canreach

Triton

Titan

Talos

Taurus

366.0

366.0

366.0

366.0

366.0

366.0

366.0

366.0

369.0

369.0

369.1

369.1

1,200.8

1,200.8

1,200.8

1,200.8

1,200.8

1,200.8

1,200.8

1,200.8

1,210.6

1,210.6

1,211

1,211

51.3

51.3

51.3

51.3

48.0

48.0

48.0

48.0

51.0

51.0

51.0

51.0

168

168

168

168

157.5

157.5

157.5

157.5

167.3

167.3

167.3

167.3

14,568

14,568

14,568

14,568

14,508

14,508

14,508

14,508

14,424

14,424

14,424

14,424

154,300

154,300

154,300

154,300

141,514

153,000

153,000

153,000

148,386

148,386

148,386

148,386
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2016

2017

2017

2017

2017

2017

2018

2018

2016

2016

2016

2015

2015
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Theseus

CMACGMG.
Washington

CMACGMA.
Lincoln

CMACGMT.
Jefferson

CMACGMT.
Roosevelt

CMACGMJ.
Adams

CMACGMJ.
Madison

YM Wellbeing

YMWindow

YM Width

YMWelcome

YMWish

YMWorld

369.1

366.0

366.0

366.0

366.0

366.0

366.0

366.0

368.0

368.0

368.0

368.0

368.0

1,211

1,200.8

1,200.8

1,200.8

1,200.8

1,200.8

1,200.8

1,200.8

1,207.3

1,207.3

1,207.3

1,207.3

1,207.3

51.0

48.2

48.2

48.2

48.2

48.2

48.2

51.0

51.0

51.0

51.0

51.0

51.0

167.3

158

158

158

158

158

158

167.3

167.3

167.3

167.3

167.3

167.3

14,424

14,414

14,414

14,414

14,414

14,414

14,414

14,220

14,198

14,198

14,198

14,080

14,080

148,386

140,872

140,872

140,872

140,872

140,872

140,872

145,000

145,136

145,136

145,136

144,651

144,651
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2015

2015

2015

2015

2015

2015

2015

2015

2017

2017

2010

2011

2011

2011
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YMWellhead

YM Wondrous

YMWinner

YMWitness

YM
Wholesome

YMWellness

YM Worth

YMWarmth

YMWind

YMWreath

CSCLStar

CSCLVenus

CSCLJupiter

CSCLMercury

368.0

368.0

368.0

368.0

368.0

368.0

368.0

368.0

368.0

368.0

366.1

366.1

366.1

366.1

1,207.3

1,207.3

1,207.3

1,207.3

1,207.3

1,207.3

1,207.3

1,207.3

1,207.3

1,207.3

1,201

1,201

1,201

1,201

51.0

51.0

51.0

51.0

51.0

51.0

51.0

51.0

51.0

51.0

51.2

51.2

51.2

51.2

167.3

167.3

167.3

167.3

167.3

167.3

167.3

167.3

167.3

167.3

168

168

168

168

14,080

14,080

14,080

14,080

14,080

14,080

14,080

14,080

14,078

14,078

14,074

14,074

14,074

14,074

144,651

144,651

144,651

144,651

144,651

144,651

144,651

144,651

145,136

145,136

150,853

150,853

150,853

150,853
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2011

2011

2012

2012

2009

2009

2010

2010

2010

2016

2016

2016

2016

2017
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CSCLMars

CSCLSaturn

CSCLUranus

CSCLNeptune

MSCDanit

MSCCamille

MSCSonia

MSCMelatilde

MSCPaloma

NYKBIlueJay

NYKIbis

NYKEagle

NYKCrane

NYKHawk

366.1

366.1

366.0

366.0

365.5

365.5

365.6

365.6

365.5

364.2

364.2

364.2

364.2

364.2

1,201

1,201

1,200.8

1,200.8

1,199

1,199

1,199

1,199

1,199

1,195

1,195

1,195

1,195

1,195

51.2

51.2

51.2

51.2

51.3

51.3

51.3

51.3

51.3

50.6

50.6

50.6

50.6

50.6

168

168

168

168

168

168

168

168

168

166

166

166

166

166

14,074

14,074

14,074

14,074

14,028

14,028

14,028

14,028

14,028

14,026

14,026

14,026

14,026

14,026

150,853

150,853

150,853

150,853

153,092

153,092

153,092

153,092

153,092

144,285

144,285

144,285

144,285

144,277
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2017

2017

2017

2018

2018

2018

2010

2010

2010

2010

2010

2010

2011

2011
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NYKFalcon

NYKSwan

NYKOwI

NYKWren

ONEStork

ONEAquila

MSCSavona

MSC
Alexandra

MSCGenova

MSCLa
Spezia

MSCLivorno

MSCRosaM

MSCBari

MSCTeresa

364.2

364.2

364.2

364.2

364.2

364.2

365.8

365.8

365.8

365.8

365.8

365.8

365.8

365.8

1,195

1,195

1,195

1,195

1,195

1,195

1,200

1,200

1,200

1,200

1,200

1,200

1,200

1,200

50.6

50.6

50.6

50.6

50.6

50.6

51.3

51.3

51.3

51.3

51.3

51.3

51.3

51.3

166

166

166

166

166

166

168

168

168

168

168

168

168

168

14,026

14,026

14,026

14,026

14,026

14,026

14,000

14,000

14,000

14,000

14,000

14,000

14,000

14,000

144,277

144,277

145,253

145,251

145,251

145,647

153,115

153,115

153,115

153,115

153,115

153,115

153,115

153,115
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2011

2011

2012

2012

2012

Source:https://en.wikipedia.org/wiki/List_of largest _container_shifsscessedOctober20, 2018.
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MSCTaranto

MSCRavenna

MSCClorinda

MSCDeila

MSCValeria

365.8

365.8

365.8

365.8

365.8

1,200

1,200

1,200

1,200

1,200

51.3

51.3

51.2

51.3

51.3

168

168

168

168

168

14,000

14,000

14,000

14,000

14,000

153,115

153,115

153,115

153,115

153,115
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APPENDIX E

DATA BASESAND DATA TOOLS
EMPLOYED IN THE ANALYSIS
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Severamajordatabasesvere employedh this study:

United StatesDepartmenbf CommerceCensusB u r e @IAdradé® Online;
UnitedStateDepartmendf T r a n s p o Mdritame Adainigiration(MARAD);
UnitedStatesArmy Corpsof E n g i n(8SACE)ationalNavigationOperationand
Maintenance Performance Evaluation and Assessment System (NNOMPEAS);
United StateCoastG u a r AditénsaticldentificationSystem(AlS) network;
CongressionaBudgetO f f i DiseodngRate,C B O GiscularNo. A-94, AppendixB;
United StatesDepartmenbf CommerceBureauof EconomicAnalysisGrossDomestic
Product (GDP) Deflator;

United StatesArmy Corpsof E n g i n(6SACE) ©hannePortfolio Tool (CPT);
United State<CoastG u a rBoalirsgyAccidentReportDataBase(BARD);

United StatesCoastG u a r MhrinsInformationfor SafetyandLaw Enforcement
(MISLE); and,

NationalOceanicandAtmosphericA d mi n i s tOffige bf CaastSuiveyDangerdo
Navigation.

Ow>

nmo

IO

“

A. United StatesDepartment of Commerce,CensusB u r e &8A6Tgde® Online
Providedby theU.S.Census3 u r e Rotei@rd radeDivision, USA TradeOnlineis the
official source of U.S. Import and Export statisttésThe database provides current and
cumulative U.S. export and import data on more than 9,000 export commodities and 17,000
import commaodities by countyindividual movements are theoretically available in the

InternationaHarmonizedSystemCode(IHS)*® andthe North American IndustryClassification

17 A total of 390 portsareidentified andfurther summarizednto oneof 44 districts.In addition, 74 airportlocations

are identifiedMany of these did not have reported international traffin.additional location

Nor fol k/ Mobil e/ Charl estond was created to report cumul
confidentiality concerns prevents individual port reportingaddition, a large number of inland ports reside on

inland waterways (e.g., river, lake, or canal) which may or may not be connected to theTdeeterm is also

employed to refer to dry ports that are extensions of seaports usually connected by rail to the docks. As of 2014, a

total of 43inlandportshad been establishe@&aurce:American Journal of Transportatioissue 642February 13,

2017.

8 TheU.S.InternationalTradeCommissiormaintainghe Harmonizedr ariff Scheduleof theU.S.covering
international traffic.
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System(NAICS)*® codesat thel0- and 6digit levels ofgranularity respectively?°

Goodsareinitially classifiedunderlHS thatdescribe@andmeasurethecharacteristicsf
goods tradedCombining trade into approximately 140 export and 140 imporused
categoriesnakest possibleto examinegoodsaccordingto their principaluses.Thesecategories
are used as the basis for computing the seasonal@hkdhg-day adjusted data. These adjusted
data are then summed to the six-eisé aggregates for publicatiéhiThese data are provided to
theBureau of Economic Analysifrom the U.S. Census Bureau, for use inBatance of
Paymentsand tle National Income and Product Accounts.

Individual dataelementsavailableinclude??

1 Container Shipping Weight (CWT)

Representthegrossweightin kilogramsof shipmentsnadeby surfacevesseljncluding

the weight of moisture content, wrappings, dunnage, crates, boxeyraaders (other

than cargo vans and similar substantial outer containers). In some instances, shipments
between the United States and countries abroad enter or depart through Canada or

9 TheNAICS wasdevelopedy the Office of ManagemenandBudgetin 1997to classifybusines®stablishments
for the purpose of collecting, analyzing and publishing statistical data on the U.S. economy.

20 Thestatisticsncludebothgovernmenandnon-governmenshipmentdy vesseinto andout of the U.S. foreign
trade zones, the 50 states, District of Columbia and Puerto Rieostatistics exclude postal and military
shipments.

21 The Census Bureau is bound by the provisions of Title 13, United States Code, Section 301(g) to protect the
confidentiality of the export data it collects and make the information available only when the Secretary of
Commerce's delegate, the Director of the Census Bureau, determines that withholding of information would be
contrary to the national interest. Suddtermination is conditioned on the recipient agency implementing
appropriatadatasafeguardandagreeingo usesuchdatasolely for the purposesuthorizedby the CensuBureau
Director. Typically, these purposes are either statistical or for enfoiBgexport laws and regulations. The
regulatory provisions regarding the confidentiality of export information are found in Title 15, Code of Federal
Regulations, Part 30, Section 30.60formation detailing the names iofiporters, shippers, consignees and other
manifestdatais not releasedy the CensusBBureau.Manifestdataarecollectedanddisclosedy theU.S. Customs
andBorderProtection(CBP)in accordancevith Title 19, United State<Code.Section103.31(ajllowsaccredited
representatives of the press collect manifest data at every port of entry.

22|n additionto vessebndcontainerata,weightandcargovaluesarealsoprovidedfor air shipments.
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Mexico. Suchshipmentsarerecordedunderthe methodof transportatiorby whichthey
enter or depart the United States regardless of the method of transportation between
Canada oMexico and the country of origin or destination.

1 Container Value (CV)

The nominal value of goods that enter or leave the country by container. In some
instances, shipments between the United States and countries abroad enter or depart
through Canada or Mexico. Such shipments are recorded undrethed of
transportatiorby which theyenteror departthe United Statesegardles®f the methodof
transportation between Canada or Mexico and the country of origin or destination.

1 Total Shipping Weight (SWT)

Represents the gross weight in kilograms of shipments made by surface vessel and air,
including the weight of moisture content, wrappings, dunnage, crates, boxes, and
containers (other than cargo vans and similar substantial outer containers). In some
instances, shipments between the United States and countries abroad enter or depart
through Canada or Mexico. Such shipments are recorded thvesnethod of
transportatiorby which theyenteror departthe United Statesegardles®f the methodof
transportation between Canada or Mexico and the country of origin or destination.

T VesselShipping Weight (VWT)

Represents the gross weight in kilograms of shipments made by deep sea vessels of all
types(e.g.,dry bulk, ro-ro, tank,container gtc.)includingtheweightof moisturecontent,
wrappings, dunnage, crates, boxes, and containers (other than cargo vans and similar
substantiabutercontainers). Iilsomeinstancesshipmentdetweerthe United Statesand
countries abroad enter depart through Canada Mexico. Such shipments arecorded

under themethod of transportatidoy which they enter or depart the United States
regardless of the method of transportation between Canada or Mexico and the country of
origin or destination.

T Vesselalue (VV)

Thenominalvalueof goodsthatenteror leavethe countryby surfacevesself all types
(e.g., dry bulk, rero, tank, container, etc.) In some instances, shipments between the
United States and countries abroad enter or depart through Canada or Mexico. Such
shipments are recorded under thethod of transportatidoy which they enter or depart
the United States regardless of the method of transportatiereen Canada or Mexico
and the country of origin or destination.

This databasés utilized asthe primarysourceof inventorycarryingcostcalculationsof

average cargo value per kilogram (later converted to short tonnage) for all types of vessels.
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Subtracting fully cellular container data thaprevided separately from all vessel data provides
an estimate for all other types of vessels (e.g., dry bulk, tank, general &a) Rowhile
individual ship types (e.qg., tank, dry bulk;mm, etc.) are not specifically identified in the USA
Trade Online database, more granular analysis of commodities which are typically unique to
certain ships (e.g., finished automobiles and trucks-mo neessels) might be teased from the
datato a certaindegree.Forexamplethe 2-digit IHS Code(871 Vehicles othethanrailway or
tramwayrolling stock,and partsandaccessories thereaf of too high alevel of aggregatiorio
identify specificcommoditiedy vesselypeascontainettraffic is employedn over70 of the 79
six-digit HS commaodity group¥&' However, as USA Trade Online database also provides up to
6-digit IHS definition, it is possible to infer traffic carried by tanker (e.g., crude, processed
petroleum products and Liquefied Natural Gas (LNG)) andRBdfinished vehicles) vessels.
Theremaindeof traffic groupsbulk with generalvesselraffic.

While it could be advantageous to identify cargo costadhyidual type of vessel,
sufficientdata(e.g.,cargoweightandcargovalue)maynot be publicly availablefor all desired
combinations of size and vessel tyfiamploying data from the longer 2003 to 2018 period

suggests that the overall average weight of an imported Tvientyquivalent Unit (TEUP

2Thedatabaselsoprovidescargovalueandweightassociateavith air shipments.

24 The HarmonizedCommodityDescriptionand Coding Systen{e.g.the IHS is aninternationallystandardized
systemof namedo classifytradedproducts. For example JHS 8703.24and8703.23arethe codedfor finished
motor vehicles.

25The twentyfoot equivalent unit (often TEU or tee) is an inexact unit of cargo capacity often used to describe the
capacityof containershipsandcontainetterminals! It is basedon thevolumeof a 20-foot-long (6.1 m) intermodal
containera standaréized metal box that can be easily transferred between different modes of transportation, such
as ships, trains and trucks. (Rowlett 200D0ere is a lack of standardization in regard to height, ranging between

4 feet3 inches(1.30m) and9 feet6 inches(2.90m), with the mostcommonheightbeing8 feet6 inches(2.59m).

Also, it is common to designate 480t (13.7 m) containers as 2 TEU, rather than 2.25 TEE&fer to:
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across the entire U.S. was 8lfort tons (7.3 metric tonnes) while exported TEUs averaged 10.7
short tons (9.7 metric tons) reflecting the difference in commodities imported (e.g., apparel)
versuscommoditiesexportede.g.,machineryf® Theweightedaveragdor importsandexports

was 9.0 short tons (8.2 metric tonn€s).

B. United StatesDepartmentof T r a n s p o r Magatime Admidistration (MARAD)
TheUni t ed States Department of Transportati ¢

annually reports a number of trade statistics on imported and exported \déri@ not
includingany commodityspecificatiorwhenidentified by port district, dataon (metric)tonnage
and cargo value (in nominal U.S. dollars) is provided itJis. Waterborne Foreign Trade by
U.S. Customs District®r the years 2003 to 20£7.In addition, U.S. Customs Poytsovide
data on international containerized cargo in their U.S. Waterborne Foreign Containe?® Trade.
Vesseltonnagebasedn thenumberof TEUsit is carryingcanbe estimatedrom theseMARAD

databases for both import and export traffic.

http://en.wikipedia.org/wiki/Twentjoot_equivalent_unit.

26 Thisis reflectiveof thetypesof commoditiesbeingimportedversusexportedn containers.Importsin 2019were
typically higher weight itemsuch as furniture parts motor vehicle parts, bananas, Sesgsetc..Exports in 2019
were dominated by paper waste and scrap, primary polymers of ethylene, ferrous waster and scrap, wood pulp,
soybeans, etc.

27 Useof this periodallowedincorporationof atleastonefull businessycleasthelastrecessiomanfrom
December 2007 to June 2009.

28 SourceU.S.Departmenbf TransportationMaritime Administration. Accessedrebruary22,2019.
2% Datais providedfrom the Portimport ExportReportingService(PIERS)providedby the Journalof Commerce

/UBM Global Trade. Datais collectedfrom vessemanifestsandbills of lading. Thedatacoversloadedcontainers
only.
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While MARAD container cargo value is not listed, total imported and exported (metric)
tonnagads provided,asis thenumberof importedandexportedT EUs. This facilitatesestimation
of average container weighCoupled with known overall value of container from USA Trade
Online data, it is possible to estimate cargo value per & targo ships are generally
characterized by the number of TEUs they carry, total cargo value by size of vessel can be

estimated.

C. United StatesArmy Corpsof En g i n @8ACE)dational Navigation Operation
and MaintenancePerformanceEvaluation and Assessmengystem(NNOMPEAS)

NNOMPEAS is a USACE tool for estimating marine transportation costs and
performingeconomicanalyse®n USACEwaterwayprojects. |t is thestandardsourcefor all
marine transportation cost data and is employed as theftiasasidering the benefits of

proposed USACE projectéRefer to Figure EL)

The USACE has regularly evaluated and compiled aggregated vessel operating costs
(VOCs, deep draft, and shalledvaft) since before the 1960s for use in measurement of
economic benefits for waterway system improvements for inland and coastal harbors and
supporting channel or waterway systen¥OCs, as employed by USACE, is not equivalent to
shippingratesandarecompiledon an Economic Resourc€ost(ERC)basis(asopposedo only
financial or accounting costs) considered consistent with general direatitress\Water
ResourceCouncil (WRC) for associatedivil worksevaluationandwith conceptuaprinciplesof
welfare economics applicable to the assessment of public investment for civil engineering

works.
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In the circumstance of USACE, such investment of civil works for harbors and
waterways are intended to support betterments
economyandwaterborndrade(hencethe contextof NED or nationaleconomiadevelopment
that one encounters throughout USACE guidance regarding economic evaluation of water
resources devel opment projects considered wit
construction, and ongoing operatiod)ggregated VOCs are not rates nor are they explicitly
financial or accounting costs due to the differences in amortization of base capital asset
acquisition (i.e., the hull) and allowances for profit (whether steonh volatile or longierm
normalized), though both rates and profits are sometimes evaluated for studies to explain

behavior in the market or in industry practice.
Figure E-1

USACE NNOMPEAS DATA FLOW

Waterborne Navigation - NNOMPEAS
Operation & Maintenance (O&M) Assessment

\ T istic D S
Muitiple Vessel Registers (IHS, Clarkson's)

U.S. Coast Guard & U.S, MARAD Vessel Fleet

USACE NDC - WCSC
Vessel Owner-Operators

USACE NDC - WCSC

U.S, Customs & Bureau of Census
Vessel Transit Tracking (Sea Web, etc.)
Trade-Published Schedules

Vessel Owner-Operators

Porf\Terminal Operators

Costs

USACE - HQUSACE & Districts

U.S Coast Guard (ATONs)

Waterway Users & Non-Federal Sponsors

US Army Corps
of Engineers

Physical
Characteristics

Vessel &
Cargo Transit
Information

Waterway System
Specifications &
Costs

Transportation Cost
Differentials &

Benefits
Vessel Cperational
Characteristics by Port,
Relatve to Cargo
Service and |tinerary
Served; Subject to
{Varying) Waterway
Specifications or
Limitations (Depths,
etc.)

Comparison_of
Benefits to

Costs
(B\C ratios: ROI
Incrementaized)

Institute For Water Resources - IWR
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NNOMPEAS isconstructed from a large number of variables (e.g., vessel length,
breadth, draft, engine horsepower, crew, distance traveled, cost of fuel, engine fuel efficiency,
thediameterof the propeller,etc.),all of which affectthe costsof operatinghevessel.It does
notincludeprofit margin,marketpricing decisionscompetitivepricing strategiesetc. Actual
vessel operating and transportation costs are highly sensitive and not shared by marine
transportation companies for competitive reasmslternatively, the best data available are
outputs from theletailed NNOMPEAS modelThis gives theJSACE a morestableplatform
upon which to make comparisons across multiple years witteaing to consider the
competitive elements of cost and volatility of rates.

Cost data is comprised of highly sensitive information that could be used to give a
company, port, or even a nation a competitive advantiigerefore, the informatioderived
from NNOMPEAS and much of the information used as input to the NNOMPEAS model is
restricted to access and use for authorized application by USACE to the assessment of civil
works projects with limited allowances for support of other Federal entitiesistent with
requirementsor safeguardingndappropriataiseof respectivelataandestimates Hence only
USACE staffers have direct access to NNOMPEARSrtunately, USACE staff has shown an
overwhelming willingness to assist NOAA in its investigas where sufficient safeguards for

the data can be put in place.

NNOMPEAScombinegatafrom four sources:

30 As they aremarketdriven by a wide-variety of influencesyesseratesarenot uniformly representativef vessel
operating costs arteénd to be significantly more volatile.
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1. LIl oydoés Regi st er 0°LRS provides inforindi@ on vBsEeh WE B .
characteristicgvesselype,sizeclass physicaldimensionscapacitiesandspeed)while
SEAWERB provides information on vessel itinerary for estimation of vessel transit
distances over time or period of service.

2. USACEInstitutefor WaterResource$§lWR) \ NavigationDataCenter(NDC) i
WaterbornegCommerce Statistics Center (WCSC) Statistics.

3. Vessel information is broken down by individual vessel name and identification by
IMO\LRS numbertonnagehandled andtransitdraft, prior andpostportinformation
where available.

a. PIERS? (Port ImportExport Research service), which contains information on
natureof cargo,cargoweight,andoriginsdestination®f cargoaswell asto some
extent vessel itinerary.

b. Availableinformationon projectspecificationgrom port seriesnvestigations.

c. Estimatedvesseloperatingcostsperunit of time asassembledy IWR.

4. ComputerizetlGlS generated voyage distance tables reconciled with traditional rhumb
line headingandcourseplotsfor transitaswell asgreatdistancecalculatorgespectiveof
ocean and waterway boundariés.

5. Theevolving TEC (TopographicEngineeringCenter)projectdatabasen project
specifications for depth and available information from condition surveys.

The vessel service data includes information about the frequency of seouits, or

itinerary (with particularattentionto time at seaor in servicefor cargoforwardingandtransport),

31 An extensiveshipdatabaseoveringover200,000shipsover 100grosstons(GT). A grosstonis anonlinear

v e s soeelalbisternal volumeOne ton is equal to 40 cubic fe®efer to:https://ihsmarkit.com/products/
seaweb-vesselsearch.htmlOvertime, Lloyds wasacquiredoy IHS Fairplay. On November30,2020wasacquired
by S&P Global.

32 A proprietaryproductof the Journalof Commerce.

33 A rhumbline is anarccrossingall meridiansof longitudeatthe sameangle(i.e., a pathwith constanbearingas
measured relative tioue or magnetic north)
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typeof vesseland correspondingostsperunit of time relativeto the generaimodeof operation,
vessel physical specifications for cargo capacity by weight and volume, and cargo carried by
weight.

Vessel characteristics fields extracted fro
LIl oyddés Register of Ships (LRS) and other el e
from WCSC(with crossmatchingandtabulationperformedvia eitherthe InternationaMaritime
Organi zation (I MO) vessel identification numb
vessel identification number), the resulting composite database(s) gives most of the information
needed to estimate cargo unit cost traffe relative to vessel capacity utilization, transit draft
and available waterway depth.

In addition to vessel cost, the NNOMPEAS system has an emissions application for

provision of volume estimates of several emissions (e.g., CQ,NE®R, SQ, CHs, NHz, PMo s,
PM 10, ROG) which are based on variables such as fuel type used, engine type and size, vessel
speed, eté? Finally, lightweight and deadweight figures for each vessel, along with the
estimatedveightof storeqfuel, water,crew,food, etc.),permitthecalculationof cargecarrying

capacity.

D. United StateCoastG u a r Automatic Identification System(AlS) network
Regulationl9 of Safetyof Life at Sea(SOLAS)ChapteV 1 Carriagerequirementgor

shipborne navigational systems and equipnigdentifies navigational equipment that must be

34 The EnvironmentaProtectionAgency(EPA) hasapprovedhe procesandendestimationf pollutantemissions
the in theNNOMPEAS model.
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carriedon boardships. Theserequirementsrebasedn thetypeof ship(e.g.,tank,passenger,
etc.) In 2000, the International Maritime Organization (IMO) adopted a new requirement (as
part of a revised new Chapter #y all ships to carry AIS capable of providing information

about the ship to other ships and to coastal authorities automaticRigfer to Figure B2.

Figure E-2

AIS DATA COLLECTION

Source: USCG

TheregulationrequiresAlS to befitted aboardall shipsof 300grosstonsandgreater
engaged on international voyages, cargo ships of 500 gross tons and greater not engaged on

international voyages and all passenger ships regardless &f Eimerequirement became

35 Referto InternationaMaritime OrganizationIMO) websiteon AIS transponders.
http://www.imo.org/OurWork/Safety/Navigation/Pages/AlS.aspx

36 While AIS is a shipto-ship collision avoidance system that facilitates communication of vessel position, speed
andotherdatavia aVery High FrequencyVHF) virtual datalink, the NationwideAutomaticldentificationSystem
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effectivefor all shipsby DecembeB1, 20043’

AIS datahasbeen useth thefollowing applications:

1 Collision Avoidance
AIS wasdevelopedy theIMO technicalcommitteesasatechnologyto avoidcollisions
among large vessels sga that are not within range of shbesed systems.

1 Fishing FleetMonitoring and Control
AIS is widely used by national authorities to track and monitor the activities of their
nationalfishing fleets.AlIS enablesauthoritieso reliably andcosteffectivelymonitor
fishing vessel activities along their coast line, typically out to a range of 60 miles
(depending on location and quality of cehatsed receivers/base stations) with
supplementary data from satellbased networks.

1 Aids to Navigation
TheAIS Aids to Navigation(A to N) productstandardvasdevelopedvith theability to
broadcast the positions and names of objects other than vessels, sacigaisonal
aid andmarkerpositionsanddynamicdatareflectingthema r k envirénsnent
(e.g.,currentsand climaticconditions).

1 Searchand Rescue
For coordinating ofscene resources ohaarinesearch and resc8AR) operation, it is

imperativeto havedataon the positionandnavigationstatusof othershipsin thevicinity.

1 AccidentInvestigation

(NAIS) (begun in 2004) monitorspnsolidates and disseminates AIS data on vessels operating in or approaching
US watersto the United StatesCoastGuard,US Navy andothergovernmentgencies NAIS is usedto improvean
understating of issues that could impact the econoiyonal security, safety and the environment.

37 The regulation applies to ships built on or after 1 July 2002 and to ships engaged on international voyages
constructedeforel July 2002,accordingto thefollowing timetable:(1) passengeships,notlaterthanl July 2003;
(2) tankersnotlaterthanthefirst surveyfor safetyequipmenbn or after1 July 2003;and(3) ships,otherthan
passenger ships and tankers, of 50,000 gross tonnage and upwards, not later than July 1, 2004.
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AIS information received by the Vessel Traffic Management System (VTMS) is
important for accident investigation since it provides accurate historical data on time,
identity, GPSbasedoosition,compas$ieadingcourseoverground,speedby log/SOG),
andrates of turn, rather than the less accurate information provided by*$adar.

1 Fleetand Cargo Tracking
Internet disseminated AIS can be used by fleet or ship managers to keep track of the
globallocationof their ships.Cargodispatcherr the ownersof goodsin transitcan
track the progress of cargo and anticipate arrival times in port.

1 Regulatory Compliance
With theability to monitorshipspeedandlocation,it is possibleto identify cooperation
with management measures or compliance with regulations concerning alternative,
restricted or conditionally restricted areas of operation.

AIS data is available in two levels of periodicity: (1/eey two to 10 seconds
dependingpnav e s sspekdinderwayand,(2) everythreeminuteswhile avesseis at
anchor; and, every six minutes for data not as variable across time.

Datareportedeverytwo to tensecondsvhenunderwayandeverythreeminutesat

anchorincludes:

1 Thev e s sMaiitiesMobile Serviceldentity (MMSI) T auniquenine-digit
identification number.
1 Navigationstatusi i aatn ¢ hfou mdayusinge n g i nfen e ,
commando, et c.
Rateof turni right orleft, from 0 to 720degreeper minute
1 Speedvergroundi 0.1-knot(0.19km/h)resolutionfrom 0 to 102knots
(189 km/h)
9 Positionalaccuracy:
Longitudei to 0.0001minutes
Latitudel to 0.0001 minutes
1 Courseovergroundi relativeto truenorthto 0.1°

=a

38VTMS is areatime controlsystemfor harborsandcoastakurveillance.lt providesactivemonitoringand
navigational advice for vessels particularly in busy and confined waterways.

69


http://en.wikipedia.org/wiki/Maritime_Mobile_Service_Identity

ESTIMATED GROSS BENEFITS PROVIDED BY
NAVIGATIONAL CHARTS IN THE UNITED STATES

=

Trueheadingl 0 to359degreegfor examplefrom agyro compasy
Truebearing abwn position. @o 359degrees

1 CoordinatedJniversalTime (UTC) Second$ Theseconddield of theUTC time
when these data wegenerated. A complete timestamp is not present.

=a

Datareportedevery6 minutesincludes:

1 IMO shipidentificationnumberi asevendigit numberthatremainsunchanged
upon transfer of the shipbds registratio
Radiocall signi internationakadiocall sign,up to sevencharactersassignedo
the vessel by its country of registry

Namei 20 characters toepresenthe nameof the vessel

Typeof ship/cargo

Dimensionsof shipi to nearesmeter

Locationof positionings y s t (e.,&RS)antennan boardthevessel in
meters aft of bow and meters port or starboard

Typeof positioningsystemi suchasGPS DGPSor LORAN-C.

Draughtof shipi 0.1 meteto 25.5meters®

Destinationi max.20 characters

ETA (estimatedime of arrival) atdestinatiori month/dateéhour: minute

High precisiontime requestavessekanrequesbthervesselgprovideahigh
precision UTC time and date stanNOTE: This data element is optional.

= =4 =4 =4 =

= =4 =4 -4 -2

TheDepartmenbfthel n t e Bureauf@®seanEnergyManagementBOEM) andthe
National Oceanic and Atmospheric Administration (NOAA) have worked jointly to repurpose
and make available some of the moshmnhatonmhport ant
networkof AIS receivers.The AIS data available contained records for years 2009 through
2020.
Forthis study,2017pointandtrack AlS datawasobtainedrom theVesselTraffic data

page at thdarineCadastre.gov website (2018 data for Hawaii). Alaska 2017 AIS data not

3% Vesselimmerseddraughtsareoftennotreliably reportedn automatedgystemssuchasAlIS andthe estimationof
immersed draught may or may not include allowances forarichsquat depending on how or whether draught
measurements are assessed in the static condition.

70


http://en.wikipedia.org/wiki/Gyro_compass
http://en.wikipedia.org/wiki/Call_sign#Ships_and_boats
http://en.wikipedia.org/wiki/Global_Positioning_System
http://en.wikipedia.org/wiki/Differential_GPS
http://en.wikipedia.org/wiki/LORAN
http://en.wikipedia.org/wiki/Draft_(hull)
https://www.navcen.uscg.gov/?pageName=NAISmain
https://www.navcen.uscg.gov/?pageName=NAISmain

ESTIMATED GROSS BENEFITS PROVIDED BY
NAVIGATIONAL CHARTS IN THE UNITED STATES

available in the Marine Cadastre site were obtained by request from the Marine Exchange of
Alaska (MXAK) i a nonprofit organizatiorf® The Marine Cadastre AIS data represents 17 of
themost important fields from theriginal AIS record. Thelatashows all vessels that thend
basedantennaseceivedwith theexceptionof certainlaw enforcemenandmilitary vesselghat
areexcluded Recordsarefiltered to aoneminuterateandformattedin zipped,monthlyfiles by

Universal Transverse Mercator (UTM) zones.

Datareportedeveryl minuteincludes:

TheV e s sMalitime Mobile Serviceldentity (MMSI) T aUnique8-digit
Identification Number.

Full UTC DateandTime (YYYY -MM-DD-HH-MM-SS)

Latitudein DecimalDegrees

Longitudein DecimalDegrees

SpeedOver GroundSOG)in Knots

CourseOverGround (COG)n Degrees

TrueHeadingAngle in degrees

VesselNameasShownon the StationRadioLicense
InternationaMaritime OrganizationIMO) VesselldentificationNumber
Call SignasAssignedby FCC

VesselTypeas Definedn NAIS Specifications
NavigationStatusasDefinedby the COLREGS

Lengthof VesselAccordingto NAIS Specifications

Width of VesselAccordingto NAIS Specifications

Draft Depthof VesselAccordingto NAIS Specifications
CargoTypeAccordingto NAIS SpecificationandCodes

Classof AIS Transceiver

=4 22299 _-9_9_9_9_-°2_-2_-2._-2_-2_-- =

From these AIS information, employing an ArcGIS software application, individual

vesselransitsegmentsveresummarizedo estimateoverallvesselrip averagdransitspeeds.

40 Referto (https://www.mxak.org/
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This was the same database employed in an earlier study currently underway to estimate
reduced vessel transit speeds' biological impagrom this data, differences in transit speed
were applied by transit distance to estimate augmented cargo (inventory) carrying costs and
nonfuel vessel operating costs due to the added time to traverse greater di$tafeese|
transits grouped by vessel type arriving to individual ports based on dominant commodity
carriedwereexaminedFromthis groupinventoryvaluesby vessekype (mainly cargo,tankers,
and passenger) and displacement grouping were developed and ultimately a measure of how
many extra vessels would be needed to move just one foot less of currently transported
materials. The data was used as well to lanto how close in general traffic of vessel tracks
are from dangers to navigation.

E.Congressional BudgeOf f i c e 6 sRalef €EBO s t QNo.TA®4 | ar
Appendix B
The General Accountability (nee Accounting) Office (GAO) revised its discount rate
policy in 1983 (GAO 1983j% At that time, GAO employed a rate based on the Treasury
borrowing rate for all types of discounting problems, including those related to public

investmentregulatory Jeasepurchaseandassetivestituredecisions.In 1991thiswasrefined

4l Rockwood, R. Cotton, Jeff Adams, Greg Silber and Jaime Jahncke. 2080E st i mat i ng Effecti ven
ReductiorMeasuredor Decreasing/VhaleStrikeMortality In a High-RiskR e g i, W/mitéPapercurrentlyunder
review. This analysis estimated reductions in whale mortality resulting from lower transit speeds.

42 Simply the cargo value (per tonne) multiplied by the number of added hours in transit by the opportunity cost of
capitalasdefinedby thecommercialpaperate(CPR). Commerciabaperis oftenemployedasanunsecuresghort
term loan by a corporation to finance inventories and receivables.

43U.S. General Accounting Office (GAQ), Project Manual, Washington, D.C., 1983, padés Ilie GAO

HumanCapitalReformAct changedhe G A O &anein 2004. Referto: Walker,David M. (July 19,2004)."GAO
Answers the QuestiRolhCal What és in a Name?,
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to statethatthefi b acasediscountrateshouldbetheinterestratefor marketablelreasurydebt
with maturity comparable to the program being evaluaBshsitivity analysis should also be
employed to address issues such as differing expectations about inflation and interest rates,
private sector opportunity costs, arfd interge
The Congressional Budget Office (CBO) annually distributes its discount rates through
CircularNo. A-94, AppendixC.*® As this studyemployedvesseimovementseportedin AIS
during 2019, th@ominal rate of 3.4 percent specified for anyear analysis was selected.
F.United StatesDepartment of Commerce,Bureau of EconomicAnalysis Gross
Domestic Product (GDP) Deflator
In this analysisall databasegeportcargovaluein termsof nominaldollarsrepresenting
the value of the dollar at the time (year) it was repor@eker time, inflation can increase the
level of nominal dollars and artificially enhance the perceived value of cargo transgdréed.
Gross Domestic Product (GDP)al| cul ated by the U.S. Depart men
Economic Analysis, is the monetary value of all the finished goods and services produced
wi t hin a c oltisdalgutated ob looth d quarterly and annual basis with annual
calculation being the most often used in removing the impact of inflation from across years.
Nominalandreal(inflation-adjustedmonetarydatafor theyears2003through2019is
delineated in Table-&. While 2019 dollars were selected for this illustration, data from any
year can be chosen as the fAbaseo year of the

readers to comprehend.

“GAO,i Di s dqRateProtl i Qffigedf,the Chief EconomistMay 1991,Chaptei, Overview.

45 RevisedNovember2018.
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Table E-1
GROSSDOMESTIC PRODUCT DEFLATOR

(NOTE: Recessiorlastedfrom December2007 throughJune 2009)
YEAR NOMINAL GDP REAL GDP CHANGE IN REAL REAL GDP

(Trillions of Dollars) (Billions of Chained GDP INDEX

2012 Dollars) (Over Prior Year) (2019=100)

2003 $11.5 $13,879.1 2.9% 1.37
2004 $12.3 $14,406.4 3.8% 1.32
2005 $13.1 $14,912.5 3.5% 1.28
2006 $13.9 $15,338.3 2.9% 1.24
2007 $14.5 $15,626.0 1.9% 1.22
2008 $14.7 $15,604.7 -0.1% 1.22
2009 $14.4 $15,208.8 -2.5% 1.25
2010 $15.0 $15,598.8 2.6% 1.22
2011 $15.5 $15,840.7 1.6% 1.20
2012 $16.2 $16,197.0 2.3% 1.18
2013 $16.7 $16,495.4 1.8% 1.16
2014 $17.4 $16,899.8 2.5% 1.13
2015 $18.1 $17,386.7 3.0% 1.10
2016 $18.6 $17,659.2 1.7% 1.08
2017 $19.4 $18,050.7 2.3% 1.05
2018 $20.5 $18,566.4 3.0% 1.02
2019 $21.4 $19,072.7 2.2% 1.00
2020 $20.9 $18,422.5 -3.5% 0.97

SourceUS Departmenbf CommerceBureauof EconomicAnalysis.

G. United StatesArmy Corpsof E n g i n @8ACE)&hannel Portfolio Tool (CPT)
The CPTdeveloped by Dr. Ken Mitchell of the United States Army Corps of Engineers
(USACE) has been employed in several previous analyses most notably several benefit
assessmentsf PORTS. Dataon vessekransitsis currentlyavailablefrom 2008through2016.

In essencehe CPTis amethodto transformraw datainvolving watertransportationnto

46 Recessiomastedfrom Decembef007to June2009.Source NationalBureauof EconomicResearch.

47 RecessiomastedbetweerFebruary2020to April 2020.SourceNationalBureauof EconomicResearch.
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tabular and graphic representations of activ@pntaining data on channel depth, commodity
transportedyesseldepth,cargovalue,cargoweight,cargotype (containewversusnon-container),
shiptype (dry cargobarge liquid barge tanker towboat raftedlogs,etc.)andshipdirection,it is
possible to review actual movements and how those movements might be at risk owing to
channel constraint® Central to the value of CPT is its ability to uniquely assess traffic by river
or channekegmentndprovidesummaryorigin or destinatiordatawithout doublecountingship
passing, tonnages or values of cargo.

TheCPTis aweb-basedlecisionsupportpackagealevelopedvithin the USACE Coastal
Inlets Research Program (CIRP) for determining the extent to which-@@ipsained
navigation channel depths are utilized by commercial shipping. The CPT uses the proprietary,
dockl evel tonnage database mai nt aice@taistidtsy t he
Center (WCSC). A live web version of CPT is presently available to registered Federal
governmenpersonnef® UnderFederalaw, companie®peratingvesselsnustreportdomestic
waterbornecommercenovements to thArmy Corps ofEngineers. Theatacollected includes
the type, weight, type, and value of the cargo, and movements and dockingsesfsttle and
the location and depth of the chanri@lg.he data is collated to the channel and channel reach
(subset of a channel) level and to the {ilrgit commodity code level.

Thecommoditycodestructures uniqueto the USACE anddoesnot translatewell to

48 Non-containettraffic includedtank,dry bulk, Roll Oni Roll Off (RO-RO),generabndcombinationcarriers.
49 Accessandregistrationcanbefoundat http://Awww.cpt.usace.army.mil/
50 Cargovalueis suppliedto the USACE by the Departmenbf the Census.Underthe January2015Memorandum

of Understanding between the tagencies, cargo value cannot be made available to users outside of the USACE
owing to data confidentiality concernblence, cargo value is obtained from the USA Tfa@aline data base.

75

Uus


http://www.cpt.usace.army.mil/

ESTIMATED GROSS BENEFITS PROVIDED BY
NAVIGATIONAL CHARTS IN THE UNITED STATES

othermorecommonlyusedcodedike the HarmonizedSystem(HS) CommodityCodesystem.
The USACE storesits commoditycodedatato five digits. While notasdetailedasthe Census
Bur e a u édgit coremodity data the CPT data is detailed enough for nearly all research.

Theprojectsareanassemblagef channelghatarethemselvegollectionof segments
referredto asii r e a cTiheherarchythengoesfrom the largeareaprojectto the moresite
specificchannelto thevery specificlocationof the reach.Ports aralefined asa collectionof
associated reaches and channels that lead to and encompass a port facility.

The CPT provides decision makers and researchers with relevant data concerning
commercial shipping activity that is supported by Corps dredging activities. CPT conducts
nearesnei ghbor matching of WCSCb6s Master Docks
repregnting Corpgnaintained channels and waterways. Entries in the tonnage database are
routedfrom origin to destinatiordocksthroughthis networkusingwell-establisheghortestpath
logic. The cumulative statistics for tons, dollar value, vessel draftynoatty types and traffic
types are then compiled for each individual reach (channel segment) in the network. The web
basedCPTinterfaceprovidesastraightforwardmeansof queryingandfiltering theresultingdata
to suit userspecificationssuchastonnageotalstransitingat depthsmostvulnerableto shoaling.

The CPT output can be selected from a large number of options to enable the researcher
to focus orspecific aspects of vessel and commodity movemeéntsarticularly important
option is that which enables one to compile the data on vessel movements within a certain
numberof feetfrom thechannebottom. Presenthannekonditionsandhistoricalshoalingrates
are compared to the draft profile to determine the amount of cargo that is directly impacted by

channel shoaling conditions.
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H. United StatesCoastG u a r Boatisg Accident Report Data Base(BARD)

The USCG has the legadsponsibility to collect, analyze, and publish recreational
boating accident data and statistical information for the fifty states, five U.S. territories, and the
District of Columbia.Federal lawequires the operatdror owner to file oating accident
reportwith the Statereportingauthoritywhen,asaresultof anoccurrencehatinvolvesaboator

its equipment:

=

A persondies;
1 A persordisappearfrom thevessel undecircumstancethatindicatedeathor injury;
1 A personisinjuredandrequiresmedicaltreatmentbeyondfirst aid;

1 Damageo vesselsandotherpropertytotals$2,000(lower amountsn somestates
and territories) or more; or,

1 Theboatis destroyed.

Annually, the USCG compiles statistics on reported recreational b@etndents
referred as the Boating Accident Report Database (BARD). These statistics are derived from
accident reports that are filed by the owners / operators of recreational vessels involved in
accidents. The fifty states, five U.S. territories and tradri@t of Columbia submit accident
reportdatato the USCGfor inclusionin theannualBoatingStatisticspublicationandthe USCG
boating recreational accident databag#ile the USCG has maintained the boating accident
data for almost two decadesitha8t been unt i | 2005 that the dat
from all states and territories.

Thedatabaseontainsnformationon:
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Yeari of theaccident

Statei in which accidentook place

Wateri nameof the body of watertheaccident occurreth

City i nearestity or town

Countyi nameof thecounty neareghe accident

Additional Location Informatiori a moreexactdescriptorof thelocation
Deadi numberof deathsattributed taheaccident

Injuriesi numberof injuriesattributedto theaccident

Damage damageestimate

Causel i major result from acciderge.g. grounding, collisiot, flooding, etc.)

Cause i majorreasordirectly leadingo theaccident

= =2 =/ A A4 A A -5 -4 - -5 -2

Cause3-571 issuedeadingupto theaccident.Cause3 issuesaremoresignificant
to the accident than are those for Causes 4 and 5.

I. United StatesCoastG u a r Madiree Information for Safetyand Law Enforcement
(MISLE)

TheMarine CasualtyandPollution Database&ontaindata relatedo commerciamarine
casualtyinvestigationseportablaunder46 C.F.R.4.03andpollution investigationgeportable
under 33 C.F.R. 153.20% The data reflect information collected by U.S. Coast Guard
personnel concerning vessel and waterfront facility accidents and marine pollution incidents
throughout the United States and its territori€antaining over 10 years of data in the new

format, in December 2001, the U.S. Coast Guard transitioned from the Marine Safety

51In this databasallisionswerenot separatelydentified butincludedwith collisions.
52 Themarinecasualtyreportingrequirementsrein 46 CFR4.03,but thatrule exempts/esselsoveredoy 33 CFR

1783.51, which areecreational vesseld.he USCG office of Boating Safety works with the various state agencies
that have jurisdiction oveecreational boating to ensusecurate record keeping on recreational boating accidents.
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Information System (MSIS) to the Marine Information for Safety and Law Enforcement
(MISLE) information systemThe redesigned system better supports the collection and analysis
of data. In this analysisdatainvolving monetarydamageselatedto vesselsg¢argo facilities and
other were joined with instances of injuries and deZttssecond database covering 2005 to
2017 was formed which contained instances of water pollutiothe latter analysis releases
from fixed facilities (e.g., docks, platforms, etc.) were analyzed along with losses from ships,
barges, tugs, etc. the theory being that PORTS® information involving tides, currents and
temperature could help speed locatamgl remediating such spifts.

Based on location, a numberofseeic onomi ¢ data fields were ad
CoastalServiceLCenter{ C S CENOW (EconomicsNationalOceanWatch)databasandthe
USACEG6s RECONS (Economi cs: Regi onal Economic S
Data from adjacent counties to port locations was also adiedlly, using ArcGIS, the
Aoper at ieobeachdortwasidentifiedusingan | a s$eshoiquevhereindustryexperts
reviewed port maps and identified the relative jurisdictional area of each port.

K. National Oceanicand AtmosphericAd mi n i s t Offecé af @oastSaryey Dangers
to Navigation.

A dangetto navigationis consideredo be any naturalfeature(e.g.,shoal,boulder reef,
rock outcropping) as well as any cultural feature (e.g., wreck, obstruction, pile) which pose an
imminentdangerto themariner..All featureswith depthsof 11 fathomg66 feet) olessin

navigable waterare evaluated and

53 MISLE datais presentedo the public asa seriesof 10files which contain1,532,66&ecordsasof Januaryg, 2013.

54 Overall,the databaserovidesdetailson over1,100,000/esseland54,000facilities.
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charted apotentialdangergo navigation

Dangergo Navigation(DTON) mayinclude:

ANatural or cultural features, either submerged or visible, that pose an imminent danger to
surfacenavigationbasebnh y d r o g rkeowlédgeof thesurveyarea,vesselraffic, and
existing cartographic product;

AUnchartedr inadequatelyhartedclearancesor bridgesandoverheadablesor pipelines;

AUnchartedaid to navigation,unlesstemporaryin natureor repositionedrequently;

AAn aid to navigationlocatedoff station,is damagedo the extentthatit doesnot serveits intended
purpose or its characteristics are incorrectly charted; or,

AElevatedpipelines.

DTONsdo notcauseundueclutterin relationto othersoundingsor featureson the nautical
chart. Dangers that are too complex tatdequately identified as discrete features are depicted as
area features.

For this study, an extraction was written to obtain a L-iremtsAreas Dangers to
Navigation Geodatabase. The objects (DTONSs) were first extracted from the largest scale ENCs
(Band 6). Then extracted from the Band 5 ENCs. Anywhere a Band 6 ENCs overlapped with the
Band 5 the objects in that overlap area extracted from the Band 5 were deleted. This process was
repeated through the scales (Band 6 and 5 areas deleted Band glaiijex on) to ensure no
duplicationof objects A setof simplified attributionswerewritten for eachextractecbjectbased

on several extraction rules.

DATA TOOLS FOR STUDY
A. ArcGIS

ArcGIS, developedy EnvironmentalSystemdResearchnstitute(ESRI), isageographic
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information system (GIS) for working with maps and geographic informatiosiused for:
creatingandusingmaps;compilinggeographidata;analyzingmappednformation;sharingand
discovering geographic information; using maps and geographic information in a range of
applications; and managing geographic information in a database.

For this study, ArcMap and ArcGIS Pro were used to manipulate geodatabases (i.e. AlS
PointandTracks,DTONSs,Aids to Navigation,PortLocations MISLE accidentsetc.)usingseveral
appropriate geoprocessing tools, and to view/review the data along other layers (i.e. raster charts,
aids to navigation, etc.).

Wor king with NOAAb&6s Office of Coast Survey
Oceanographic Products and ServicesH{QRS), individual accident and pollution cases
categorizedy the USCGby latitudeandlongitudewereassociateavith areasf nauticalcharting

and installation of PORT&instrumentalities.

B. Statistical Analysis System(SAS)

SASis astatistical softwarsuite developebly SAS Institutethat can mine, alter, manage
andretrievedatafrom avariety of sourcesandperformstatisticalanalysisonit. SASprogramshave
DATA steps, which retrieve and manipulate data, and PROC steps, which analyze the data. Data
sets are organized into tables with rows called "observations" and columns called "variables". The
PROC step consists of PROC statements that call upon raoetiures. There are more than 300
named procedures and each one contains a substantial body of programming and statistical work.
SASmacrosarepiecesof codeor variableshatarecodedonceandreferencedo performrepetitive
tasks.

For this study, SAS was used to manipulate most of all datasets (includhdgtgbases),

sometimesn combinationto producestatisticalsummariegandreporttheresultsin EXCEL tables.
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APPENDIX F

CALCULATION OFMORTALITY
AND MORBIDITY COSTS
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MORBIDITY AND MORTALITY

In performing analysis of their programs, many Federal agencies have sought to identify
thesevaluesthroughtwo methodologiesf1) Quality-adjustedife year(QALY); and,(2) Value of
Statistical Life Year (VSLY).Merrill (2017) observed that the Federal Government in
promulgating new regulations often estimate the value of lives in order to assess if the benefits of
the proposal outweigh its costs.

Reportedly developed by health economists Cundell and McCartney in 1956 QALY is often
employed incostutility analysisto calculate the ratio of cost to QALY saved for a particular health
care intervention.This is then employed to allocatealthcaregesources, with an intervention with
alower costto QALY savedincrementatosteffectivenessjatio ("ICER") beingpreferredoveran
intervention with a higher ratit. QALY is a measure of the value of health outcomes developed
by Cundell and McCartney in 195&ince health is a function of length of life and quality of life,
the QALY was developed as an attempt to combine the value of these attributes into a single index
number. The basic idea underlying the QALY is simple: it assumes that a year of lifalived i
perfect health is worth one QALY (one Year of Life x one Utility value = one QALY) and that a
year of life lived in a state of less than this perfect health is worth less thamnooreler to
determingheexactQALY value,it is sufficientto multiply the utility valueassociatedavith agiven
level ofhealth by the years lived in that state of healffALYs are consequently expressed in
terms of "years lived in perfect health": half a year lived in perfect health is equivalent to 0.5
QALYs (0.5 years x 1 Utility), the same as one year of life lived in a situation with utility 0.5 (e.g.
bedridden)oneyearx 0.5 Utility). QALYs canthenbeincorporatedvith medicalcoststo arrive at

a final common denominator of cost/QALYhis parameter can be employed to developst

%5 Referto: http://en.wikipedia.org/wiki/Qualitadjusted_life_year
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effectivenessnalysisof anytreatmenf®

Value of a Statistical Life Year (VSLY) employed in this analysis represents another
methodology to view the risks that people are voluntarily willing to take and how much they must
be paid for taking them Mankiw (2012)he willingness to pay to avoid the risk of a fatal injury
increases proportionally with growing rigk.If, for instance, each member of a population of a
hundredthousandverewilling to pay$500n averagdor aonein onehundredhousandlecreasén
his risk of dying during the next year, the corresponding Value per Statistical Life (VSL) would be
$50x100,00@®r $5 million.

The value per statistical life year (VSLY) is an approach for adjusting VSL estimates to
repect differences in remaining |ife expectanc
life extension.Because the degree of life extension is usually closely related to the age of the
affected individua®, VSLY is often interpreted as an app

differences? It is generallyderivedby applyingsimpleassumptions$o VSL estimatedasedn the

56 A problem of the QALY calculation relies on the numerical nature of its constituent parts. The appropriateness of the
QALY arithmeticaloperationis compromisedy the essencef theutility scale:while life-yearsareexpressedh aratio

scale with a true zero, the utility is an interval scale where 0 is an arbitrary value for being dead. In order to be able to
obtain coherent results, both scales would have to be expressed in the same units of measurement. See Prieto (2003),
Schlaner (2007) and Mortime(2007).

57 Referto: US Departmenbdf Transportation2015.fi R e v DepartchentaGuidance2014:Treatmenof the Value of
Preventing Fatalities and Injuries in Preparing Economi
https://www.transportation.gov/sites/dot.gov/files/docs/VSL2015_0.pdf

58 Otherresearcherge.g.,Muller etal. 2011)havesuggestedaryingVSL basecn ageandhaveemployedupto 19
age groups in their analysis of the population at risk due to pollution.

5 TherelationshipbetweerVSL andVSLY maybeclarified by recognizingthatany changen anindividual'smortality

risk can bedescribed by a corresponding shift in her survival curve, which can be summarized by the expected number
of lives saved(asa functionof time or within a specifiedtime period)or by the expectechumberof life-yearssaved An
individual'swillingnessto pay (WTP) for a shift ifmer survival curve can be summarizgdheraverage VSL or VSLY

for that change. Economic theory suggests that both VSL and VSLY may depend on the individual's initial survival
curve, characteristics of the shift, and individuaretcteristics such as health and income. Neither VSL nor VSLY is

likely to be constantacrosschangesn mortality risk. Therefore accuratevaluationrequiresthe useof scenariespecific

values. The choice between VSL and VSLY summary measulggély one of conveniencdiefer to: Hammitt
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work of Schellingetal. (1968)andMooreandViscusi(1988). VSL estimatehavevariedover

time. Tables AL and F2

Table F-1
EXAMPLES OF PREVIOUS VSL ESTIMATES
PUBLICATION AS REPORTED INFLATED TO
AUTHORS DATES OF (DOLLAR YEAR) CONSTANT 2019
(YEARS) UNDERLYING DOLLARS
STUDIES
Miller (2000) 1974- 1990 $3.7million (1995) $6.6million
Mrozek& Taylor 19747 1995 1.5 to $2.5Million (1998) $2.4to $4.0million
(2002)
Viscusi& Aldy (2003) 19747 2000 $5.5t0 $7.6Million $8.0to 11.0million
(2000)
Kochi etal. (2006) 19741 2002 $8.9Million (2000) $12.9million

SourceBosworthetal.n T Welueof a StatisticalLife:

EconomicandP o | i fTdblels Bagel?

(2007)andhttp://reep.oxfordjournals.org/content/1/2/228.abstract

86



http://reep.oxfordjournals.org/content/1/2/228.abstract

ESTIMATED GROSS BENEFITS PROVIDED BY
NAVIGATIONAL CHARTS IN THE UNITED STATES

Table F-2
SUMMARY OF FEDERAL AGENCY LIFE VALUATION PROCESSES
DOLLAR VALUE PERYEAR ADJUSTED TO 2017 METHOD ANNUALLY
AGENCY Millions of USDollars DOLLARS (VSLY or ADJUSTED? COMMENTS
(Study Year) (Millions of US Dollars)®° QALY) (If so,how?)
u.s. $2.3(1996) $3.8 N/A Yes Emphasizesnportance
Environmental - Inflation usingGDP of consistencynd
Protection $7.4(2006) $8.8 deflator challengeof
Agency - Realincomegrowth communication;
$7.9(2008) $8.6 (eitherCPlor GDP) working to changeto
' - Incomeelasticity Valueof Risk
$9.1(2011) $10.4 (0.50) Reduction
$9.7(2013) $10.7
$10.0(2016) $10.2
Consumer $5.4(2008) $6.3
ProductSafety
Administration $8.7(2014) $9.3
Pipelineand $6.2(2008) $7.6
Hazardous
MaterialsSafety $6.7(2018) $6.5
Administration
Federal $6.3(2010) $7.3
Railroad
Administration $9.6(2016) $9.8
Occupational $9.1(2010) $10.6
Safety and
Health
Administration
Mining Safety $9.1(2010) $10.6 VSLY

and Health
Administration

60 EmployingoverallGrossDomesticProductDeflator (GDP).
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DOLLAR VALUE PER YEAR ADJUSTED TO 2017 METHOD ANNUALLY
AGENCY Millions of USDollars DOLLARS (VSLY or ADJUSTED? COMMENTS
(Study Year) (Millions of US Dollars) QALY) (If so,how?)
u.s. $6.2(2011) $7.1 VSLand | Yes VSL basisis from five-
Departmenof QALY - Inflation (CPI-U) metaanalysisstudies
Transportation $9.1(2013) $10.0 -when | - IncomeGrowth from 2000-2004.
applicable Updatingthenumberto
anothetbaseyear
$9.4(2015) $9.8 involvesuseof both
changesn realincome
$9.6(2016}* $08 andCPI. Forexample:
2015VSL = BaseYear
VSL * (2015CPI/Base
YearCPIl)* (2015Real
Incomes BaseYear
Incomes)
U.S.Food& $3.7(1996) $6.1 VSLY Yes UsesE P AlfaseVSL;
Drug - Inflation (GRP usesVSLY more
Administration $7.9(2010) $9.2 deflator) frequentlythanVSP
- Not for incomegrowth | (dueto the
$9.3(2015) $9.7 characteristicsf F D A @
regulations)
$9.5(2017) $9.5
uU.S. $6.8(2011) $7.8 Yes(everytimeVSL is Established/SL in
Departmenbf usedfor regulation): 2008(hadusedEPA or
Homeland - Inflation (CPI-U) DOT previousto that)
Security/Custo - Realincomegrowth
msandBorder - Incomeelasticity(0.47)
Protection
u.s. $6.3(2008) $7.3 No UsesCustomsand
Departmenof BorderProtectior2008
Homeland studyasbasis
Security/United
StategCoast
Guard

61 SourceMoran,Molly J.2016.fi Gu i doa Treatmenbf the EconomicValue of a StatisticalLife (VSL) in U.S. Departmenbf TransportatiorAnalysisi
Depart me ntTrandportdtionaAugupt8.r t at i on,

2016

adjustment o,

u. sS.

Of fice of t

he
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DOLLAR VALUE PER YEAR ADJUSTED TO 2017 METHOD ANNUALLY
AGENCY Millions of USDollars DOLLARS (VSLY or ADJUSTED? COMMENTS
(Study Year) (Millions of US Dollars) QALY) (If so,how?)
u.s. $3.6(1994) $6.3 VSLY
Departmenof
Agriculture/Hea $8.9(2016) $8.9
dquarters
u.s. $6.9(2003) $9.0 VSLY Yes Doesnot applyfor
Departmenbf - Inflation only rulemakinguses
Agriculture/ calculatorthatusesvVSL
Economic asaninputto calculate
Research costsof food borne
Service illnessesaandpathogens.
VSL=(PH)[1-(1+r)Y
P = annualpayment
(VSLY);
r = interestrate;
t = averagdife
expectancyn years
u.s. $3.6(1994) $6.3 VSLY Yes UsedVSL directly or
Departmenbf - inflation only indirectly for 6 rules
Agriculture/ $5.0(2000) $6.9 - noformalizedprocess
FoodSafety
Inspection $8.9(2016) $9.1
Service
National Workingto learnmore
Oceanicand aboutVSL andhowit
Atmospheric maybeappliedat

Administration

NOAA

uU.S.
Departmenof
Energy/
Headquarters
andNational
Nuclear
Security
Agency

No official VSL; on
occasiorfor radiation
casestusesNR C 6 s
dollarperpersonrem
nominalvalueof $2,000
/ personrem
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DOLLAR VALUE PERYEAR ADJUSTED TO 2017 METHOD ANNUALLY
AGENCY Millions of USDollars DOLLARS (VSLY or ADJUSTED? COMMENTS
(Study Year) (Millions of US Dollars) QALY) (If so,how?)
Nuclear $3.0(1995) $5.1 Neither; No UsedDollar perperson
Regulatory UsesDollar rem ($1,000) Actively
Commission $9.0(2017) $9.0 per person workingto updatevVSL
renf? and corresponding
($1,000) dollar per persomem

factor as well as
establish systematic
process for updating in
thefuture

Sources: U.S. Nuclear Regulatory Commission, 261€.o-Benefit Analysi$ Value of Statistical Life Workshop Report

Of fice of

Nucl ear

ResearchCostTable2, Summary page9; W. Kip Viscusi,i T Walueof IndividualandSocietalRisksto Life andH e a | ih theblandbookof the Economics
of Risk and Uncertainty; U.S. Department of Transportation, 2BLi&lance on Treatment of the Economic Value of a Statistical Life (VSL) in the U.S.

Department of Transportation Analy$i2015 Adjustmentlune 17; and, US Department of Transportation, 20X6u i dance on
Value of a Statistical Life (VSL) in the U.S. Department of Transportation An&lgsésl 6

62 Representthe productof theaveraggradiation)doseper persontimesthe numberof personsxposed.SourceMcCree,Victor M. 2017./ P r o pResierd
o FR ENMC R36osn vDeor | sl i aor nJapfeeanc30Foerr sPoonl i cy O,

to NUREG1 5 3 0,

fAssessment

Ad |, AugustBe nt O

Treat ment
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Another method employed to estimate the VSLY is by simply asking people (e.g.,
through questionnaires) how much they would be willing to pay for a reduction in the
likelihood of dying, perhapdy purchasingafetyimprovements.Thesetypesof studiesare
referred to astated preferencsiudie$®

Several Federal agencies delineated their methodologies to value lives at an
interagency workshoff. From their discussions and presentations, it was learned that some
agencies employed the VSLY approach while one utilized the QALY appridctn
responsefrom that2012conferencendlateragencyupdatesvereadjustedo constan017
dollar$®, the VSL across agencies ranged from $6.5 million at the Pipeline and Hazardous
Materials Safety Administration to $10.6 million at the Occupational Safety and Health
Administration®

Separatelyyiscusietal. (2003)andViscusi(2005)observedca medianVSL for U.S.
workers of $6 and $7 million, respectivelylhese translate to about $7.8 million and $7.3
($2017), respectivelyln a later estimate, Kniesner et al. (2019) reportedrtban estimate

for a life was $13.1 million ($12.4 million in $2017).

63 A well-knownproblemwith this methodis the so-called"hypotheticalbias", wherebypeopletendto overstate
their valuation of goods and services.

64 InteragencyRegulatoryAnalysisWorkshop:CostBenefitAnalysis,Value of a StatisticalLife, Hyatt Regency,
Bethesda, March 190, 2012.

8 The GrossDomesticProductwasemployedasthebasisfor conversiorto constan{2017)dollars.
56 Estimatesy Muller (2011)rangedfrom $6.0million in 2011($6.9million in $2017)to $8.1million by Holland

in 2016 ($8.3 in $2017)Both studies also included sensitivity analyses that ranged from $2 to $10 (nominal)
million and $8.1 to $10.8 (nominal) millionespectively.
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Given the conservative nature of this analysis and the transpontel@ed nature of
the injuries and deaths thaduld be reduced through timely accurate and complete use of
morerigoroushavigationaldata,theU.S.Departmendf T r a n s p o (DO 20176garé s

of $9.8 million was selected.

B. Value of Injury Reduction

The measurement of the societybds Willingne:c
transportation accidents is based aombination otheeconomidosses from thaccidents and
the broader societal values held in support of social justice and ebpuitys context, the value
of a life to a society cannot be fully represented by direct costs and lost earningsTdl@ne.
approach to assessing the value ofililel so referred to asi the Acomp
represents thealues citizens themselves would assign to a reduced risk of death if they were
purchasing the protection directlyhis approach estimates accident costs in reference to the
values attached to a broad array of cogisoperty damages, delays, fatalities involved in each
reportedaccidentplusanestimatedneasuref Quality-AdjustedLife Yearslost (QALY) for the
injuries resulting from each accident. Using the QALY as an additional measure of the
comprehensive cost of transportati@hated accidentshé National Highway Transportation

Safety Administration (NHTSA) has calculated the comprehensive accident costs through the

87 In thisanalysisa constant9.8million wasuniversallyemployedregardlessf thev i ¢ t agen®ihserresearchers
(e.g., Mulleret al. 2011 havesuggested varying VSL based on age and have employed up to 19 age groups in their
analysis of the population at risk due to pollution.
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i Ma x i Abbraviatednjury S ¢ a (MAIS).%8

Forestimatinghe WTP to avoida severdransportatiorrelatedinjury, the Office of the
Secretanof TransportatiofOST)calculatedelationshipsetweerthe MAIS indicatinginjury
severity and the WTRalue®® Table F3 presents the estimated $2017 dollar cost of accidents

by the degree of injury severity.

TableF-3
VALUES FOR SOCIETAL WILLINGNESS
TO PAY TO AVERT INJURIES
DOT AIS FRACTION OF THE VSL OF VSL FOR AN AVERTED
SCALE FOR INJURY AN AVERTED FATALITY 7 INJURY OR DEATH
LEVEL OF SEVERITY (2017Dollars)
SEVERITY
AIS 1 Minor 0.3% $29,400
AIS 2 Moderate 4.7% $460,600
AIS 3 Serious 10.5% $1,029,000
AlS 4 Severe 26.6% $2,606,300
AIS5 Critical 59.3% $5,811,400
AlIS 6 Not Survivable 100.0% $9,800,000

Source: u. S. De p ar t me @uidanoefon Traatamens gb tberEcoadmic ¥aiuge of 2 0 1 6 .
a StatisticalLife (VSL)in theU.S.Departmenbf TransportationAnalysisi 2016Adjustment August
8, Table 3.Also see Wolfe et al. (2020) Table 3.

58 NationalHighway TransportatiorSafetyAdministration,TheEconomidmpactof Motor VehicleCrashes200Q
May 2002;FHWA, i T r e a df atueof Life andInjuriesin PreparingeconomicE v a | u aldnuapg1893.

69 The Departmenbf Transportatiomefersto thisscaleastheii A b b r elmjurysStak(dA |1 S) 0 .
0 Referto Table2, RelativeDisutility Factorsby Injury SeverityLevel (MAIS) for UseWith 3% or 7% Discount
Rate, Page 10, U.S. Department of Transportation, ZBdielance on treatment of the Economic Value of a

Statistical Life (VSL) in the U.S. Department of Transportation Analyal6 AdjustmentAugust 8.

" Note:thetotal WTP valuesdo notaddup to $9.8million dueto theroundingof AIS fractions
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Priorto 2011,0nly thetotal numberof injurieswasreportedn the MISLE databasé?
Of the nearly 1,500 events where the degree of injury was reported during 2011 to 2015, almost
13 percentereclassifiedasii mi n"d(Reajerto TableF-4.) Fromthis distribution,the overall
expected average cost of injuries could be calculdtefer to Table 5) Following this

procedure, the average cost of an injury was estimated to be approximately $789,233 ($2017).

Table F-4
DISTRIBUTION OF INJURY SEVERITY
DOT AIS USCG NUMBER OF PERCENT OF
SCALE FOR SCALE OF INJURY REPORTED INJURIES TOTAL
LEVEL OF INJURIES SEVERITY (20117 2015) INJURY
SEVERITY Source:USCG REPORTS
AlIS 1 1 Minor 190 12.9%
AlS 2 2 Moderate 789 53.5%
AIS 3 3 Serious 363 24.6%
AlS 4 4 Severe 109 7.4%
AIS5 5 Critical 24 1.6%
SourceUSCGMISLE Database
Table F-5

ESTIMATION OF EXPECTED AVERAGE INJURY COST

USCG PERCENT OF VSL FOR AN PERCENT TIMES VSL
SCALE OF INJURY TOTAL AVERTED INJURY (Column 3* Column 4)
INJURIES SEVERITY INJURY (2017Dollars) (2017Dollars)

REPORTS
1 Minor 12.9% $29,400 $3,793
2 Moderate 53.5% $460,600 $246,421
3 Serious 24.6% $1,029,000 $253,134

2TheUSCGdoesnotclaim thatits injury scaleis identicalto the AIS scale. Thedescriptionf the categorization
levels in the CG and AIS are similar, such that the mafcn Table 21 provides a way fwonetize injuries.This
approach was used in the Inspection of Towing Vessel and other rulemakings.

73 Duringthistime, atotal of 190injurieswerereported.Referto Table22.
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4 Severe 7.4% $2,606,800 $192,903
5 Critical 1.6% $5,811,400 $92,982
EXPECTED COST: $789,233

SourceUnited StatesCoastGuardMISLE databas€2011i 2017)andU.S.Departmenbf Transportation,
2016.Guidance on Treatment of the Economic Value of a Statistical Life (VSL) in the U.S. Department of
Transportation Analysis 2016 AdjustmentAugust 8, Table 3.
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APPENDIX G

EXAMPLES OF UNDERKEEL CLEARANCES(UKC)
SPECIFIED IN
PORTAUTHORITY OPERATIONALPLANS
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SPECIFIED CLEARANCES AT MAJOR PORTS

PORT LOCATION MINIMUM UNDERKEEL
CLEARANCE REQUIRED
SanDiego,CA 1 foot
OaklandCA 2 feet
SanFranciscoCA 2 feet
Richmond,CA 2 feet
Martinez,CA 2 feet
Stockton,CA 2 feet
SanPabloBay, CA 2 feet
CarquinezStrait, CA 2 feet
SanJoaquinRiver, CA 2 feet
Selby,CA 2 feet
Crockett,CA 2 feet
RedwoodCity, CA 2 feet
Humboldt,CA 2 feet
Los Angeles,CA 3 feet
LongBeachCA 3 feet
Seattle WA 3 feet
TacomaWA 3 feet
AnacortesWA 3 feet
Everett WA 3 feet
Blaine, WA 3 feet
Bellingham,WA 3 feet
GraysHarbor,WA 3 feet
PortTownsendWA 3 feet
Olympia, WA 3 feet
PointRoberts WA 3 feet
PortHuenemeCA 3.5feet

SourcePortAuthority operationaplansfor respectiveportseffectivein 2012.
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APPENDIX H

SAN FRANCISCO,SAN PABLO AND SUISUNBAYS
HARBOR SAFETY PLAN
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Votedon andapprovedy the HarborSafetyCommitteeof the SanFranciscdBay Region
June 14, 2012

Pursuanto the CaliforniaOil Spill andPreventionAct of 1990

Submittedby the HarborSafetyCommitteeof the SanFranciscdBay Region

C/o MarineExchange of the San Francisco Bay Region

505BeachStreet,Suite300

SanFranciscoCalifornia941331131

Telephone: (415) 4471988
hsc@sfmx.org

UNDERKEEL CLEARANCE

Many of thenavigation channels within the Bay are subject to shoaling because of the
nature of the Bay system, which is more fully described in Chapter V, Surveys, Charts and
Dredging. Accurate tidal information is essential in order to calculate required underkeel
clearances for vessel transit. This is particularly critical in the Bay region where minimal
cl earances may occur in certain channel s.

accurateneasurementf tides,suchasthe PORTS systenrecommendeth Chapterl, General

Weather, Tides and Currentdnderkeel clearance is the distance between the deepest point on

the vessel and the bottom of the channel in still water conditions. Tank vessels carrying oil or

petroleumproductsascargoshouldmaintainminimumunderkeetlearanceaslistedbelow.The

The

underkeel clearances are minimum standards during normal, calm conditions. Masters and pilots

should use prudent seamanship and should evaluate the need for additional
clearanceo accommodatsquatrolling, listing, sink andpitch. Thefollowing areguidelinesfor
underkeel clearance of tank vessels:

a. Tankvesselsvestof the GoldenGateBridge: Ten percen{10%)ofthev e s s el & s
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draft.
b. Tankvesselainderway eastof the GoldenGateBridge: Two feet(2).

c. Tankvesselsatfinal approacho berthandat berth: Always afloat.

Regardingsinglehull tankerson July 30,1996,the CoastGuardpublishedthe Final Rule
(33 CFR 157.455, effective November 27, 1996) on OperatiMaatbures to Reduce Oil
Spills forExisting TankVessels 06,000 gross tons enorewithout doublehulls. In part,
the regul ations require the Master to calcul a
controllingdepthof the waterwayandthe anticipatedunderkeetlearanceln addition,the
MasterandPilot areto discusghet a n kpemnédsansit. Theregulations cabefound onthe
webin the Codeof FederaRegulationsat www.gpoaccess.go\A Working Groupwasformed
with representatives from the San Francisco Bar Pilots, Coast Guard, Port authorities and the
maritime industry to evaluate the process of calculating, in a dynamic condition, underkeel
clearances. The above guidelines on minimum clearances f8athErancisco Bay Area were

established Captain of the Pofthis is interpreted to be 2 feet for all commercial vessels.
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APPENDIX |

CPTBACKGROUNDAND
PORT,PORTS AND USACECPTLOCATION
CROSSWALK DEFINITIONS
AND
USAGEPROCEDURES
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(PuertoRico) - AreciboHarbor
(PuertoRico) - FajardoHarbor
(PuertoRico) - NaturallyDeep- SAJ
(PuertoRico) - PonceHarbor
(PuertoRico) - PortEnsenada
(PuertoRico) - SanJuanHarbor
(PuertoRico) Low Use- SAJ
(PuertoRico) Mayaguezarbor
Abseconinlet
Adam’'sBayouChannel

AIWW - NAO

AIWW - SAC

AIWW - SAJ

AIWW - SAS

AIWW - SAW
AlabamaCooseaRivers
AlamedaPointChannelCA
AlbermarleSound
AlleghenyRiverImprovedPortion
AlleghenyRiver OpenChannelPortion
AlpenaHarbor

AlseaBay andRiver
AltamahaRiver

Amite RiverandBayouManchac
AnacorteHarbor
AnacostiaRiver,DC
AnahuacChannel

ESTIMATED GROSS BENEFITS PROVIDED BY
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CPT PROJECT NAMES

Anchorage

AncloteRiver

AndrewsRiver, MA

AnnapolisHarbor

ApalachicoleBay
ApalachicolaChattahoocheandFlint Rivers
AppomattoxRiver

AshlandHarbor

Ashland_WiI

AshleyRiver

AshtabulaHarbor

AtchafalayaRiver

AtchafalayaRiver MorganCity to Gulf of Mexico
Atka Island

Atlantic BeachChannels

Avon Harbor

BackCreek
BackCreek,Anne Arundel County,MD
BakersHauloverlnlet, FL

BaltimoreHarbor

BarHarbor

BaratariaBay Waterway
BarberdPointHarbor
BarkleyCanalCumberlandandTenness®ivers
Barnegatnlet, NJ

BassHarbor

BassRiver, MA

Table -1
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BastropBayou, TX
BatonRougeHarborDevil's Swamp
Bay RidgeandRedHook Channels
Bay River

Bayfield Harbor

BayouBernard

BayouBoeuff

BayouBonfouca

BayouChico

BayouCoden

BayouDupre

BayouGalere

BayoulLa Batre

BayouLacombe
BayouLafourcheandLafourcheJumpWaterway
BayoulLittle Caillou
BayouPlaquemindrule
BayouSegnett&Vaterway
BayouTeche
BayouTecheandVermilion River
BayouTerrebonne

BayousLa Loutre ST Malo andYscloskey
BeaufortHarbor

BelfastHarbor

Belle River, Ml

BellinghamBay andHarbor
BeresfordCreek,SC

Berkeley

Big PigeonandLittle PigeonBayous
Big SandyHarbor

Biloxi Harbor

Bivalve, MD

Black River

Black River

Black WarriorandTombigbeeRivers
BlackwaterRiver
BlaineHarbor

Block IslandSound Rl
Blue Hill Bay, ME
BodegaBay, CA
BollesHarbor,MI

Bon SecourRiver
BonumCreek,VA
BoothbayHarbor
BostonHarbor
BranfordHarbor
BretonBay
BridgeportHarbor
Bristol Harbor
BroadCreekRiver
BroadCreek,MD
BroadwateCreek
Bronx River
BrownsCreek
Brownsville
BrunswickHarbor
Buffalo Harbor
BullocksPointCove
BurlingtonHarbor, VT
BurnsHarbor
Buttermilk Channel
CalcasielRiverandPass
CalumetHarborandRiver
CalumetSagChannel
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CambridgeHarbor

CamderHarbor

CanapitsiChannel

CanaveraHarbor

CapeCharlesCity Harbor
CapeCodCanal

CapeFearRiver aboveWilmington
CapeMay Canal

CarquinezStrait

CarrabelleHarbor

CarterLCreek

CaruthersvilleHarbor,MO
Casey's?assvenicelnlet, FL

CashieRiver

CathlameBay,OR

Cathlameferry Terminal WA
CedarBayou

Centerville MA
ChannelConnectingrhoroughfardBay with CedarBay
Channefrom Back Soundto LookoutBight
Channefrom Naplesto GordonPassandBig MarcoPass
Channefrom PamlicoSoundto Rodanthe
Channelo AransasPass

Channelto NewportNews

Channelo Palacios

Channeto PortBolivar

Channelo Victoria

Channelsn Lake St. Clair
CharlestorHarbor

Charleston_OR

CharlevoixHarbor

CharlotteHarbor

Cheboygamarbor
Cheesequakéreek
ChesteRiver
ChetcoRiver,OR
ChicagoHarbor
ChicagoRiver (Main andNorth Branch)
ChicagoRiver (SouthBranch)
ChicagoSanitaryandShip Canal
ChickasawCreek
ChincoteaguBay
Chincoteaguélarbor
ChinookChannel
ChocolateBayou
ChoctawhatcheRiver
ChoptankRiver
ChowanRiver
ClaiborneCounty,Ms
ClaiborneHarbor
ClaiborneHarbor,MD
ClatskanieRiver

ClearCreek

ClearwatePass
ClearwateRiver
ClevelandHarbor
ClinchRiver
ClintonHarbor,CT
ClintonRiver, Ml
CoachPoint,VA

CoanRiver

CobscookBay

Cold Springlnlet
ColoradoRiverandFlooddischargeChannels
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ColumbiaandLowerWillametteRivers Cumberlandriver Nashville

ColumbiaR. andTrib aboveMcnaryLock andDamto Kennewick CuttyhunkHarbor

ColumbiaRiveraboveTheDallesDam,WA to McnaryLock andDam CypresBayouandWaterway
DamariscotteRiver

ColumbiaRiver betweervancouverWA andTheDalles,OR DarienHarbor

ColumbiaRiver betweenVenatcheandKettle Falls DauphinislandBay

ColumbiaSlough DeepCreek,NewportNews,VA

ConeylslandChannel
ConeylslandCreek
ConneauHarbor
ConnecticuRiver Below Hartford
CooklInlet Shoals AK
Coonlsland

CooperRiver,SC
CoosandMillicoma Rivers
CoosBay

CoquilleRiver,OR
CordovaHarbor
CorpusChristiShip Channel
CorpusChristi, TX - OuterBay
CorsicaRiver

CotuitHarbor,MA
CowBayouChannel TX

Cowlitz River

CraigHarbor

CrescenCity Harbor,CA
CriehaverHarbor,ME
CrisfieldHarbor

CrossRip ShoalsNantucketSound
CrossFloridaBargeCanal
CrystalRiver

Cumberlandriver Mouth to Nashville

DeepRiver
DeepwatefBuzzardBay, MA)
DeepwatefHawaiianOuterlslands)
DeepwatefKauailsland)
DeepwatefMolokai Island)
DeepwatefNiihauIsland)
DelawareBay Waterway
DelawareRiver BetweerPhiladelphiaandTrenton
DelawareRiver, Philadelphiao the Sea
DennisCreek

DepoeBay,OR

DetourHarbor,MI

DetroitRiver

Devils Elbow

DickinsonBayou
DillinghamHarbor

Dog andFowl Rivers
DorchesteBay

DoubleBayou

Drum Inlet

Drummondisland
DubugueCommerciaHarbor,lIA
Duck IslandHarbor,CT
Duluth-SuperiorHarbor

Dunkirk Harbor
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EastBoothbayHarbor
EastChestelCreek

EastPasgChannefrom Gulf of Mexicoto ChoctawhatcheBay

EastPearlRiver
EastRippowamRiver,CT
EastRiver

EastRockawayinlet

EasterrBay

EchoBay Harbor
EdentorHarbor
EdgartowrHarbor

EdistoRiver

EgegikRiver

Elfin CoveHarbor
ElizabethRiver

Elk andLittle Elk Rivers

Elk River

Elk River Harbor
ElokominSlough

Elvis Starh(Hickman)Harbor,KY
EmoryRiver

Erie Harbor
EscambiandConeculR., EscambidBay
EssexRiver
EverettHarborandSnohomistRiver
FairportHarbor

Fall River Harbor
FalmouthHarbor

FarCreek

Fernandinadarbor
FirelslandInlet

FishingBay

FishingCreek

FLA IntracoastaWaterway
FlushingBay andCreek
Fly Creek

Folly River,SC
FortMyersBeach
FortPierceHarbor
FrankfortHarbor
FranklinCanal
FreeportHarbor
Frenchman8ay, ME
FreshwateBayou

Ft. GainesChannel AL
GalvestorHarborandChannel
GeorgetowrHarbor
GIWW - MVN

GIWW - SAM

GIWW - SWG

GIWW MorganCity to PortAllen Route
GladstoneHarbor
GlenCoveCreek
GlenCoveHarbor
GloucesteHarbor
Goatlsland,RI
GooseCreek
Gordon'd.anding,VT
GosherCreek,NJ
Gowanu<LreekChannel
GrandHavenHarborandGrandRiver
GrandLagoon
GrandMaraisHarbor
GrandMaraisHarbor,MN
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GraysHarborandChehalisRiver
GraysReefPassage
GraysRiver

GreatKills Harbor
GreatPeeDeeRiver
GreatSaltPond
GreatSouthBay
GreatWicomicoRiver
GreenandBarrenRivers
GreenBay Harbor
GreenHarbor,MA
GreenporHarbor
Greenville Ms
GreenwichBay
GreenwichHarbor

Gulf CountyCanal
GulfportHarbor
Hammersleynlet
HammondBoatBasin,OR
HamptonCreek
HamptonHarbor,NH

HarborBeach(Harborof Refuge LakeHuron)

Harborof RefugeBlock Island
Harborof RefugeNantucket
Harborof RefugePointJudith
HarlemRiver

HarwichPort, MA
HatterasChannelNC

Hay (West)Harbor
HelenaHarbor,AR
HempsteadHarbor

HerringBay andRockholdCreek
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HerringCreek,MD
HerringRiver, MA

Hilo Harbor
HinghamBay andHarbor
HollandHarbor
HolstonRiver

Homer
HongaRiverandTar Bay
HonoluluHarbor
HoonahHarbor
HoquiamRiver

Horn Harbor
HoskinsCreek
HoumaNavigationCanal
HousatonidRiver
HoustonShipChannel
HudsonRiver Channel
HudsonRiver,NY (Maint)
HumboldtHarbor
HumboldtHarborandBay
HuntingtonBeach,CA
HuronHarbor
HyannisHarbor

lllinois Waterway
llwaco_WA
IndianRiverInlet andBay

IndianWW betweerRehobottBay andDelawareBay

IndianaHarbor
InnerharboNavigationCanal
Ipswich Bay andRiver

Isle Au Haut

Isle of ShoalsHarbor



IWW Chincoteagu®ayto Del Bay

IWW DelewareBayto ChesapeakBay
IWW, DelawareRiverto ChesapeakBay

IWW-NAB
JBennettJohnstonVaterway
JacksorCreek,VA
JacksonvilleHarbor
JamaicaBay

JameRiver (Below Richmond)
Japan

JohnsPass

Johnson8ayou

Jonednlet
JonesporHarbor,ME
JuneawHarbor
KahuluiHarbor

KakeHarbor
Kalaupapaiarbor
KanawhaRiver
KaskaskieRiver
KaunakakaHarbor
KawaihaeHarbor
Kelleyslsland
KenmoreNavigationChannel WA
Kennebediver, ME
KennebunkRiver, ME
KenoshaHarbor
KentuckyRiver
KewauneeW!
Keweenaw/Vaterway
Keweenaw/Naterway

Key West
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KeyportHarbor

King CovelLagoon
KnobbsCreek
Kodiak Harbor
KuskokwimRiver

La GrangeBayou

La PointeHarbor

La Quinta,TX

Lacla Belle

Lac LaBelle Harbor
LafayetteRiver
LagoonPond

Lake Calumet

Lake Charlevoix
LakeMontaukHarbor
LakeMoultrie, SC
LakeProvidenceHarbor,LA
LakeRiver
LakeWashington
LakeWashingtorShipCanal
LarchmontHarbor
Larkspur,CA
LelandHarbor

Lewis River

Little Harbor,NH
Little KanawhaRiver
Little River

Little River (Creek)
Little RiverlInlet

Little WicomicoRiver
LonglslandintracoastalWWaterway
LongboatPass



ESTIMATED GROSS BENEFITS PROVIDED BY
NAVIGATIONAL CHARTS IN THE UNITED STATES

Lorain Harbor Lynn Harbor

LosAngeles- LongBeachHarbors MackayCreek

Low Use- LRB MadisonParishPort, LA

Low Use- LRL MaldenRiver

Low Use- MVN Mamaroneckarbor

Low Use- MVP ManasquarRiver,NJ

Low Use- NAB ManateeHarbor

Low Use- NAE ManateeRiver

Low Use- NAN ManhasseBay

Low Use- NAO ManisteeHarbor

Low Use- NAP ManistiqueHarbor

Low Use- NWK ManitowocHarbor

Low Use- NWP MannsHarbor

Low Use- NWS Manteo(ShallowbagBay
Low Use- POA MantuaCreek,NJ

Low Use- POH MarquetteHarbor

Low Use- SAC MatagordeShipChannel
Low Use- SAJ MatincusHarbor,ME

Low Use- SAM MattaponiRiver

Low Use- SAS Mattituck Harbor

Low Use- SAW MauriceRiver

Low Use- SPL Mcclellan-Kerr ArkansasRiver Navigation- SWL
Low Use- SPN Mcclellan-Kerr ArkansasRiver Navigation- SWT
Low Use- SWG MelbourneHarbor

Lower CedarPoint,MD MemphisHarbor

Lower MississippiRiver- MVK Menemsh&reek,MA

Lower MississippiRiver- MVM MenomineeHarborandRiver
Lower MississippiRiver- MVN MermentauRiver

Lower ThoroughfareWenonaMD MermentauRiver, BayousNezpiqueandDesCannes
LubecChannel MetlakatlaHarbor
LudingtonHarbor Miami Harbor
LynhavenRoaddnlet Miami River
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MichiganCity Harbor
Middle River

Middle RiverandDark HeadCreek
Milford Harbor,CT

Milford Haven,VA

Mill Creek
MilwaukeeHarbor
MinnesotaRiver

Mispillion River
MissionBay
MississippiRiver Gulf Outlet
MississippiRiver Gulf Outletvia Venice
MissouriRiver- MVS
MissouriRiver- NWK
MissouriRiver- NWO
Mobile

MokelumneRiver
Monongahel&iver
Monroe,MI
MontereyHarbor
Moosabedar, ME
MoreheadCity Harbor
Moricheslnlet, NY
MorristownHarbor,NY
Morro Bay Harbor,CA
MossLandingharbor,CA
Mouth of the ColoradoRiver, TX
Mouth of YazooRiver

Mt Sinai,Longlsland,NY
MultnomahChannel
MuskegorHarbor
MuskingumRiver
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Mystic River,CT

NaknekRiver

NansemondRiver

NanticokeRiver

Nanticoke MD
NantucketSoundNorth ChannelMA
NapaRiver

Narrowsof Lake Champlain
NaturallyDeep- LRE
NaturallyDeep(PrinceWilliam Sound)
Nawiliwili Harbor

NeahBay

NealeSound

NeponseRiver

NeuseRiver

New BedfordandFairhaverHarbor
New HavenHarbor

New LondonHarbor

New Madrid Harbor,MO

New River

New River

New RochelleHarbor

New York andNew JerseyChannels
New York Harbor

New York StateBargeCanalSystem
NewarkBay

NewburyportHarbor

NewportBay Harbor
NewportHarbor

NewportNews

NewtownCreek

NiagaraFalls
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NiagaraRiver

Niantic Bay andHarbor

Ninilchik Harbor
NJIntracoastaWaterway

Nome

Nomini Bay, VA
Non-Project(Asharoken)
Non-Project(BackCreek,York Creek)
Non-Project(BackRiver)
Non-Project(CalvertCounty)
Non-Project(CampPendletorHarbor)
Non-Project(CapeFlattery)
Non-Project(Chathanttrait)
Non-Project(ClarenceStrait)
Non-Project(Coastergiarbor)
Non-Project(CutlerBay)
Non-Project(Dixon Entrance)
Non-Project(Drift River Platforms)
Non-Project(EastChicago,IN)
Non-Project(EastporHarbor)
Non-Project(EatonsdNeck,Long Island,NY)
Non-Project(El Segundo)
Non-Project(Ellwood)
Non-Project(FloridaPowerCorporation)
Non-Project(FrederickSound)
Non-Project(FreeportHarbor)
Non-Project(FrenchBroadandLittle PigeonRivers)
Non-Project(Fripp Island)
Non-Project(Gary,IN)
Non-Project(GowanugCanal)
Non-Project(Gravesenday)
Non-Project(HarrisCreek)

Non-Project(HiwassedRriver)
Non-Project(Hog IslandChannel)
Non-Project(HolbrooklIsland)
Non-Project(Honaunau)
Non-Project(HooperStrait)
Non-Project(Hull Creek)

Non-Project(Icy Strait)
Non-Project(Islandof KauaiOtherPorts)
Non-Project(Islandof Maui ExplosivesAnchorage)
Non-Project(Islandof Oahu)
Non-Project(Jone<Lreek)
Non-Project(Kailua Bay)
Non-Project(Kaumalapau)
Non-Project(KewaloBasin)
Non-Project(Kivilina)

Non-Project(LA OffshoreQil Loop)
Non-Project(Lahaina)

Non-Project(Little Ogeeche®iver)
Non-Project(Long BeachWA)
Non-Project(Long IslandSoundat City Island)
Non-Project(Lynn Canal)
Non-Project(Maalaea)
Non-Project(ManeleBay SmallBoatHarbor)
Non-Project(Marathon)
Non-Project(MarbleheaduterHarbor,OH)
Non-Project(Masonbordnlet)
Non-Project(MobjackBay)
Non-Project(NarraganseBay)
Non-Project(New Topsaillnlet)
Non-Project(Nikishka)
Non-Project(NoatakRiver)
Non-Project(Northville)
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Non-Project(NukaBay)
Non-Project(OakBIuffs)
Non-Project(Oceanside)
Non-Project(OtherHawaiianlslandAreaPorts)
Non-Project(OtherSanFranciscoAreaPorts)
Non-Project(OysterBay)
Non-Project(PearlHarbor)
Non-Project(Phoebus)
Non-Project(PidgeonindustrialPK)
Non-Project(PineOrchard)
Non-Project(PortlandCanal)
Non-Project(Prudencésland)
Non-Project(ResurrectiorBay)
Non-Project(RevillagigadaChannel)
Non-Project(Roseland)
Non-Project(SanClementeHarbor)
Non-Project(SanFranciscdistrict OtherCoastalPorts)
Non-Project(SanMiguel Island)
Non-Project(SantaVionica)
Non-Project(ShalloteRiver)
Non-Project(ShinnecoclCanal)
Non-Project(Silver Bay, MN)
Non-Project(SmithtownBay, Long Island,NY)
Non-Project(St. GeorgeRiver)
Non-Project(Stephen®assage)
Non-Project(SumneiStrait)
Non-Project(Tongass\arrrows)
Non-Project(VineyardSound)
Non-Project(Whittier Harbor)
Non-Project(Zion, IL)

Norfolk Harbor

North CarolinalnternationaPort,NC

Northeas{CapeFear)River
NortheastHarbor
NorthportHarbor
Norwalk Harbor
NoyoRiver, CA
NuecesBay, TX
OaklandHarbor
ObionRiver
OccoquarCreek
OceanCity Harbor
OcontoHarbor
OcracokeChannelNC
Ocracokdnlet
Ogdensburddarbor,NY
OhioRiver- LRH
OhioRiver- LRL
OhioRiver- LRP
Okeechobe®Vaterway
Old Harbor

Old River
OlympiaHarbor
OnancockRiver
OntonagorHarbor
Orange,TX
OregonSlough
OsceolaHarbor,AR
OswegaHarbor
OuachitaBlack River
PagarRiver
PalmBeachHarbor
PamlicoandTar Rivers
PamlicoRiverandSound
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PamunkeyRiver
Panam&City Harbor
ParishCreek
Pascagoulblarbor
Pascagoul®iver
Pas<ChristianHarbor
Pasdvianchac
Patchogudiver
Patchogudiver,CT
PatuxenRiver
PearlRiver
PeconidBay andRiver
Peekskill[Harbor,NY
PelicanHarbor
PenobscoRiver
Pensacol&larbor
PerdidoPassChannel
Perquimang®iver
PetalumaRiver
PetitAnse, Tigre andCarlin Bayous
PetoskeyMI
PiankataniRiver, VA
PlattsburghNY
PleasanRiver,ME
PlymouthHarbor
PocomokeRiver
PollackRip Shoals
PonceDe Leonlnlet
PortAlexander
PortAllen Harbor
PortAngelesHarbor
PortAransas;TX
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PortArthur, TX
PortChesteHarbor
PortClyde,ME
PortEverglade$iarbor
PortHueneme

PortHuron, Ml

Portlsabel
PortJeffersorHarbor
PortMansfield

Portof New York

Portof Richmond
PortOrford
PortRoyalHarbor

PortST JoeHarbor
PortTownsendHarbor
PortWashingtorHarbor
PortlandHarbor
PortsmouttHarbor
Potomadriver
PotomadRiver Virginia Channel
PotomadRiver WashingtorChannel
Prairiedu Chien,WiIi
Presqudsle Township,MI
ProvidenceRriverandHarbor
ProvincetowrHarbor
PugetSoundDeepwater NWS
Queen'Creek,VA
QuillayuteRiver
QuinbyCreek
RacineHarbor
RacoonCreek,NJ
RahwayRiver
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Rancocagiver,NJ
RappahannocRiver
RaritanRiver

RaritanRiverto Arthur Kill Cut Off Channel
RedWing CommerciaHarbor,MN

RedonddBeach
RedwoodCity Harbor
RiceCreek
RichardsorBay, CA
RichmondHarbor

Richmond'dslandHarbor,ME

RoanokeRiver

Rocheste(Charlotte)Harbor

RockHall Harbor,MD
RocklandHarbor
Rockport

Roger<City, Ml
RogueRiver,OR
RollinsonChannel
RosedalelMs
RougeRiver, Ml
RoundoutHarbor,NY
RoyalRiver
Rudeenlet
RyeHarbor,MA
SabineNechedVaterway
Sacketddarbor
SacoRiver,ME
Sacrament®iver
SagHarbor
SaginawRiver
SakonneHarbor,RI
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SalemHarbor

SalemRiver
SanBernardRiver
SanDiegoHarbor
SanFranciscdBay
SanFranciscdHarbor
SanJoaquinRiver
SanPabloBay andMarelslandStrait
SanRafaelCreek
SanduskyHarbor
SandyHook Bay
SandyHook Bay atLeonardo
SanteBarbaraHarbor
SantaCruzHarbor
SanteeRiver

Sasano®iver, ME
Saugertiesiarbor,NY
Savannaliarbor
SavannalRiverbelowAugusta
ScarbordRiver, ME
Schulykill River
ScituateHarbor,MA
Scuppernongriver
SearsporHarbor
SeattleHarbor
SeekonkRiver
SeldoviaHarbor
SergiusandWhitestoneNarrows
SeverrRiver

SewardHarbor

SharkRiver
Sheboygariarbor
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Shinnecocknlet
ShipyardRiver
ShoalHarborandComptonCreek
ShrewsbunRiver

Silver LakeHarbor
SitkaHarbor

SiuslawRiver

SkagitRiver

SkagwayHarbor
SkamokawgSteamboatplough
SkamokawaCreek
SkipanonChannel
SlaughteiCreek

SmithRiver
SmithsCreek(PamlicoCounty)
SmithsCreek(Wilmington)
SmyrnaRiver,DE

SnakeRiver
SouthHavenHarbor
SouthRiver
SoutheasmissouriPort,MO
SouthportHarbor
SouthwesHarbor

ST AugustineHarbor

ST JohnsRiver FL Jacksonvillgo LakeHarney

ST LucieInlet

ST MarksRiver
StMarysRiver GA andFL
ST Petersburddarbor

ST ThomasHarbor

St. Alban'sHarbor,VT
St.CatherinesSound
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St.Clair River

St.Croix River
ST.Croix River
St.JamegBeaverlsland)
St.JoseplRiver
St.Joseph#$iarbor
St.MarysRiver
StamfordHarbor
StoningtorHarbor,CT
StoningtorHarbor,ME
Straitsof Mackinac
StumpyPointBay
SturgeorBay andLakeMichiganShipCanal
SuisunBay Channel
SuisunChannel
SusquehannRiver
SwinomishChannel
TacomaHarbor
TaconiteHarbor

Tampa
TangierChannel
TangierSound

TarBay
TarrytownHarbor,NY
TchefuncteandBogueFalayaRivers
TenantHHarbor
TennesseRiver
TennTomWaterway
TensasRiver andBayouMacon
TexasCity Channel
ThamesRiver

Thimble ShoalChannel
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ThreeMile Creek

Tickfaw NatalbanyPonchatoulandBlood Rivers

Tillamook Bay, OR
TolchesteChannel
ToledoHarbor

Tom'sRiver,NJ
Tonawandadarbor

Town Creek,SC

Town River

Townsendnlet, NJ
TraverseCity Harbor
TredAvon River

TrentRiver

TributaryArroyo Colorado
Trinity River Channelo Liberty
Twitch Cove

Two Harbors(AgateBay)
Tyler'sBeach VA
UmpquaRiver

Unalaskdsland
UpperChipolaRiver Mouth to Mariana
UpperCooperRiver,SC
UpperMachodocCreek
UpperMississippiRiver- MVP
UpperMississippiRiver- MVS
UpperMississippiRiver-MVR
UpperThoroughfarePeallsland,MD
UrbannaCreek,VA
ValdezHarbor

Vicksburg,MS
VineyardHavenHarbor

Vinton Waterway
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Virgin Islands

WaccamawRiver

WakelslandHarbor

WallaboutChannel

WarrenRiver

WarroadHarbor

Warwick Cove
Waterwayconnecting?amlicoSoundandBeaufortHarbor
WaterwayConnecting?ortTownsenday andOakBay
WaterwayconnectingSwanQuarterBay with DeepBay
Waterwayfrom Empireto Gulf of Mexico
Waterwayfrom IntracoastalVaterwayto BayouDulac
Waterwayfrom Little Choptank

WaterwayNorfolk VA to Soundsof NC
WatsonBayou

WaycakeCreek

WellsHarbor,ME

WestBay, Osterville, MA

Westcheste€Creek
WestportHarborandSaugatuclRiver
WestportHarbor,MA

WestportRiver

WestportSlough

WeymouthBackRiver

WeymouthForeRiver

White River belowBatesville

Wickford Harbor

WicomicoRiver (EasterrShore)

WicomicoRiver (WesternShore)

WillametteRiver abovePortlandandYamhill River
Willapa River andHarbor

Willoughby Channel
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Yukon River
Wilmington Harbor
Wilmington Harbor
WinonaCommerciaHarbor,MN
WinthropHarbor
WishkawRiver, WA
WitchmereHarbor,MA
WithlacoochedRiver
Wolf andJordanRivers
Wolf River
WoodIslandHarbor,ME
WoodsHole Channel
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WrangellHarbor
WrangellNarrows
WrightsCreek

WW IndianRiverto RehobottBay
YaquinaBay andHarbor
YaquinaRiver

YazooRiver

Yellow BendPort,LA

York River
YoughioghenyRiver
YoungsBay andYoungsRiver
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|. CPT USAGE PROCEDURES
A. Useofthefi Ro | landfd © o ¢ kFeatlutes

The CPT data is very complex and unless the researcher is extremely careful it is very
likely that vessetargoes will be doubly counted yielding erroneous restittsavoid this CPT
provides two tools the TMRelCRTONRNIA Wipm cfkeatou r
for evaluatingdredgingwork packageshatcovermorethanasinglereachor channelUsingthis
powerful feature, consolidated statements of commerce can be generated for entire areas with
many channels and reaches. The central concept underlying CPT is that the USACE portfolio of
maintained navigation channels and waterways is an intezctathtransportation system. That
is, waterborne traffic utilizing any one portion of the system likely also transits other portions
during the course of its journey. Likewise, the impacts to waterborne commerce from the
physical condition (i.e. channelmiwolling depth) of any given navigation channel are not
isolated within just that channel; they are realized system wide, in all other portions of the
waterway network through which transiting tonnage also trayeis only by utilizing the

A Rol | tume of CPTetlat the analysis can avoid counting the same vessel cargo multiple

The ADockedo feature i s al s Onlya@agatharwasl i n c
beingoffloadedor loadedaboardavessewascountedor theport. Cargothatremainedaboard
a vessel bound for another port was not counted in determining the value of marine

transportation for that port.
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B. Port Definition in the CPT System

Calculating total system tonnage and value for ports using the CPT tools is not always
straightforward.The Corps is interested in the use of channels and channel reaches in the
USACE systemln some cases it is clear tlate or a few channel reaches lead to a port so the
sum of their activity can reasonably be considered the total activity for thatQibdr ports are
morecomplexandinvolve manychannelsandsegment®f channels.In otherportsseveralports
lie in the same geographic area and the activity in the channel reaches have to be carefully
separated to give accurate information at the port leMelassist the research effort, CPT offers
atool to exportthe selectegrojects,channelsandreacheso GoogleEarthsothattheresearcher
can visually decide which channels to include in the analysis of the Ploetdefinition of each

of the ports is documented in the spreadsheet developed for this study.

a. Example of a simple port
FigureG-1 illustratesThe Portof Savannahhatis definedasall thecommerciakraffic

operating in this channel.
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Figure I-1

PORT OF SAVANNAH

ThePortof Savannalis definedasthe shippingactivity onthefollowing channereaches:

Savannaliarbor,GA (mile 00to mile 10)496900(reachnumber)
Savannah Harbor, GA (mile 1126) 497066
Savannalidarbor,GA (mile 117 mile 26) 497033
SavannalRiver Below Augusta,GA (mile 2617 mile 203)497120

Savannah River Below Augusta, GA (milei28003) 497110
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