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NOTE OF TRANSMITTAL

The SEASAT Economic Assessment was performed forx
the Special Programs Division, 0ffice of Applications, National
Aeronautics and Space Administration, under contract MNASW-2558.
The work described in this report began in February 1974 and
was completed in August 1975.

The economic studies were performed by a team con-
sisting of Battelle Memorial Institute; the Canada Centre for
Remote Sensing; ECON, Inc.; the Jet Propulsion Laboratory;
and Ocean Data Systems, Inc,. ECON, Inc. was responsible for
the planning and management of the economic studies and for
the development of the models used in the generalization of
the results.

This volume presents case studies and their gen-
eralization concerning the economic benefits of improved
ocean condition and weather forecasts to marine transportation.

The Marine Transportation case studies and generali-
zation were performed by ECON, Inc. Dr. William Steele of ECON,
Inc. was the principal investigator for the Marine Transportation
Study and the author of this report. A complimentary study of
Marine Transportation benefits to Canada was performed by the
Canada Centre for Remote Sensing and is incorporated in this
report. The Canadian study was performed by Mr. D. Clough,
br, 3. €. Henein and Dr. A. McQuillan. b

The SEASAT Users Working Group (now Ocean Dynamics
Subcommittee) chaired by Dr. John Apel of the National Ocean-
ographic and Atmospheric Administration, served as a_ valuable
source of iInformation as a forum for the review of these
studies. Mr. S.W. McCandless, the SEASAT Program Manager,
coordinated the activities of the many organizations that
participated in these studies into the effective team that
obtained the results described in this report.
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SUMMARY AND CONCLUSIONS OF THE
MARINE TRANSPORTATION CASE STUDY

The studies conducted of the potential use of SEASAT
ocean condition data and resulting forecasts by dry cargo ships
and tankers reached the following conclusions. The SEASAT occean
condition data and resulting forecasts could be usefully employed
to route ships around storms, thereby resulting in reduced
adverse weather damage, time loss and the related operating costs,
and occasional catastrophic losses. These benefits are incre-
mental benefits beyond those which present and future conventional
ship routing procedures can supply. The values of these benefits
are as follows:

® Reduction in delay. time on all U.S. trade routes
yields annual undiscounted benefits of approxi-
mately $20,660,000 for dry cargo ships

® Reduction in delay time on all U.S. trade routes
vyields cumulative discounted benefits, 1985-2000,
of approximately $86,620,000 for dry cargo ships

¢ PReduction in hull damage on all U.S. trade routes
yields annual, undiscounted benefits of approxi-
nately $6,400,000 for dry cargo ships

e Reduction in hull damage on all U.S. trade routes
yields cumulative discounted benefits, 1985-2000,
of approximately $26,840,000 for dry cargo ships

® Reduction in delay time on Canadian trade routes
vields annual undiscounted benefits of $6, 440 000
te $9,220,000 for dry cargo ships

¢ PReduction in delay time on Canadian trade routes
vields cumulative discounted benefits, 1985-2000,
of $25,200,000 to $43,800,000 for dry carge ships

¢ Reduction in marine insuxance costs for dry cargo

ships on Canadian trade routes vields annual
undiscounted benefits of $5,000,000 to $34,900,000
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e Reduction in marine insurance costs for dry cargo
ships on Canadian trade routes yields cumulative
discounted benefits of $24,500,000 to $163,600,000

# Reduction in delay time on all major world routes
vields annual undiscounted benefits of $3,430,000
to $16,680,000 for the world tanker fleet

e Reduction in.delay time on all major world routes
vields cumulative discounted benefits of
$19,400,000 to $94,250,000 for the world tanker
fleet

¢ Reduction in catastrophic losses on all major
world routes yields annual undiscounted benefits
of $5,830,000 to $19,420,000 foxr the world tanker
fleet

@# Reduction in catastrophic losses on all major
world routes yields cumulative discounted benefits,
1985-2000, of $32,930,000 to $109,800,000 for the
world tanker fleet

e Overall annual undiscounted benefits are $47,760,000
to $107,280,000

e Overall cumulative discounted benefits, 1985-2000,
are $215,490,000 to $524,910,000.

These overall results are presented in tabular form
on page 143, A1l figures are in 1975 ©U.S. dollars. The annual
figures presented above are for the first fully operational
veary for SEASAT, 1985. The discount rate used is 10% in all

cases.
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1. OVERVIEW OF THE ASSESSMENT

This report, consisting of ten volumes, repre-
sents the results of the SEASAT Economnmic Assessment, as

completed through August 31, 1975. The individual volumes

in this report are

Volume I - Summary and Conclusions
Volume 1X - The SEASAT System Description and
Performance

Volume III - Offshore 0il and Natural Gas Industry -
Case Study and Generalization

“Volume IV - Ocean Mining - Case Study and Generali-
zation
Volume V - Coastal Zones - Case Study and Generali-
zation
Volume Vi - Arctic Operations - Case Study and
Generalization
Volume VII - Marine Transportation - .Case Study and
Generalization
" Volume VIII - Ocean Fishing -~ Case Study and Generali-
zation
Valume I¥ - Ports and Harbors - Case Study and Gen-
eralization
Volume X - A Program for the Evaluation of Opera-

tional SEASAT System Costs,

Each volume i1s self-contained and fully documents
the results in the study area corresponding to the title.
Table 1.1 describes the content of each volume to aid readers
in the selection of material that is of specific interest.

The SEASAT Economic Assegsment began during Fis-
cal Year 1975. The objectives of the preliminary economicg
assessment, conducted during Fiscal Year 1975, were to identi-~
fy the uses and users of the data that could be produced by

an operational SEASAT system and to provide preliminary esti-

mates of the benefits produced by the applications of this
P



ap @OV TYNIDINO
RLITEINQaoHIEY

004
WHL J0

Tabkle 1.1

T TR SIITAD I ST ST I

Content and Organizalien of the Pana)

Reporct

Title

TE

v

Summary ané Conclusions

The BEASAT System
Description and Per-~
formance

OfEshore U111 and
Naktural Gas Industry=-
Case Siudy and Gonor-
alrzation

Oeean Mining - Case
Seudy and General-
ization

R L L]

convent

A sunmary of benefits and cosis,

and a statement of the
major Eindings of the assessment.

A discussion of user reguirements, and the svstem coneapts
to satisfy tLhese requirenents are presented along with a
preliminary analysis of the costs of these systems, &
description of the planm for Lhe SEASAT data ubllity studies
and a discussion of the prelliminary resuits of the simula-
tion experiments conducted with the objective of guantifying
the effects of SEASAYT data on numerical forecasting.

Phe results of casc studies which ipvestrigaie Lhe effects of
forecast accuracy ou olfshore operations in the North Sea,
thae Celiids Bea, and the Gulf of Mexico are reported. A
nethodology for generalizing the rasults to other geographie
regrons of offshore oil and natvral gas exploration and de-

velapmant 1s described along with an estimate of the world-
wide beanefivs.

The results of a stody of the weaiher sensitive foanlures of
the near shore and deep water ovcean mining industries are
described.  Problems with bthe evaluation of economic henefits
for the deep water ocean mining industry are attributed to

the relative immaturaly and highly proprietary nature of the
indusSkry.




Table 1.1: ConLent and Organization of the Tinal Report

{continued}

Volume No,

Title

Conient

VI

vII

VIII

IX

Constal Zones = Case
SLtudy and General-
Lzation

ArclLlc oOpevations - Case
Study and Generalizalion

Marine ‘ransportation-
ctase Study and General-
izatron

Qecean Fishing - Case
Swtudy and Generaliz-
ation

Forls and Barbors - Case
Study and Generalizalion

A Program for the Evalu-
ation of Operalional
SEASAT SysLem Costs

The study and generalization deal with the econhomlic losses
sustained in the U.S. coastal zones for the purposec of
gquantitatively establashing economic banefils as a conse-
quence ol improving Lhe predictive gualaty of destructive
phenomena in VU.S. coastal zones. Improved predictlion of
hurricane Yandfall and improved experimental knowledge of
hurricane seeding are discussed.

fThe hypolLhetiecal developmenbl and transportatlon of Avelic
0il and other resowrees by i1ce breaking super tanker Lo

the conlinental East Coasl ave discussed. SDASAT data will
contribute to a more effecLive transportation operation
through Lhe arctic ice by reducing Lransportation costs as
a @onsequence of reduced tranall Laime perx voynge.

A dlscussgsion of the case stLudies of the polential use of
SEASAYT ocean condilion data an Lhe improved routlng of dry
cargo ships and Laankers. Resultiny forecasts could be
useful 1m xouting ships around storms, Lhereby reducing
adverse wealher damage, Lime loss, related operaLions costs,
and occosional calastrophic losses.

The potential appliention of SDASAT data wilh regard to

ocean fisheries is discussed in this case sludy. Tracking
fish populations, indirect assistance in forecasting expected
populations and assislance Lo [lshing fleets in avoiding
costs incurred due to adverse weather through improved ocean
condiLions forecasts wore investigated.

The casc study and generallzation quantify benefits made
possible Lhrough improved weather [orecasting rasulkbing
from the integration of SCASAT data :into local weather
forecasls., The major source of aveoidable cconomic losses
from inadequate weakher forceasting data was shown to be
dependent on lecal precipitation forecasting.

A discussion of the SATIL 2 Program which was developed Lo

assi1sb 1n the evaluation of Lhe costs o€ operational SEDASAY
sysblem alternatives. SATLL 2 enahlos the agsassmenkt of tho
effecls of operational requircmenis, reliabrlity, and time-
phased costs of alternalive appreaclhes.




data.* The preliminary economic assessment identified large
potential benefits from the use of SEASAT-produced data in the
areas of Arctic operations, marine transportation, and offshore
oil and natural gas exploration and development.

During Fiscal Year 1976, the effort was directed to-
ward the confirmation of the benefit estimates in the three
pPreviously identified major areas of use of SEASAT data, as
well as the estimation of benefits in additional application
areas. The confiirmation of the benefit estimates in the three
major areas of application was accomplished by increasing both
the extent of user inveolvement and the depth of esach of the

studies. Upon completion of this process of estimation, we have

rh

concluded that substantial, firm benefits from the use of oper-
ational SEASAT data can be obtained in areas that are extensions
Oof current operations such as marine transportation and offshore
01l and natural gas exploration and development. Very large
potential benefits from the use of SEASAT data are possible in
an area of operations that is pnow in the planning or conceptual
stage, namely the transportation of o0il, natural gas, and other
resources by surface ship in the Arctic regions. in this‘case,
the henefits are dependent upon the rate of devalopment of the
resourceg that are believed to be in the Arctic regions, and
also dependent upon the choice oé surface Etransportation ovar

pipelines as the means of moving these rescurces to the lower

~
SEASAT Economic Assessment, ECON, Inc., October 1974.



latitudes. Our studies have also identified that large
potential benefits may be possible from the use of SEASAT
data in support of ccean fishing operations. Howewver, in
this case, the size of the sustainable yield of the ocean
remains an unanswered guestion; thusg, a conservative view=-
point concerning the size of the benefit should be adopted
until the process of biological replenishment is more
conpletely understood.

With the completion of this second vear of the

SEASAT Economic Assessment, Wwe conclude that the cumulative

gross benefits that may be obtained through the use of data

from an operational SEASAT system, to provide improved ocean

condition and weather forecasts is in the range of $859

millicen to $2,709 million ($1975 at a 10 percent discount

rate) from civilian activities. These are gross benefits

that are attributable exclusively to the use of SEASAT data
products and do not include potential benefits from other
possible sources of weather and ocean forecasting that may
occur in the same period of time. The economic benefits -
to U.S5. military activities from an operational SEASAT sys-
tem are not included in these estimates. A separate study
of U.8. WNavy applicaticons has been conducted under the
sponsorshnip of the Navy Environmental Remote Sensing Coor-~
dinating and Advisory Committee. The purpose of this Navy
study was to determine the stringency of satellite oceano-

graphic measurements necessary to achieve improvements in



military mission effectiveness in areas where benefits are
known to exist.* It is currently planned that the Navy
will use SEASAT-A data to quantify benefits in military
applications areas. A one-time military benefit of approx-
imately $30 million will be obtained by SEASAT-A, by pro-
viding a measurement capability in support of the Depart-
ment 0f Defense Mapping, Charting and Geodesy Program.
Preliminary estimates have besen made of the costs
of an operational SEASAT program that would be capable of
produéing the data nedded to obtain these benefits. The
hypothetical operational program used to model the costs of
an operational SEASAT system includes SEASAT~A, follawed by
a number of developmental and operational demonstration
flights, with full operational capability commencing in
1985. The cost of the operational SEASAT system through
2000 is estimated te be about $753 million ($1975, 0 per-
cent discount rate) which is the eguivalent of $272 million
($1975) at a 10 percent discount rate. It should be noted
that this cost does not include the costs of the program's
unigue ground data handling equipment needed to process,
disseminate or utilize the information produced from SEASAT
data. Figures 1.1 and 1.2 illustrate the net cumulative

SEASAT exclusive benefit stream (benefits less costs) as a

*"Specifications of Stringency of Satellite Oceano-
graphic Measurements for Improvement of Navy Mission
Effectiveness, " {(Draft Report.) MNavy Remote Sensing
Coordinating and Advisory Committee, May 1975.
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function of the discount rate.

This volume describes the results of the case
studies and generalization of the economic benefits of im-
proved forecasts of weather and ocean conditions to the

marine transportation industry.
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2. INTRODUCTION AND BACKGROUND

Case Study Approach and Overview

ocean marine trangportation.

The study estimates the impact of an operational SEASAT

costs, casualty costs, and insurance. In order to

These guestions were:

What is the total amount of global trade expected

in the period 1975-20007

What is the total number of ships of each type
which will be operating on the major U.8. trade
routes in the period 1975-20007

What is the probability that a vessel of a given

type operating on a given trade route will suffer

a weather-related casualty?

What iz the expected cogt of such a weather-
raelated casuvalty?

What is the impact on time delays and operating
costs of attempts to avoid weather-related
casualties by such procedures as ship routing?

What are the weather-related inmpacts on marine
insurance for non-oceangoing shipping?

What is the impact of SEASAT on marine casualty
costs and weather-related operating costs?

Where are the incidences of cosis and benefits
realized {(to whom will benefits accgrue)?

Thege guestions were raised in this case study for

three systems which could provide information on ocean

conditionsg and weather over the oceans for use by marine

transportation interests:

The areas examined are

severzl broad guestions had to be answered.



11

¢ The present system - assumes the present system
will be operating in the 1985-2000 period. This
is the baseline case
¢ The modified present system ~ assumes the present
system will be improved by advances in forecasting
science and data collection for the period 1985-2000

®¢ The SEASAT aided system - assumes the modified
present system plus further advances in data
collection and forecasting for the period 1985-2000
as a result of the operational SEASAT system

The case study chosen was container ship crossings on
the North Atlantic, trade route 05 (between the US and the United
Kingdom and Ireland).

The ove£a11 approach is illusérated in Pigure 2.1, the
Marine Transportation Case Study Overview.

It should be noted that the focus of the benefit
analysis was on the real side as opposed to the financial side.
That is, the study focused on reductions in ship damage, ship
operating costs, cargo losses and, in general, in the loss of
labor and capital due to weather damage on the oceans. The
financial approach, not followed here, would focus on the other
side of the same coin, i.e., the reduction in premiums or the
increase in profits of the marine insurance firms and/or the
shipping companies and/or shippers and/or consumers due to the
reductions in real losses. Theoretically, the beneifits as
measured by either approach should yield the same result. The
real approach.was chosen because it provided a direct, more
accurate, more accessible estimate. The financial side would
have required intimate knowledge of competitive conditions in

the shipping industry, the marine insurance industry, and the

consumer industry.
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2.2 The Volume of World Shipping, 1985-2000

The procedure for generating benefits in each area
of the SEASAT economic assessment invelves case study
analysis followed by generalization of the results of the case
study. Accordingly, it was necessary to develop a global
forecast of shipping to support the generalization of the
marine transportation case study and several of the other case
studies in progress or being contemplated. This chapter is
devoted to a discussion of the fgrecasts generated for the
generalization process.

In order to make the large step from the case study
to the global generalization, it was necessary to £ill in some
information between these points. Working from the top down,
the relative density of the global shipping forecasts for
1985~2000 was developed from the literature by major areas
of the oceans and by major vessel tyvpe. Working from the bottom
up, detailed shipping forecasts, identical to the ones used for

the specific vessel type on the specific U.S. trade route in

the case studies, were developed for all major U.S8. trade

routes.
2.2.1 Global Forecasts

The forecast variables needed for the generalization
included:

. Quantity of oil shipped

- Number of tankers
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» Freight rates (revenues} for tankers for 1985-
2000

] Quantity of dry cargo shipped

) Number of drv cargo ships

. Freight rates for dry cargo ships for 1985-
2000,

Since oil shipments make up slightly over one-half
the value of all cargo shipped in the world and over one-half
the veolume of cargo shipped in the world and since the explana-
tion of o0il fiows involves political and ecconomic factors which
have changed in some dramatié and discrete stepé, it was neces-
sary to keep the forecasts oﬁ dry cargo and oil separate. An-

other substantivé consideration which influenced the forecasts

was the size of ships, particularly of oil tankers. It was

necessary to forecast both the number of ships and the volume
shipped in order to capture trends in the size of ships. And,

finally, it was necessary to obtain estimates of the revenue

flow in shipping. This involved forecasts of freight rate
trends. Freight rates are the fundamental unit price in
shipping.

A survey of the literature reveals a large number
of shipping forecasts. Thege include:

a. Determination of Shipping Industry Submarkets,
Mathematica, July 1972.

b. Domestic Waterborne Shipping Market Analysis,
A. D. Little, February 1974.

c. Transportation Cargo Study, Planning Research
Corporation, Marxch 1971.
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a. QOceanborne Shipping: Demand and Technology
Forecast, Litton Systems, June 1968.

e. Posgition Papers Relating to the New Maritime
Program, U.S5. Maritime Administration, March
1873,

£. The Tmpact of the Maritime Containerization on

the United States Transportation System,
Manalytics, February 1972.

[ g A Report to the U.8. Department of Commerce,
Maritime Administration for Phase I Ship Design
and Program Studies for a U.5. Flag Merchant
Fleet, Newport News Shipbuilding and Dry Dock
Co., 1970.

h. Isthmian Canal Demand Porecaszt. An Econonmic
Analysis of Potential Tonnage Traffic, Depart-
ment of Transportaticn, 1969.

i. hnalysis of Merchant Shipping and Internatiocnal
Commodity Flows, Center £for Naval Analysis,
February 1969.

3. Forecast of U.8. Oceanborne Foreign Trade in Dry
Bulk Commodities, Boocz-Allen Applied Research,
March 1969.

The full reference for each of these studies may be
found in the References as {30}, [32], [31], {291, (35], (11,
£21, £33}, L[4}, and [5}], respectively.

However extensive this list may be, none of the
individual studies nor a pooling of their results could provide
a congistent forecast for 19835-2000 for each of the variables
indicated above. Therefore, an econometric model was construc-~
ted to make & consistent set of forecasts.

2.2.2 The Econometric Model ~ Global Forecasts

An eight eguation econometric wmodel was constructed.

Five 0f the equations were utilized to make o0il forecasts, and



three equations were utilized to make dry cargo forecasts.

There were eight endogenous variables, i.e., variables solved

for within the model. These were:
. Consumption of oil
] Quantity of o0il shipped
] Number .©f tankers
) Active tankers
- Freight rates (revenues) for tankers
® Quantity of dry cargo shipped
® Number of dry carge ships
. Freight rates for dry cargo ships for 1985-
2000.

16

In the parameter estimation phase, it became necessary

to distinguish between active and total number of tankers.

Gross tonnage of tankers and dry cargo ships proved better for

estimating purposes than the absolute number of ships. However,

the number of ships can be obtained directly with an assumption

about the future size of ships. One of the endogenous vari-

ables, freight rates, was determined by a recursive procedure.

Two exogenous variables, i.e., variables fed into
the model, were employed:

- Price of oil per barrel

] Level of world industrial production.

Shipping demand is essentially a derived demand.
It is derived from the demand for the geoods which are to be

shipped. In the case of o0il, this involved estimating the
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consumption demand for world o0il as a function of the price
per barrel. In the case of dry c;rgo, it was assumed that the
guantity of dry cargo demanded was directly relaéed to the
level of world industrial activity which is given exogenously.
On the supply side, it was assumed that the most important
‘consideration was the past behavior~of freight rates.

These functional relationships involved considerable
aggregation and simplification. A thorough analysis would
distinguish between liner and tramp service (scheduled and
unscheduled service) and between time charter and trip charter
service. Shipping supply would also have to be related to
capital costs and to operating expenses. These variables are
hard to come by or nonexistent. Construction of these series
would involve considerable effort with gquestionable results;
see, for example, Dreihuis' [27] construction of an index of
operating expenses.

The goal of the effort in this section was to provide
accurate forecasts as opposed to obtaining causal explanations
of the behavior of the variables in gquestion. Thus, the simple

exponential growth model form

c = ¢ekt

was used whenever it gave a good fit and did not violate common
sense considerations. For example, past data on the consump-
tion of 0il are fit easily with the basic exponential growth

model. But the price of oil per baxrel tripled in the
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last year. Projecting the trend from 1950-1973 to 1985-2000
would be meaningless. Accordingly, the price of cil per barrel

was included along with past growth to forecast the consumption
of o0il:

At
p¥t .
cll

C .. = ¢ e

While this d4id not improve the fit of past data in
any significant way, it greatly increased the plausibility of
the forecasts.

In addition-to limiting the level of disaggregation
and relying on growth trends rather than purely causal vari-
ables, a number of statistical simplifications were also made.
Spectral analysis, which might have yielded some better fitting
lag relationships, was not performed; nor were the eguations put
into first differences; nor was two-stage least squares used to
estimate the coefficients.

Each of the disaggregations and statistical improve-
ments mentioned akbove might have improved the forecasts but at
an expense in time and effort which, it was judged, would not
be justified by the results. The final form of the eight-
equation econometric model used to make the global forecasts
is illustrated in Figure 2.2, System of Equations Used to Make
Global Forecasts, with the estimated coefficients. The pro-
cedure by which these coefficients were estimated is described

in the next section.



I. Coasumption of 011 {C } = in million retric tons of
coal equivalent OiL

.075t  _-.150
€ .. = .
ogy = 668.7e o

II. OQuantily of 0il Shipped (chl) - in million metric tons

1.223
= )
Qoil .0828 oil .

IlI. &ross Tonnage of 01l Tarkers Suppl:ied (GRT 1’ - in
nillion gross toos o1

.081t PR'023 R.057
t-2,0i1 t-4,0il

GRT = 109.52
ot

1=+

IVv. Active G-ess Tounage of 0al Tankers {AGRT 1 - in
million grocs tons o

sGRT - o071 ¢ %2 .433
ol . oil GRTO

V. Freight Rates for Tankers {(FR .. = 1index
t,o0il

R 98.64 ( 81040
F = 98. AGRT R
t,ol Joil/c To;l

VI. Quantity of Dry Cargo Shkipped (@ } - in million metric
tons de

.07
2 = 4,511 Nl 079
de

YI1. Gross Tonrnage of Dry Cargo Ships supplied - in mill:ion

gross tons

. . .052
GRT = 22624 D4Et_ v 125 PR o] 2
de t-2,de t-4,dc .
VIII. PFreight Rates for Dry Carge (FR } « index
t,dc
-,115¢ 2.296 -.947
FR = .0931le Q GRT
t,de de de
Adéitionally
P 1 = Weighted World 0il Price,
e Constant 1975 Dollars = in $/barrel
5 = Index of World Industrial Production,
1963 = 100
t = Year, 1950 = 1 "

Figure 2.2 System of Equations Used to Make Global Forecasts
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2.2.3 The Results - Global Forecasts

The data used to make the global forecasts was
from 1950-1973 in most, but not'all, cases. Quantity of
0oil shipped, quantity of dry cargo shipped, gross tonnage of
il tankers and dry cargo ships, and active tonnage‘of oil

tankers are found in OECD Maritime Transport, 19273 [28]: the

freight rates for tankers and dry cargo are £from the Norwegian

Shipping News {6]; consumption of o0il is from the United

Nations, World Energy Supplies, Serxries J [7]; the index of

world industrial production is from the United Nations,

Growth of World Industry [8]; and the price per barrel of oil is

found in the United Nations, Monthly Bulletin of Statistics [9]

and weighted by the relative amounts of production and deflated
by the U.S. wholesale price index as found in the U.S. Depart-

ment of Commerce, Statistical Abstract of the United States [10].

Using this data base, the coefficients of the system
were estimated and presented above in Figure 2.2, system of
Equations Used to Make Global Forecasts. In general, the fits
were good with R2 above .90 in all cases except for freight
rates which exhibited an oscillatory behavior and yielded
R2's of about .50. A polynomial or sinusoidal function would
have yielded a better f£it but would not have been useful for
such long extrapolations ag the 1983-2000 time period. The
t values were low in some cases (only significant above the
.80 level) where a causal explanatory variable was desirable, as

in the case of the price per barrel of oil.
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The forecast results are presented in Figure 2.3,
Global Forecasts from Econometric Model. The following results
were found:
¢ The quantity of o©il shipped will continue to grow,
but at a slightly slower rate (10.3% down to 9.4%
per annum)
¢ The growth 0f the tanker freight rate index will
continue, but at a slower rate (2.5% down to 2.0%
per annum)
¢ The growth of gross tanker tonnage will continue
at about the same rate (8.3%), although this will
mean fewer ships since the size of tankers is

increasing

® The guantity of dry cargo shipped will grow at a
faster rate {(6.2% up to 7.0% per annum)

e The decrease in the dry carge f£reight rate index
will continue, but at a slower rate (-1..% down
to -0.4%)

e The growth of gross dry cargeo ship tonnage will
continue, but at a higher rate (4.0% up to 4.9%
per annum}.

These forecasts were based on a number of
assumptions. It was assumed that world industrial activity
would continue to increase at about the same rate as in the
period 1950-1873. It was assumed that the price per barrel of
cil would jump from $3.42 to $11.00 per barrel in 1974 and
would continue to grow at the rate of the 1950-1973 period,

i.e., slightly less than 1% increase per annum.

2.2.4 Densities of Global Traffic on Major World Routes

The distribution of ships gleobally is difficult to
estimate. A limited number of such comprehensive data sources

which would make such estimates possible are available. The



¥ear  Cuiy Roy1  ORTGyy BORT, PR, Q4. GRTG, PRy N Poil
1985 6791 4034 2800 2536 54,28 2913 2734 74.44 401 12.09
1986 7308 4413 3040 2759 54,94 3118 ag6s 74.18 427 1z2.21
1987 7864 4827 3300 3002 55.60 3338 3005 73,91 455 12.32
1988 8462 5281 3u83 3265 56.28 3573 3151 73.64 484 12,44
1289 9106 5776 igo) 3552 56.96 3824 3303 73,37 516 12.56
1990 9800 6319 4224 3865 57.66 4093 3463 73.11 549 12.68
1991 10545 6912 4586 4204 58,36 4381 3631 T2.84 585 12.80
1992 11348 7561 49379 4574 59.07 41689 3807 72.58 623 12.92
1993 12212 8271 5406 4976 59.78 5019 3991 72.31 664 13.04
1994 13141 9047 5869 5413 60,51 5372 4184 72,05 70? 13.17
1995 14141 9897 6372 5889 6}.25 5750 4387 71.79 753 13,29
1996 15218 10826 6919 6407 61.99 6154 45929 71.53 802 13.42
1997 16376 11842 7512 6970 62,74 6587 41822 71.27 854 13.55
1998 17622 12954 8156 7582 63.51 7051 5056 71.01 810 13.68
1999 18963 14170 8855 8249 64,28 7547 5300 70.75 2969 13.81
2000 20407 15500 9613 89713 65.06 8077 5557 70.50 1032 13.94

Annual Growth .

Rate Estimated, 7.6% 9.4% B.3% 8.7% 2.0% 7.0% 1,9% ~0.4%

1975-2000
Previous Growth 7.7% 10.3% 8.23 8.7% 2.5% 6,2% 4.0% -1.1%

Rate

]

Figure 2.3 Global Foxecasts from Econometric Model

Ze



23

most comprehensive.source of operating information on ships

are Lloyd's Register of Shipping and Lloyd's Register of

Shipping Statistical Tables. The U.S. Maritime Administration

publishes A Statistical Analysis of the World Fleet [25] each

year based on Lloyd's data. However, only about half the
world's fleet of 21,000 will be at sea at any one time. Thé
U.S5. Coast Guard also operates an Automated Mutual-Assistance
Vehicle Rescue System (AMVER) as an international program by
which vessels may indicate their sail plaﬁs. This computer-
based system enables participants to receive emergency assis-
tance from one another. While the number of participants may
vary considerably, the 2,097 average cof ships (daily average
of vessels on daily plot) which participated in October 1974
is not .unusal.
A number of maritime research groups have conducted
studies of the densities of the world fleet on the various
trade routes. These organizations include: Ocean Routes, Inc.,
of Palo Alto, California; Ocean Data Systems, Inc.; and
Automated Marine International. The most comprehensive analy-
sis of world fleet densities by route that has been done
recently is by Automated Marine International [16, Volume I].
The Automated Marine International study of densities
was done in three different ways to provide a consistenc? check.
The first method was to update a World Meteorological Organization
(WMO) study of densities done in 1964. . The second method was the

use of Lloyd's List, a daily publication with arrival and depar-

ture information for 3,000 to 5,000 ships, to compile a density



map. The third method was the use of AMVER data as a sample to
project the overall densities. The results indicated fairly simi-
lar estimates for the ﬁMO and Lloyd's based studies, but the AMVER
data lacked sufficiené representativenesg to yield reliable
results. In addition to making estimate; for 1969, forecasts
of densities were made for 1972 and 1975 and 1980. The results
are summarized in Figure 2.4, Ship Population Trends by OCcean,
1969 te 1980. An illustration of the density map for the 1980
forecast is given in Figure 2.5, 1980 Projected Overall Worldwide
Merchant Ship Distribution.

The priancipal facts to note in the estimates are the
equal dominance of Atlantic and Pacific routes. The AMI fore-
cast for 1980 indicated only two major shifts. These were
the increasing trade flows to and from Japan, based on Japan's
exceptional econcomic growth, and the shift of the world's
fishing fleet away frocm the traditional fisheries (as they
reach or exceed their maximum sustainable yield) to new waters
in the Indian Ocean and elsewhere. However, since the Automated
Marine International study was done, Japan's economic growth has
slowed. 1In addition, this study does not deal with the world
fishing fleet. Therefore, it will be assumed that the Atlantic
and Pacific routes will continue to contain the bulk of world

shipping for the generalization made in Section 3.4.



Source: Automated flarine Internacional (16, Volume I, p. 156].

19¢% (20,97% total) 1972 (24,57% teotul)
VELSEL
SERVICE
CATDIORY ATL PAC IND, MISC. ATL. PAC. IND. MISC.
TANKIRS 2,680 457 741 759 (M) 2,478 797 1,134 346 (M)
CARGO VESSELS 2,251 1,044 1,138 438 1,957 527 1,018 433
ORE & BULK 809 673 62 110(s), 783 990 143 180 (s)
PASSEJGTR 104 30 i3 12 949 27 12 11 ()
 COMBINATIONS 160 54 57 28 93 43 46 25
OTHER 124 58 62 26 109 51 54 30
SUBTOTAL 5,868 2,316 2,093 1,373 5,514 2,829 2,407 1,073
FISHING 3,629 5,115 372 197 (M) 4,346 6,185 1,987 232 (M)
POTAL 9,507 7,431 2,465 1,570 9,860 9,014 4,394 1,307
§ = 5. Lawrence
M = Mediterranean

Figure 2.4

Ship Population Trends by Ocean,

1969 to 1980

Sz



1575% (26,313 total) 1980 (29,213 tocal)
AT AS I
SuRVICE
CATEGORY ATL. PAC. IND. MISC. ATL. PAC. IND. MISC.
SANRIRS 2,440 951 1,227 435 2,377 1,218 1,382 | se2(M)
CARGO VESSCLE | 1,575 963 1,036 481 1,999 1,022 1,068 477
ORI & BULK 953 1,358 150 171 1,237 1,965 161 156(S)
PASSDNGER 94 27 12 11(M) 9g 28 12 11 (M)
COMBINATIONS 85 45 48 24 97 49 50 23
OTHER 110 52 55 30 113 56 58 27
SUBTOTAL 5,867 3,394 2,528 1,152 5,921 4,328 2,732 1,276
FISHING 4,669 6,285 2,383 235 5,209 6,452 3,044 241 (M)
TOTAL 10, 336 9,579 4,911 1,387 11,136 | 10,790 5,776 1,517

]

STRATGHY

LINE INTERPOLATION

»

$ = St. Lawrencu
¥ = Medicgrranzan
Sourcoe: Avtamaced Maraine International [16,

BETWLLN 1972

Volume T,

156},

& 10BO FORECASTS

Figure 2.4

Ship Population Trends by Ocean, 1969 to 1980 (Continued)
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2.3 Weather Routing Procedures and Potential Benefits

Attempts by ships to avoid adverse weather have
already been systematized. The system is referred to variously
as optimum track ship routing (OTSR), optimum ship routing (OSR),
or, simply, ship routing ;r weather routing. Data from SEASAT
which is to be used for ship routing will prokably be fed into
the existing weather routing set of systems. This was one of
the reasons for taking a close look at weather routing. A
second important reason for scrutinizing the present weather
routing system was that it was one way to guantify the potential
benefits of SEASAT in this area. By examination of the impact
of the present weather routing systems on weather-related
casualty costs and operating expense losses, together with an
assessment of the capability of SEASAT to exitend these savings,
it was possible to measure the economic effect in the marine
insurance area of SEASAT-type data.

2.3.1 The Present Weather Routing Systems

There is no single weather routing system today.
Rather, there are a number of commercial services such as
Louis Allen, Washington, D.C.; Bendix Commercial Service
Coxrporation, South Hackensack, New Jersey; Ocean Routes, Inc.,
Palo Alte, California; and the Navy's Fleet Numerical Weather
Central (FNWC), Nexrfolk, Virginia, and Monterey, California.
In addition, there are weather routing services operated by

foreign individuals and governments.
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The charge per ocean crossing for these routing
services may run from $95 to $300, but is generally in the
$200 to $250 range. The charge may be for simply recommending
the entire route in one analysis before the crossing begins, or
it may involve a more complete service. In its most thorough
form, the weather routing might involwe a discussion with the
captain before departure to cobtain such information as
the‘cargo to be carried, will any of it be stored on deck, or is
there any special reason that a speedy crossing is necessary.

A recommended route will then be selected based on the informa-
tion gathered from the captain, from weather forecasts, from
information abocut the ship's rated speed and ability to handle
heavy seas, etc.

Once the voyage is begun, the weather router may
contact the ship with revised information or suggestions as to
the route as often as twice a day. The FNWC runs its fore-
casting program and ship routing program twice a day, and
Navy ships often have a radio operator on duty continuously.
However, for commercial vessels, route recommendations are
restricted to usually one contact per day since most commercial
vessels have one radic operator who will be on duty nine hours
per day (usually in three-hour daylight shifts with one-hour,
in-between shifts). When the voyage is completed, the routing
service may also involve a post-vovage consultation and
analysis. The ship's log book may be examined in conjunction

.

with a record of the router's recommendation to ascertain the
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cause of a slow crossing time or failure to avoid a heavy storm
or the reason for the departure from the recommended route.

The above description pertains to a complete weather
routing service. Often, contact is made only every few days,
whenever a major change in weather conditions 6n the route takes
pPlace, and there may not be a post-vovage analysié.

Weather routing became available in the early 1950's,
but the expansion of the weather routing services did not occur
until the mid-1960's. Presently, on a given day, Ocean Routes;
Bendix; Louis Allen, Inc.; FNWC Monterey; and FNWC -Norfolk may
handle 850 ships among them. These numbers may vary consider-
ably. For example, Ocean Routes may handle 1,000 ships on a
given day and FNWC Monterey may handle more than 200 ships during
a major military supply effort. Since 11,000 to 12,000 of the
world fleet of approximately 21,000 may be on the ocean on a
given day, the American commercial and government weather
routing services will be guiding approximately 7% of all ships
on the oceans on any such day.

2.3.2 The FNWC Monterey Weather Routing Procedure

The weather routing services vary considerably in
their technical approach to ship routing. 1In general, Oceahn
Routes and FNWC Monterey follow an automated approach, while
all others are manual. A detailed discussion of the FNWC
Monterey operation is given here.

The basic input data come from the local (0800 report

of ships at sea (that is, 0800 in the sﬁip's time, not FNWC
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timéf\\iince FNWC deal mostly with the Pacific, this will cover

eight tigé\zones). The 0800 report provides a daylight reading

that is‘desirab‘&\sspecially to yield wave conditions. The

—
0800 report usually intludes:

1.

2.

3.

4

= -

Position

"Course and speed

Wind

Seas

Another data input is the more detailed synoptic

weather report provided by some ships. The synoptic report

usually includes:

1.

10.
l1.
12.
13.

14,

Latitude and leongitude
Data time group in Greenwich Mean Time

Cioud cover

Wind -~ direction and force
Visibility

Temperature

Present weather - fog, rain

Last weather (exactly 3 hours ago)
Barometric pressure

Type and height of clouds

Course and speed

Sea water temperature
Sea direction and height

Swell direction and height
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The FNWC Monterey deals with a ship population which
may be 50% Navy £leet ships and 50% Military Sealift Command
(MSC)._MSCS are commercial. ships on lease to the government. -
About 95% of these Ships_send in the 0800 ?eport- About 20-
30% of tﬁe ships send in synoptic reports every six hours
ideally, Soﬁe ships, especially MSCs, have only one radio-
operator and they send only one synoptic report in his on-duty
hours. Fleet shipé’are more apt to have a complete reporting
schedule.

The measurements by ships at sea are usually done
by sight and rough estimation rather than by scientific

instruments. The procedures for making these rough estimates

are described in Bowditch, American Practical Navigation, H. O.

Publication, No. 9, p. 1060.

Fleet ships send reports directly to Naval Communica-
tions, while MSC vessels, which are on a commercial broadcast fre-
quency, transmit a commercial message, which is then fed into Naval
Communications. FNWC is hooked up to all Naval Communications
by switching technigues. The transmissions come out as typed
messages at.FNWC; they are written by hand onto coding sheets,
keypunched, and fed into an update program. However, in a
matter of months, FNWC expects to eliminate the transcripticn
to cards and go directly onto tape with the ship reports.

Weather information is collected from other sources

besides the ships at sea. For example, the National Weathexr
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Service products collected include:

e Teletype raw data
- analyses

- forecasts

e Facsimile

1

analyses

- forecasts

satellite photos.

National Weather Service weather products are used
subjectively at present by FNWC; i.e., they are not direct
inputs to FNWC programs for forecasting and ship routing. Some
of the commercial services rely heavily on NWS products. For
example, Ocean Routes may use, very roughly, one-third each of
inputs from ships, FNWC, and NWS in making their routing
recommendations. In addition to the NWS, FNWC collects weather
products from a variety of services such as the U.S. Air Force
and foreign government weather services. There is considerable
exchange of whatever information is available among weather
agencies and ship routers.

After the data base is updated, a forecast is made.
The forecast program is run twice a day, beginning at 0000 and
1200, local time, It takes 4-1/2 to 6 hours o run. Of this
time, three hours may be spent in internal data transformation
and 1-1/2 hours may be spent making the actual forecast. The
resulting forecasts are used for a great variety of purposes;
of which ship routing is only one. The outputs of the fore-

casting program go onto magnetic tape and become direct input
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to the ship routing computer program. Previously prepared com-
puter cards with ship information such as identification, ship
type, destination, etc., are also an input at this time to the
ship routing program. There are a great number of mathematical
models which use variational calculus to select the optimum
tract (minimize time for ocean crossing subject to a constraint
on the wave height or wind conditions to be encountered).

A list of these programs has been compiled by Bendix Commercial

Service Corporation and is presented in the accompanying

Figure 2.6, Optihum Track Ship Routing Programs and Reélated
Weather Forecasting Programs. For a discussion of these

technigues, see W. Marks et. al. [17].

Once the recommended route is determined by the com-
puter program, a_manual check 12 made to see if any change
in the previously recommended roﬁte is called for. The results
will then be transmitted to the ships at sea by radio at the
earliest convenient time. This may be almost immediately if
some unusual or drastic action is called for and if the radio

operator can be contacted. More likely it will be several

1

hours, possibly as many as 12 hours, before the results are
transmitted to ships. For a more detailed description of the
forecasting program and the ship routing program in use at

FNWC Monterey, see William M. Clune {18].
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Rept./Res. Pap. No. 78, U.S5. Naval Postgraduate School.
Monterey, California, 40 pp.

Note: List compiled by Bendix Commercial Service
Corporation.

Figure 2.6 Optimum Track Ship Routing Programs
and Related Weather Forecasting Programs
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in summary, the throughput time for the weather

routing at FNWC Monterey involves:

1. Data collection - continuous, eclectic
2. Data processing - 1/2 to 1 hours
3. PForecasting program - 4-1/2 ‘te 6 hours

4. Ship routing program - 1/2 to 1-1/2 hours

5. Distribution of results - 0 to 12 hours
Total throughput time - 5-1/2 to 20-1/2 hours
2.3.3 Present Weather Forecast Accuracy

Improvements in weather routing procedures will come
from a number of developments. These include:
e Better forecasting:
from better and greater guantities of data, and
from advances in the mathematics of forecasting

models

from management improvements which yvield shorter
throughput times

® Better ships:
design improvements which provide greater strength
and/or greater speed which permits ships to outrun
or skirt storms

Focusing on better forecasting, two areas of general

improvement are possible in regard to accuracy.

e Shortened throughput time due to better management
practices

¢ System improvements which include advances in
forecasting science, more data, better guality
of data. '
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The first type of improvement essentially involves pro-
viding mcre up-to-date forecasts. Since all current fore-
casting indicates a gradual deterioration until the Fforecasts
are no-better than a.random forecast, the accuracy is improved
by shifting the forecast accuracy function to tﬁe right, as
illustrated in Figure 2.7, Improvement in the Weather Forecésting
System.

The second type of improvement, system improvements,
tends‘to shift the forecasting accuracy function straight up,
illustrated in Figure 2.7, Improvement in the Weather Fore-
casting Systemn.

There is no generally agreed upon measure of accuracy
of forecast in common use. In the case of ship routing, the
most important measure is sea-state, which more specifically
is measured by wave height. Other commonly used measures of
sea-state include wind velocity, Beaufort wind scale, and
sea-state number. The interrelations of these measures 1is
bresented in Figure 2.8, Descriptors of Sea-State, from Rhodes
and Chadwick, [11l, p. 2]. An appropriate measure of accuracy
might then be the percentage of time the forecast wave height
was within some specified error limit from the observed wave
height. This would be on the horizontal axis in Figure 2.7.

The National Weather Service forecasts are supported
by a verification program. A summary of the forecast verifica-

tion for April 1972 to March 1973 is given in Sadowski [36].
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Descriptor

Muan Wind

Velocicy (knots) 5 9 13 19 24 ao 37 44 52 60
Baaufore Wind
Scale 2 3 4 5 6 7 B 9 10 11
Sea-Stace Number 1 2 3 4 5 [} 7 8 9
very Very
Rippled Smooth Slight Moderate Rough Rough filgh High Preclipitous
I 1 ¥ 1

Significant HWave 1 6 10 15 20 30 40 60
Height (feet}
Sources{ Rhodes and Chadwick 1111,

ﬁigure 2.8

Descriptors of Sea-State
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However, these verification results are foxr land areas. The
office within NOAA that makes wave height forecasts is Ocean
Services Division. “heir measure of accuracy is the mean
absolute error in feet as defined in Sadowski {361, Verifica-—-
tion was accomplished until recently by comparison of fore-
casts with observations from Qc¢ean Statlion Vessels {U.S$. Coast
Guard ships at sea) which, with one exception, are no Longer
available. For July~August in 1969, for example, ¢n the North

Atlantic the following results were realized:

Porecast horizon {hours} iz 24 36 48

Forecast accuracy
{mean absclute error in feset} 2.5 2.5 2.7 2.9

The observed mean height ©of waves in this period was
4.4 feet. For January-February on the North Atlantic the mean
wave height was 7.4 feet with a standard deviation of 6.0 feet,
while the mean azbsolute error of forecast was 4.0 feet for the
36-hour forecast.

More recently, the Weather Service Porecasting CGffice
has been condidcting verification of the Qcean Services
Division wave height forecasts. The 1974 summary is based on
10 circular areas in the North Atlantic of approximately 240
nauntical miles in diameter. The circular areas are found
hetween 32° north to 60° north latitude and between the east

coast of the U.S8. and 35° west longitude. The verification

indicates accuracy similar to the earlier study. For example,



the 36 hour, July-August mean absolute error of forecast was
again 2:7 feet.

The earflier ocean condition forecast verification
activities of the National Weather Service are discussed in
Pore and Perrotti, "Results of the Technigues Development
Laboratory, Automated Wind-Wave Porecasts for the Period of
September 1968 Through August 1970," [12] and Pore and
Richardson, "Weather Service Program in Objective Wind-Wave
and Swell Forecasting," [19].

The general level of present weather forecasting
accuracy has been summarized in American Mecteorological
Society, "Policy Statement of the American Meteorological

Society on Weather Forecasting, as adopted by the Council on

October 2Q, 1972," Bulletin of the American Meteorological

Society, 54(l), January 1973, pp. 47-48. A relevant portion
of this statement follows:

Weather forecasts prepared by professionally-
trained personnel presently achieve the following
levels of skill, on the average:

Fovr periods up to 48 hours, weather forecasts
of considerable skill and utility are attained.
Detailed foxecasts of weather and its changes
can be made for the first 36 hours. Probabili-
ty estimates markedly increase the information
content of such forecasts, especially with
regard to precipitation occurrence. In this
period, skill is a maximum in predicting the
motion and general effects of weather systems
having dimensions of five-hundred miles or
more. However, small-scale features imbedded
in these systems cause hour-to-hour variations
in weather which are difficult to predict,
especially for local areas with irregular
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topography. Alsc, the exact location of certain
highly significant weather phenomena, such as
severe thunderstorms and tornadoes, cannot be
forecast accurately with any degree of skill
beyond a few hours, although the general area of
severe storm activity may be predicted up to

24 hours in advance. Accurate forecasts for in-
frequent events such as heavy snow, sleet and
damaging winds are usually limited to periods
not exceeding 24 hours.

For periods up to 5 days, daily temperature
forecasts of moderate skill and usefulness are
possible. Precipitation forecasts to 3 days, at
an equivalent level of sKill, can be made, but-
the skill drops to marginal levels on the fourth
and fifth days.

For periods of more than 5 days, average
temperature conditions for periods from a week
up to & month or season can be predicted with
some slight skill. Day-to-day or week-to-week
forecasts within this time range have not
demonstrated skill. There is some skill in
prediction of total precipitation amounts for
periads of 5 to 7 days in advance; skill for
longer periods is marginal.

Recent theoretical work on atmospheric predict-
ability indicates that the intrinsic properties of
the atmosphere, together with the impossibility of
observing every detail of atmospheric behavior,
impose an upper limit for the prediction of day-
to-day weather changes. This period is believed
to be about one to two weeks, depending on the
criteria used to define a useful forecast. Present
day forecasting accuracy, as cited above, falls
short of the theoretical limit. There are also
limits to the extent of time for which average
quantities such as weekly or monthly mean tempera-
tures can be forecast, but theoretical estimates
of these limits are not available as yet.

Since the general level of forecast accuracy falls
short of theoretical limits, it may be assumed that at least
the same is true for ocean condition forecasts where there is

a greater paucity of input data for the forecasting process.
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2.3.4 Future Weather Forecasting Systems

In order to assess the benefits from SEASAT occean
conditicon data %or the 1985-2000 time period, it was neces-
sary to survey the types of forecasting systems which might
be operational, determine the improvements in forecasting
possible with these systems, compare SEASAT with the other
systems, and determine the probability that the improved fore-
casting systems would be used. This involved the gathering
of gualitative inputs from a number of individuals by inter-
view. These included Gedrge Hammond of Fleet Numerical
Weather Central (FNWC} Monterey, George Francis of FNWC
Norfolk, Robert Raguso of Bendix Commercial Services, William
Dupin of Ocean Routes, ship captains from shipping companies
operating out of New York and New Orleans, Kikuro Miyakoda of
the Geophysical Fluid Dynamics Laboratory, William Shenk of
NASA, and Susan Hellie and A?t Pore of the National Weather
Service.,

In addition to Satellites such as SEASAT there are a
number of other data-gathering methods which could be used in
oceanographiés. These include:

# Data ballcons

# Data buoy sensors

® Commercial aircraft

e Over-the-horizon sea-state radar

e Improved shipboard techniques.
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The general impact of these data-gathering technigques
is, 0of course, better forecasting due to increased observa-
tions. In a comparison of buoys, satellites, shipboard techni-
gues, and radar, Rhodes and Chadwick {11, p. 5C] found system
costs for all technigues to be about equal for similar cover-
age but that "satellites have the special advantage of
routinely gathering data from all oceans of the worlé, not

just the waters near North America." Since complete ocean

coverage is mandatory for a full ocean routing service, the

satellite system has a special advantage in this regard over

all other potential systems.

Increased observations are not the only method to
better forecasting in the future. Computer technology can
provide finer grid resolution over oceans, which is especially
important if the vast guantity of SEASAT data is to be fully
utilized. Also, meteorological R&aD efforts can lead to better
modeling in the form of more realistic initialization of system -
forecasting equations and more realistic equations. As more
data and better mathematical models become available, fore-
casting skill scores of Weather Servicé forecasters improved
from 1950 to the present (See Figure 2.9 from Miyakoda [20,

p. 5??])-

In an interview with Mivakoda, he stressed the need

for better ocean temperature information 1f the present skill-

forecast horizon of 5 days is to be extended to, say, 8 or 10

days. He believes that, with the proper data and models, some
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forecasting skill can be demonstrated for time periods of up
to one month. In~the SEASAT system, sea surface temperature
will be obtained by a microwave radiometer. The advantage
which SEASAT will yield over the.systems of the future in
the area of ship'routing, then, depends partly on this. surface
temperature sensing capability and partly on its extensive
and more frequent coverage.

The 1970 statement of the American Meteorological
Society ;n the preceding section indicated that the limits of
weather forecasting skill have not been reached. Interviews
with the meteorologists mentioned above reaffirmed this
belief today. The ship routers interviewed stressed the fact
that they were anxious to receive better weather forecasts
and felt they could provide better routing service as a result.
Three of the ship captains interviewed expressed skepticism
about the ship routing serwvices, while four claimed they had
experienced some success with it. All captains have routing
services available to them. Some captains alsc feel that
routing suggestions, which sometimes come from thé home office
rat?er than directly from the ship router, infringe on their
freedom of movement. However, it was generally agreed that,
if historical experience shows routed ships experisncing less
delays and damage than unrouted ships, captains will be more
likely to seek and follow fouting suggestions, and ship owners

will be more insistent that they do so.
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The gquantification which resulted from these inter-
views and studies is given in the dry carge study under each
of the appropriate topics.

2.4 Marine Insurance Practices of Shipowners

If SEASAT can be used to route ships around adverse
weather resulting in benefits in reduced damage costs and
operating costs, the question arises: to whom do the benefits
accrue? No attempt was made to answer this guestion in the
preliminary economic assessment performed in 1974, SEASAT Eco-
nomic Assessment [21]). The answer to this question depends on
the competitiveness of the marine insurance industry, the ship-
pPing industry, the distributive and retail industry, and the
original manufacturing industry. Economic theory can show that,
if each of these were a perfectly competitive industry, the
full cost reduction would be passed on to the ultimate con-
SUMErS. For goods on U.S. trade routes, this would mean
imported goods weould be cheaper for the American consumer,

U.S. exports would become more competitive in foreign ﬁarkets,
and foreign trade in general would assume an incrementally
greater role in the U.S. economy.

However, the industries involved are not perfectly
competitive, and only a portion ¢f any true savings will be
passed on to the consumers. An attempt will not be made to
trace out the ultimate savings realized by consumers. Rather,

the more modest goal of measuring the initial distribution of

the benefit will be‘quantified in this section.



2.4.1 The Incidence of Costs and Distribution of Benefits

The previous study, SEASAT Ecconomic Assessment [2117,
contained a brief outline of the marine insurance industry
and insurance rate setting practices in Section 5.2, Maritime
Insurance Rate Economics. The principal point of this
analysis was the fact that marine insurance rates are set
on the basis of experience rather than by expectations or by
general class. Essentially, this means that rates cannot be
reduced immediately for a shipowner when he installs some
new safety feature (such as better ship routing) but only
after experience indicates that the new feature leads to lower
claims. Thus, the initial benefits will accrue to the marine
insurance company to the extent that the owner relies on
premium insurance.

Many shipowners rely on self-insurance (retain the
risk themselves) to meet casualiies and other claims which
arise. In order to assess the distribution of the initial
benefit, it was necessary to get s;ge measure of the ratio of
retained risk to premium insured risk. No such data were
generally available, and preliminary interviews revealed two
problems: a reluctance of shipping companies to reveal their
loss statistics and a great difference of opinien on what
would be the ratio of retained risk to premium insured risk.

Therefore, a mail survey was undertaken to estimate this ratio.
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Mail surveys were sent to 17 major U.S. shipping
companies and oil companies with tanker fleets (5 major U.S.
shipping or oil companies and 2 foreign shipping companies
indigated in a preliminary telephone survey that they would
not be willing to complete the mail guestionnaire). The
companies were guaranteed anonymity, and only the percentage
distribution of premium insurancé and self-insurance was
requested. In response to this survey, 9 questionnaires were
received.

The questionnaires were distinguished by type of vessel:

¢ Container sShips Exclusively

e Dry Bulk Ships

® General Cargo Ships and Combination Container/
General Cargo Ships

e Tankers and Other Ligquid Bulk Ships-.

Figures were reguested for the years 1970 through
1974. An example of each of the guestionnaires is presented
in Figure 2.10, Shipowner Questionnaire. The results of the
survey are presented in Figure 2.11, Summary of Survey Resultis.

Since the sample size is small and possibly not
representative, it should be assumed that great uncertainty
surrounds these figures. The sample representativeness is
questionable because only large shipping companies were
approached, response was voluntary {(shipping companies with
large recent losses might be more reluctant to respond),

there were only 9 companies which responded, and only U.S.
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shipping companies were among the respondees (the U.S. fleet

only carries 7% of all trade on U.S. trade routes).

The number in Figure 2.11, Summary of Survey Results,
are only relative numbers in regard to coverage. The next sec-
tion presents some ipdication of the overall marine insurance

market.

2.4.2 The Market

The composition of the marine insurance market is
difficult to determine because it is an international'market,
casualty statistics are poor or nonexistent, the U.S8. £fleet
is only a small part of the world merchant fleet, and marine
insurance is only a small part of the U.S. insurance industry
(less than 2% of all premiums). For 1973, Best's Aggregates
and Averages [22, p. 34} has for Stock Company underwritings:

5.0% Ocean Mari?e
9.8% Inland Marine
85.2% All Other.

And for the years 1971-1973 the total U.S. marine

insurance market according to the Insurance Advocate was:

Earned Premiums For the Years

(millions)

1971 1972 1973
Stock Company $413 ’ s467 £549
Mutual Company 38 48 46
Reinsurers and Others 20 . 31 - 38

Total Ocean Marine 471 $546 8633



Type Vessel: Container Ships Exclusively

Casualty Category

Percent of All Casualty Costs™*

Covered By

Marine Insurance Self Insurance

Number of Casualties
Involved

Hull 1970

1971

1972

1973

1974

Casualty Costs - for the year in which the casualty occurred, rather than when

payment was made.

Figure 2.10

Shipowner Questionnaire

I8



Type Vessel: Dry Bulk Ships

Casualty Category

Percent of All Casualty Costs¥*
Covered By

Number of Casualties

Marine Insurance Self Insurance Involved

Hull 1970

1971

1972

1973

1974

P&l 1870

1971

1972

19273

1974

casualty Costs - for the year in which the casualty occurred, rather than when

payment was made.

¥

Figure 2.10 Shipowner Questionnarie

(Continued)
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Type Vessel: Gencral Cargo Ships

and Combination Container/Gencral Cargo Ships

Casualty Category

Percent of All Casualty Costs*
Covered By

Number of Cacsualties

Marine Insurance Self Insurance

Involved

Hull 1970

1971

1972

1973

1974

P & T 1970

1871 °

1972

1973

1974

Casualty Costs - for the year in which the casualty occurred, rather than when

payment was made,

Figure 2.10 Shipowner Questionnaire

(Continuned)
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Type Vessel: ©il Tankers and Other Ligquid Bulk Ships

Percent of All Casualty Costs¥*
Covered By
Number of Casualties

Casualty Category Marine Insurance Self Insurance Involved

Hull 1970

1971

1972

1973

1974

P &I 1970

1971

1972

1973

1974

Casualty Costs ~ for the year in which the casualty occurred, rather than when
payment was made.

Figure 2.10 Shipowner Questionnaire (Continued)

¥a



Percent of All Casualty Costs
Covered by Insurapco
Numbexr of
Casuvalcices
Marine Insurance Self Insurance Involved
Tankers
Hull 27.2% 72.8% 1,251
P &I €.3 93.7 3,968
General Cargo
Hull 65.3 34.7 2,195
P &I 26.1 73.9 93,456
Container Ships
Hull 58.7 41.3 399
P &1 18.7 81.3 3,771
Dry Bulk Ships
Hull (Insufficient)
P & I Response)
[Note: Based on responses received from 9 of 17 major U.S. shipping

companies surveyad)

Figure 2.11

Summary of Survey Results,
Practices of Owners

Retained Risk Marine Insurance
(1970-1974)

5]
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However, this is the total marine insurance market,
and it fails to distinguish the source of the premiums classi-
fied by:

® Ocean marine related to mexrchant shipping as

opposed to marine (which would include yachts,
alr cargo, inland waterways, oil drilling rigs
and pipelines, ferries and fishing vessels, and
tugs and barges) ’

e U.S. ships under other flags

e U.S. marine insurance company writings relative
to foreign marine insurance company writings.

A survey of 254 U.S5. flag subsidized vessels {(most
probably an unrepresentative example) for the years 1965 to
1970 by Kirman [34] revealed the following distribution of

insurance premiums:

25.5% Hull
15.4 P & I

59.1 Cargo

106.0 Total Ocean Marine, Merchant
Shipping
and further:
42.2% Total Ocean Marine, Merchant

Shipping
51.8 All Other Marine
100.0 Total Ocean Marine, U.S.
Writings.
For all ships on U.S. trade routes, the Kirman study
{34, p.5] estimated that: only 11% to 15% of the hull insur-

ance would go to non-U.S. insurance companies; 43% of the

cargo insurance would go to non-U.S5. insurance companies.



The American Hull Insurance Syndicate has increased its share
of the hull market since the Kirman study, and it is unlikely
that non-U.$. insurance companies now have more than 10% of
market. On the other hand, the small sﬂare of the U.5. in the
P & I market has shrunk further, and it is conservatively
estimated that non-U.S. insurance companies have at least 90%
of this market.

However, it is still not possible to complete a
construction of the ocean marine insurance market since this
survey and the mail survey of the previous section are not
truly representative and the three cross-classifications are

still lacking.

2.4.3 The Results

As the results of the two previous sections indi-
cate, no final conclusions as to the distribution of the
initial benefits of SEASAT in the ocean routing process can
be estimated because of gaps in the data about the marine
insurance industry and because of deficiencies in the data
available. Nevertheless, a few important conclusions can be
stated:

e All reductions in operating costs due to time
savings will initially accrue to shipowners

@ Of reductions in hull damage to U.S. tankers
73% will initially accrue to shipowners and 27%
to insurance companies

e¢ Of reductions in P & I costs to U.S. tankers
94% will initially accrue to shipowners and 8%
to insurance companies



58

0f reductions in hull damage to U.S. general
cargo ships, 35% will initially accrue to ship-
owners and 65% to insurance companies

0f reduction in P & I damage to U.S. general
cargo ships, 74% will initially accrue to ship-
owners and 26% to insurance companies

0f reductions in damage t0o U.S. container ships,
41% will initially accrue to shipowners and
59% to insurance companies

0f the reduction in P & I costs to U.S. container
ships, 81% will initially accrus to shipowners
and 19% to insurance companies

0f reductions in hull damage to all ships on U.S.
trade routes, 90% of. insurance company benefits
will accrue to U.S. insurance companies, 10% to
non-U.S. insurance companies

0f reductions in P & I costs to all ships on

U.S. trade routes, 1l0% of insurance company bene-
fits will acecrue to U.S. insurance companies,

90% to non-U.S5. insurance companies

Of reductions in cargo losses for all ships on
U.S. trade routes, 57% of insurance company bene-
fits will accrue to U.S. insurance companies,

43% to non~U.S. insurance companies.
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3. BENEFITS TO DRY CARGOC SHIPPING, CGCASE STUDY AND
GENERALIZATION

Estimates of the benefits of SEASAT data to dry
cargo shipping are presented in this section. .Estimates of
the benefits to tankers are presented in Section 4.0. Since
the dry cargo study pertained to shipping on U.S. trade routes
for which there is a large amount of data on casualties,
routing experience, cargo carried, and weather conditions, a
modeling approach was taken to estimate the benefits. The
tanker portion of the study dealt with the world tanker routes
and the world tanker fleet and employed a statistical approach
to estimate benefits.

Forecasts of dry cargo trade f£lows are developed by
7.8. trade route by type wvessel. The damage and time delays
for vessels using these routes were obtained. A specific route
and vessel (container ships on the North Atlantic trade route
#5) were selected for case study. Benefits are estimated for
the case study example. These results are first generalized

to all U.S. trade routes and then to world trade.

3.1 U.S. Trade Route Forecasts, Dry Cargo

In order to provide shipping demand on specific
routes for this case study, for other case studies, and to
support all the generalizations, detailed forecasts were
prepared for all major U.S. trade routes. Four major types

of vessels were distinguished on each trade route:

2 P THE
ODUC-IBIL'_[TY 0
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® Containers

# Bulk liguid (e.g. oil}

e Dry bulk {e.g. wheat)

e Break bulk.

Break bulk ships, sometimes called general cargo
ships, and containers usually carry cargo which is "counted."
Bulk liguid and dry bulk ships carry cargec which is "measured.™"

It was necessary to make estimates cross-classified
by both:

e Major type of vessel

¢ Trade route
because weather-related casualties and operating time losses
vary greatly by vessel type and by location {(trade route).
Also, these losses vary with the time of year. So, where
possible, quarterly data were sought, and weighted vearly

averages were used.

3.1.1 Description of Forecasting System

The econometric forecasting model is presented in
Figure 3.1, the ECON Econometric Forecasting Model. The analy-
sig is first done on a total volume flow by route basis. This
involves summing up the quantities on a route for each year
(formala 1.2, Figure 3.1) and performing regression analysis on
the basis explanatory wvariables such as income, population, and
prices (formula 1.3, Figure 3.1). Variations of formula 1.3

are employed until a satisfactory fit is obtained. <Cross-section
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Formula
R
1.1 z: x = W from X
. rkt kt t
. r=1 ’
KX
1.2 2: b4 = w from X
rkt rt t
k=1
g1 Bz B3 B4 Bs B6
1.3 w = W = oy Ve n. n P P P
t
l.4 a = A T
rt rl ar
t
1.5 B = B T
rt rl br
1.6 W = w a b
rtg rt rtg rtg
Dimensions
i - origin
j - destination
r - trade route i to j or j to i
k - type commodity
h - all other trade areas
t - vear
g - transport homogenecus group

g7
ih

Figure 3.1

The ECON Econometric Forecasting Model



62

Coefficients
o scaling factor which equates units on each side of
equation
B elasticity of exports w (or imports w)} to the variable,
attached
x tons imported or exported, bv route by type commodity by
vear
W tons imported or exported, by route by vear
vy GNP (gross national product}
n population
P price or price index
a market share of imports or exports, by route by major
THG by year, in %
b market share of imports or exports, by route by minor
THG by vear, in %
Matrixes
¥ =~ Basic trade data matrix composed of x's
A - Market share vector, by route by major THG's by year
B - Market share vector, by route by minor THG's by year
T - Basic Markov Transition matrix, by route by major THG's
by year

T - Basic Markov Transition matrix, by route by minor THG's
by vear
DEFINITIONS: [Note: Capital letters indicate a matrix or

vector, ]

Figure 3.1

The ECON Econcmetric Forecasting Model

(Continued)
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and time series data are pooled to provide enough observations
to make reasonable eétimates. So, for example, three South
Atlantic trade routes to Europe may provide twenty subroutes.,
and, with data from three years, there will be a total of sixty
observations (=3x20) from which +o estimate the cﬁefficients.
Subjective judgment must be used at this stage, since it is not
sufficient to obtain the highest coefficient of regression.

The economic theory underlying the final equation must be sound.
The fact that the coefficients (the a's and the B's) can be inter-
preted as elasticities is a useful fact in +this effort. An
elasticity is a ratio of the percentage change in one variable
relative to a percentage change in another variable. Thus a
~.90 elasticity of demand for trade relative to the price in

the other country (B5) means that a 10% rise in the prices of
the other country results in a 9% drop in trade (elasticity

= 5 = 9%/-10% = -.9). When the fit is significant and the
elasticities make economic sense, a useful model has been
obtained for a given route.

Once the model is fit, a forecast of the exogenous
variables (income, prices, and population} is made usually from
a minimum of seven years of past data. This is done for the
section of the U.S. into which the trade flows or from which
it emanates and for the foreign trading pagtner country:

These values are fed into the model successively, aﬁd a fore-

cast is made for as far out as desired. Of course, the
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further out in time the forecast, the greater the forecast error
expected. An example of this output is presented in Figure 3.2,
Example of Trade Route Forecasts,

In addition to the forecast of the total volume, a
forecast of the market sharé by each type of vessel {containers,
break bulk, and -dry bulk - liguid bulk has been ignored here)} is
developed. Liguid bulk estimates are dealt with extensively
elsewhere in this study because of the special importance of
petroleum. The forecast of the market share is done by grouping
the original trade data inte tragsport homogeneous groups (THG).
THG's are defined aé groups of commodities which have charac-
teristics which are similar from a transportation point of
view. These characteristics include the general nature of the
good ({package or bulk, containerizable or not), the density
ilbsjftg} and the value {(dollar/1lk}. This type analysis was
done by Planning Research Corporation for the Department of

Transportation in Transoceanic Cargo Study, Los Angeles,

Ccalifornia, March 1971. A cluster analysis was performed and

nineteen basic THG's identified. These are preseated in

Figure 3.3. A mapping exercise was then performed which mapped

the commodities in the U.S. Bureau of the Census Series A and
Series B into the THGE's. The mapping: which was not comgplete
because of new codes, was updated by criteria in the New York

Port Authority Containerization: Full Speed Ahead and in

Litton Systems, Inc., Oceanborne Shipping: Demand and Techno-

logy Forecast, Culver City, California, 1968. A portion of




Forecasts of Trade on U.S. Trade Routes Excluding Liguid Bulk Commoditias

(Imports - in mil, 1bs}
U.8. North Atlantice Trade Routoes
Yecar ) 05 06 07 c8
History
1873 . 3,567 5,387 3,194 6,622
{$ per 1lb.} . 243 .047 .223 .189
Forecast
1385 .6,696 11,017 6,411 12,8598
1986 6,915 11,857 6,840 13,682
1987 7,142 A 12,699 7:299 14,558
1988 7,374 13,600 7,788 15,489
1989 7,615 14,566 8,310 16,481
1990 7,864 15,600 ‘8,866 17,535
1991 8,120 16,708 9,460 18,658
1992 T 8,386 17,894 10,094 12,852
1993 8,660 19,165 10,771 21,122
1994 8,843 20,525 11,492 22,474
1995 9,235 21,983 12,262 23,912
1996 9,536 23,543 13,084 T 25,443
1997 9,848 ’ 25,215 13,960 27,071
i998 10,170 27,005 14,896 28,804
1999 10,502 26,923 15,594 30,647
2000 - 10,845 30,976 16,959 32,609
Grewth Rate ’
Forecast,
1973-2000 3.3% 7.1% 6.7% 6,43

Figure 3.2 Example of Trade Route Forecasts




Critertia

Value Per Pound {in dollars)
Denszit - -

THG Numbor Type Vessel (1bs/ft Exports Imports
i3 Container, Reefar 40 0.11 .28
2 Ccontainer 40 0.25 0.219
3 Container 75 1.25 0.446
4 Container 20 1.07 0.793
5 Container 150 0.62 0,522
& Container 15 7.602 1.4989
] Bulk Laiguaid 50 0.007 0.007

10 Dry Bulk 280 0.010 0.005
11 Dry Bulk 50 0.005 0.005
12 Dry Bulk, Perishablet ' 50 0.024 3.027
14 Dry Bulk 200 a.087 0.007
16 Dry Bulk, Perishable 40 0.046 0.098
20 Break Bulk 5 1,345 5,004
{live animals)
21 Break Bulk 200 0.078 0.049
22 Break Bulk 30 0.021 0.025
23 Break Bulk 30 0.086 0.05¢9
24 Break Bulk 50 0.228 0.073
25 Break Bulk 30 ¢.097 0.220
26 Break Bulk 30 1.033 0.705
Source: Planning Research Corporation [31])

Figure 3.3

Transport Homogeneous Commcdity Groups (THG)
|

99
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the completed map is presented in Fiéﬁfe 3.4, Tﬁe Debartmeﬁt
of Transportation T?ansoceanic Codes (DOTTO) appear in the
Figﬁre although they were not used in these forecasts.

From this effort, major groupings of commodities,
called major THGs, are identified (groups of commodities which
would be transported by container, ligquid bulk, dry bulk, and
break bulk ships, respectively). There are.also minor THGs,
which are clusters of commﬁdities within the major groups.

An example of how these trade data are finally grouped

by route, by year, and by major and minor THG, is presented in
Figure 3.5, Example of Computer Qutpuit, Trade Route #5,. The
output in Figure 3.5 is an example of the final form in which
the trade data are used. There is a series of six computer
programs that are used to generate the ship forecasts, and
Figure 3.5 is output from the second of these programs.

The six computer programs in the system are:

1. SAT 1 - grcocups the monthly data, provided by

MARAD from their TRACE program which processes

Bureauw of the Census data into annual data

2. SAT 2 -~ groups trade data by route by year by

THG

3. SAT 3 - calculates market shares by route by vear
by THG

4. SAT 4 -~ makes forecasts of market shares by vyear

by route by THG

5. BS8AT 5 - prepares trade data and country data for
regression analysis

6. SAT 6 - makes forecasts of trade volume by route
by vear.



Imports Exports
A DOTTO THG B DOTTO L¥NG
00l 001 20 001 001 20
011 =« 011 01 011 011 al
g1r2 014 Q2 012 014 Q2
013 014 02 013 014 02
22 999 02 . 022 999 a2
023 Q27 01 023 027 ¢l
024 024 02 025 025 02
025 025 02 031 034 Q4
031 999 Q1 031 034 04
032 034 04 032 034 04
041 041 12 033 033 01
042 042 23 041 041 12
043 043 12 042 042 23
Cc44 044 12 043 043 12
045 999 12 044 044 2
046 047 22 045 999 12
047 050 23 0456 047 2
048 999 23 ‘047 050 23
051 999 0L 048 999 22
52 0586 02 051 999 gl
Q53 8999 02 052 058 02
054 ggg o1 053 999 ol
055 0632 02 054 ' 999 g1
061 959 23 055 064 o2
] Q62 066 23 06l 999 23
- 071 076" 25 062 066 23
072 999 23 071 076 25
073 079 02 Q72 99 25
074 074 02 . 0673 076 23
075 075 02 074 074 02
07¢ 074 02 Q75 Q75 02
081 999 22 08l 081 22
091 091 0l 091 09l . 01
09% 099 02 11l 111 02
111 111 02 112 112 02
112 112 g2 121 : 121 04
122 122 04 211 211 25
211 211 25 212 212 06
Figure 3.4 Cross-Classification of Schedules A and B,

Department of Transportaticon Transoceanic
Code, and Transport Homogensous Groups



Containers

THG Total (3%} Total (lbs} U.s. (35 U.S. (lbs)
1973 27275453. 68359901. 18849049, 46219892,
1 1972 12587126, 59702661, 7522559, 32848905,
- 1971 9663248, 78949842, 4610802, 37972405,
1973 358743075, 720458086. 154817551, 302503487,
2 1972 337666627. 633731219. 140332074, 268693768,
1971 409522445, 697234204. 166548542, 278234436.
1973 40261382, 136655090, 321839002, 148202943,
3 1972 37278115. 116426756. 27340545. 105907291,
1971 44125398. 115638447, 25848313. 83446829,
1973 110525558, 439936990. 108791612. 484109809.
4 1972 1 96847530. 421994878 99707661, 438376645,
1971 142648424, 439657912, 132543017. 391476637,
1973 8279685, 43743871. 7450231. 52513755.
5 1972 6727207. 29100436. 4488517. 44257914,
1971 7279480. 25789105, 4382180. 36779852.
1973 49299529, 147829036. 48285006. 161311668.
6 1972 53654661, 132963942, 46243870, 122986847.
1971 66624747, 126131263. 47624397, 94743033,

Bulk Liguid
1973 9. 98602000. 0. 991317.
8 1972 0. 121327920. 0. 1375008.
1971 0. 45669619, 0. 33350%.
Dry Bulk

1973 1102807. 1554737. 305465. 640716.
10 1972 4876641, 5528535. 3608916. 735670,
1971 234729. 4483902, 39960. 381318,
1973 50212354. 648048082, 1169651. 26104092,
11 1972 104268053. 224148357, 1403221, 11272463,
1971 9780687, 1204170956, 266562. 8715606.
1973 &616000. 616000. 3219¢0. 32190.
12 1972 0. 0. 0. 0.
1971 0. 0. 0. 0.
1973 25929395, 48184070. 2924713, 5972145.
14 1372 20971924, 3si86840, 2512760. 4112565.
1971 187655561, 44477400. 2030676. 3682208,
1973 106680, 113857, 16107, 18499,

1 1972 623479. 660548. 70732. 74397,
1971 637903. 638945. 65617. 6562013,

Figure 3.5

Example of Computer Output, Trade Route #5
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Break Bulk
THG Total (%) Total (lbs) g.s. (%) U.3. (lbs)
1973 0. 267290, o, 20864,
20 1372 0. 24006, a. 1083358.
1971 0. 28211. 0. 2784?.
1973 14019160. 375521898, 3310679, 35018738.
21 1972 125798586, 41136537¢. 3562601. 33560973,
1971 15325269. 673894111, 4231159. 47753317.
1973 205259592, 2523527938. 7202785, 17092484,
22 1972 18014542, 39758573, 3014849, B022738.
1971 12959184, 39523133. 2050784, 5238001.
1973 . B62012151. 350268541 25036660. 79777685,
23 1972 47345672, 150605668. 19840277. 5279%237.
1971 3s5900888. 126843290. 14340417, 4114778%,
1973 32529896. 1168832209, 2969226, 27222801L.
24 1972 24814431, 111667432, 6711278, 22007752,
1971 18585669. 89851261. 4005112. 17589427.
1973 399067272. 129484544, 23823819. 77965430,
25 1972 40139113, 106165542, 24366928. 55364420.
1971 46243823. 99491492. 25189381, 48494293,
1273 23762581, 869368765. 21646368, 114637921.
28 1972 25740149. 81453297, 22596555, 90265745 .
1971 39894237, 14482898]. 26930527, 930783399.
Totals
1973 865508947, 3665781905. 465815004. 1580656438,
1972 844135225, 2684811989, 410076143. 1222770707.
1971 878191692, 3957402094, 460707451. 11872658177.

Figure 3.5

provide flexibility in operation.

run to update portions of intermediate data,

Example of Computer Cutput, Trade

(Continued)

Route #5

It was necessary to develop six separate programs to

Individual programs may be

or the individual

programs may be run in varyving sequences depending on the

specific goal.

The market shares to the individual THG's are genera-

ted by processing the output of SAT 2 through SAT 3 and SAT 4.
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SAT 3 converts the shares realized in the past into percentage
figures., Many trade forecasting schemes use these given

percentage figures or constant shares as the norm for fore-

casting shares. However, this is unreasonable since the
shares are evolving over time. Therefore, the rate of transi-
tion is estimated using a Markov model. Transition matrices

for major THG's (Tar) and minor THG's (T r} are estimated in

b

SAT 4 by a classical restricted least sguares estimation method
which employs a standard guadratic programming algorithm. The

alternative estimating procedures are discussed in Lee, Judge,

and Zellner, Estimating the Parameters of the Markov Probability

Model from Aggregate Time Series Data, Amsterdam: North Holland

Publishing Company, 1973.

The market shares for the major THG's and the minor
THG's are calculated by S$AT 5 using formula 1.4 and 1.5,
respectively, from Figure 3.1, The ECON Econometric Forecasting
Model. The actual volume of trade in any category may then
be derived by a simple multipiication of the appropriate elements
according o formula 1.6. If the forecast is for a very long
time, it may not be necessary to raise the transition matrix
to power t. Rather, since the matrices are regular ergodic
chains, the long-run limit is derived analytically by some
basic algebra. BAn example of this type of output from SAT 4
is presented in Figure 3.6, Detailed Forecast by Trade Route,

Imports.
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05
1973 18985-2000 1973 1485-2000
Share Share** Share Sharex*

Container Share of Total* 37.9% 46.3% 25.1% 25.7%
1 Container, Reefer 5.0 7.2 25.3 32.1
2 _Container 48.0 50.6 28.4 ~-5.6
3 Container 7.7 8.4 6.2 8.8
E] Container 29.2 25.1 17.8 19.2
5 Container 1.6 2.2 12.3 14.3
) Containoerx 8.5

Drxy Bulk Share of Total* iz, 1, 20.3 22,5 21.7
10 DPry Bulk .8 2.2 33.2 21.0
11 Dry Bulk 9.0 as.8 66,1 7r1.0
12 Dry Bulk, Perishable 0.0 0.0 0.0 0.0
14 Dry Bulk - 0.0 0.0 0.0 6.0
16 Dry Bulk, Perishable 0.0 0.0 0.0 0.0

Break Bulk Share of Total*¥* 30.0 33.4 52.4 52.6
20 Break Bulk {(live animals) 0.1 0.0 0.0 0.0
21 Break Bulk 50.3 54.6 13.4 17.1
22 Nreak Bulk 3.9 4.0 42,1 44,1
23 Broak Bulk 12.5 13.2 31.7 35.2
24 Break Bulk 8.9 8.6 8.5 2.4
25 Broak Bulk 9.7 7.2 8,2 2.0
26 Break Bulk 14.4 17.4 1.1 1.2

Totalwexcluding Liguid Bulk
Forecast Share

Figure 3.6

Detailed Forecast by Trade Routes,

Imports

[A
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This ovérall scheme for deriving the forecasts is
illustrated in Figure 3.7, ECON Foreign Trade and Ship Fore-~
casting Svystem with Data Base. The basic data in the ECON
system consist of:

1. The cross-clasgification table of series A & B

2. The route-by~route trade tapes with monthly
A & B data from the MARAD TRACE program

3. Income, price, and population data.

There are two lines of development in the system:

i. SAT 2 - SAT 5 - SAT 6 which leads to a forecast
of the total volume of trade by route (see

Figure 13)

2. SAT 2 - SAT 3 - SAT 4 which leads to a forecast
of market shares by route by THG (see Figure 17).

3.1.2 U.S5. Trade Route Forecast.Results

Using the forecasting system as described in the
previous section, forecasts were made for all U.S. trade routes,
imports and exports, 1985-2000; total flows; and market shares,
to each THG. The results for the total flows and market shares
are presented in Appendices A through D.

The data used besides the U.S. Maritime Administra-

tion trade tape data, 1971-1973, included:

e¢ N = Population (in millions) [1967-1973] obtained
from:
Department of Economics and Social Affairs,
U.N. Monthly Bulletin of Statistics, N.Y.:
U.N., February 1975, pp. 1-4.

e Y = National Income {(millions of_U.S. dollars)}

{constant base year: 1963) ([1967-1973]
obtained from:

REPRODUCBILITY OF THE
ORIGINAL PAGE I8 POOR
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Department of Economics and Social Affairs,
U.N. Yearbook of National Accounts Statistics,
N.Y.: U.N., 1973, Vol. III, pp. 8-12.

Department of Economics and Social Affairs,
U.N. Yearbook of National Accounts Statistics,
N.¥.: U.N., 1972, Vol. III, pp. 8-12.

e. P = Price Index {(base: 1970=100) [1967-1973]
obtained from:

Department of Economics and Social Affairs,
U.N. Monthly Bulletin of Statistics, N.Y.:
U.N., February, 1975.

The forecasting systém is capable of handling esti-
mation at the minor route level, the major route level, or the
trade area level. The present forecast was made at the trade
area level. The grouping of trade routes is presented in
Figure 3.8, Definition of Trade Areas. By pooling cross-section
and time series data for 1971-1973, the basic import and export
equations were fitted. The results are presented in Figures

3.9 and 3.10, Forecasting Eguations, Exports, and Imports. Data

from the income, price, and population series for each country
were grouped to provide income, price, and population series
for each trade route for 1967 to 1973. These time series

were extrapolated using the basic exponential growth equation:

At
¥ = A e

where Y was the income, price, or population series to be extra-
polated; A was the growth rate estimated from the 1967-1973
data; and t was time. These results, together with the Fore-

casting Equations in Figures 3.9 and 3.10, were used to generatea
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Trade Areas

Trade Routes

U.S. North Atlantic

1 05 06 07 08 09
2 10
U.5. South Atlantic and Gulf
3 11 21
4 13-
U.S5. Pacifie
a 26
6 43 65
7 38 53
8 24
g 25
10 37 38 83
U.S. Toral
11 04 19 23
I2 71 72 77 78
13 85 86 87
. 14 ls 27
15 17 91 a2 93
U.S8. Atlantic and Gulf
16 41 42
17 51 52
18 35 36 81 82
19 12 18 22 28 29 .
20 01 20
21 02 31
U.S8. Great Lakes
22 32 34
23 33 80 84
24 54 55 Se 59 60 8¢9
25 61
26 .58

Figure 3.8

Definition of Table Areas.
Routes is presented in Appendix E)

(A List of U.S.

Trade



Trade Area Groupings Forecasting Eguations R
~0.92 0.46 0.74
Trade Areas 1,2 W =138,4 P 8 Y .82
U.s5. HR HR
3,12 0.5
Tracde Areas 2,4,18 W = 57.89 Y P .48
. u.s. HR
1.82 1.23 0.48
Trade Areas 5,7,8,9,10 W =-682,2 N b'4 P .49
u.s. IR H
4.72 0.58
Trade Area 11 Ww = 22,174. ¥ P .55
U.S. HR
, 2.13 .72
Trade Ahrecas 14,15 W = 1,922, Y Y 79
u.s. HR
54 .29 1,40
Trade Areas 16,19,20,21 W = 37.44 n’ b4 P .72
0.5 HR HR
1.92 2.04
Trade Areas 22,23 W = 2.084 Y N .69
Uu.s. HR
where U.S. = United States Area
HR - Dther Trading Partnerx
H - All Other Trading Partners

Figure 3.9 TForecasting Equations, Exports

LL



Trade Areca Groupings Torecasting Equations R

C. 068 .21

Trzde Areas 1,2 W = 2,780, P N .68
m.s. HR
~0.14 1.07

Trade Areas 3,4,18 W = 415.9 P Y .78
HR HR
0.95 ~-0.72

Trade Arcas 5,6,7,8,9,10 W o= 3.486 N P .75
HR HR
-0.36 1.09

Trade Areas 11,12 W = 1524, P Y .68
HR Hit
2.33 4.83 0.92

Trade Areas 13,25,26 W = 25.99 P N .58
.8, v.s5. HR
0.46 -0.27

Trade Areas 14,15 W = 2,884. N P .84
HR HR
0.37 2.88 -0.91

Trade Areas 16,17 W o= 2.625 P Y -89
u.s. u.s. HR
1.36 -1,65

Trade Areas 19,20,21 W= 1,232, Y P .B2
HR HR

s -1.03 0.73

Trade Areas 22,23,24 W o= 162.1 P b4 .70
HR HR

where U.S. - United States

IR

Other Trading Partnors
Al)l Othexy Trading Partners

Figure 3.10 Forecasting

Eguations, Imports

8L
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forecasts on all U.8. trade routes. The final results are
presented in Appendix A and Appendix B.

Market shares were also forecast with the same U.S.
Maritime Administration trade data using the methodology
discussed in the section above -~ Description of Forecasting
System. The above forecasts were generated for the major THGs
but the forecasts for minor THGs were not developed at this
time. These results are presented in Appendix C and Appendix D.

3.2 The Cost Parameters of Weather-Related Casualties
and Time Delavs

In order to estimate the reduction in weather-
related damage and time loss possible with SEASAT, it was
first necessary to ascertain the present adverse weather
damage, damage costs, time losses, and operating costs as a
function of time. A number of organizations make available
useful statistics. These include: —

¢ The U.S. Coast Guard

e The U.S. Salvage Association

® Lloyd's Register of Shipping

® Ocean Routes, Inc.‘

The first three organizations provide casualty data,
and Ocean Routes keeps extensi;e computer records of ocean
crossing times of routed and unrouted vessels. Numerous other
sources of casualty data of various sorts are available, and a

survey of these sources may be found in the Panel on Merchant

Marine Casualty Data, Merchant Marine Casualty Data [231].
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3.2.1 Expected Damage Costs by Vessel Type by Location

Because the satellite data will be used to avoid
adverse weather damage, it was necessary to distinguish casualty
statistics by:

e Cause (adverse weather or otherx)

® Vessel type

e Location of casualty

e Population of ships on average in casualty
location.

This is necessary since adverse weather damage costs
would vary with the type vessel while the probability of
adverse weather varies with the location. In order to develop
the probability figures needed, it is also desirable to have
the population of ships (or "ships at risk" averaged by
locations) £for which casualties are known.

Unfortunately, there is no set of data available with
all four variables specified at the present time. Lloyd's
Register of Shipping is preparing such a study but does not
expect the report to be available until summer of 1976.

The U.S. Salvage Association (USSA) keeps extensive
computer files on casualties and was able to generate casualty
data cross-classified by 3 of the 4 wvariables: cause, vessel
type, and location. The USSA is the technical arm of the
American Hull Insurance Syndicate (AHIS) which may have approx-~
imately 1,800 ships under coverage at any one time. Since the

AHIS has no specific information on the location of each of
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these vessels, the population by location could not be obtained.
The alleged causes included:

e Groundings

® Collision - object

® Collision - ship—to-ship

@ Heavy weather damage (e.g., wave damage to hull)

e Material Failure, Vessel Structure, and Equipment

o All others.

The USSA coding includes many more categories of
alleged &auses than the five specifically selected, but a check
cf a U.8. Coast Guard tabulation indicated t@e first five
alleged causes are especially weather sensitive (i.e., more
likely to occur in adverse weather than casualties duve to
other causes). The tabulation was done for the period 1970 to
1974 inclusive for the alleged causes listed above, for major
vessel types (grouped into 26 types for this special study), and
for all major ocean shipping locations. The complete results
are presented in Appehdix F, Casualty Costs.

The results of this study provided absolute levels
of casualty costs. However, there was no simple way to esti-
mate the probability that a casualty would occur. The figures
used in the case studf below are therefore based on the inter-
views mentioned above with ship captains, marine insurance
brokers, and shipping company personnel. 3also, a study of ship
damage to 100 dry cargo ships over a one-year pe;iqd was con-

ducted in 1963, for American flag 'ships on all major routes
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- {see Townsend and Hamrin [2%]). These vessels experienced 312
casua}ties over this one-year period. The two most costly casu-
alty causes were bottom damage in adverse weather (22 casualties
with reﬁair costs of $440,574, 1963 dollars) and striking

piers and docks (56 casualties with repair costs of $458,776,
1963 dollars). These two categories together account for 40%

of all casualty costs incurred by the 100 ships during the vear.
However, strikes at piers and docks is a casualty type which can
not benefit from the use of satellite data in the routing pro-
cedure examined in this study. This is true of most casualties
since the vast majority occur at the entrance to ports and
harbors or at piers and docks. Their prevention requires

better "local" weather forecasts.

This study, together with the interviews mentioned
above, led to the conclusion that only about 10% of all
casualties can be attributed to adverse weather in the open
seas. For example, of the 312 casualties experienced by the
100- vessels in one year, perhaps 25 to 35 of these would fall
into this category. This implies:

e The probability of a dry cargo vessel experiencing
an adverse weather-related casualty on the open
seas in one year is about 30% (or a ship can
expect to incur such a casualty almost once every
three years).

This figure is a rough estimate for all U.S. trade

routes based on subjective experience. Since the severity of

the weather varies by route, special attention was given tc the
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North Atlantic trade route for which the case study was con-
ducted. This route is more ftreacherous than most others and
the probability of such an adverse weather casualty was roughly
estimated (by comparison with the conclusion im#ediately above)
to be about 33% by those interviewed. It is this 33% figure
which is used in the case study example.

3.2.2 Expected Time Losses by Trade Route

In an attempt to estimate the reduction in delay
time possible due to ocean routing, time and distance figures

were collected by route, by direction, by season, and by vessel

type for routed and unrouted vessels. The number of ships in
each sample group and the standard deviations in delay time

were also compiled.

The study was restricted to four basic vessel types:

Vessel Type Rated Speed Operating Cost/Day
Tanker : 15.5 knots $13,000-15,000
Freighter 19.5 knots 12,000-~18,000
Container ) 22.5 knots 16,000-30,000
Dry Bulk 15.0 knots 10,000-14,000

The routes examined included:

e Pacific

a. Pacific Northwest to Japan and Return
b. West Coast (California) to Japan and Return
c¢. Panama to Japan and Return

¢ Atlantic

a. East Coast to Northern Europe and Return
b. East Coast to the Mediterranean and Return
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o Gulf of Mexico

a. U.8. Gulf to Northern Europe and Return
b. U.8., Gulf to the Mediterranean and Return.

Information was collected by Ocean Routes, Inc., for
ships which they routed and fox unrouted ships from routine
weather reports from ships on the same xoutes. The complete
results of this tabulation {mean distance, mean time, sample
size, and standard deviation of mean time) are presented fox
each route in Appendix G, Ocean Crossing Times.

The mean distance and mean time figures may be
directly analyzed. But a few points can be made about the
standard deviation figures:

@ The standard deviations on some routes are unusu-

ally large. This is due to the small sample
size that was available for some ship types {(nota-
bly unrouted container ships).

# Ships which are weather routed, generally., tend to
deviate less from the mean than those which are
unrouted.

e Smaller deviations cccur for contaiper ships and
freighters. The main reason for this is that

their gpeed:

a. Enables them to more masily go arcund weathsey
sSystems.

bh. Often allows them to stay in front of a
weather svstem.

c. Allows them to more guickly pass through a
weather system if they are unable to aveid it
completely.

e The tankers and bulkers have greater deviations
from the average because of their slow speed,
. which both makes it more difficult for them to
avoid weather systems as well as exposing them to
a greater number of weather systems because of
their longer voyage times.
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The identical route was not followed in each case, and
care must be used in the interpretation of the figures. & check
can be ﬁade against the difference in the absolute level of
crossing time by use of the average speed in knots. Theoreti-
cally, if routed ships are aveoiding adverse weather more +than
unrouted ships, their average speed should be proportionately
higher regardless of the exact route. Sometimes ships may rely
on routing to pass through the edge of storms if they can shorten
their total distance travelled. In this case their average speed
can be as slow as or slower than unrouted ships but their distance
traveled can be much shorter. The use of these figures is made
directly in the case study in Section 3.3.

3.3 The Case Study

In order to gauge the impact of SEASAT weather data
more specifically, a case study on a single route for a single
ship type was conducted. A model was designed to estimate the
benefits of these data in the chosen case study. The previously
collected casualty costs, delay time, and shipping forecasts
were drawn upon to guantify the variables within the model.
Where subjec?ive estimates were reguired, specialists in the
present routing procedures were called upon. These included
personnel at Ocean Routes, Inc.; Bendix Commercial Services,
Inc.; FNWC Norfolk; FNWC Monterey; and ship captainé and
personnel from shipping companies using the routing procedures

on the case study route. The results of the case study are



86
presented in Section 3.3.4. The summary of the case study
results and their generalization are presented in Section 3.4.

3.3.1 Introeduction

Benefits to SEASAT on the case study route had to be
measured against some bhaseline value. Two baseline values were
constructed:

1. Baseline I, the present system - the 1973 dollar
cost, for one-way crossing, of casualty and delay
times due to adverse weather, assuming present
ocean crossing weather-related procedures do not
change.

2. Baseline II, the modified system - the 1973 dollar
cost, per one-way crossing, of casualty and delay
time due to adverse weather, assuming present
occean crossing weather-related procedures are
improved.

The equivalent 1973 dollar cost is calculated assuming
the availability of SEASAT. The differences between this value
and the two baseline values give alternative estimates of the
benefit in the case study example. By comparing the characteris-
tics of the case study route to the rest of the U.S. trade
routes, a generalization of these results is made.

The estimation of the case study benefits ‘involved the
estimation of several variables for most of which only rough
figures were available. It was not possible to quantify the
uncertainty surrounding all the estimated values. However, the
variation in the delay time was guantified and the impact is

presented in Appendix G. This variable was chosen because of

its central importance in the study. But it is not sufficient
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by itself to yield an estimate of the wvariation in final bene-
fits estimated.

3.3.2 Selection of Trade Route and Vessel Type

There is no representative trade route and vessel type.
This is because of the diversity among the limited number of
types of vessels and because of the variation in conditions on
the important U.S. trads routes. Thus, a selection could not be
made on the basis of representativeness. The estimates of the
benefits were made from a selected trade Qoute and vessel type:
and the results were generalized by taking note of the differ-
ences on the routes and vessel types mot included in the cases.

The route selected was trade route number 5, U.S.
Morth Atlantic to United Kingdom and Ireland. The vessel type
selected was the container ship. These selections were based
on the proximity pf routers and shipping companies which use
this route and  on the fact. that the trade was of a substantive
size and value in recent years.

3.3.3 The Model and Input Data

The principal inputs in.the calculation of the
casualty and delay cost due to adverse weather were:
¢ The probability that routing is receivad
¢ The probability that routing once received is
employed (the recommended route is often not
followed)
¢ The probability that bad weather is encountered

# The probability that a casualty is incurred

¢ The expected delay time.
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A network model was developed to quickly process the

various permutations and to generate the expected delay time

and the expected probability of a casualty in each systen.

This model is illustrated in standard network pProgramming
notation in Figufe 3:11, Case Stﬁdy Weather Casualty/Ocean Cross-
ing Model.

To get the final results, it is necessary to multiply
respectively by:

1. The cost per hour of delay time

2. The cost per casualty

The data collected and used as input in the model are
presented in Figure 3.12, Model Input Data.

The data were developed as follows. Entries in 1 and
2 of Figure 3.12 were derived from interviews with the ship cap=-
tains and ship routers mentiocned above. Entries in 3 and 4
were derived from- interviews but also verified by examination of
the ship crossing times from Ocean Routes presented in Appendix
G. it can be noted from those data that the average speed (as
measured in knots) of routed ships is slightly faster than
unrouted ships, indicating that the routed ships most likely spend
less time in bad weather. Entries 5 and 6 were derived by inter-
view, and under certain assumptions. As indicated in Section
3.2.1, the probability of casualty can not be derived f?om pub-
lished sources because of the lack of total population figures
where a specific number of ships record casualties. Roughly,

a ship can expect a significant casualty to occur once every
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Routing Received

A. Present System - 80% yes, 20% no.
B. Modifjed Present System - 85% yes, I5% no.

C. SEASAT Aided System - 90

oo

ves, 10% no.

Routing Employed

A. Present System.- 70% yes, 30% no.

-3

B. Modified Present System - 75% yes, 25% no.

— —_—

C. SEASAT Aided System = 80% yes, 20% no.

Bad Weather Encountered - With Routing

A. Present System - 30% of the time.
B. Modified Present System - 28% of the time.
C. SEASAT Aided System - 25% of the time.

Bad Weather Encountered - Without Routing

A. Present System - 33% of the time.

B. Modified Present System - 31ls of the time.

C. SEASAT Aided System - 31% of the time.

Casuvaliy Incurred - In Bad Weather —

A. Present System - probability is .025
B. Modified Present System - probability is .025

C. SEASAT Aided System, - probability is .025

Casualty Incurred - No Bad Weather
A, Present System. - probability is .0027
B. Modified Present System - probability is .0027

C. SEASAT Aided System - probability is .0027

Figure- 3.12 Model Input Data
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http:Figure-3.12

7. Delay Time - With Routing and With Bad %Weather

A. Present System --delay time is 23 (high) hours
5 (low)
14 (most likely)

B. Modified Present System - delay time is
-23 (high) hours

5 (low)
13 {(most likely)

C. SEASAT Aided System ~--delay time is
20 (high) hours
2 (low)
11 (most likely)}

8. Delay Time - Without Routing and With Bad Weather

A. Present System -~ delay time is 26 (high) hours
8 (low)
17 (most likely)

B. Modified Present System - delay time is
: 25 (high) hours

7 (low)
16 {most likely)

'C. SEASAT Aided System - delay time is
27 (high) hours
7 (low)
16 {most likely)

9. Pelay Time - Without Bad Weather -
A. Present Systenm

{1) With casualty - delay time is -

: 11 (high) hocurs

5 {low)
8 {most likely)

(2} Without Casualty ~ delay time is
. 0 (high) hours
. 0 {low)
0 {(most likely)

Figure 3.12 Model Input bata (Continuad)
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" B. Modified Present Systen . ) !

{1} With Casualty - delay time is .
11 (high) hours
5 {low)

8 (most likely)

{2) 'without Casualty - delay time is

- 0 {high) hours
«0 {low)
0 (most likely)

C. SEASAT Aided System

(1} Wwith Casualty - delay time is
. 11 (high} hours

5 {(low)
8 (most likely)

(2) Without Casualty -~ delay time is

6 (high) hours
0 (low)
- ’ 0 (most likely)

30. Minimum Crossing Time

A. Present System - 145 (high) hours
) 145 (low)
145 (most likely)

B. Modlified Present System - 145 {high) hours
145 (low)
145 (most likely)

Figure 3.12 Model Input Data ({(Continued)

three yvears, and it is highly probable that the casualty will
occur in adverse weather. It was thus assumed that a con-
tainer ship could normally complete 40 one-way ocean crossings

in one year, that the probability of incurring a casualty in

one year is .33, and that the ratic of bad weather casualities to

good weather casualties is 9 to 1 (or 3 to 1/3). The respective °
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Bayesian probabilities that, if a casuwalty occcurred, it occurred
in bad weather, lead to

(3 (.33) (1/40)

It

.025
and in good weather

(L/3) (.33)(1/40) .0027.

1l

Delay times were calculated frem 27 unxouted and 238
routed crossings of the North Atlantic by container ships. The

respective crossing times were:

I+,

162 hrs. 8 hrs. - unrouted crossing
159 hrs. ¥ 10 hrs. - routed crossing.

Therefore, the gifference and the standard error of
the difference are:

3 hrs. ¥ 1.67 nrs.

This means there is a significant difference in
routed and unrouted times at the 93% level of confidence.
However, the data are taken from ships which may have followed
slightly different rouktes. If we take the average speed on
these crossings, we find:

20.2 knots - unrouted ships

20.4 kxnots -~ routed ships
Thus, there is a one perxcent gain in speed foxr routed ships which
would indicate a relative gain of a Bit less than two hours.
Therefore, it was felt that the estimate of 3 I 1.67 hours was
a reasonable figure. This 3-hour difference with bad weather
represents the difference between delay time for unrouted and

routed ships (17 hours minus 14 hours). The levels were
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gotten directly by taking the (average actual crossing tiﬁe)
minus (crossing distance divided by average épeed, 22.5 knots).
The high and low ranges are approximately one standard devia-
tion. From interviews, it was estimated that improvements in
the present system were possible but that the present routing
gain could not be duplicated. Therefore, it was assu#ed after
interviews that a modified version of the present system could
result in a reduction in percent of time that bad weather was
encountered of 2% {e.g., from 30% to 28%) and a reduction in
delay time of 1 hour (e.g., from 14 to 12 hours). This is
consistent with the rate of progress in forecasting indicated
by the International Meterological Society in Section 2.3.3.
Marked improvements can be made in forecasting if sea surface
temperature can be obtained such as with the microwave
radiometer which is expected to be on the operational SEASAT
from 1985-2000. Assuming this advan;age from SEASAT and other
data-gathering capabilities discussed above in this report, it
was assumed that the previous gazins from routing could be dupli-
cated in avoiding bad weather (bad weather encountered 25%,
versus 28% without SEASAT) and avoiding delay time (11 hours
delay, versus 14 hours without SEASAT).

It was assumed that each container ship carried 17
thousand tons per crossing, that the total flow of cargo on
trade route 5 was as indicated in the trade route forecasts of
exports‘énd imports, and that the market share of 31.4% weighted

by respective export and import volumes for containers on this
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route would be realized as forecast in the market share analy-
sis. The study of casualties provided by the U.S. Salvage
Association indicated 43 reported casualties over 1971 to 1974
for container ships on the North Atlantic trade route, with an
estimate of damage of $320,023 per casualty. This figure was
used as a representative 1973 dollar estimate of the cost of a
casualty. The 1973 dollar estimate of the coszst of delay time
was $750 per hour ($18,000 per day).

Thus, the principal formula used in the case study

is:
TC = OC(DT)+CC(PC)
where
TC = total cost per crossing due to adverse
weather
OC = Operating Cost ($ per hour)
DT = Delay Time (hours per crossing)
cC = ﬁxpected Casualty Cost ($ per casualty)
PC = Probability of Casualty (probability per
crossing) )
with DT and PC being the outputs of the network
model.

The results of the case study and the generalization
are presented in the next two sections.

3.3.4 The Results

The results of the model described in the previous
section indicate the following. The cost due to casualties

and delay time because of adverse weather under the present
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system is $6,751 per crossing in 1973 dollars. The modified
system figure is $6,038, and the SEASAT figure igs $5,311.

These model outputs are summarized in Figure 3.13. Also pre-
sented in the Figure are the high and low values due to uncer-

tainty surrounding the expected delay time.

Thus, the benefits to SEASAT are:

1. $1,440 per crossing in 1973 dollars, SEASAT
versus present system.

2. $727 per crossing in 1973 dollars, SEASAT versus
modified system.

The present system and the modified system are
defined at the beginning of Section 3.3.1. These results secem
consistent with existing practices. Many ship operators pay
$200-8300 per crossing in direct fees for routing services as
indicated above. Overhead expenses to supply pre-departure
information, voyage data and communication, and past voyage
data to the router would indicate the true value of present
routing information is $500 to $700 per crossing. These benefit
figures indicate that the present losses in casualty and delay
time costs could be reduced by 10% to 25% with better sea condi-
tions and weather information.

3.4 Generalization of the Results, Dry Cargo

The case study results of the previous section for
container ships on the North Atlantic trade route number 5
found that the benefit attributable to SEASAT of reduced

casualty and delay costs was $1,440 per crossing as measured
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- Casualty . Delay
Expected Expected Expected
Casualty Delay belay Total
Cost Time Costs Costs

Present System

High - 7.66 5,745 2,844
Host Likely - 3,089 4.87 3,652 6,751
Low 2.01 . 1,508 4,607

Modified System

High : 6.91 5,183 8,123
Most Likely 2,940 4.13 3,098 6,038
Low ' . 1.69 1,268 4,208

SEASAT Aided System

High 5.79 4,343 7:111
Most Likely 2,768 - 3.39 2,543 5,311
Low . . .98 135 3,503

Figure 3.13 Expected Weathex—-Related Casualty and Dslay Costs
per One-Way Crossing by Container Ships on Trade
Route #5 (1973 dollars; time in hours)

against the present system and $727 per crossing as measured
against the modified system. These are in 1973 dollars and
the present and modified systems are as defined at the
beginning of Section 3.3.1.

In this section, the benefits are shifted to 1975

dollars. The discounted stream of benefits for 1985 to 2000

is calculated for the case study examples using a 10 percent discount
rate. The similarities and dissimilarities between the case
study vessel type and route and all vessel types, except

liguid bulk, and of the U.S. trade routes are examined. Annual
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benefit figures and the stream of benefits for all U.S. trade
routes are then calculated. 2 similar extrépolation is done
to get global benefits. It was not possible to fully gquantify
the uncertainty underlying the case study benefits, and no
measure of uncertainty was possible for the generalization to
all U.S. trade routes and to gleobal trade. Therefore, increasing
cantion must be exercised with the interpretation and reliability
of the results at greater levels of generalization.

The 1973 dollar results in the case study were
shifted to 1975 dollars by assuming a 9 percent per annum infla-—
tion factor which is a weighted average of several U.S. price
indices for these 2 years. This yields benefit-per-crossing
values of $1,699 (was $1,440 in 1973 dollars) and $858 (was
$727 in 1973 dollars). The forecasts on trade xoute number 5
for containers for the years 1985-2000 were derived from the
results found in Appendices A through D. It was assumed that
a container ship could carry 17 thousand tons of cargeo per
crossing and make 40 one-way crossings per year. 4 stream of
benefits was calculated. This stream was then discounted and
summed to yield a present value total benefit figure. This
procedure was followed once for SEASAT versus the present
system and once for SEASAT versus the modified system.

The total dxzy cargo flows on all U.S. trade routes
is growing at about 4 percent, and this rate is expected to be

maintained in the period 1985-2000 according to the trade route
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forecasts. The total dry cargo flows globally were forecast to

grow at a rate of 7 percent in the global econometric forecast
described in Section 2.2.2. The relative magnitude of all dry
cargo trade, tonnage, and value for U. S. trade route number 5,
all U.S. trade routes, and global trade is presented in Figure
25.

The criteria used for generalization were the four
elements in the principal formula used for calculation of the
total cost per crossing due to adverse weather:

® Operating cost

e« Time lost due to adverse weather

e Expected casualty cost

® Probability of casualty.

Focusing on U.S. trade routes first, the survey
results by U.S. Salvage Association indicate that the average
casualty estimated cost for ships surveyed was $82,429, which
is considerably less then the $320,023 figure for containers
on the North Atlantic. This may partially be accounted for by
the fact that the container ships are principally modern,
large, and American fleet ships and by the fact that the Worth
Atlantic experiences especially treacherous weather. The
American Hull Insurance Syndicate, for which the U.S. Salvage
Assoclation is the technical arm, insures ships of many flags
which sail in all oceans of the world but principally on U.S.
trade routes. Thus, these figures should be fairly represen-

tative for U.S. trade routes. While the expected casualty
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- Total Pry Carco

"9onnage value Tonnage Value

Trade Route No. 5

Total . . 7,019 .185 6,866 . 211

Imports 3,665 .236 3,567 +243

Exports 3,354 -130 3,299 176
All U.S. Trade Routes ) °

Total . ) 1,434,721 .059 746,265 .100

Imports - 908,474 .049 283,645 .134

Exports 506,247 .079 462,620 ) .079

World Seaborne Trade

Total 6,206,365 2,563,992

Sources: .Trade Route No. 5 from Marad [24]; All U.S. Trade Routes
. from Marad (33, p. 73 and 74]): and World Totals from
OECD [28, p. 105 with projections].

Figure 3.14 Trade Route No. 5 -- U.S. Foreign Seaborne Trade-1973
{Tonnage - in million pounds; and Value in dollars
rer pound)

cost is much higher for the container ships on trade route

number 5 than for all types of vessels on all U.S. trade

routes, this is partially offset by the fact that the probabil-

ity of casualty is lower. Safety standards are not as high

for non-U.S. flag ships, which carry the bulk of U. S. trade.
Examination of the time delays on other routes indi-

cates higher speeds on average, 21.7 knots versus 20.3 knots,
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and smaller differences in total delay time between routed and
unrouted ships. Using these rough figurxes and estimated 1973
dollar figures of $14,500 per day (versus $18,000 per day for
container ships in the case study) for operating cost, an
estimated weighted benefit ratio of -.777 was derived. This

ratio is the benefit on all U.S. routes for all vessel types,

except liquid bulk, relative to the benefit to containexr ships

on U.S. trade route number 5. Using this ratio, the case

study benefits, and U.S. trade route forecasts, a generalized
stream of benefits was generated, once for SEASAT versus the
modified system and once for SEASAT versus the present system.
The final resulis of the case study and the gener-
alization are presented in Figure 3.15. ©No attempt was made to
generalize the results further to world trade because of the
greater diversity in sea conditions, weather, vessel types,

and vessel guality which would be difficult to quantify.



Cumulative
Undiscounted Bencfits piscounted Benefit*
1985 1992 2000 1985-2000
Containers on
Trade Route No. 5 ’ .
a. SEASAT versus Modified System 127,310 ieg,aév 236,132] 538,957
b. SEASAT versus. Prasent System 252,126 335,475 467,640| 1,067,362
All U.S. Trade Routes
a. SEASAT versus Modifiled System 27,067,000 ° 35,629,000 48,861,000 113,464,000
b. SEASAT versus Present System 53,604.,415 70,561,000 896,765,000 224,707,000

* yuging DPiscouant Rate of 101

Figure 3.15 Benefits to SEASAT from Reduced Casualty Costs and Delay Costs Due to
Adverse Weather, in 197# Dollars
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4, BENEFITS TO TANKERS

4,1 Introduction

Dollar savings can be xzealized for tankers because
of the time underway saved due to more perfect environmental
information. Even if one coﬁsiders that tankers could save
dollars by using technology available today, a 10 to 15 per-
cent increase when SEASAT becomes operational is a reason-
able assumpticon. ‘

This increment is based on past experience and the
assumption that SEASAT will be able to provide the addi-
tional information stated. In the 1960's, when satellite
information was first used in weather routing, there was
about a 15 percent reduction in time underway. If SEASAT
can provide information such as wave height and direction,
surface winds, and ice information, an improvement of the
same magnitude as when the original satellites were first
used for weather routing is reasonable. These incremental
dollar savings are a substantial amount, especially consid-
ering the high dollar operating costs of VLCC's and ULCC's,
which will constitute approximately 60 percent of the total
tanker tonnage in 1985. Because of the large number of
ships that will be in service, operating savings provided by
weather routing could be as much as $102,000,000 per year of
which 10 to 15 percent could be considered to be incremental

savings provided by SEASAT.
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-An additional projected cost of $37,700,000 per year
to replace VILCC and ULCC tonnage lost due to weather could be
decreased because of information SEASAT wilil provide. However,
many weather losses occur in areas where better weather infor-
mation- could be of little use; therefore, this entire dollar
figure cannot be considered as potential savings. The potential
range is between 12 and 40 percent, or $4,500,000 to
$15,000,000.

When past casualties were reviewed, the above fact
came out guite clearly: that, although many losses can be
prevented by weather routing, the majority occur in coastal
waters where weather routing cannot be of much assistance.
Furthermore, losses and damages to cargo can be reduced by
weather routing, but this has no effect on tankers which carry
no on-deck or damageable cargoes.

In summary, the greatest dollar savings would seem
to come from time saved underway. Although some catastroph-
ic losses will be prevented, the majority caused by weather
occur in areas that ocean condition information can be of little
assistance such as at the entrance to ports and at dock. In
addition, tankers will not benefit from reduced cargo damage.

4,2 Tanker Trade Routes

For this study, the major world tanker trade
routes and the weather~dependent alternatives associated

with each were defined. See Figure 4.1, Trade Route Descriptions.
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From To
California Japan
Japan California
Balboa Japan

Weather Dependent Alternatives

Route north if high is over Gulf of
Alaska/Bering Sea with lows tracking
east-northeast from Japan at mid-
latitudes oxr if "cut-off" lows devel-
op north of Hawaii. Route south if
lows fcllow standard track north-
eastward from Japan tc the Aleutians,
Gulf of Alaska and Pacific Northwest.

More southerly routes in winter due
to the intensity of lows crossing the
Pacific. Routes approaching Great
Circle in summer as lows weaken and
highs move eastward at higher alti-
tude. In summeY, routes also depen-
dent on extent of fog.

Coastal sailing along Mexican coast
if gales anticipated in Gulf of
Tehuantepec {(Fall-Spring) southerly
routes in winter as more favorable
weather/currents offset added dis-
tance. Routes to the north in
summer (but south of Great Circle} as
lows weaken and track further north.
Routes in Western Pacific in summerx
also dependent on recurrxring tropical
storms/typhoons. Routes in the
Eastern Pacific also dependent on
existence of hurricanes south of
Mexico in the summer.

Figure 4.1 Trade Route Descriptions

S0T



¥00d SI @OV TYNIDINO
GHL J0 AEIGINa0dddy

From

Japan

U.5. East
Coast

North Europe

U.S. East Coast

Mediterranean

Balboa

North Europe

U.8. East Coast

Mediterranean

U.S. East Ccoast

Weather Dependent Alternatives

South to about 30N~35N in winter depend-
ing on intensity of lows moving from
Japan vs. speed/stability of vessel.

In summer routes up to and including
Great Cirecle tracks. Courses in Eastern
Pacific (Fall-Spring) also dependent on
existence on "cut-off" lows north of
Hawaii and Gulf of Tehuantepec gales.,

Track and intensity of lows dictate a
northerly or soutlierly route; also
dependent on location of Azores high
and on location of Ice Pack/Bergs in
winter.

Route dependent on track of lows; east
to east-northeast indicates a course via
north of the U.K. with considerable
distance/time savings Lows tracking to
Greenland/Iceland would dictate a track
via the English Channel. .

Southerly or northerly routes dictated
by track and intensity of lows and
location of Azores high.

Southerly or northerly routes dictated
by track and intensity of lows and
location of Azores high.

Figure 4.1

Trade Route Descriptions (Continued)

90T
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11

12

From

U.S. Gulf

North Europe

U.S. Gulf

Mediterranean

North Europe

U.S. Gulf
Mediterranean
U.S8. Gulf

Weather Dependent Alternatives

Track and intensity of lows dictate
northerly or southerly routes; also
location of Azores high and location
Ice Pack/Bergs in winter. In addi-
ticn, the use of the Gulf Stream
current to best advantage through
satellite updates.

Route north of U.X. when lows track
east-northeast across Atlantic an@
via English Channel when lows track
to Greenland/Iceland. In addition
use satellite updates to minimize
adverse Gulf Stream current.

Again, the tradék of the lows across the
Atlantic and the location of the Azores
high dictates a northern or southerly
track. BAlso, satellite updates maximize
Gulf Stream in Westexrn Atlantic¢ and
minimize adverse effects of the North
Tquatorial current in the Eastern
Atlantic.

The track of lows across the Atlantic
and the Azores high are once again the
determining factors. In this direction
maximize the North Equatorial current
and minimize the effects o©of the Gulf
Stream. '

Figure 4.1

Trade Route Descriptions (Continued)
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14

15

16

17

From

Persian Gulf

North Europe

Persian Gulf

Caribbean

Persian Gulf

North Europe

Persian Gulf

Caribbean

Persian Gulf

North Atlantic

Weather Dependent Alternatives

Major decision involves whether to
route east or west of Madagascar
Dependent on tropical cyclone activity
in the Mozambigue Channel area or east
of Madagascar. Routing alsc dependent
to a lesser degree on strength and
location of major current systems.

Route east or west of Madagascar
depending on tropical storms. Also
dependent on strength and location of
major currents.

East or west of Madagascar depending

on tropical storms. Current location
and strength is prime concern. Also
dependent on presence of tropical storm
activity in the Caribbean/Western
Atlantic.

Tropical storms east or west of Madagas-
car, location and strength currents and
presence of tropical storms in Caribbean
and Western Atlantic all are factors to
be considered.

Tropical storm activity east or west of
Madagascar and current strength and
location as with previous Persian Gulf
routes. Also, route across North Atlan-
tic dependent on lows moving off U.8./
Canada.

Figure 4.1

Trade Route Descriptions (Continued)
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19

20

21

22

From

North

Persi

Japan

South

Uu.s.

Atlantie

an Gulf

East Asia

West Coast

To

Persian Gulf

Japan

Persian Gulf

U.5. West Coast

South East Asia

Weather Dependent Alternatives

Route from North Atlantic dependent
on track of lows moving off U.S./
Canada. Again, current strength and
location and tropical storm activity
east or west of Madagascar must be
consgidered.

Dependent on strength and location of
tropical storms and monsoons in Arabian
Sea, Bay of Bengal, South China Sea and
Philippine Sea.

Route dependent on location and strength
of tropical storms and monsgoons in
Philippine Sea, South China Sea, Bay of

Bengal, and Arabic Sea.

Route north or scuth of Philippines
dependent on presence of tropical storms
and monsoons in Philippine Sea. Route
across the North Pacific dependent on
track and intensity of lows moving off
Japan.

Route acrxoss the North Pacific dependent
on track and intensity of lows moving
off Japan. North or south of Philipines
dependent on presence of tropical storms
and monsoons in the Philippine Sea.

Figure

4.1 Trade Route Descriptions {(Continued)

60T
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Using the Ocean Routes, Inc., ship data file, aver-
age time savings that accrued to routed vessels over un-
routed vessels on these major trade routes were assigned.
The time savings were then increased by 10 percent to allow
for improved performance given the more perfect weather in-
formation such as SEASAT would provide. These hourly
savings for each trade route are shown in Figure 4.2, Hours
Saved Per Voyage by Trade Route. As a general rule, routes
which go north-scuth and/or stay close to land masses (e.g-.,
Persian Gulf to North Europe) save less time than east-west
routes which are crossing open water,.

A further ccomment on why ships running near shore
or those running north-south are unlikely candidates for
aveoiding storms and saving time even with better weather
information should be wmade. An important factor in avoiding
a storm is seeing the system in advance and then taking a
diversionary course. When near land, manuveurability is
restricted because of the landmass itself.

Further, storm systems move from west to east around the
earth, and, therefore, if a ship is going in any east-west
direction in open water, it will most likely have the chance
tc avoid & storm or at least its center if it can see the
system far enough in advance. To aveid a system when moving
north-south, it is necessary to stop completely or slow down
and let the storm pass through the area ahead. Since a

majority of travel along major land masses is in a north-



Route No.
0l
62
03
04
05
06
07
08
09
1o
11
12
13
14
15
16
17
18
12
20
21

22

Description

California te Japan

Japan to California

Balboa to Japan

Japan to Balboa

U.8. East Coast to North Eu;ope
North Europe to U.S5, East Coast
U.S5. East Coast to Mediterranean
Mediterranean to U.S. East Coast
U.S. Gulf to North Europe

North Europe to U.S. Gulf

U.5. Gulf to Mediter}anean
Mediterranean to U.S. Gulf

Persian Gulf to North Europe

North Europe to Persian Gulf

Persian Gulf to Caribbean
Caribbean to Persian Gulf
Persian Gulf to North Atlantic
North Atlantic to Persian Gulf
Persian Gulf to Japan

Japan to Persian Gulf

S.E. Asia to U.S5. West Coast

U.S5. West Coast to S.E. Asia

Hours Saved*

10.5

These savings are 10 percent greater thanm the savings that
ships experience whieh currently use weather routing. This
assumes that the more perfect weather knowledge which SEASAT
can provide would increase current savings by 10 percent.

Figure

4

.2

Hours Saved Per Voyvage by Trade Route

111
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south direction, it can be further seen why the option of
going farther offshore to avoid a storm is not practicable.
Hourly operating costs for 10 tanker DWTs based
on annual tanker operating costs in 1974 were calculated
{("TAPS SEALEG STUDY," by Ocean Data Systems, 1974). These
hourly costs, which were based on a 360-day year and exclude
fuel and amortization cosfé, are shown'in Figure 4.3, Tanker
Operating Costs Per Hour. Operating Cosis as opposed to
vessel profitability are used because they are much easier
to measure for any given ship. Profit involves extraneous
variables that will vary considerably from one ship to

another or even one voyage to another.

Figure 4.4, Average Dollars Saved Per Voyage by
Vessels Having More Perfect Weather Information, puts to-
gether the hours and costs calculated in Figures 4.2 and 4.3
to show the average savings per vovage by trade route and
vessel size. Based on the experience of Ocean Routes, it
was assumed that approximately the same hourly savings per
voyage would accrue to any of the vessel DWT's shown with
speeds between 13 and 17 knots.

Because the price of fuel is such a large part of

operating costs ard because its costs have increased greatly

since 1974, a separate table was made showing average

tons of fuel consumed per hour by vessel size (Figure 4.5,

Average Tons of Fuel Per Hour by DWT Group). The bunkexr cost
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Vessel ) Cpst/Hour*
_DWT {3}
40,000 190
45,000 193
60,000 202
70,000 206
75,000 212
.80;000 215
50,000 219
120,000 282
250,000 344
300,000 347

*

) From 1974 Ocean Data Systems Report calculating hourly costs
from annual costs, assuming a 360-day year, excluding amorti-
zation.

Figure 4.3 Tanker Operating Cosis Pey Hour

savings per voyage will vary, depending on average consumption
per hour (a function of horsepower and speed - see Figure 32,
Normal Shaft Horsepower) and the costs per kong ton. By using
the tables provided, the dollar savings on any 0f the twenty-two
trade routes for any of the ten vessel sizes can be calculated

in the same manner as the example that follows.



vessgy | ROUTE NUMBER
DWT 1 2 3 q 5 6 7 8 9 2w {11 |12 [13 |24 [15 |16 {27 } 18 |19 |20 | 220 | 22
40,000 J2000| 990|1100)2620| 720 990 840|1460{1140} 570 270 | 300| 190| 190 230 250| 440 380 | 270 250] 870{ 910
45,000 §2030)1000}1120}2660| 730(1000| 850{1490{1160| 580 | 270 | 310| 190| 190 230 250 440 | 390 | 270 | 250| 090| 930
60,000 F2120{1050|1170 {2790} 770/2050| 890{1560}1210| 610 | 280 { 320 200 200 | 240 260] 460 | 400 | 280 | 260 930| 970
70,000 y2160{1070 (1290|2840 780{1070] 910]|1590}1240| 620 | 200 | 330 2101 220 250| 270 470 | 420 | 200 | 270! 950{ 990
75,000 §2230)1100 (12302930 81o0f1100| 930|1630{1270| 640 | 300 | 340 210 210} 250 280| 400 420 | 300! 280) 9801020
80,000 §2260{1120(1250{2970| 8820|1120 950)1660|1290] 640 | 300 | 340} 220 220 260 280] 490 | 430 | 300 | 280 ¢90|1030
90,000 §2300{1140{1270{3020| 8301340 960[.690[{1310| 660 ] 320} 350 220! 220 | 260 280 500 440 | 310 [ 28010101050
120,000 329601470 1640 }3890{1070]1470 {1240 [2170{1690| 850 | 390 | 450 | 280 | 280 | 340 370{ 650 | 560 | 390 | 370 (1300|1350
250,000 |3610{1790 {2000 [4750 [1310|1790 1510 {2650] 2060|1030 | 480 | 550 ] 340|340 | 410 | 450 790 | 690 | 480 | 450 {1580 {1650
300,000 J4170{2060 {2300 {5480 {1510 [2060 |1.750 {3060} 23801190 | 560 | 640{ 400 | 400 | 480 520} 910 | 790 | 560 | 520 (1830|1910
VOYAGRS/
YEARK* 12.1 7.3 17.6 17.0 12,4 12.8 5.1 5.6 4,9 8,7 7.5

* Assumes that
and 17 knots.

* 'k

the hours saved will be the

same for all DWT's and all speeds between 13

Based on 320 sea days and an average speed of 15 knots.

Figure 4.4

Average Dollars Saved Per Voyage*

({Excluding Fuel Costs)

It
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DWT Range

{000) Average Consumption®
26-29 1.85

30-49 3.00

50-69 3.15

70-99 3.17
100-189 3.92
200-239% 5.98 .
240+ 6.75

&
Based on sample consumption rates for 15 to 16 knot
tankers.

Source: 1974 Tanker Register; H. Clarkson, London.

Figure 4.5 Average Tons of Fuel Consumed Per Hour
by DWT.
4.3 Estimation of Benefits

To demonstrate how the savings per voyage on any
of the twenty-two trade routes can be célculated, the

follewing example is used as an illustration:

Trade RoOULE. ... . v. i ieeinrannnennan #3

Vessel Spegd ...................... 16 knots
Vessel DWW . ...ttt i ittt s v st ommens 120,000 tons
Bunker Cost/ToOn. .o i i vt et o emennnna $70.00

Shaft Horsepower
normal



12

10

Long Tons of Fuel

Figure 4.6

Shaft Horasepowera 2 20,000

Shaft Horsepowers 10,000 > SHP < 20,000

Shaft Horsepowers > 10,000

| ! i ! 1 ! | ! ! } 1

10 20 o 40 50

Normal Shaft ‘Horsepowaey
(C0Q)

Normal Shaft Horsepower vs. Long Tons of PFuel

60

Consumed Per Hour

9TT
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If sShaft Horsepower (SHPN) is unknown, a rough approximation

normal

can be made using the following equation:

.45 4
v

SHP = .0015 * A Where A Displacement = DWT * 1.28

v ééeed.

The average cost savings in trade voute #3 for a
120,000 DWT vessel is $1,640 excluding fuel savings as found
in Figure 30. To find the fuel savings, go to Figure 4.6, and
£find that a 24,000 SHPN vessel (running at full power) burns
5 tons of fuel per hour. At $70.00 per ton, this figures out
to be a savings of $2,030 for fuel and a total voyage sa;ings

of $3,670.

If the SHPN for this example had been known,

then going through the horsepower estimation would have

given a SHP of 21,200.

4.3.1 ) Estimation of Savings on All Routes
The figures presented in Figure 4.7, Sample Ship

Trade Route Assignments, constitute a random sample of
vessels assigned to major tanker trade routes at the begin-
ning of 1975. They account for 12.6 pPercent or approx-
imately one-eighth of the tanker fleet greater than 20,000
DWT assigned to major world tanker trade routes. Ships
operating on U.S. Intercoastal routes, Inter-Mediterranean
routes, and Mediterranean-North Europe routes are excluded

from the total population size.



q00d4 QI HHVd TYNIDIF0
HHLdD.&mHﬁﬂoﬂGOﬁalﬁ

VESSEL DWL TOTAL TRADE  ROUTE NUMBLR
(000} BY STZE 1-2 | 3-4 |5-6 {7-8 |9-10 {11-121) 13-14 115-16 | 17-18 ;19-20 } 21-22 § TOTAL
20-29 485 7 4 7 6 12 5 4 13 2 60
30-49 748 6 2 5 9 8 14 8 10 5 20 4 95
50~69 401 2 3 6 1 4 4 8 6 14 2 50
70-99 421 . 4 5 1 2 1 10 2 lé 11 3 55
100-199 | 327 | 1 2 19 1 1 12 3 40
200-239 211 20 2 ) 8 30
240+ 144 13 3 1 3 . 20
TOTAL 2767 18 13 16 24 24 27 78 26 29 a1 14 350
Note:

This sample is 12.6% of 1974 tanker population

(those tankers on major world
tanker trade routes).

Total 1974 population - 2767 vessels (excludes all

vessels less than 20,000 DWT and 1/3 of vessels between 20,000 and 30,000 Dpw?T).

Routing Sourxrce: Lloyd's Vovage Record
Various Issues, January-aApril 1975

Figure 4.7 Saﬁple Ship Trade Route Assignments, First Quarter 1975

81T
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Toe find the potential savings for each trade route
by ship size, calculations are as follows {using route
numbers 1-2 and ships between.70,000 and 99,999 DWT tons as
an example).

Figure 4.4 shows that each ship can make up to 12.1
voyages per year on this route if it is exclusively assigned to
this route for the entire year. From Figure 4.7, four ships
of this size were assigned to trade routes 1-2. By multi-
plying these figures together and then multiplying by 8 (as
the sample is approximately one-eighth of the total popula-
tion) a potential of 387 round trip voyages per year is
obtained. Using 80,000 DWT as the average vessel size for
the 70,000 to 99,999 DWT group, a savings of $3,380 per
round trip voyage {excluding fuel) is realized. Multiplying
this by the 387 voyages gives an annual savings of
$1,308,000. To calculate fuel savings, Figure 4.2 shows that
15.7 hours per round trip are saved. Multiplying this by
$§70.00 per ton of fuel and 3.17 tons of fuel consumed per
hour (Figure 31) and finally multiplying once again by the
387 potential voyages yields a fuel savings of $1,348,000
per year and total annual savings of $2,656,000, Figure 4.8
shows the calculation for each trade route and vessel DWT
size.

The total savings is almost $69,000,000 based-on

the 1974 fleet of almost 2,800 tankers.


http:based.on

TRADE ROUTE

NUMBERS

DY [ 1-2 I 3-1 5-6 7-8 0-110 Ti-12 13-14 L5=-16 17~18 19-20 21-22 TOTAL
20-29 Op Cost } 2026 869 11685 § 1877 | 2036 292 62 470 214 9531
Tuel 1378 592 11149 {1279 (1387 199 42 316 146 6488

Total 3404 | 1461 2834 | 3156 |3423 491 04 7886 360 | 16019

30-49 Op Cost ] 1736 434 11204 | 2815 {1357 1051 124 215 161 724 427 | 10248
Fuel 1915 481 (1337 § 3110 11500 1161 137 235 177 789 474 } 11310

Total 3651 915 2535 | 5925 | 2B57 2212 201 450 338 1513 901 | 21558

50-69 Op Cost 163 769 | 1999 181 246 65 - 179 202 526 228 4858
Fuel 505 838 | 2177 197 271 72 198 223 580 249 5310

Total aeh | LG0T | 4170 378 517 137 377 425 110G 477 1 10168

70-99 Op Cost 1306 1232 273 710 191 I 180 48 571 444 364 5328
Fuel 1348 | 1270 281 730 198 181 50 598 459 375 5490

Total 20657 | 2502 564 | 1440 389 361l 98 1175 903‘ 739 | 10818

100-199 Op Cost 429 4164 504 434 32 47 635 477 3022
Fuel 417 452 490 425 3l 46 619 4164 294+

Totktal 846 916 994 859 63 | 913 1254 941 5966

200~-239 Op Cost 555 77 518 1150
Fuel ' 683 94 629 L40G

Total 1238 171 1147 2556

240+ Op Cost 424 134 67 226 851
Fuel 501 159 80 266 1006

Total 925 293 147 492 1857

TOTAL Op Cost y 5500 | 2998 {3931 | 7865 | 4269 1589 1844 685 1054 3543 1710 | 34988
Fucl 5058 | 2848 {35991 71748 | 3772 1631 2041 767 1124 3658 1708 | 33954

Total 10558 § 58406 | /530 {15613 | 8041l 3220 36885 1452 2178 7201 34184 68942

Figure 4.8 Total Annual Savings by Trade Route and Vessel Size ($000's)

02T
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Most estimates for the number of ships greater
than 6,000 DWT that will be in the 1985 tanker fleet range
between 4,500 and 5,000 ships. The larger vessels operating
on the longer trade routes from the Persian Gulf w}ll make
about five~and-a-half (5-1/2) round trips per year, while
others operating on shorter trade routes will make 12 round
trips per vear. If it is assumed that 80 percent of the
5,000 tankers operate on major trade routes, save on the
average of 8 hours per round trip, make an estimated 8 round
trips per year, and on the average cost $400 per hour (fuel
included) to operate, a total annual savings of $102,000,000
is realized. A lower limit savings would be 3,000 ships
making 7 round trips per year, saving 5 hours per réund trip,
costing $300 per hour for a total annual savings of $3l;500,000.

4,3.2 Loss Prevention

Loss prevention deals with possible savings that
can be realized by aveiding catastrophic or partial losses
due to weather-related conditions.

Llioyd's casualty returns for 1973 contain two
examples of weather~related losses for tankers in that year
(see Figure 35, Vessels Lost or Damaged by Weather Cond-
itions). Thexre were a large numker of losses for small
coastal vessels, but it was felt that these were not repre-

sentative of the losses tankers would incur. In addition,

in almost all cases, vessels operating in coastal waters,



vessael Name Flag DWT Tons Year Bullt from=To

NAPILR Liberia 38561 1959 Africa~Rio de Janeiro
(Tankerx)

Ran aground in heavy weather, LAT 44.455 LONG 75.05W on June 9, 1973. Subsequently
broke in two and was set on fire to avold oill pollution.

ARRON Panama 16000 ’ 1951 Hilo-Yokohama
(Tanker)

Broke in two and sank in heavy weather, LAT 33N LONG l65E on September 2, 1971.

17 Yugoslavia 21409 1960 Puarto La Cruz-Faeringhaven
{Tanker)

Stuck in ice, LAT 49.05N LONG 51.00W on April 5, 1973. Repaired in New York and sailed.

SOFIA P. Liberia 19000 1954 Balboa-Singapore

.8Sank in heavy seas, LAT 31N LONG 151lE on January 3, 1970.

CHRYSSI Panama 31600 1953 Pacific Northwest Japan

Broke in two and sank in heavy weather, LAT 31N LONG 71W on December 26, 1970.

TEXACO OKLAHOMA United States 35000 1958 !

-

Broke in two and sank in heavy seas, LAT 36N LONG 74W, on March 27, 19

RAGNY Finland 17Q00 1951

Broke in two and sank in heavy seas, LAT 38N LONG 61W on December 27, 1970.

Figure 4.9 Vessels Lost or Damaged by Weather Conditions

ccT
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regardless of size, cannot avoid loss from weather by using
better weather information. Thé only way they could avoid a
loss is to choose not to sail if that option is open to them.

By using the Ocean Routes, Inc., historical ship data
file, the two voyages were recreated up to the time of the loss,
and then determination was made 1f the loss could have been
prevented if the ship had been weather routed.

Because of the low number of casualties in 1973, five
additional examples were chosen from the tanker advisory
center report, "A Study of Total Tanker Losses 1964-1973."
Although they stated there were 22 weather losses in this time
reriod, they gave details on only ten of the losses. Because
of the availaﬁle information, only the five casualties that
occurred in 1970 or later were examined.

The NAPIER was lost in coastal waters off Chile while
sailing south towards the Strait of Magellan. fThe vessel could
not have avoided the heavy weather conditions that caused its
ginking if it had been under weather routing.

The AARON was on the shortest route between Hawaii
and Japan. This course took the ship directly into the south-
east guadrant of an intense low pressure system (formerly
Typhoon Trix). The conditions were 25-foot seas and winds of
more than 50 miles per hour. If the ship had been weather
routed, it would have been diverted south where sgas were

between 5 and 10 feet and the winds between 5 and 15 miles per
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hour. In this case, it can be clearly concluded that the ship

would not have been lost if it had been weather routed.

The IZ got stuck in the Ice Pack and sustained hull

damage. With good information on the Ice Pack, the IZ could

have taken a more socutherly route, avoided the ice, and sus-

tained no damagg. The IZ sustained its damage during April
and followed the more northerly course because the Ice Pack is
generally farther norxth by this time of the year.
The SOFIA P. was on a direct course to Singapore
from Balboa. This course took her directly into .a storm with
35-40 knot winds, 20-25 foot seas and severe 8Bwells and a cross-sea

sea condition. A slight diversion wonld have avoided this

combination of conditions that led to the sinking of the vessel.

The CHRYSSI, TEXACO OKLAHOMA, and'RAGNY-were all lost
while sailing in coastal regions and would not have been aided
by weather routing.

Of the seven examples of weather losses, three could
have been prevented by weather routing. Of the three, the 12
and the SOFIA P. would have been aided by the better information
SEASAT will provide. The AARON should have been able to avoid
the storm system with technology available today.

From this information, a rough estimate c¢an be made
of the range of weatler-related losses which could be prevented
with weather routing. If the three ships mentioned could have
been aided ﬂand the total sampl; is 24 [2 vessels from 1973

Lloyd's and 22 vessels from the Tanker Advisory Center Reportl])
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then the lower limit is twelve percent. However, if the pattern
of helping 2 out of every 5 vessels were feasible (as with the
Tanker Advisory Center Report sample) then +the upper limit is
forty percent. .

Coast Guard data for the period from January 1, 1970,
through June 30, 1974, show that the 103 out of 350 weather-—
caused incidents occurred in open water. This is approximately
30 percent, which further supports the 12 to 46 percent range.
The Coast Guard data,_however, were too incomplete to draw any
further conclusions as to whether a routing service could have
prevented the damage the vessels incurred.

The dollar savings that can be attributed to the

three ships are as follows:

1z 50«100k in damages
AARON 6.4m* Undepreciated Replacement Cost
SOFIa P.. 7.6m* Undepreciated Replacement Cost.

Every ship loss involves a multi-million dollar eco-
nomic loss plus the probable loss of human life. The examples
cited show that, with today's weather forecasting technology,

- there are still catastrophic losses. While many losses are due
to human error, more accurate weather forecasting will reduce

the number and extent of such losses.

* Assumes construction costs of $400 per ton for ships of
this size-
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4.3.3 Tanker Losgs Trends

A review of casualty statistics from recent interna-
tional conferences on Ocean Hull Casualties was conducted to
determine (1) the trends in tanker loss ratios, (2) if ship age
is a factor in weather wvulnerability, and (3) if age is a defi-
nite factor in loss, and to assign a dollar valae to VLCC and ULCC
lesses in the 1980-1985 time frame when these ships will be ten
years old or older. )

After reviewing several papers, it became evident that
tanker loss ratios have been steadily increasing since 1959.

The percentages of tonnage of lost tankers out of the total world
tanker fleet averaged .19 percent in the 1959-1963 time pexiod,
pericd, rose to .29 percent in the 1964-1968 time period, and
climbed to .37 percent in the 1969-1973 time frame (Intermnational
Union of Marine Insurance, Berlin Conference 1974, Casualty
Statistics - Ocean Hulls). It is also evident that vessel losses
in general for all causes increase with age. This trend holds
true for tankers, with the exception that, after a tanker reaches
25 years of age, the loss ratio drops dramatically. This can be
explained by the fact that most tankers of that age are jumbo-
ised and rebuilt T-2's and thus virtually newly built ships
(International Union of Marine Insurance, Venice Conference 1973,
Casualty Statistics - Ocean Hulls, Prepafed and remarks by

Peter Quaile).

To summarize, listed here are significant findings and
assertions that have been presented at recent casualty confer;

ences and in current papers on tankers.
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1. Age makes a ship more vulnerable to structural
failure (one of the most common weather-related
problems) .

2., Statistics show smaller ships of all types and
ages are more susceptible to weather loss or
damage.

3. Larger tankers (greater than 80,000 DWT) are safer

than smaller tankers (they can transport oil over
a given distance seven times safer than a ship
less than 80,000 DWT) - but it should be remem-
bered that the majority of larger tankers are.
still relatively new, five years of age or less;
consequently, no historical loss information due
to the aging of these ships exists ("Tankers and
U.S. Energy Situation: An Economic and Environ-
mental Analysgis," Joseph A. Porricelli and

Virgil F. Xeith, Marine Technology, October 1974).

4. The critical age for structural failure on tankers

occurs at twelve years, which might tend to make a
recertification and thorough inspection at this
age prudent {(Porricelli and Keith).

5. A paper prepared by Peter Quaile for the 1873
International Union of Marine Insurance Conference
has tried to draw the conclusion that, based on the
increasing loss ratio of aging tankers of today
(smaller tankers), one should possibly expect
that, as supertankers age, their loss experience

will also increase. {This may be invalid based on
the other facts presented in Items 2, 3, and 4
above) . .

4.3.4 VLCC and ULCC Loss Projecticn

From this information, it appears that VLCC's and
ULCC's will experience some greater loss than they do today,
but not as great a loss ratio as today's older and smaller
tankers. Clese structural checks along with optimal weather
knowledge might be the necessary tools to keep the loss ratio
for VLCC's and ULCC's low when they reach 12 years of age or

greaterxr.
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If one wishes to put a dollar figure on 1980-1985
VLCC and ULCC losses without taking the above steps to help-
pPrevent loss, a good estiﬁate might be to apply the 1969-1973
average tanker loss ratio (the total of both actuzal and construc-—
tive losses) of .37 percent to the forecasted VLCC and ULCC
tonnage for those five vears {International Union of Marine
Insurance, Berlin Conference, 1974, Casualty Statistics - Ocean
Hulls). For the loss ratio for tankers, the fact Fhat weather-
related losses accounted for about 20 percent of total tanker
losses between 1968 and 1972 was considered (International Union
of Marine Insurance, Venice Conference, 1973, Casualty Statis-
tics - Ocean Hulls). The total DWT tons of VLCC's and ULCC's
(vessels over 200,000 DWT) operating as of December 31, 1972,

was 66,400,000 (World Tanker Ship Fleet Invéntory - Sun 0il).

Between January 1, 1973, and January 1, 1975, an additional

50,600,000 DWT tons were delivered (Fairplay International

Shipping Journal - "HWorld Ships on Order," Quarterly Supplements:
May, August, and November 1973; May, August, and November 1974;
February 1975). As 0f February 1, 1975, there were under con-
struction or contract an additional 128,900,000 DWT tons of

VLCC and ULCC capacity. In addition, 53,860,000 DWT tons were

in a contract pending or negotiating stage (Fairplay - "World
Ships on Order," Quarterly Supplement, February 20, 1975). If

it is assumed that all this tonnage is built and no other
subsequent tonnage is ordered, there will be a total of

299,700,000 VLCC and ULCC tons in the 1980-1985 period. Given

REPRODUCIRILITY OF THE
ORIGINAL PAGE 18 POOR
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the current depression in the world tanker market and the recent
high cancellation rate, it is unreasonabls to assume all tonnage
now under contract or being negotiated will be built. However,
to try to predict the tanker demand two or three years hence is
also a difficult task, and Ehere may very well he a new wave of
VLCC and ULCC orders prior to 1985.

Therafore, given the variable c¢onditions, the total of
299,700,000 DWT tons should be a reasonable estimate of the
total VLCC and ULCC DWT tons in the 19890-1985 time frame. If
$170.00 per DWT ton {1974 dollarxs) is taken as an average con-
struction cost for VLCC's and ULCC's, times the total DWT in
service, an investment of $51,000,000,000 is derived. By applying
20 percent of the loss ratio factor of .37 percent (to account
for weather loss only) to the toital investment, $37,700,000
is the average undepreciated cost per year to replace lost
tonnage (1974 dollars) if the 1969-1973 tanker loss ratioc applies
to VLCC's and ULCC's in the 1880-1985 time frame. The approxi-
mate cost of one 200,000 DWT tanker at 1974 costs is $37,700,000.
To get the total loss for the period mid-1980 to mid-1985, take
5 times $37,700,000, which vields $185,000,000. This figure does
not take into consideration the costs for cargo loss, environ-
mental damage and c¢lean-up, loss of life, or vessel losses that
are less than toital losses.

One further modification to these cogts is regquired.
As shown in the previous section, weather-related losses that
occur in areas where they could have been prevented {noncoastal

waters) account for 12 to 40 percent of total weather losses.
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Therefore, the total decllars that could be saved by preventing
weather losses ranges from $22,200,000 to $74,000,000 over the
five year period, or $4,440,000 to $14,800,000 per year in the
1980-1985 period.

4.4 Generalization of the Results, Tankers

Using the results of the tanker case study immediately
above and the forecasts of Section 2.2.3, the Results Global
Forecasts, thé incremental benefits of SEASAT for tanker opera-
tions in the 1985-2000 time period are presented in this section.
It is also necessary to shift the value unit from 1974. dollars
to 1975 dollars. The case study was done in 1974 dollars since
the m;jority of data were collected in this unit and it is =asier
to adjust the final benefit figure to 1975 dollars rathér than
all input figures.

The results of the case study above found the benefits
from:

I. Time savings - through avoidance of adverse weather

All routing benefits in 1985

$102,000,000 {(in 1974 dollars) - Upper limit
Portion due to SEASAT
108 153
$10,200,000 315,300,000
$ 35,500,000 (in 1974 dollars) - Lower limit
Portion due to SEASAT
108 15%

$ 3,150,000 $ 4,725,000
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II. Prevention of c¢atastrophic¢ losses - through aveidance
of adverse weathser

211 routing benefits in 1983
$37,700,000 (in 1974 dollars)
Pertion due to SEASAT

12% 40%

54,524,000 515,080, 000.
The global forecasts of Section 2.2.3 indicate growth
in active gross tonnage of tankers of 8.7% through the 1985-2000
time period. The benefits were adjusted to 1875 dollars by
using a 9% inflation factor {(a weighted factoxr of relewvant U.S.

price indexes from the Survey of Current Busipness). Using the

benefit figures of a 8.7% growth rats and the 9% inflation-
factor, the final generalized benefits for the 1985-2000 time

period were calculated and the benefits are presented in

.

Figure 4.10, Generalization Results-SEASAT Benefits to Tanker

Operations, 1985-2000.
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I. Benefits from Time Savings -

millions of § {

1975)

Upper Limit
All Routing Benefits
Due to SEASAT

Lower Lim:rt
All Routing Benefits
Due to SEASAT

millions of $§ (1975)

High {lS%) Low {10%} High (15%) Low (l0%)
1985
(Undiscounted °- $16.7 11.1 5.2 3.4
1985-2000
(Discounted?*) 94.3 62.8 29.1 19.4
1T.

Benefits from Prevention of Catastrophic Losses

Due to SEASAT
High (40%) Low (12%)
1985
{(Undiscounted) 12.4 5.8
1985~-2000
(Discounted¥*) 109.8 3z.9

*

Discount Rate ~ 10%

Figure 4.10

Tanker Operations,

1975 dollars)

Generaligation Results-SEASAT Benefits to
1985-2000 (in million
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5. CANADIAN STUDY RESULTS

The Canadian Center for Remote Sensing (CCRS) has
conducted an economic assessment of Canadian applications
of SEASAT data. Among the areas assessed are weather
routing possibilities and reduction in marine insurance costs
through casualty avoidance. The CCRS has worked closely with
NASA and ECON in this assessment, and the results to date of the
Canadian effort in these areas, although not yet complete, are
‘summarized in this section.

The Canadian study of routing focuses on Canadian
international cargo, i.e., cargo loaded or unloaded at Canadian
éorts and destined for or emanating out of an ocean cressing.
As a basis for estimating potential savings in Pacific crossings
attributed to the use of SEASAT type data, some simplifying
assunptions are required. First, it is assumed that the ratio
of cargo tonnage to net tonnage of a typical ship is 1/1, or
cargo tonnage to gross tonmnage is 0.5/1. Then it is assumed
that a typical ship bound from Vancouver to ports in Europe;
the Middle East, Africa, Asia, and Oceania is 10,000 tons net,
carries a cargo of 10,000 tons, has a rated speed of 17 knots
and an operating cost of $13,000 per day (1974 dollars). The
defined "typical" ship is a useful proxy to represent the

complicated distribution of ship sizes, types, and costs.



134

Assuming that routing services will be available to
21l ships at the time. SEASAT operational systems become avail-
able, the Pacific westhound crossings of interest would be in
the range of 9 to 13 days for freighters and bulk carriers
bound from Vancouver to Japan, and longer from Vancouver to
other ports in Europe, the Middle East, Africa, Asia and Oceania.
For purposes of analysis, a typical crossipg is assumed to take
11 days.

t As in the case of the Pacific shipping analysis, it

is assumed that the ratic of cargo tonnagse to net tonnage of 2
typical ship is 1l/1, or cargo tonnage to gross tonnage is 0.5/1.0.
Then it is assumed that a typical ship bound from Atlantic ports
to ports in Europe, the Middle East, Africa, Asia, and Oceania 1is
12,000 tons net, carries a cargo of 12,000 tons, and has a rated
speed of 17 knots and an operating cost of $13,000 per day (1974
dellars) .

Assuming that routing services will bes available to
all ships at the time SEASAT operational systems become avail-
able, the Atlantic eastbound crossings of.interest would be in
the range of 7 to 10 days from U.S. east coast ports o northevn
Europe. The crossings of interest would be in the range of 7
to 12 days from Canadian Atlantic ports to northexrn Eurcpe and
the Mediterranean. FQ% purposes of analysis, a typic%l crossing

is assumed to take 8 days. This 1s a conservative assumption.
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Benefits are calculated from the figures and ship
routing study resulis calculated at ECON.

Forecasts of Canadian international trade at Canadian
Atlantic, Pacific, and Great Lakes pPorts to the year 2000 resul-
ted in benefits'which.are given in Pigure 37, Canadian Interné—
tional Trade SEASAT Benefits. This trade includes both arrivals
and departures of cargo unloaded or loaded at Canadian ports in
1974 dollars. The most recent trade history of Canada indicates
a 5.2% growth rate, which is called Scenario A. A lower limit
for growth of trade is 3%, which is called Scenario B.

In the area of marine insurance, the CCRS approached
the study from the financial side as opposed to the real side
as done by ECON in the U.S. dry cargo and World tanker fleet
portions of this study. In 1973, about 27 percent of operating
expenses for Canadian water transportation companies were
related to ocean going shipping, and about 41 percent were
related to Atlantic and Pacific coastal shipping {(domestic and
international). It is &stimated that 40 to 50 percent of the
operating expenses of these Canadian companies are related to
international ocean going and coastal trade (Atlan?ic and
Pacific). On this basis, it is estimated that between $5 million
and élO million of 1973 Canadian shipping insurance expenses,

or between 54 million and $8 million of claims paid, was rela-

ted to international  ocean going and coastal trade.
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Pacific Atlantic Great Lakes Totals

1980 Scenario A $3.5 mil. 3.0 0.3 6.8
Scenario B 2.8 2.6 0.2 5.6

.19906  Scenarioc A 6.3 ) 5.4 0.5 ©o12.2
Scenario B 3.7 3.3 0.3 7.3

2000 Scenario A 11.5 9.7 0.7 21.9
Scenario B 5.0 4.5 0.4 9.9

Figure 5.1 Canadian International Trade, SEASAT Benefits

19802000 in 1974 Dollars

Most of Canada's international imports and exports
are carried by foreign vessels. For example, in 1972 foreign
vessels accounted for about 141 million tons and Canadian
vessels about 20 million tons of cargoes arriving and departing
Canadian Atlantic and Pacific ports in international trade.
Thué, foreign vessels carried 7 times as much as Canadian
vessels in this category. It seems reasonable to assume, there-
fore, that operating expenses of all vessels engaged in this
Canadian trade are 5 to 10 times as great as‘Canadian expenses
and that insurance expenses and claims paid are in the same
proportions. On this basis, total insurance claims would range

from $20 million to $80 million per year (1972).
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Assuming shipping growth rates approximately as in the
above (Scenarios A and B applied between 1972 and 2000 A.D.),
assuming a congtant Canadian share of the total, and assuming
constant insurance rates, one obtains the following forecast of
insurance claims paid in connection with international shipping

to and from Canadian ports.

Range of Estimated Insurance Claims (106 Dollars, 1974}

Scenario A Scenario B
Year Canadian All Firms Canadian All Firms
1972%* 5-9 25-290 5-9 25-90
1978+ 6-11 30-110 6-11 30-107
1980 7-13 35-130 6-11 32-115
1930 13-23 65-230 9-15 43-153
2000 23-40 115-400 11-21 57-206

At the present time, it is not known what impact SEASAT
will have in reducing ship damages and sinkings; hence insurance
claims and £inally ship insurance expenses. For purposes of
parametric analysis, potential savings of 10 and 20 percent
are postulated. Such potenti@l savings seem feasible in view
of the estimate that "Grounding and collision account for over
50 percent of all ship losses and oil spills," and the following

data:
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Shipping Damages % Lossg of 3 of 0il
Cause, 1956-1970 Shipping Spill Caused
Grounding £43.86 48.4
Foundering 18.0 5.6
Hull Failure 2.0 27.0
Firewexplosigﬁ 15.3 1.0
Collision ‘ 12.0 6.7
Contact damage 4.5 0.5
Machineary 1.2 -
Missing 1.9 -
Other 1.5 3.0
Total 106.0 100.0

Groundings, foundering, hull failure, and collisionz are largely
related to bad weather conditions and heavy seas, and partly to
ship design faults. SEASAY data may be useful in these cases.

The figure, Figure 5.2, Range of Benefits of SEASAT
Rel;ted to Insurance Claims, shows potential ranges of benefits
of SEASAT data in reducing damages. The estimates are based on
the hypothetical 10 percent and 20 percent savings.

The Canadian study calculates benefits to SEASAT from
routing beginning with the launch of SEASAT-B in 1978. To pre-
sent the Canadian results in a manner consistent with the other
figures in this study, only benefits in the 1985-2000 time frame
are considered in the overall results below. The fully opera-
tional SEASAT is expected to be launched in 1985 although the
interim SEASAT systems preceeding the operational system may

generate substantive benefit beginning in 1L978.
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Potential Million Dollars Per Annun (1974 Dollars}

a

1980 1990 2000
SCENARIO A
10 percent savings
Canadian Firms 0.7-1.3 1-2 2-4
All Firms 3.5-13.0 7-23 12-40
SCENARIO A
20 percent savings
Canadian Firms l.4-2.6 2-4 4-8
Bll Firms 7.0-26.0 14~-46 24-80
SCENARIO B
10 percent savings
Canadian Firms 0.6-1.1 1-2 i-2
All Firms 3.2«11.5 4-15 6-21

SCENARIC B

20 percent savings
Canadian Firms l1.2-2
ARll Firms 6.4-2

Figure 5.2 Range of Benefits of SEASAT Related to Insurance

Claims (Damages), Shipping to and from Canadian

Ports in Millions of 1974 Dollars

Two other adjustments were necessary to make these

results consistent with the rest of the study. First, all
results were shifted from 1974 dollars to 1975 dollars using a
9% inflation factor. And second, the Canadian study results
were scaled down by 8.7% (the share of tankers in Canadian
trade) to avoid double counting of benefits when the Canadian

results are added into the U.S. dry cargo and the World tanker

fleet figures.
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After making these adjustments, the Canadian trade route

benefits are estimated to be:

$6.4 million to $9.2 million in 1985, undiscounted,
for reduction in delay time due to adverse weather

$25.2 million to $43.8 million, 1985-2000, cumula-
tive discounted benefits, for reduction in delay
time dué to adverse weather

$£5.0 million to $34.9 million in 1985, undis-
counted, for reduction in insurance costs due to
fewer weather-related casualties

$24.5 million to $163.6 million, 1985-2000, cumu-
lative discounted benefits, for reduction in
insurance costs due to fewer weather-related
casualties.



6. OVERALL RESULTS

The results of the marine transportation study
focused on the benefits to be derived from the use of SEASAT
in ocean condition and weather forecasting. These
forecasts are extensively used at present (as described in
Section 2.3) to route ships to minimize time losses and damage
from adverse weather. By improving this procedure, SEASAT can
produce incremental benefits in the areas of direct operating
costs and marine insurance costs, Specifically, the benefits
come from:

e Reduction in delay time due to advercse weather

e Prevention of catastrophic losses due to adverse
weather {(total losses such as groundings or sinking)

e Reduction in hull casualties (damage to ship and
ship equipment)

# Reduction in P & I and cargo casualties (injury
to persconnel, liability for casvalty-related
damage such as oil spills, and cargo damage).

Various aspects of ship routing have been examined

in detail in this report for three major segments of world
shipping:

@ Dry cargo shipping on all U.S. trade routes

e Dry cargo shipping on Canadian trade routes

¢ World tanker fleet operations.

Complete assessment was not possible because of the

lack of data, inaccessibility of existing data, and poor gual-

ity of data available. This is especially true of the marine
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P & I and cargo insurance industries which are much less orga-
nized and clearly defined than the'hull insurance industry.

The study was also restricted to ocean crossing
shipping. Thus, coastal shipping and inland shipping were not
included in this assessment. This was done because the weather
routing procedure is a direct application of SEASAT data in the
long-range (2 to 10 days) ocean condition forecasting operation,
while coastal and inland shipping are "short-term, local"™ fore-
casting problems. SEASAT data will provide wvaluable data to
the short-term, local weather forecasting operation, but it
would be difficult to distinguish and properly guantify the
incremental benefit due to SEASAT. Therefore, even though coastal
inland shipping are larger operations than ocean shipping and
the benefits from SEASAT in this area may be very substantial,
no attempt has been made to estimate these benefits in this
study. -

The benefits estimated in all areas of this study e

are summaried in Figure 6.1, Overall Results, Benefits Due

to SEASAT in Marine Transport, in 1975 Dollars.

and



Dry Cargo

Tanhers

World Ileel,

Totals Estimated

All U.5. Canadian
Trade Foutes ' Trade Routes Al} Major Routes
Source of 1985 1985=-2000 1985 ' 1985-2000 1985 1985«2000 1885 1985-2C00
Benefits Undiscounted Cumulative Undiscounted Cumulative Undiscounted Cumulative Undiscounted{ Cumulative
Benefits Drscounted Benefats Discounted Benefits piscounted gonefits Discounted
Benefita* nencfitse Benefits® BenofiTs*
Direct Delay 6,440,000 25,200,000 3,430,000 19,400,000 30,530,000 131,220,000
’ ¢ -
Operating Tlimc 20,660,000 #6,620,000 to to to ca co to
Casts cost 9,220,000 .
Savings ' ‘ 43,800,000 | 16,680,000 94,250,000 46,560,000 224,670,000
. Prevention ’ 5,830,000 32,930,000
of Cata- {not estimated) 5,000,000 24,500,000 to Lo
Marine strophie a
Lianics 19,420,000 109,800,000 } 4 530,000 | 84,270,000
: Reduceion 6,400,000 26,840,000 {not estimated)
Insurance in Casual-
ty Costs £ i
(ilulls) e ©
Costa T to
feducktion to
n 39,900,000 163,600,000
Cahualky (not eantimatad)} [not estaimated)
Costs
{psl . 60,720,000 300,240,000
carqol
Totals 2
Entlmated | 27,0604 000 113,460,000 | 11,440,000 49,300,000 | 9,260,000 52,330,000 | 47,760,000 |215.490,000
to to to * to to 524 910, 000
44,120,000 207,400,000 | 36;100,000 204,080,000 [[07,240,000 24,910,000
“Dlscount Rate - 190%

Figure 6.1

Overall Results,

Benefits Due to SEASAT in Marine Transport,

i_.l
15

in 1975 Dollars W«
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I'orecasts of Trade on U.S5. Trade Routes Excluding Liquid Bulk Commodities

- in mal.

1bs)

U.5. Atlantic Trade Routes
Year 0l 02 04 12
History
1973 4,575 3,609 11,189 9,187
{$ per 1lb.) J1i4 .085 .280 .0¢e5
Ferecast
1985 12,505 4,899 39,815 22,143
1286 13,505 4,987 42,960 23,582
1987 14,586 5,077 46,354 25,155
1983 15,753 5,168 50,016 26,748
1989 17,013 5,261 53,967 28,486
1996 18,374 5,356 58,231 30,338
1991 19,844 5,452 62,831 32,310
1992 21,431 5,551 67,795 34,410
1993 23,148 5,650 73,15% 36,647
1994 24,997 5,752 78,930 39,029
1395 26,937 5,856 83,165 41,565
1996 29,157 5,951 91,893 44,267
1997 31,490 6,058 99,153 47,145
19¢8 34,009 6,178 106,988 50,209
1g99 36,730 6,289 115,437 53,473
2000 39,668 6,402 124,557 56,948
Growth Rate
Ferecast,
1973-2000 B.0% 1.8% 7.9% 6.5%




Forecasts of Trade onh U.S5. Trade Routes Excluéing Ligquid Bulk Commodities
(Imports. - in lbs}
U.5. MNorth Atlantic Trade Routces )

Year 05 06 07 0g

Hrstory : )
1973 3,567 5,387 3,194 6,622
{§ per 1b.) .243 .047 .223 .189

Forecast

1985 6,696 1,017 6,411 12,859
1986 6,915 11,857 6,840 13,682
19387 7,141 12,699 7,299 14,558
1988 7,374 13,600 7.788 15,489
198¢% 7,615 14,5686 8,310 16,481
1990 7,864 15,600 g,866 17,835
1991 8,120 16,708 9,460 18,658
1992 8,386 17,894 10,024 19,852
1993 8,550 19,165 10,771 21,122
1994 8,943 20,52% 11,432 22,474
1295 9,235 21,983 12,262 23,912
1396 9,536 23,543 12,084 25,443
1997 9,348 25,215 13,960 27,071
1993 + 10,170 27,005 14,896 28,804
1999 lo,502 ° 28,923 15,894 30,647
2000 10,845 30,976 16,959 32,609

Growkh Rate

Torecast,

1973=-2000 3.33% 1.1% 6.7% 6,43
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Forecasts of Trade on ¥.$. Trade Routes Excluding Ligquad Bulk Commodities

{Imports - an mil. 1lbs]

u.s,

North Atlantic Trade

Routes

Year 09 10

Hiztory
1973 3,067 8,381
($ per 1b.) .159 .305

Foreacast

1985 5,651 30,132
19386 5,998 32,844
1987 6,36] 35,800
1988 6,74% 39,022
1¢89 7,161 42,534
1990 7,598 46,362
1991 8,061 50,534
1992 8,553 55,082
1993 9,075 60,040
1994 9,629 65,443
1995 10,216 71,333
1996 10,829 77,753
1997 11,500 84,751
1998 12,202 92,379
15293 12,948 100,693
2000 13,736 109,755

Grewth Rate

forecast,

197 3-2000 6.1% 9.0%
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Forecasts of

Trade on U.S. Trade Routes Excluding Liguid Bulk Conmodities

(Emports ~ in mil. 1bs)

U.S. Atlantic Trade Routes

Year 35 41 51

History
1973 148 2,469 1,551
{($ per 1b.) .052 L1121 . 237

Forecast
1985 264 6,861 3,173
1986 276 7,355 3,335
1987 289 7.884 5,505
1988 302 8,452 3,684
1289 316 9,061 3,871
1990 331 9,713 4,069
19%1 346 10,412 4,276
1992 362 11,162 4,495
1993 ‘378 11,966 4,724
1994 396 12,827 4,965
1995 414 13,751 5,218
19986 433 14,741 5,484
1997 453 15,802 5,764
1998 474 16,940 6,058
1999 495 18,160 6,367
2000 518 19,467 6,691

Growth Rate

Forecast,

1973-2000 4.6% 7.2% 5.1%
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Forecasts of Trade on U.S.

lbs}

Trade Rountes Excluding Liquid Bulk Commcdities
{(Imports - in mal.

u.s.

South Atlantic and Gulf Trade Routes

13

Year 11 le 17

Hiskory

19073 4,744 4,374 3,281 3,424
{$ per 1k.) .034 .135 .062 .118

Foreccast
1285 6,215 6,845 9,687 7,584
1986 6,451 7,132 10,423 8,168
1987 6,626 7,432 11,215 8,797
1988 6,951 7,744 "12,068 9,474
1989 7,215 82,0869 12,985 10,204
19990 7,489 8,408 13,872 10,989
1991 7,774 8,761 15,034 11,836
1992 8,069 9,129 16,176 12,747
1993 8,376 9,512 17,405 13,728
1994 8,694 9,912 18,728 14,786
1995 9,024 io,328 20,152 15,924
1996 9,367 10,762 21,683 17,150
1997 9,723 11,214 23,331 18,471
1998 10,093 11,685 25,104 19,893
1693 10,476 12,176 27,012 21,425
2000 10,874 12,687 238,065 23,075

Growth Rats

Ferecast,

1¢73-2000 i.83 4.2% 7.6% 7.7%
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Forecasts of Trade on U.S.

{Imports -

Trade Routes Excluding Ligquid Bulk Commodities
lbs}

G.S. South Atlaniic and Gulf Trade Routes

Year 18 19 20 21
History
1973 3,343 11,278 3,481 7:77¢2
{$ per 1lb.) . 254 .057 .094 . 093
Forecast
1985 7.161 20,290 9,172 11,763
1986 7,669 21,710 9,942 12,433
1987 8,214 T 23,230 10,778 13,142
1988 8,797 24,856 11,683 13,891
199 5,422 26,596 12,664 14,682
1990 15,021 28,458 13,728 15,520
1991 10,807 30,4590 14,881 16,405
1992 11,574 32,581 16,131 17,340
1993 12,3986 34,862 17,486 18,328
1994 13,276 37,302 18,955 19,373
1995 14,219 39,913 20,547 20,477
1996 15,228 42,707 22,273 21,644
1997 16,310 45,697 24,144 22,878
1998 17,468 48,896 26,172 24,182
1999 18,708 52,318 28,371 25,580
2000 20,036 55,981 30,754 27,017
Growth Rate
Forecast,
19273~2000 7.1% 7.0% 8.4% 5.7%
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Forecasts of Trade on U.S. Trade Routes Excluding Liguid Bulk Commoditios
{(Imports - in m:l. lbs) .
U.5. South Atlantic and Gulf Trade Routes
Year 22 31 38 42
History
1973 6,213 2,514 19 2,304
{$ per 1lb.) 064 .053 I.v.D.* .055
Forecast
1985 14,025 6,200 26 7,333
1986 14,895 6,560 27 7,956
l987 X 15,818 6,940 28 8,633
1988 16,799 7,343 29 8,366
1989 17,840 7,768 29 10,162
1990 18,946 8,219 30 11,026
1991 20,121 8,696 31 11,963
1992 21,368 9,200 32 12,980
1993 22,693 9,734 33 14,084
1994 24,100 10,298 34 15,281
1995 25,595 10,895 36 16,580
1296 27,181 11,527 37 17,%89
i997 28,867 12,196 38 19,513
1998 - 30,8586 12,903 39 21,177
1999 32,557 13,652 40 22,977
2000 34,576 14,444 42 24,930
Growth Rate
rorecast,
1273-2000 6.2% 5.8% 3.2% 8.5%
*
Iinsufficient Value Data

THE
RODUCIBILITY OF 1l
%@INAL PAGE IS POOR
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Forecasts of Trade on U.5. Trade Routes Excluding Liguid Bulk Comnodities
(Imports = in mil. 1bs)

U.5. South Atlantic and Gulf Trade Routes

YTear 55

History - _
1973 @9
(S per 1lb.) I.v.D.*

Forecast

1985 179
1986 191
1987 204
1988 217
1989 232
1920 . 248
1991 264
1992 282
1923 301
1994 . 321
1995 142
1996 365
1997 . 390
1998 416
1299 444
2000 ’ 473

Growth Rate

Forecast,

1973-2000 6.7%

+

Insufficient Valune Data
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Foracasts of Trade on ¥,8. Trade Routes, Fxcluding Ligquid Bulk Commodities

{Inports - in mal. lbs)
U.5. Pacific Trade Routes
Year . 22 24 25 26
History
1973 2,610 614 2,626 2,835
{$ per 1b.) .085 .089 .078 . 011
Forecast
1985 8,402 1,631 4,713 4,343
1986 9,125 1,778 4,897 4,512
1987 9,90¢ 1,938 5,088 4,688
1988 10,761 2,112 5,286 4,871
1989 11,687 2,302 5,492 5,061
1930 12,692 2,509 5,707 5,259
1991 13,784 2,735 5,929 5,464
1992 14,969 2,981 6,160 5,677
1293 16,2586 3:250 6,401 ’ 5,898
1294 17,654 3,542 . 8,650 6,128
19935 19,173 3,861 6,910 6,367
199¢ 20,821 4,209 7,179 6,615
1997 22,612 4,587 7,459 6,873
1998 24,557 5,000 7,750 7,141
1999 25,6€9 5,450 8,052 7,420
2000 28,962 S,241 8,366 7,709
Growth Rate
Foreczst,
1973-2000 3.6% 9.0% 3.9% 3.9%
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Forecasts of Trade on U.S. Trade Rboutes, Excluding Liquid Bulk Commodities

{Emports - xin mil. 1lhs)
U.S. Pacific Trade Routes
Year ' 27 28 29 37
History
1973 1,510 1,246 10,902 Negligible
($ per lb.) .159 L1111 .243
Farecast
1983 3,690 1,982 25,008
1¢86 3,926 2,071 26,680
1987 4,177 2,164 28,468
1388 4,445 2,262 30,375
1989 4,729 2,364 32,410
1390 5,032 2,470 34,582
1991 5,354 2,581 36,899
1992 5,697 2,697 39,371
1993 6,061 2,819 42,009
1994 6,449 2,945 44,824
1995 6,862 3,078 47,827
1996 7,301. 3,218 51,031
1997 7,768 3,361 54,450
1998 . 8,265 3,512 58,098
199¢ 8,794 3,671 61,991
2060 9,357 3,836 66,144
Growth Rate
Ferecast,
1973-2000 6.4% 4.5% 6.7%
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Forecasts of Trade on

1.5. Trade Routes,

Execluding Liquid Bulk Commodities

{Imports - an mil. 1bs}
Great Lakes Trade Routes
Yaar 32 33 34 54
History )
1973 5,061 84 326 86
(§ per 1b.)} I.¥.B.* I.v.D. I.v.D. I.V.D.
Forecast
1985 9,064 187 514 180
1986 9,34% 201 540 190
1987 9,635 215 567 200
1383 9,933 231 595 211
1989 10,241 248 625 222
1990 10,559 266 656 234
1991 10,886 285 689 247
1292 11,224 306 723 260
1993 11,571 329 759 274
1994 11,930 353 797 289
1995 12,300 378 837 305
1996 12,681 4095 B79 321
1997 131074 436 923 338
1998 13,480 467 969 357
, 1999 13,898 501 1,018 376
2000 14,328 538 1,069 ‘ 396
Growtn Rate
forecast,
1973-2000 3.1% 7.3% 5.0% 5.4%

*

Insufficient

VYalue Data
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Forecaslis

of Trade on U.S. Trade Routes, Ixcluding Liquid Bulk Commodities

(Fmports — in mil. 1lbs)
U.s. Pacific Trade Routes
Year 38 43 53 65
History ‘
1973 . Negligible 83 120 1,012
{§ per 1b.) i.,v.D.* I.V.D. I.V.D.
Forecast
1983 ,132 £ 209 1,458
1986 ,138 ,220 1,575
leos? ;145 . .231 1,701
1988 (152 243 1,837
l98¢ ;159 , 255 1,984
1990 167 ,268' 2,142
1991 ;173 " ,282 2,314
1992 ,183 $ 296 _ 2,499
1993 192 311 2,698
1594 ;201 327 2,914
1995 211 ;344 3,148
1996 r221 361 3,399
1997 ;232 380 3,671
1298 243 1399 3,965
1999 ;254 419 4,282
2000 £267 (441 4,625
Growth Rate
Forecast,
1373-2000 4.8% 5.1% 8.0%

*

Insufficient Value Data
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Forccasts of Trade on U

.5. Trade Routes, Exzluding Liguid Bulk Commodities

{(Imports - in mail. lbs)
Great Lakes Trade Routes
Year 55 56 57 ) 58
History
1973 99 141 Insuificient 8§73
($ per 1lb.} I.V.D.* I.V.D. Observation#**% .033
Forecast
) 1985 179 441 1,148
1986 1921 474 1,188
1987 204 510 1,232
1988 217 £48 1,278
1989 232 589 1,325
1990 248 633 1,374
1991 264 681 1,425
1992 282 732 1,478
1993 301 301 ’ 1,532
1994 321 786 1,58¢
1995 342 210 1,648
1296 365 . 977 1,709
1397 390 1,050 1,772
1998 416 1,129 1,828
1999 444 1,214 1,906
2000 473 1,305 1,976
brcwth Rate
Forecast
1973-2000 5.7% 7.5% 3.7%
*
Insuifacient Value bdata
* &
Insufficient Observation
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Forecasts of Trade on U.S. Trade Routes, Exéluding Liguid Bulk Commodities

(Exports =~ in mal. 1bs)
U.5. Atlantic Trade Routes
Year o1 0z 04 12
History
1273 3,513 2,078 4,583 9,172
{$ per 1b.) . 998 L1LEX ,113 .118
Foracast
1985 12,831 4,013 11,875 28,846
1986 13,832 4,258 12,849 31,240
1987 14,911 4,517 13,902 33,833
1988 16,074 4,793 15,042 36,641
1989 17;327 5,085 16,276 39,682
1990 18,679 5,396 17,610 42,975
1981 20,136 5,725 19,054 46,543
1992 21,707 6,074 20,616 50,406
1993 23,;00 6,444 22,307 54,590
1994 25,225 6,838 24,136 59,121
19953 27,192 7,255 26,115 64,028
1996 29,313 7,697 28,257 69,342
1897 31,600 8,167 30,274 75,0938
1998 34,0865 8,665 33,081 81,331
1599 36,722 9,194 35,793 88,021
2000 39,586 9,754 38,729 25,392
Growth Rate ‘
Forecast,
1873-~-2000G 7.8% 6.1% 8.2% 8.3%
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Forecasts of Trade on U.S5.

Trade Routes, Excluding Liguid Bulk Commodities
{Exports ~ in mil. 1bs)

G.S. North Atlantic Trade Routes

Year 05 06 . 07 08
History .
1973 3,299 3,825 2,569 5,308
(s per 1b.) 176 .011 .086 .228
Forecast
1485 6,196 4,768 6,477 12,821
1986 6,512 4,992 6,937 13,500
1987 6,844 5,227 7,429 14,216
1988 7,133 5,472 7,957 14,969
1989 7.560 5,730 8,522 15,763
1990 7,946 5,999 9,127 16,598
1991 8,351 6,281 9,775 17,478
1992 8,777 6,576 10,4869 18,404
1993 9,224 6,886 11,212 19,380
1994 9,695 7,209 12,008 20,407
1995 10,189 7,548 12,861 21,488
1996 10,709 7,903 13,774 22,627
1997 11,255 8,274 14,752 23,827
1998 11,8249 8,663 15,799 25,089
1999 12,432 9,070 16,921 26,419
2000 13,066 9,497 ig,122 27,819
Growth Rate .
Forscast,
1973-2000 5:1% 4.7% 7.13% 5.3%
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Forecasts of Trade on U.S. Trade Routes, Excluding Eiquid Bulk Commodities
(Exports - in mii. lbs)
U.S. Atlantic Trade Routes
Year 35 41
History
1973 65 799
{$ per 1lb.} 02 .150
Forecast
1985 104 1,441
1986 108 1,548
1987 113 1,662
1988 118 1,788
1989 123 1,917
1990 128 2,059
1991 134 2,211
1992 140 2,375
1993 146 2,551
1994 152 2,740
1995 158 2,942
1996 165 3,160
1997 172 3,394
19¢8 180 3,645
1299 187 3,915
2000 196 4,208
Groweh Rate
Forecast,
1973-200C0 4.3% 7.4%
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Forecasts of Trade on U.8S.

Trade Routes, Excluding Liquid Bulk Commodicies
(Exports - in m:il. lbs)

U.S. North Atlantic Trade Routes

Yeazx c9 10
History
1973 3,636 10,642
{$ per 1b.} .038 .1286
Forecast
1985 2,610 22,789
1986 16,254 24,247
1987 10,941 25,799
1958 ll,g?4 27,450
1989 12,4586 29,207
1990 13,291 31,077
1991 14,181 33,065
1992 15,131 35,182
1993 16,145 37,433
1594 17,227 39,829
1995 18,381 42,378
L9996 19,612 45,090
1967 20,926 47,976
1998 22,329 51,046
1999 23,825 54,313
2000 25,421 57,790
Growth Rate
Forecast,
1973-2000 6.73% 6.4%
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" Porecasts of Trads on U.S.

Traede Routes,

Excludipg Laiguid Bulk Conmnodities

(Exports - mil. lbs)

U.S5. South Atlantic and Gulf Trade Ronutes

Year 11 13 16 17

History

1973 4,033 18,740 2,601 4,460
(5 per 1b.) .143 .114 . 095 . 236

Forecast

1935 6,343 34,115 6,202 9,261
1986 6,597 35,684 6,711 9,909
1987 6,861 37,326 7,261 10,603
1988 7,135 39,043 7.856 11,345
1389 7,420 40,839 8,500 12,139
1990 7,717 42,717 3,197 12,989
1991 8,026 44,682 9,952 13,8¢8
1992 8,347 46,738 10,768 14,871
1993 8,681 48,888 11,651 15,912
1994 9,028 51,136 12,606 17,026
199% 9,389 53,489 13,640 18,218
199¢ 9,765 55,949 14,758 19,493
1997 10,135E 58,523 15,968 20,857
1998 10,562 81,215 17,278 22,318
1999 10,984 64,031 18,694 23,880
2090 -11,423 66,976 20,227 25,551

Growith Rate

Fforecast,

1973~2000 4.5% 4.6% B.2% 7.0%
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R
Forecasts of Trade on HU.i, Traae Routecs, I'xcluding Liguid Bulk Commodities
(Lsaports - 1na mil. 1lbs)
U.8. Soath Atlantic and Gulf Trade Routaes

Year 18 i9 20 21
u;gggry 9,657 13,2986 5,208 24,840
fe per lk.) .271 .044 079 .073

Forecast

1985 19,300 32,938 15,877 49,435
19856 20,439 35,531 17,147 51,857
1¢87 21,645 38,444 - 18,519 5@,398
1982 22,922 41,597 20,000 57,664
1989 24,274 45,008 21,5600 59,860
1990 25,706 48,698 23,328 62,793
1951 27,223 52,691 25,195 65,870
1982 28,829 57,012 27,210 . 69,098
1993 30,530 61,687 29,387 72,483
1994 32,331 66,745 31,738 76,035
1995 34,239 72,219 34,277 79,761
1996 " 36,259 78,141 37,019 83,669
1997 . 38,398 84,548 39,981 87,769
1998 40,663 91,481 43,17¢ ) 92,069
199¢ 43,063 98,982 46,634 96,581
2000 45,603 107,099 50,364 101,313

Growth Rate

Forecast,

1973-2000 5.9% B.2% 8.0% 4,8%
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Forecaskts of Trads on U.S5. Trade Routes, Execluding Liquid Bulk Commodrties
{Cxports - ipn mil, 1bs)
U.S. South Atlantic and Gulf Trade Routes
Year 22 23 31 36
History
1973 15,364 310 2,494 le4d
{($ per 1lb.} .148 .203 ., 200 I.V.D.*
Forecast
1285 25,942 957 5,370 288
1936 27,8862 1,048 5,926 300
1987 29,923 1,147 6,306 312
1988 32,138 1,256 6,709 325
L9989 34,516 1,375 7:139 338
19990 37,070 1,506 7:.596 352
1291 39,813 1,649 8,082 366
1992 42,759 1,806 8,599 381
1993 45,924 1,977 9,149 397
19064 49,322 2,165 9,735 413
1995 52,972 2,371 10,358 430
1996 56,892 2,596 11,022 448
1997 61,102 2,842 11,726 466
1998 65,623 3,113 12,477 486
1999 70,480 3,408 13,275 505
2000 75,695 3,732 14,125 526
Growth Rate
Forecast,
1273-2000 7.4% 9.5% 6.4% 4.1%
*
Insufficient Value Data
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Forecasts of Trade on U.S. Trade Routes, Excluding Ligquid Bulk Commodities

(Exports - in mil. lbs)
"U.8. South Atlantic and Gulf Trads Routes

Yeax 42
History

1973 157

($ per ik.} .419
Torecast

1985 1,729

1986 1,850

1987 1 2,002

1988 2,154

1989 2,318

1990 2,494

1991 2,683

1992 2,887

1923 3,107

1994 3,343

1995 3,597

1996 3,870

1997 4,164

1998 . 4,481 '

19499 4,821

2006 5,188
Growtln Rate
Foracast,
I973~2000 7.6%
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Forecasts

of Trade on U.S.

Trade Routes, Excluding Liguid Bulk Commodities

(Exports - in m

il. 1bs)

U.s.

Pacific Trade Rovtas

Year 27 28 29 37

History

1973 1,928 4,440 17,150 Negligibie
(3 per 1b.) <124 .115 255

Forecast

1985 4,780 6,871 58,678
1986 5,186 7.208 63,900
1987 5,627 7,561 69,587
1388 6,105 7,931 75,781
1989 6,624 8,320 82,525
1980 7,187 8,728 89,870
L2911 7,798 9,155 -97,868
1992 8,461 9,604 106,579
1293 2,180 10,074 116,064
1994 9,961 13,568 126,394
1995 10,807 11,086 137,643
1996 11,726 11,629 149,892
1997 12,723 12,199 163,234
i998 13,3804 12,797 177,761
1999 14,978 13,424 193,582
2000 16,251 14,082 210,811

Growth Rate

Eorecast,

1973-2000 8.5% 4.9% 8,9%
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Forecasts of Trade on U.S. Trade Routites, Excluding Liguid Bulk Commodities
{Exports - in mil. lbs)

U.S. Pacific Trade Routes

Year 38

History
1973 negligible
($ per ib.)

Forecast
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994 .
1995
1996
1997
1998
1999
2000

Growih Rate

Forecast,
1973-2000
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Torecasts of Trade on U.8.

‘"rade Routes,
{Lxports - rn mil. 1bs)

Excluding Ligquid Bulk Commodities

Greet Lakes Trade Routes
Year 32 33 34
History
1973 8,533 423 3,208
{$ per 1lb.) . 028 I.V.D.* I.v.D.
Forecast
1385 14,572 1,310 6,274
1986 15,140 1,442 6,701
19387 15,731 1,588 7:.156
1988 16,344 1,748 7,643
1989 16,982 1,925 8,163
1990 17,644 2,119 8,718
1991 18,332 2,333 9,310
1992 19,047 2,569 9,844
1993 19,790 2,829 10,620
1994 20,562 3,114 11,342
19¢5 21,364 3.429 12,113
19¢%s 22,197 3,775 12,537
1937 23,062 4,156 13,816
1998 23,962 4,576 14,7586
l19=9 24,8996 5,638 15,759
2000 25,867 3,547 16,831
Crovith Rave
Torecast,
1973-2000 3.9% 10.1% 6.8%

*
Insufficient VYalue Data
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Forecasts of Trade on U.S.

Trade Roules,

oxecluding bLigquad Bulk Commodities

[Exports - in mil.
U.S. South Atlantic and Gulf Trade Routes
Year 22 23 31 36
History- - .
1973 . 15, 364 310 2,494 36
{($ per lb.} .148 .203. ~2C0 I.v.D.*
Forecast
1985 25,942 957 5,570 288
1986 27,862 1,048 5,926 300
1987 29,923 1,147 6,306 312
1988 32,138 1,256 6,709 325
1989 34,5316 1,375 7,139 338
1290 37,070 1,506 7,596 352
1991 39,813 1,649 8,082 366
1992 42,759 1,806 8,599 381
1993 45,924 1,977 9,149 397
1924 49,322 2,165 9,735 4153
1995 52,972 2,371 10,358 430
1896 56,892 2,596 11,021 448
1397 61,102 2,842 11,726 466
1998 65,623 3,113 12,477 48¢
1929 70,480 3,408 13,275 505
20090 75,695 3,732 14,125 526
4rovei Rate
Foracask,
1973-2000 7.4% 9.5% 6.4% 4.1%

*

Insufficient Value Data
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Forecasts of Import Shares
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betaziled Forecast by
Trade Route, Fmports

0, 02
1973 1983-2000 1973 1985-2000
Share Sharet® Zhare Sharex*®
Container Sharuv of Total?®* 6.0% 8.3% 10.4% 17.1%
] Containcr, Recfer
2 Container .
3 Conlainey
4 Centainecx
5 Contoiner
G Container .
bry Bulk Share of Totalr 63.4 14.1 7.9 42.3
i3 Bry Lulk
11 Dry Bulx’
12 Dry Buwik, Perxrishable
1a Dry Bulk
16 Pry Bulk, Perishable
>
Break Bulk Share of folkal** 30.6 47.6 2.7 24,6,
20 Break Bulk {(live aninals)
21 BreaX Bulk
22 Brcal: HBulk
23 Breark Rulk .
2 Break Bulkx
25 Breah bulk
*6 Brealk Bulk
<

-

=

Toltal-exvcludaing Liquid Bulk

Forecant

Shara
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Dutailed Forecast by

Trade Rovle,

Imports

04 5
1973 1285-2000 1973 19003047
Share Share»#* Share Share?”
g% 46. 3%
containnr Share sf woltal* 1.0 0.0% 37.%% teesE
L Container, Recfer
2 ContLainer .
3 Container
[ Container
5 Containear
2] Container
' 2
Dry Bulk Share of Total* 95.8 100.0 32'% 20.4
10 Dry Bulk
11 Pry Bulk
12 bry Bulk, Prerishable
14 Dry Rulk
16 pPry Bulk, Perishable
4
Break Bulk Share of Total** 3.2 0.0 30.0 33.
20 Break Bulk {(livec animals)
21 Break 2Zulk
22 Break Bulk
23 BreaXx Bulk
24 Break Bulk *
25 Break Fulk
26 Brecak Lulk
® Total-excluding Lig¢uié Bulk
%

Yorceeast Share
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———

Detailed
Trade Poute,

Porecast by

Inporntis

06 .. 07
1973 19045-2000 JO713 10aL-20040
Share Share** Share. Sharott
Contzincry Share of Tolal? 25,214 25,7% 65.9% 65.3%
? Conleiner, Recefor
2 Contaircy ’ .
3 Containoer
q Container
5 Coptainer
% Containcr
Dry Bulkx Share of Toygl* 22.5 21.7 1.3 1.4
o Drss Dull
11 Dry Bulk
12 Dry $2uli, Perishable
14 Dry Bulk
16 Dry Bulhk, Perishable
Break Bulk Chare of Totlal#x 52.4 52.6 32.8 33.5
20 Brealk Bulk {(live animals)
21 Break Bullk .
22 Break 3Bullk
23 ireak Rullk
24 Break 3ulk
25 Break Bulk ¢
26 Break 3ulk
* Total-excluding Liguid EBulk
+ R

Forvecast Shar

e
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Detailed

Forececasti by

:

Forecasi Share

Trade Pouale, Inports
0B 09
1973 1985-2040 1973 P R
Share Sharea*t iharxe Shorer
Contziner Share of Tolal# 15.75% 22.65% 27,28 23.%%
1 Container, Reefcor
2 Conlainer
3 Container
4 Coptainer
5 Containcer
(<] Countainer
Dry Bulk Share of Total? 41.9 24.6 3.9 33.4%
id vey bDulk
1} Dry Julk
1z bry Bulk, Pecrishable
14 Dry bulk
16 Dry Bulk, Perishable
£,
Brecak Bulk Share of Total*® 12.4 53.4 36.9 P2
20 Break Bulk {live animals)
21 RBrezk Bull
22 Break Bulk
23 Bycak Bulk
74 Breahl Bulx
25 Rreal Bulk
26 Break Bulk
t Total-excluding Liquid Bulk
S -
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Detajled loreacast by

Trade Route, Imports
10 11
1973 LEe85H=-2C0C 31973
Shavre Share** Shara
Contajiner Shore of Total* 10.7% 0. 0% 15.58% 1a.5n
A § Container, Receflex
2 Contatiner .
3 ConLainer
% Contaeinex
S Conlajinerx
% Containcr
Lry Bulk Share of Total~ 78.3 85.9 15.¢ 15.¢
L0 Dry Bulk
LS Dy Duli
32 Dry Bulk, Perishable
14 Dry Bulk
15 Dry Bulk, Perishable
Break Bulk Share of Total** 11.0 14.1 G8.3 7.1
T 20 Break Bulk {live animals)
21 Breax vulx
22 roal; Bulk
3 Brea® Bulk
24 Break Bulk
25 Break RBulk
26 Break Bulk .
* Total-~excluding Liguid Bulk
** FPorecast Share
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PBot: ilted

Trade

Eoute,

Foroecasl by
ImportLs

. 12 1z
1973 19455-2000 1973 Q8- 000
Share Sharet* Shate Llharat=
Container Sharc of Fotal* 34, 3% 0.0% 2,33 L.2%
1 Containegx, Reefeoexr
2 Containcr .
3 Conlaingy
[ Contairer
5 Coptaainer
6 Containexr )
Dry Bulk Share o Total®* 2.9 0.0 53.0 65,8
0 Dry Bullk :
1] Dry BDulk
12 Dry Butk, Perisktable
14 Dry Bulk
16 Dry Bulkx, Peristable
Brealk Bulk Sharc of Total?* 62.8 100.0 27.7 26.0
20 Breal Bulk (live animals) )
21} Break Rulk
2. Breah Buik
23 Brear Builx
24 Break Belk |
25 Break Bullk
26 Brea) Bulk .
* Total-excluding Liquid Sulk
A A

Yorecest Sha

re
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Pelailcad

Forecast by

Trade koutce, Inports
16 17 -
1973 08L-2000 1973 1285 -2565
. Share Share*?* Sharce Shr.at?
Coentajner Srore of Tolalt 16,3% 12, 0% 6,9% 7.2%
1 Containcr, Reefer
2 Containcr
3 (onteiner
4. Containce
s Cohtaliner
6 Container .
Pry Bulk Share of Total®* 57.7 64,9 9.9
10 nry Dulk
11 Lry Bulk .
1z Dry Bulli, Perishable
14 Lry Fulk
16 bry Bulk, Perishable
Break Bulk Share of Total*rx 26,0 23.1 g3.2 88.9
20 Break Bulk (live aninals)
21 Break SBulk
22 Broak Lulk
23 Brecak Bullk
24 Break Rulk
25 Break Bulk
26 Breocak Bulk
A Toltal-cscluding Ligaid Bulk
x* %

Foxecaust

Share
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Detailed
Trade

I'or«cast hy

Poute,

Import:s

18 ]n'
1973 855-2000 1973 1SS L6
Sharxe Sharot ¢ Sharc Shaxe t~
Cortaziner Share of Total?® 35,3 - 42,95 2.6% 0.0%

(=L B S - N FUR S B

1y
1l
12
14
16

Dry B
ury b
Dry B
Dry E
Dry B
Dry B

Brea¥k

ull §

oon L
e g E

oo
R R

e ma

~ 4

=4

hecfer

hare of To

Perishable

Porishable

Share of

tal*

Total*r?

21.3

22,9

89.3

JoG. 0

20 Broeonk Bulik (live anirals)

71 Bregsx Bulk

zZ? Broea Bull

2 Breoi Bullk

24 Break bulk

25 Dreak Bulkx

26 Breah Bull
* Total-cxneluding Liceid Dulk R
LS

Forecar

t Sha

re
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Detailed

Forecasn by

Trade Reule, Inporkis
20 21
1973 IOeLS-2000 1873 19352205
Sharce Shere*’ Sharc Share*?*

Container %harc of Tolal#* 5.6% 6.3% 13.0% 10.0%
1 Container, Recfer
2 Containar .
3 Containe:
4 Conbtainar
5 Contajiner
& Contadiner .

Dry Rulk Share of Totalt 43.4 30.5 5.8 ¢.0
iu Dry kulk
11 bry Bulx -
12 bDry Bulk, Perishable
e Dry Bulk
le Pry Bulk, Perishable

Brcak Bulk Share of Total** 51.0 2.2 8l.2 20.0
20 Break Bulk (live animals)
2% Brocakx Bull
22 Breax Bullk
23 Breaih Bul:x .
74 Breakx Bulk
25 Break Bulk
26 Brcak Bulk
* Total—-exclueding Liguid Bulk
ERY

Forccast Share




Devarlied Torveasty by
Trade Roule, Thpozts

2z

1071
Share

1352000

Sharer"

1973

Share

—

L

w

AL b

L b o b des
-

o

*J

|25 I o
RSN ]

Coniaincer

H

Containe
Containn
Contarne
Contcine
Contajiner
Container

!

1

N9

pry Bulk S

oy Su
bry
Bry
bry Bulk
bDry Bulk,

Break
Breakx RBull
.

Break
Lrear

Share

Reefer

*

of

(=]

hare Tola

vevishakle

Perishable

13.1%

4.4%

94.1

0.2%

21,9

63.

Y

23 Brenll Bullt

21 Rioak Buli

25 Break Bulk

a4 BreaX Bulkx
' Total-encluding Ligquid Bulk
& 4

Forecart Sheo

roe
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1 betailed Yoxecest Ly
Trade Loutce, lmponls
24 23 -
1973 Len5~-20L0 1¢73 TUL5-2000
Share Share®? Share Shoargr ™
Contziner Share of Tolal? 9.3% 14,9% 15.7% 10,.8%
1 Containcr; Reefler
2 Conteaincer .
3 Containex
4 Containny .
5 Contzinor
6 Contziner
Dry Bulk Share of Totalt? 71.7 55.7 67.3 72.2
0 Dry bulk
11 Dry Baelk
L2 Dry 2Zulk, Perizhable
14 Dry Bulk
16 hry Bulk, Perishable
Brezk Bulk Share of To:tal** 19.0 29.4 17.0 16.2
20 Breakx Bulk (live anismels)
21 Brea% Bulw
22 Breaw sulk
23 Break Bulk
24 RreaXx Bulk
25 Break Duly
256 Break Bulk
* Total-excluding Liguid Bulk
- Forecast Share
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Detailed Torecast by
Trade Rovice, laporis

[
[+4]
o
-~

1973 J98%- 20G0 el 17035-7.7
Share Sharo®s Shate Shhare 7~
Containcr Share of Total* 43,92% 36,95 7.4% 17,35

Containex; Reafer
Conlalnor .
Containar
Containern
Cantaincy
Ccontainer

[ ST - PUR S

Dry Bulk Share of Tolal™ 2.8 1.8 9.2 14,3
10 Drv 1k
3l Drv 2Pulxn
12 Dry Bulk, Perishable
14 Dry Bulkx
16 ry Bulk, Perishable
Rreak Bulk Share of Tolal>r? 53.3 59.3 83.4% 8.l
20 Break Fulk (live azuninals)
21 Breocak Bull
27 Breal Bulk
23 Breah Hull
24 Break Balk
?5 Brealt Bulk
26 Break Bul:
* Folel-excluding Liguid Bulk

= Forecast Share

nr—
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Detailed Yorecast hy
Trade Roule, Frports

28 2?9
1973 Le8L-2000 1273 1285-2.0
Share Share*? Strare Share™
. L Gh 31.8% 32.Cx
Contajiner Share of Total* 11.5% 12.6
1 Container, Recoeler
2 Contairar
3 Containcr :
4 Containgr
5 Container
G Conteiner .
Dry Bulk Share of Total¥* g4.7 83.0 6.8 0.0
s Dry Buik .
11 Dry bulk .
12 bry Bulk, terishable
Y4 - bry Bulk
16 bry Bulk, Perishable
' 1.4 5
Break Bulk Sharc of 4.4 61.4 2
20 dreak Bulk (live animals)
21 Break Bulk
22 Break Bulk
23 Break BulXx
24 Break Bullk
25 Break Bulk
2G Break BulXk
1 Tobtal-eoxeluding Liguld Bulkx
* A

Yovacast

Share
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Petailed Torecsat by
Trade foutle, Irioris
31 32
1973 100N 20,7 1973 cyS-pong
Share Sharerf Share Shar:s -
: ) - = o 5.7% 7.3%
Container Share ol Totals 5.2% 0.0%
1 Container, Reofeor
2 Conlainer
3 Contoiner
4 Containerx
5 Container
6 Container
) 4 55.8
DPry EBulk Share of Totalt? 55.48 6l.
LU Dry BRulx
il Dry nuli
1z Dry Hulk, Pexishzble
14 Dry Bulk
16 Dry Bulk, Perishoble
7 31.5
Break bulk Shexre o Total** 39.0 38.6 39.0 ’
ao Break Bulk (live anipals)
2] Areak Bulk
22 Break BHulk
232 Brcah Rulk .\
241 Brealr Balk
5 Breoak Bulk
26 Breah Bulk
* Total-excluding Liguid Bulk
o

Forecastl Share
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betailed Forecast by
Trade Roukte,

Foracast Share

1973 1985=-2000 1273 1¢85-200
Share Share Shaxrn®*
Container Share of Totalx* 2.1% 10.9% Q0.0
1 Containrer, Recferx
2 Container
3 Con%ainer
4 Container
5 Containsx
6 Container
Dry Bulk Share of Total* 75.6 44.5 Q.0
10 Dry 2ulk
11 Drv Bulk
12 Dry Bulk, Pexishable
rL4 Drv Bulk
ié Dry Rulk, Perishable
Break Bulk Share of Total**i 22.3 44.86 0.¢
20 BrzeaXkx 3ulk (live aninals)
21 Break Bulk
22 BreaX Bulk
T23 Break Bulxk
24 BreaX Bulk
25 Sreak Bulkx
2% Areak 3Bulk
* Eotal-excluding Liguié 3Bulk
* % -
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Dotailed

Forecast by

Trade Route, EZxnorts

G4 05
1973 1985-2000 1973 1935-20n
Share Share** Sharao Sharo-

Container Share of Total* 48,43 29.6% 6.8% 15.3%
1 Container, Recfar
2 Container
3 ‘Contadiner |
q Contarner
5 Container
6 Container

Dry Bulk Share of Total™* 31.6 70.4 79.0 53.1
10 Dry Bulkx
11 bry Bulk
132 Dry 2ulk, Perishable
14 Rry Bulx .
16 Dry Bulx, Perisikanle

Break Bulk Share of Total**| 48.4 0.0 14.2 1.8
20 Break Bulk {live aniralg}
21 Break Bulx

F 22 BreaXx 2ulkx

23 3rsak Sulk
2¢ Zrzak Zulk
23 Brega¥% Bulk
26 Breakx Bulk

(3

Total-excludiag

Torecnast
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Detaried
Tradn Route,

Foreoast by

Ixpoxris

(o1

|
06 07 i
i
1973 1235-2300 1973 Lga5=-201_ 1
Share Share** Share Sharet- i
i
Container Shaze of Total* g.5% 12.0% 4.1% 0.03% i
1 Containexr, Pecfer f
2 _Containar !
3 Contadiner i
4 Conftaimner i
5 Containsr 1
6 Container '
H
|
Dry Bulx Share of Total* 74.2 [23- IS 37.3 100.90 '
10 Dry Bulk
11 Dry Bulk 1
12 Dry 3ulk, Perishable |
14 Dry BulX
16 Dzy BulXx, Perishable
Break Bulk Share of Total**| 7.1 18.2 8.6 0.0
20 Break 3ulk {(live aninals} .
21 Brea%x 3Sulk }
22 SreaX 3ulx
Z3 Areak Zulx
24 Ereakx 3ulk
25 Breax Bulk ]
28 Breoak Bulk
i
[}
!
* Total ~2xcluding Ligrid Tulx
o vToracast Shar
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Detarlced
Trade &

08 Q¢
1973 1285-2300 1e%: 1925-20C7
Share SharaT~ Share Share=*
: - Y % % 0%

Contaliner Share of Total~ 6.5% 0.0% 1.6 0.2
1
? Contaliner
3 Container
4 Conteiner
5 Container
& Contawnerx

Dry Bul% Share of Total* 76,2 100,0 80,2 160.0
10 Pry Bulk
il Dry Tulk
12 bry Bulk, Perishable
14 Dry Bulk
ig Dry Bulx, Perishable

Break 3ulk Share cf Total**j 17,2 g.° 3.2 e.0
20 Break Zulx (live animals)
21 Breoak Bulk
22 Break Bulk
23 break 3Julkx
24 Break Wulkx
Z= 3realk Bulk
L3 Brezx 3ulx
* Total-cexcluading Liguid Rulk
** TForecast Sihare
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Detailed 'orecast by
Trade Routn, Dxports
1g 11
1973 12856-20090 1973 1gg5-2007¢
B Brzre Share=™™* share Share’?

Conkaingr Share of Tokal? 4.9% 4.0% 5.0% &.5%
1 Container, Reefar
2 Contaliner
3 Container
3 Containoer
5 Canteainer
G Containox

ory Bulk Share of Total® 74.6 73.0 32.4 17.4
10 Dry Bulk
il bry 3Sulk
12 Dry 3ul%, Perishable
14 Dry 3Sulk
16 Bry Bulk, Perishable

Break Sulk Share of Tobal? 20.5 i7.0 54.6 56.1
23 Sreak Bulk {iive anirals}
2% Break Bulk
22 Breax 3ulk
23 Sxega% Bulk
* Broaet Balk
29 Zreax Bulk
26 Braak bulk )

w &

Fotal~oxaluding

Lignidé Sulk

Forecasct Share
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Detailed Foreocast by
Trade Route, Exports
12 13
1973 1985-20090 L9732 1985-2G600
Share Sharex* Share Ehare~ *

Container Share of Total* 1.3% 3.6% 0.83 0.0%
L Container, Reefer
2 Container
3 Container
4 Containex
5 Container
6 Container

bry 2ulk Share of Total* 94,5 71.5 75.9 62.9
10 Dry Bulk
11 Dry Bulk
12 Dry Sulk, Perishable
14 Dry Bulk
16 Dry BulXk, Perishable

Breax Bulk Share of Toital** 4.2 19,9 23.3 30.1%
20 Break Bulk (live aninals)
21 Brezk 3Bulk
22 Breax Bulk
23 Breax Bulx
24 Break 3ulk
25 Break Pull
206 Brea% Bulx
* Total=-axcluding igurd Duoik
**  Porecast Share

i
|




193

3]
T

atai
rade

le

.
a2ute,

Forecast by
Cxports

Forecast Share

18 17
1273 1985-2000 1973 Le85-200"
Share Sharat* Share Share*-
Container Sharec of Total*x 7.9% .03 5.83% 180,08
1 Container, Reefer
2 Container
3 Container »
4 Container
5 Container
6 Container
Dry Bul% Share of Total®* 15.1 0.0 11.2 0.0
1¢ Dry Bulk
11 Dry Bulk
12 Dry 3ulk, Perishabile
14 Dry 3ulkxk
16 Dry Bulx, Per:ishable
Break Bulk Share of fTotazl**} 77.0 100.0 83.0 0.0
- 20 3reax Bulk {(live anirmzls)
21 Braeak 3ulk
? 2reak 3ulk
23 Break Bulk
24 BreaXx Bulk
25 Braxx pBulk
2G Breax Bulk )
* Total-cxcludirg tiguid Puik
& &




Detailed Forecazst by
Exports

Trade Route,

lg 19
19732 1955-20C0 1973 1¢335-204
Sanre Share** Share Share**
|

Container Share of Tothal* 5.4% 5.1% 2.7% 0.0%
1 Container, Reefex
2 Container
3 Ceontainer |
4 Containerxr
3 Containex
& Contaziner

Dry Bulk Share of Total* 54.1 43.9 48.7 0.0
10 Dry Bulk
11 Dry Eulk
12 Dxy Bulk, Perishadle
14 Rry Bulk
16 Dry Bulk, Perisieable

Break Bulk Share of Totalt*| £0.5 531.0 42.6 140,0
20 Break Bulk {live anirals)
21 Sreax Pulx
22 Breaz% Bulk
Z3 Preal Bulk
ol dreak Bulu
25 Areay Buolk
26 Breai® Bulk
* Total-cxzeludirg Ticgeid ROy
+ &

Forecast

Share

[
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Detailed Forecast by
Trade Poute, EBxrorts
273 21
1273 1985-2000 1973 !“1935—209'
Sh-ra Shara*r* Share i Share’r*
™ '
- o= - . P
Container Share of Tohal® 1.9% 1.8% L.7% ; 6.0
- ]
i
- 1
1 Container, Reefor i
2 Containner R
2 Container
4 Containcr
5 Container i
6 Contarner |
Dry Bulk Share of Total? sz.2 43,1 66.8 ! 106.0
Dry Julk
Dry B8ulk
Dry Bul%, Perisharlc
Dry 2ulk i
Ory EBulx, Perishable
Break Bulk 45,9 53.1 31.5 0,0
2reak Bu
Brax2k 3u
Break% 3u .
Brea< 3o
Breaxn 3Bu -
SreaX Bu
Break Bu

Total-excluding Ligu:xd 3vlk

Forecast Share




Delailed TForecast by
Trade Route, Zxnorts

Qrecast Share

24 25
1073 1985-20900 1973 1085-20¢
ghare Share*?* Share Sharc*™
Container Share of Tcotal® 17.64 23.4% 8.2% 7.4%
1 Container, Reefer
2 Container
3 Container |
4 Container
5 Centainer
& Contarner
Dry Bulk Share of Totait 5.4 2.4 62,8 65.0
10 Dry Bulk
11 Dry Bulk
12 Dry 3ulk, Perishable
14 Dry Bulkx
16 Dry 3ulk%, Perighable
Break Bulk Share ¢f Total*=x]| 77.0 74.2 22.0 27.6
20 Break Bulk (live animals])
25 Break Bulk
22 BreaXx 3Bulk
23 Brear Bulk
24 Break Builk
25 Brecx Bulk
2¢ Break Bulk
* Total-excluding Licuié Bulk
% % a.‘
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Detailed Forecast hy
Trade Route, Zxuporits
22 23
¢
1872 1235=-2500 1273
Sharn Snarer* Snare
Container Share of Total* 0.3% 0.0z 393.1% 31.2%
1 Container, Reefer
2 Centalnnr
3 Containeyr
4 Container
5 Container
3 Container
Dry Bulk Skare of Total® 38,1 ¥00.0 12.4 3.4 )
I
1o Jry Bulk '
1i Dry Bulk
1z Dry Bulk, Perisnable
1 Dry Bulk
1 Dry Bulk, Perishable
]
Break Bulk S$hare of Total**| 11.2 ¢.0 57.5 5¢.8
20 Break Bulk (live aninmals)
21 Break Bulk
22 Brean Buln
23 Breax Bull
24 BreaXk Iuly i
23 EreaX Bulk !
28 SreaXx Bulx —_—
) i
* Total-excluding Liruid Bulk E
.o !
A
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Detailed Forecast by
Trade Poute, Exaports

26 27

w
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Container Share of Total* 25;0% 0. 0% 7.8% 7.2%

Container, Reeler
Container
Container |
Container
Container
Container

Dry Bulk Share of Total#? 40-. 9 100.0 10.1 9.2

Drv Bulk
ory 3ulk
Dry Bulk, Perishable
Drv Bulk
Bry Bulk, Perishakle
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1973
3hare
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Shara*~

T
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Gy oy W

Container

Contaainer,
Container
Containerx
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Container
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o
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Breax
Breaxk
Break
Exrcak
Brcaxr
fircax
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Deefar

{live animals)

7.9%

34.7

100.0%

32.7 40,4

Total-excludi
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Tra4e Rout Exports
31 - 32
1973 1935-2000 13973 lees-20G7
Share Share*™* Sheore Share**

Contaziner Share of Total* 3.0% 3.5% 5.7% 5.4%
1 Container, Rococfer
2 Centainer
3 Contaliner
4 Container
5 Container
6 Container

Dry Bulk Share of Total* 54,1 58.8 73.7 78.2
10 Pry Bulk
11 Dry Bulk
12 Dry Bulx, Perishable
14 Bry Bulk
16 bry Bulk, Pexrishable

Break Bulk Share of Totali*x{ 42.¢ 37.7 20.6 16.4
20 Break Bulk (live animals}
21 Sreak Bulx
22 Sreax BulX
23 Break Bulx
24 Sreakx Bulk
25 Sreakx Bulk
26 BreaX Bulk
* Total-excluding Liguid EBulk
+ %

Forecast Share
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Trade Routes of the U.5.%*

Trade Route 1973
Number Description
Gia0 U, 8. Atlantic/Sast Coast Soulh America
U101 U, 8. Atlantic/3razi
0L02 U, 8. Atlantic/Urusuar
01063 U, S. Atlantic/irgentina
0200 U, 8. Aslantic/Yest Coast South America
G201 U. S. Atlantic/Colomoia (West Coast)
0202 U. 8. Atlentiec Teuador ,
0203 J. S. Atlantic/Peru
020l U. 8. Atlantic/Chile
0400 U, 8. Atlsntic/Caribbean (Incl. Cristobal), East Coast Mexico
0Lo1 U. 8. Atlantic/¥exico (Bast Coast)
oko2 U. 8. Atlantic/Colombia (Carib.)
obo3 U. 8. Atlantic/Venezvels
040k U. S. Atlantie/Fetherlands Antilles
0500 UJ. S. Horth Atlantic/United Kiagdom, Ireland (Tire)
0600 U. 8. North Aslentic/Scandinarsia and Baltic (Inel. H1#d.,
Greenland & Iceland)
0700 U, S. North Atlantic/West Germany (Jorth Sea)
G800 U. 8. North Atlantie/Yetherlands, Belgium
0801 7. 5. iHorth Atlantic/Netherlands
0392 U. 8. Horth Atlantic/Belgium
0900 U. 8. worth Atlantic/Trance (Atlantie), Svain (i1, of Fortuesl)
0201 U. 8. Worth Atlantic/France (Atlantic)
0902 U. 8. Horth Atlantic/Svain {N. of Portussl)
1000 U. S. Forth Atlantic/ilediterranean, Black Sea, Fortusal,
Svain {South of Portugai). lforocco, and Azores
1001 U. S. Jortn Atlantic/France (Med.)
1002 U. 8., Yorth Atlantic/Svain (5.E. of Portugal & led.)
1303 U. 5. lorth Atlantic/Portugal
100h U. 8. Jorth Atlentic/Italy
1005 U, 5, Forth Atlantic/Yusgoslavia
1080 U. S. liorth Atlantic/Greece
1007 U. S. Borth Atlantic/Turkey
1008 U. 8, North Atlantie/Svria
1009 U. S. North Atlantic/Lebanon
1010 U. S. North Atlentic/Tsrael (‘fed.)1011
1011 U, §. North Atlantic/Favot (ied.)
1012 U. 8, Worth Atlantice/Libvs, Tunisia, Alperia, Morocco

*Maritime Administration Qffice of Market Development
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Trade Routes of the U.,S*

Trade Route 19?3 .

Number ’Descrlptlon

1150 U. S. South Atlentic/United Xinzdom and Ireland

- {¥ire), Continental Eurcve Yorth of Portusel

1101 U. S. South Atlantic/United Zincdom, Irelend (Fire)

1102 U, 5. South Atlantic/Svain (Y. of Portusel)

1103 U. S. Souih Atlantic/Frarce (4ilaentic)

1104 U, 8. South Atlantic/Belginm )

110§ U. S. South Atlanuic/Netherlands

1105 U, 5, South ftiantic/Uest Cermany (North Sez)

1107 U. 8, South &tlentic/Scandisavia snd Baltic

1200 - U. 8. &tlantic/Far Tast

1201 U. 8, Atiantic/Janan

1262 U, 8, Atlantice/Tenublic of Korea

1203 U. S. ftlantic/Okinawa '

1204 U. 8, Ztlezntic/Taivan

1205 U. 8. Atlantic/Hon~ Kone

1206 U, S. Atlentic/Fhilivpines

1207 U, &, Ltlantic/South Vietnam

1208 U. S. Atlantic/Thailand

1300 U. 5. South Atlantic and Gulf/Mediterranean, Black Sesa,
Portugal, Spain (South of Portusal), Morocco, snd Azores

1301 U. S. South Atlantic and Guiil/France (Med.)

1302 U. 5. South Atlantic and Gulf/Spain (S.%E. of Portugal
and (led.)

1303 U. 5. South Atlantic and Guli’/Portugal

1304 U. 8. South Atlantic and Gul#?/Ttaly

1305 U. S. South Atlantic ahd Guls/Yugoslavia

1306 U. 8. South Atlantic and Gul’/Greaece.

1307 U. S. South Atlantic and Guli/Turkey-

1308 U, S. South Atlantic and Gulf/Syria

1309 U. 8. South Atlantic and Culf/Lebanon

1310 I, 8. Soutn Atlantic and Gu'®/Israel (Med,)

1311 U. 5. South Atlantic apd Nuls/FPeyrt (Med.)

1312 U. S, South Atlantic and Mulf/Libra, Tunisir, Aleeria, Moxoces

5100 (14-1.00)] U, 8. Atlanvic (Serviee 1)/Wast Africa, Canarv Is., Cape

L1o1r (1b-1.01)

B162 (1%k-1.02){ U,

4103 (1k-1.03)

Verde Ig., and Yedeirn Is,

o
e

5.
3.

Atlantic/Senegal throv-h Ivorv Comst
Atlantic/Crhana threurh Camerson

Atlantice/Beuetorial fuinea throurh Angola

*Maritime Administration Office of Market Development
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Trade Routes of the U.S.*

Trade Route

1973
Description

Number

4200 (14-2.00) | U. S. Gulf (Service 2)/West Africa, Cenarv Is., Cape Verde
Is., 2nd Madeira TIs,

L2031 (14-2.01) | U. 8. Gulf/Senegel through Iverv Coast

k202 (1k-2.02) | U. S. Gulf/Chsne throush Cameroon

4203 (1%-2.03) | U. S. Gulf/Equatorial Cuines throurh Angola

4300 (1k-3.00) | U, s. Pac1fao/Ue "t Const Africa, Canarv Js., Came Verde
Is., and Madeira Is.

5100 (15-A.00}| U. 8. Atlantic/South & Hast Africa, Malaraqy Rev,, 8%, Helena,
Lscension Is.

5101 (15-£.01 | U. S. Atlentic/Rep. of S, Africa

5102 (15-4.02 | U. S. Atlantic/Mozambiaue

5103 (135-A.03 | U, S. Atlantic/Tanzgnia, ¥enva

5104 (15-4.04) | U. S. Atlantic/Malazasy Rewo,

5200 (15-B.00)| U. 8, Gulf/South & ¥ast Africa, Halamasy Ren,, St. Felera,
Ascensicon Is.

5201 (15-3.01){ U. S. Gulf/Remn. of 3, Africx

5202 (15-3.02) { U, S. Gulf/tlozarbiane

5203 (15-3.03) { U. 8. Gulf/Tanzania, Kenva

520k (15-B,0L4) | U. &. culf/liala~asy Ren.

5300 (15-0.50) | U. S. Pacific/South & Fast Africa, !‘alarasv Revublic,
5t. Helena, Ascensinn Is,.

13600 U, 8, Atlantie, Gulf/Australia

1601 U. 8. Atlantic, Guli/fustralia

1602 U, 8. Atlantic, Gulf/iew Zezland

1700 U. 8. Atlantic, Culf, and Pecif! ¢/Indonesia, lalaysia, _
Singenore -

1701 U. 8. Atlantlc/Ingone81a

1702 U. 8. Gulf/Indonesisa

1703 U, 8., Pacific/Indonesia

170k U. 8, Atlantic/Malaysia

1705 U, 8. Gulf/l‘alaysis

1706 U. 8. Pacific/Malaysia

1707 U. 8. Atlantic/Sinravnore

1708 U. 8. Gulf/Sinrsavore

1709 U. 8. Pacific/Sincavore

1800 U. 8, Atlantie, Gulf/India, Pakistan, Cevlion, Burma, Persian
Gulf, Gulf of Aden, Red Sea

1501 U. 8. Aflantlﬂ, Guls/India

1802 U, S, Atlantic, Guif/Pakisten

*Maritime Administration Office of Market Development
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) Trade Routes of the U.S.*
Trade Route 1973
Number Description
1803 U. 8. Atlsntie, Gulf/Cerlon
1500 U. 8, Gnlf/Caribtean (Tncl. Cristobal), Fast Coast Vexico
1901 U. 8. Gulf/texico (Fast Cosut)
1902 U. 8. Gulf/Colorhia {Carib.)
1903 U. 8. Gulf/Venezuela
1904 J. 8. Gul*/lletherlands Antilles
2000 U, 8. Guif/"ast Coast South merica
2001, U, 8. Cur*/Rrazil
2002 U. 8. Gulf/Urusuary
2003 U. S. Gulf/Arrentina
2100 U. 8. Gulf/United Kinrdom and Ireland (Fire), Contirnental
Europe Horth of Portuezml
2101 U. 8. Gulf/United Kingdorm, Ireland (%ire)
2102 U. 8. Gulf/Spain (M. of Portnszal)
2103 U. S. Culf/France {Atlantic)
210k U, 8. Gulf/Pelrium
2135 U, &, Guif/etherlands
21006 U. 8. Gulf/%est Germenv (¥orth Sa=z)
2107 U, 8. Culf/Scandinsvia and Raltic
2200 U, 8., Gulf/Tar tast
2201 U. 8., Gulf/Jdanan
2202 U, S. Gulf/FPev.cf lorea
2203 U, 8. Gulf/Okinava
2204 U. 8. Guil#f/Taiw
2205 U. 5. Gulf/Zon~ Kons
2260 U, £. Gulf/Philivtines
2207 U. 8. Gulf/Scuth Vietnzm
. 2708 U, 8. Gulf/Thailand
2300 U. 8. Pacific/Caritbean (Inci. Cristobal), Fast Coast “lerico
2201 U. 8. Pacific/Colorvia (Cariv,)
2302 U, 3. Pacific/Venezusla
2L0o0o U. 8. Pacific/Tast Coast South America
zh01 U, 8. Peeifie/3razil
2ho2 U, 8. Pacific/Uruzuay
2L03 U, 8. Pacific/Aranetina -
2500 U, S. Pacifie/Vest Ccast South America, Central America
and ilexico, Canal Tore (¥.C.)
*Maritime Administration Q0ffice of Market Development
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Trade Routes of the U.S.*

Trade Route

1973

Number Descripticn

2900 U. S. Pacific, Hawaii, Alaska/Far Easi

2901 U. S. Pacific, Hawaii, Alaska/Japan

2902 U. S. Pacific, Hawaii, Alaska/Rep. of Korea

2903 U. S. Pacific, Hawaii, Alaska/Okinawa

2904 U, S. Pacific, Hawaii, #laska/Taiwan

2905 U. S. Pacific, Hawaii, Alaska/Hong Kong

2906 U. S. Pacific, Hawaii, Alasks/Philippines

2907 U. S. Pacific, Hawaii, Alaska/South Vietnam

2908 U. S. Pacific, Hawaii, Alaska/Thailand

3100 U. 8. Gulf/West Coast South America

3101 U. S. Gulf/Colombia (West Coast)

3102 U. S. Gulf/Ecuador

3103 U. S. Gulf/Peru

310k U. S. Gulf/Chile

3200 U. S. Great Lakes/United Kingdom & Ireland (Bire),
Continental Europe- North of Portugal

3201 U. S. Great Lakes/United Kingdom and Ireland (Eire)

3202 U. S. Great Lakes/Spain (N. of Portugal)

3203 U. S. Great Lakes/France (Atlantic)

3204 U. S. Great Lakes/Balgium ° ..

3205 U. S. Great Lakes/Netherla.ds

3206 U. S. Great Lakes/West CGernany (North Sea)

3207 U. S. Great Lakes/Scandinariz and Baltic

3300 U. S. Great Lakes/Caribbean (Incl. Cristobal), East
Coast Mexico

3400 U. S. Great Lakes/Mediteri¢nean, Black Sea, Portugal,
Spain (South of Portugal), Morocco

3500 U. S. Atlantic/Great Lekes Canada

3600 U. 8. Gulf/Great Lskes Canada

3700 ‘California/Great Lakes Canada

3800 Washington, -Oregon/Great Lakes Canada

sLoo U. S. Great Iekes/West Africa

5500 U. S. OGreat Lakes/South and East Africa

5600 U. S. Great Lakes/Red Sea, India Perisan Gulf, Indonesia,
Malaya, Singapore

5700 Round-tvhe -World

5800 U. S. Great Lakes/Pacific Canada

*Maritime Administration Office of Market Development
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Trade Routes of the U.S8.*

Trade Route

1973
Description

Number

2501 S. Pacific/Fexico, W, Coazst Central America, Cansl
Zone (7.C.)

2502 8., Pacifie/Colombia (West Coast)

2503 g, Facific/Feuador

2504 8, Pacific/Peru

2505 8. Pacific/Chile

2600 's. Pacific, Hawail, Alaska/United ¥ingdom end Irelsnd
(Elre) Continental Eurove Horth of Portusal

2601 8. Pacifie, Hawaii, Alaska/United Kinedor, Trelazd (Zive)

2602 . 8, Pagific, Hawaii, Alaska/Srain (W, of Portnaal)

2003 S. Pacif‘ic, Yzwaii, 4las™a/Trance (Atlantic)

2604 3. Pacific, Hawaii, Alash~/Bel~iun

2605 . S, Pacific, Hawvaii, dlags/Tetherlends

2600 S. Pacific, Mawaii, Alasia/Vest Germany llorth Se-)

2507 S. Paci®ic, Haraii, Alssia/feandinavia and Raltie

6500 (26-¢.00)

6501 (26-C.01)
6502 (26-C.02)
6503 (26~C.03)
650L (25-GC.ok)
6505 (26-C.05)
6506 (26-C.058)
6507 (26-C.07)
6508 (26-C.08)
6509 (26-C.09)
6510 (26-C.10)
6511 (26-C.11)
6512, (26-C.12)

2700
2701
2702
2800

2801
2802
2803

sfs Semddad

S.

Pacific,/llediterranean, Rlack fea, Portugal, Srain

(South of Portueszl), Morocco,,and Azores

S.
S.
S.

. 5.

3.
S.

5.

Sl

Pacific/France {Med.) -
Pacific/Spain (8.E. cf Portugal & Med.)
Pacific/Portugal

Pacific/Italy -
Pacific/Yugoslavia

Pacific/Greece

Pacific/Turkey

Pacific/Syria

Pacific/Lebanon .

Pacific/Israel (Med.) :
Pacific/Egypt (Med.) .
Pacific/Hawail Tunisia, Algeria, Morocco
Pacific, Hawaii/fusiralia

Pacific, Hawaii/Australia

Pacific, Hawaii/Wew Zealand
Pacific/India, Pakistan, Ceylon, Burma, Persien

Cu,f Gulf of Aden, Red Sea
S. P3.01f'lC/Il'1dla :

S. Pacific/Pakistan
S. Pacific/Ceylon

*Maritime Administration Office of Market Development




208

Trade Routes of the U.S.*

Trade Route

1973
Description

Number

5900 U. 8. Great Lakes/Far East

6000 U. S. Great Lekes/tastralasia

7100 U. S. Atlantic/West Coast Central america and Mexico

7200 - U. S+ Gulf/fiwest Coast. Central. America and Mexico

7700 U. 8. A%lantic/Pacific Canal Zone

7800 U. S, (ulf/Pacific Canal Zone

8000 U. S. Great Lakes/West Coast South America, Central America
and Mexdco

8100 U. S. Atlantic/Atlantic Canada

8200 U. S. Gulf/Atlantic Canada

8300 U. S. Pacific/Atlentic Canada

8400 U. S. Great Lake5/Fast Coast South America

8500 U. $. Atlantic/Pacific Canada

8500 U. S. Gulf/Pacific Canad a

8700 U. S. Pacific Canads

8900 U. S. Great Lakes/Atlanvic Canada

9100 U. S. Rico/Foreign - Virgin Islands/Foreign Hawaii/Foreign
(Except T.R. - 2600, 2700,2900, and their subdivisions)

2300 Measya/Foreign (Except T.R. - 2600, 2900, and their
subdivisions) - &

6100 U. S. Great Lakes/Grsat Lakes .Canada (TransLakes)

*Maritime Administration Office of Market Development

Essential Trade Rouses-

0100 through 4200 (14-2,00)
5100 (IS—A.OO & 5200 (IS—B.OO)
1600 through 2600

2700 through 3400

Note: Trade route subdivisions carry numbers ending in other than 00

(e.g., 0101 U. S. Atlantic/Brazil).




APPENDIX F

Casualty Costs-by Cause, by

Vessel Type, by Location
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d00d ST #DVd TVNIDINO

PE— fmrm e — = e o m e - - e PO

_ UNLTED_STATES SALVAGE ASSGCTATION, _INC e __ oo oo me e e
CAMAGE SURVEY ANALYSIS :
__ BY_ALLEGZC, CAUSE, CASUALTY_ LOCATION, AND _VESSEL TYRE

v

T T JANUARY 1971 TC CECEMRER 1974 o -
L VESSEL _TYPE o o e NUMBER __ o, TOTAL ACFUAL __ o REPATR TIME_ __ .. .
: OF CASUALTIES REPALR COSTS FGOR AEFECTED ELEMENTS
GROUNDIMGS _. ... .
CANADA PACLE LG o e o S o o e e
.. 7. BULK CARRIERS. _____. e e Y e L7000 R
; . . o CASUALTY_LOCATION_TOTALS 1 17,000 3
LS PACIRIC T T T T
-tTT 5. GENERAL CARGD SAIFS ~ T TTTTToTTTTTTTTTRssTToTTTITTITEIYE T T RBT 3G TTTTTTTTTT gs— T
3. TANK_SHIPS 3 444,900 1]
AN SATRS 3 173,700 17
____________ 7. BULK CARRIERS_‘___“_“_____“___d“__wpun_____dd___________lga_________________"F_]@Q.ZQQ_________ﬂ“_________Ql__“_______
8. BULK CARRIERS - ORE/FDIL 2 565,000 37
L 12. CONTAINER/CARGO SHLPS e A 13,500 o 2
17. RAILROAD CAR FEARRIES 1 23,700 10
—— . 19. BARGE CARRIERS 1 71,700 3
e ,,-__-_."-___ﬂ__"_l_CE§95LI!_EQQEILQE,IQI££§__“__,-___§l____“______________241231299 ___________________ 243 .
S R FIC AL, T8 BRNAMA T T e e e T T T T
= e
E3 3. GENTRAL CARGO SHIPS g I3 2514400 39
oS A TANK SHIPS e 40,500 o 6
= 7. BULK CARRIERS 3 180,000 12
) 13, COMYAINER SHIPS [EXCLUSIVELY) e | . le2,000 LM
T
Eg CASUALTY LOCATION TOTALS _ 10 613,900 88
Eg B ACIFIC SDUTH AMERICA & o & T T T e e T T
o 2. GENERAL CARLO SHiPS W Bl S 606,900 TTTTTTTTTTTTTTTT 9y~ T
FR . __ 7. BULK CARRISRS .3 563,700 36
12.7 COMTAINER/CARGD SHI{PE 1 30,000 5
= 13 CONTAINCR SHIPS (EXCLUSIVELY) ) - 24000 A o
e k=
e e e e e ey e e LCASUALTY LQCBTIUN-IQIAPS____ﬂ..",_k?__________"____“___}:22?:999"_‘-_-,___"____",__lé? .......
"""" SOUTH TLF OF SOUTH AMERICA - o
T 4. TAMK SHIPS © T T Tttt n mmrmomTmmommToow el Y 67643,2007 7 P TmmSTmommm e
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UNTTED STATES SabvaCt ASSOCTATION, INC.

GAMAGE SURVEY ANALYSIS

___BY_ ALLECED CAUSE, CASUALTY LOCATION, AND MES3IE

<,

t_TYYPE

o e e e e e B B o R T | v b T A U A et o b ko L, ST T e 0 1 4o i < U B42 B St e e

JAHUARY 1971 TO DECEMBER 1974

ESSEL TYPE . o o e mem e e e e HUMEBER
0F CASUALTIES

REPAIR COSTS

[ G

REBAIR YIKE .. ..

FOR AFFECTED ELEMENTS

T T T T LASUALTY LOCATION TOTALS T T T T T T T T 643,200
L ATLAMTIC SOUIH AMERICA .
L. GENERAL CARGD SHIPS o e e e Y e e TS T00 W
2. GINERAL CARGD SHIPS 1] 471,900 94
B TANK SHYPS e 220000 Y £ M
4. TAMK SHIPS 3 535,500 72
T BULK_CARRIERS _ 1z 1,042,900 173
Ba BULK CARRIERE = DREVGIL 5 180,600 23
. 9. BULK CARRIERS = SELF=UNLOADERS e BTR000
. e e e e e CASUALTY LOCATION TOTALS 4% ___ S éﬁé.ége - o B00 e
GO AND CARRIBBEAN
L. GENEZRAL CARGO GHIPS T T T T T T T T T T T T T T TR 243,200 Tsa
2. GEMERAL CARGD SHIPS e 292¥74800_ L BAD s
3. TANK SHIPS A3 385,300 29
e e TANS SHIPS ; 4 344194200 3ot
6. TANK S$HIPS ) 32,700 )
7. BULK CARRIERS N -n-w,»"_,_”_~____“_“_w_,~-M_méﬁ_w______,_“___dud“~§;$01-9GG“______u_*»_,_w_“_“i53 __________
8. BULK CARRIERS - QRE/OIL 3 iz2,400 17
A i F. BULK CARRIERS — SELF-UNLBADERS O BOLGH0O 90
10. BULK CHEMICAL CARRIERS o b 397,600 50
12, COMYAINER/CARGO SHIPS 2 47,200 27
1377CONTAINER SHIPS LEXCLUSEVELY) b 434,500 16
15. REFRIGERATED CARGO SH1PS e S I 284800 B
4. PASSENGER SHIPS 18,900 3
. ST T TCASUALTY LOCATION ToTALs TTT7T T 1% T T T TTTTEETTT 17,647,100 T TT TR 153y~
SOUTH ATLANTIC us Tie o e e
__________ 2. GENERAL CARGO SHIPS _ o ] 2. w00 BT
4. TANK SA1PS . oo o mmrmrmmoms T g eI T T T4, 900 15 ot
B 7. BULK CARRIERS B - 90,300 15 N
16. PASSENGER SHIPS - EE e N - 28,100 )
) ) oo CasUALTY LOCATION TOTALS R S 1357672007 T O TETETTTT &
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_ UNITED STATES SALVACE ASSOCIATION. INC.

T oTThmTm T ) - CAMAGE SURVEY ANALYSIS
e e e — BY ALLEGEC CAUSE, CASUALIY. LOCATION, ANMD_VESSEL TYPE
JANUARY 1971 TO DECEMBER 1974
- e L W VESSELLTYPE e NUMBER _ o YOTAL ACTUAL . _..._._R PAIR _TIME __ ... ..
OF CASUALTIES REPAIR COSTS FOR AFFECTED ELEMENTS
SOUTH ATLANTIC US o o oo o e et e B e TS SSTSerTSTmnn
2. GSNERAL CARGO_SHIPS 5 5624100 49
3. TAMK SHIPS 4 96,200 33
ke TANK SHIPS e e S e 302,700 B
7. BULK CARRIERS "3 318,100 10
o .’._.. 9. BULK CARRIERS — SELE-UNLOADERS ___ ) 544000 _ - S
11. LIQUID GAS CARRIER: 1 29,300 3
13. COMVAINER SHIPS (EXCLUSIVELY]) 1 50,000 2
-_--______._-.____.‘_--__n_________EEQE&EIX_EQEaI£QN_IQIﬁ5§______,,__ZQ__________________HLLLQEL&QQ__________________‘lﬁQ ___________
“USTNORTH ATLENT;C'—“"”'"‘““"""""'““"“""'""““"""“‘“'“""‘"‘“‘“"‘“'"“"'""‘"""“"""“““ """"""""""""""""""""""""""""""""""""
- I GENERAL CARGH SHTPS ] 279,500 49
3. TANK SHIPS . S S 367,800___ _ 38
4. TANK SHIPS 25 2+375,700 317
_____T. BULK CARRIERS “_"______________________________lﬁ__“_____‘____________]?@.?90 ____________________ 92 .
8. BULK CARRIERS - ORE/OIL 3 BG,400 12
R 9, BULK_CARRISRS ~ SELF-UNLOADERS 1 88,000 16
107 BULK CHEMICAL CARRIERS 2 i18.300 18
__________ 12. CONTAINER/CARGD SHLPS, .".____u________________"___"___4____,___‘_,__________I§baL09___,_______ﬂ________éé_______ﬂﬂ_
137 CONTAINER SHIPS (EXCLUSIVELY) 7 1.546,600 133
15. REFRIGERATED CARGC SHIPS _ . 1_____ﬁ_______*“_ﬁ____ng,6p0________“______d_____g __________
16. PASSENGER SMIPS 1 3,800 1
h CASTALTY LOCATION TOTALS T 5,530,700 747
CANADA PACTEIC o o o e e e mmm e S T mm S smn oo
. 2. GENERAL CARCO SHIPS i . . i 18,400 6
4. TANK SHIPS 1 36,100 5
o _ 9. BULK_CARREERS — SELF-UNLOADERS __ _____ . . _._ _u-",____“3_,_____,_______H_,,___ﬁé:é90_#__“___________u,___9 _____ e~
'_l
e et et e e e ____CASUALTY LOCAYION TOTALS 2_____-_____"_________lﬁ£:999m_,___ﬂ__,__"_m_____ll ..... w
ST. LAWRENCE SEAwAY ~ 7077 - - -
2. GENERAL CARGO SHIPS g T TrToTEmmrE 513,500 70 7T T 5p” T T



. UNETED STATES SALVAGE ASSOCIATION, Ind. S
DAMAGE SURVLY ANALYSIS
e e e _ _BY_ALLEGEC CAUSE. CASUALTY LOCATION, AND VESSEL_TYPE ___. ..
JANUARY 1971 TC OECEMBER 1974
__VESSEL"TYPE______ﬂ_______n_“q____u______._NUHBER_,_______,p____mIDTAL ACTUAL e REPAIR TIME__ .. _.
OF CASUALTIES REPAIR COSTS FOR AFFECTED ELEMENTS
he TANK SHIPS . oo cmmmm amim wmm s 4 12814300 e 122 D
7. BULK CARRIERS 7 742,000 63
. ____ . 8. BULK CARRIERS - ORE/QIL. __H_““_____“_______“_,__________;_‘_“_______“____ﬂ_____zg1990 _____________________ 200 e
_ - CASUALTY LOCATION TOTALS 16 2,610,700 224
S
5. GENERAL CARGO SA1PE™T7" ~TTTTTTTTTTmTTITTTITTImTTIEII i"‘"""""""""""'"‘"“53:Ebb"""'"""“'”‘“""‘"'”""Z """"""""
A TANK SHIPS 3 139,400 19
7. BULK CARRIERS 16 7624400 72
.. 9. BULK CARRIERS 1_§§LE:§BL9£Q§B§______,_________“_____n___AQ_q__________ﬂ_______uzg?;999 ____________________ 1) S
16. PASSENGER SHIPS i 23,000 4
i T T Tt TR ASUALTY LOEAT N“?thEE""““'"““31""‘“'"""“"““"‘I?EEEIEEB"'"‘""""'”‘““"”"'“I%ﬁ """""""""
ENGLAND O S
2. GENERAL CARGOD SHIPS _ Nl 33a900 o R
4. TANK SHIPS ’ 9 1,041,800 114
7, BULK CARRIERS . _ 4 2,695,500 123
13, coNTAINER SHIFS {EXCLUSIVELY) 2 193,000 12
) ) sememe o emmmes e e eGaLTY COCAT 10N TOTALSTTT T T T T At Bl W-F 4 Y, T+ E 356
NORTH_SEA
) 13. CONTAINER SHIPS (EXCLUSIVELYY _ | “w______”n__ﬂ“_‘___“;n_”__________________;gglggg______ﬂ_"____________g _________
CASUALTY LOCATICN TOTALS | R S A 1344300 e Q. )
- 'BALTIC_SEA"W“ T -
2. GENERAL CARGO SHIPS i —y 77 men T ttagr,g00. T T T TR
4. TANK SHIPS . . . 5 ) 447,500 .. B4 i~
7. BULK CARRIEZRS ’ ) 0T T T TTTT T TU745,800° ) - 108
- T e osermm e AAcUALTY LOCATION TOTALS T 77 7 16 - 174915100 202
LECY FOAST NE FHNRNPE




e . . _.._.UNITED STATES SALVAGE ASSOCIATIONS INC o oo o e e m
CAMAGE SURYCY ANALYSIS
e - EL_AL;EQEQ_QAUSE,_ﬁASuﬁth_lOCAIIDNL"ANQ_yEQSEL TYPE
JANUARY 197} T2 DECEHEBER 1674
.  NESSEL TYPE. Lo cm e e MUMBER e TOTAL _ACTUAL __ o o—eee REPAIR_TIME_ _ __. ...
GF CASUALTIES REPAIR COSTS FOR AFFECTED ELEMENTS
e CENERAL CARGDTSAIRS T TIT T T TSI 53 TBO0 T T 24 T
& TANK SHIPS | e oimmeemmmmmmmmmmm e e 9 e §41 4400 _ e e
7. BULX CARRIERS 10 5,240,300 47
12, CONTAINER/CIARGO SHLPS 1 61,800 6
13, CONTAINER SHIPS (EXCLUSIVELY) 3 388,200 34
o - A "EK§GK[T§"E6€K?féﬁ'?E?E[§"“""""“"Eé"—“""“"“'"“_'"“"’EI555:866""_""'"_""“'"""”"i56 """"""""""
__ EUROPE, MEDITER.
o _...?2. GENZRAL CARCO SHIPS _ e b e 207,100 ___ — 36
4. TAMK SHIPS 11 9,839,300 180
7. BULK CARRIERS o o 9 e 738,000 _ e 93
£. BULK CARRIZARS — ORZ/OIL 4 358,000 37
o 19. 8ARGE CARRIERS L 75,300 5
__*_mm.,_--”,“"_-__n.,______,,_i_QéégéEI!m&QQQLLQN_IQIAL§_____,*___§L_-___,_____“_____‘liLQEZ;ZQQ ___________________ 381 .
ek Weg R T e S T T
- 3. TANK SHIPS : ' ) 52,400 10
,_.____“"_-i:_[9N&_§H!&§___"‘_"__-__“___-___n,m___n____________,_,_____l______,___ﬂ_,______,_lkizZ99__,_____,___*_____,,_2 __________
e e e | _____CaSUALTY LOCATION TOTALS __ . ___. 2 LT8O 19
TTTTWEST AFRICA
2. GENERAL CARGO SHIPS ) mmeTmwenm o TommETEETTE g T heTs0g T T TTTTTTT TS T T
o . 4. TANK SHIPS __“___"___“_________,__________n__m__*______; _______________________ 86,100 o b
7. BULK CARRIERS 3 N 318,800 2%
e 15. REFRIGERATED CARGO SHIPS e 1 ) 3,300 3
- ST N _ CASUALTY LOCATION TOTALS “._"I__"“_,______,____ﬂm“”QQ?:799_"_____"n__“““,____ﬁﬁﬂﬂ___ S
[y
——————— - s P L L. P — — — — E_.
e EeR| R [ T S SRR SSTmSRRTEmae s mennSeSmSIImmSTIIRSTIISIITIImII T o
4. TANK SHIPY 1 128,900 15
A “TTTT T e ASUALTY LOCATION TOTALS™ it St 128,900 """ T TTTTTTT T -



http:ER.-------------------OA.AT

UNETED STATZS SALVACE ASSGCIATION,

JERNC. L

Ne R e M e FT W e M e e e M e e e e sy e A . i o T Pl T R T S T S T e et o s e ot s ot e i S a4

o

) ) o e CAMAGE SURVEv AmaLYSIS T TTommEmmmemT
SR _BY_ ALUEGEL_CAUSE, CASUALTY_LOCATION, ARD_VESSEL YYPE
JANUARY 1971 YD DECEMBER 1974
VESSEL TYRE L.t oo e e CWMUMBER, . TOYAL ACTUAL . _____ REPAIR.JIKE __. .. -
OF  ZASUALTIES REPAIR COSTS FOR AFFECTED ELEMENTS

SAST OF AFRICA

BA B H N e i b b dem e o e K W N T I = e A BTN e A e L Yo kYol o e . e e e i e e e e o o i iy o Y P WM Y = B & P o PR S T T A4 T (e S 88 e S S Y £ S Pt B i e 10

2. GENERAL CARGQ. _SHIPS 3 65 4600 13
4. TANK SHIPS 4 355,200 44
Te BULK CARREERS | o 2 e 85,900 ___ . - S
8. BULK CARRIERS — QRE/GIL 2 8044 00 9
- e . T T T ASUALTY LOCATION TDTALS T T 5 Y T T TR
PR ST AN GULF i
.. .2 GENERAL CARGO_SHIPS | 8200 A
4. TANK SHIPS 22 37887,200 217
6. TANK SHIPS 1 56,100 5
7. BULK CARRIERS ] 52,150 20
i m - Be BULK CARRIERS — ORESOIL B 402,500 AT
- i e e CASUALTY LOCAYION TOTALS 34 3039570 283
TTUTTTRER b TeENGAL” 7
1. GENEGRAL CARGO SHIPS T T s TTTTTETe T m e e 1 ¥ T S R T
_ oo 2e BENERAL CARGD SHIPS b 346,800 L 38
4. TANK SHIPS 3 347,900 18
. __ 6. TANK SHIPS 1 157574600 35
TTTTTTIL BULK CARRIERS 2 37,100 6
CASUALTY LOCATION TOraLs =~~~ 7777 1 A 0 ¥ - T ¥ T (T
. INDONESIA . o ) L
2. GENERAL CARGO SHIPS 16 5,520,000 ORI £ &- S
4. TAMK SHIPS o) 30,000 L o2
e ewew .. 2« TANK SHEPS - © e o e L. B5a600 A
7. BULK CARRIERS 3 145,400 1%
. 13. CONIAENER SHIPS [EXCLUSIVELY) R 1 149,360 7 e
15. REFRIGERATED CARGD SHIPS " i R ) 11,060 i
19. BARGE CARRIERS 1 . 67,400 - B
CASUALTY LOCATION TCTALS 28 b.5648,700 184


http:SELTy.pE

UNITED STATES SALYACE ASSOCIATION INCe__ . __ e e e e e
DAMAGE SURVEY AMALYSIS

BY_ALLEGEC CAUSE, CASUALIY LOCATION,_ AND VESSEL_IYPE

JANUARY 1971 TO DECEMBER 1974

D L T T T R i B T ald  R E La Le e T R R T FUR o T

e e VESSELLTYRE e e JNUMBER  TOYAL ACTUAL L RERAIR TIME_____ .
) OF CASUALTIES TREPAIR COSTS FOR AFFECTED ELEMENTS

e — @ m Ev s % m welwmm M % e TR e e A T A . T e e e i L W L L e AR Y S Wt G VL R L L e A M e e 49 e A T S o o i o R o o e ) o A A A0 B VR A AL T B A o e e e W i o e

AU T R o o o e e e e e e e e e rn
2. BENERAL_CARGD SHIPS 11,500 2

1
4. TANK SHIPS 2 136,400 1é -

CASUALTY LOCATION TOTALS . g 8030900 30

TUNORTH PAGIFIL
1. 6ENERAL CARGOTEMIPS 1
e 2« GENZRAL CARGO _SMIPS e BB : __2125,900 — 30 -
3. TAMK SHIPS 2 104,100 13
4. TABK _SHIPS 4 1,026,900 78
7. BULK CARRIERS T4 2.5?%;@@0 203

8. BULK CARRIERS — QORE/QIL 2 91,200 22

T 12 CONTAINER/CARGO SHIPS T T T T T T T T T T T T T T T T I T T sl b """ oo TTTTT -

..... 18, REFRIGERATED CARCU SHIPS e e ¥23,800 19 -

~ CASUALTY LOCATION TQTALS 44 5,534,100 440 L

T T T el GEMERAL CARGQSAIFS T T T rTTTImo oo mmm e e FroTmT T T e ggyeop T T e g T
A M\N‘f. sp by 1 54,200 5
§ £ TANK SHI PSS 7 ST7.4508 X

7. BULK CARRIERS S S - T -2 S o -
10. BULK CHEMICAL CARRIERS 1 Z1.400 1o

T T T T T e A UALT Y COCAT fORTTRTALST T T T T T 78§90 T T TTTTTTTTTTTTT YeT T T
PommTmmT T ALLEGCD CAUSE™ TOTATY - 6135 T 842,500 5,871




. . . e am e e imeewm .- UNLTEC
N BY_ALLEGEL.C

STATES SALVAGE ASSGCIATEOMy _INCa. . 1. oiwe Commms s oo s o
DAMAGE SURVEY AMNALYSIS
AUSE, CASUALTY LOCATION, AND VESSEL TYPE

JANUARY 1971 10 DECEMBER 1974

CVESSEL TYPE.. o e mcmmmm i m mmm mm e o = NUMBER .o e TOIAL_ACTUAL"_____,______BEEAIB“IJHE_____.
: OF CASUALTIES REPAIR COSTS FOR AFFECTED ELEMENTS
_COLLISION — OBJECT .

ELASKA e m o mmime SR oA mmomo TSI IR
T 1P PASSENGER_SHIPS__“____-_,___“_F___d_p___u________________l_F_________‘_________;;Q!2QQ____,_____________M__Z _________
e CASUALTY LOCATION TOTALS ! 120,500 7

o iene ¢ e e meememmmeeoanes eSS T

2. GENERAL CARGO shaps T "'”""""'""“'"“'"'""""“"i"”""""'“""""”'"""ii}b60‘“"“'"“"'_"'"*‘"“_‘"'3 """""""""
. __..4. TANK SHIPS 1 22,800 5
7. BULK CARRIERS 2 40,000 5

o 9. BULK CARRIERS —_5ELF-Q§9QQQ§B§______________“____________} ______________________ g?1309_______“_____________§ _________
12. COMTAINER/CARGD SHIPS 2 17,800 8

i B """”“‘“'""‘CﬁéUh[f?"EothTiéﬁ'Tb?Ets“'““"”"‘"ﬁ'""““"“‘"‘““""“"‘"Tii2366""“""""“’"‘""'—'”EE """""""""

US PACIFIC o o e mmmmmeE e ST ST ST

. 1. GENERAL CARGO SHIPS __““___“‘_“___“______________________g ______________________ 46!}ooﬂ__m_____ﬁ____"_____gp________
2. GENERAL CARGO SHIPS 15 193,300 54
3. TANK SUIPS _ & 219,400 25
4.  TANK SHIPS g 167,400 Z3

. 7. BULK CARKRIERS N L S ____________,___}071900____,__________-___,?3 ________
5. BULK CARRIERS - SELF-UNLOADERS™ ™~~~ 7777777777777 i7" 17,100 4

... lo. BULK CHEMICAL CARRIERS o e S 25,500___*_________________ﬁ _________
12. COMYAINER/CARGO SHLPS 7 1755300 - 24
__“"“___m_“_13:_CDNTAINFR SHIPS [EXCLUSIVELY) & 411,600 28
T8 T REFRIGERATED CARGO SHIPS ’ ] 122,000 5

© CASUALTY LOCATION TOYALS T iiﬁés;7ob""”'“"'”"""'"“"”'—"ﬁﬁb """""""

HAWATY e e e e e i
1. GEMERAL CARGOD SHIPS . 1 L 60,500 e n 2l
3. TANK SHIPS 2 37,400 19 o
(4]

o ) -7 T T “ CASUALTY LOCATION YOTALS ""3‘"‘“““"‘“”“"““““’“"97;900“"““"“"“'““""""i?

PACIFIC CAL. TO PANAMA e e mmmmmmmmm mmmmmm S Smmnomemem oo e
1. GENERAL CARGOD SHIPS 1 B4 ,500 2
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UNLTED, STATES SALVAGE ASSGCTATION. _
DAMAGE SURVEY ANALYSIS
AND VESSEL TYPE

QY ALLEGEL CAUSE, CASUALTY LGCATION,

INC.

JANUARY L1971 TO DECEMBER 1974
_____ . L VESSEL TYP________un________u__________m__NUMBEB________________IOTAL ACTUAL __ _____...___REPAIR YIME______
OF CASUALTIES REPAIR CDSTS FOR AFEECTED ELEMENTS
. . 2. GENERAL CARGO SHIPS____ . ____ el D S 529,300 _ oo BO oo
3. TanNK SHIPS 9,200 3
Ao TANK SHIPS e e 185,200 e L I
7. BULKX CARRIERS 349,900 : 49
- BULK CHEXICAL CARRIERS 8,500 3
15. "REFRIGERATED CARGE SHIPS 20,800 7
"""""""""""""""""""""""""""""" EE§GEEF?"EBEKfTﬁﬁ"?6?EE§’"""""‘"'"EE"'""“""”“"""‘""‘TTTE?'266""'"'“*-"""""""Ié?“"““'""‘
PACIFIC SOUTH_AMERICA
e —cwivw .. 2. GENZIRAL CARGO SHIPS w8 e 1,314,800 o 259 ___ .
4. TANK SHIPS 6557600 il
e .T. BULK CARRIGRS_ e e e 280,400 _ 38
R. BULK CARRIERS — ORE/OIL 15,400 1
15. REFRIGERATED CARGC SHIPS 925,200 29
u--_m___-_____-,-m_--_““______;__EA§QAEII_EQQQILQE_IQIEEE__________21___________________Eiégé_ﬁQQ__ - 338 e
= TTCANTIE S0UTH AMERIGA " "TTTTTTTTTTToTTomonTTomTTmmmmmmmm e T T T TTTTTTETTTTT
2. GENERAL CARGO SHIPS 13,800 12
AL TANK SHIPS e ———— e g 21,000 C oo & .
75 BULK CARR GRS T s T T T T ST e T S T T T Fpo,300 - 4?
o ._._B. BULK CARRIERS = ORE/OIL __ . o e lBba300 L 26
9. BULK CARRIERS =~ SELF~UNLOADERS - 136,900 12
CASUALTY LOCATION TOTALS 15 708,400 102
______ GULF _AND CARRIBBEAN e ——— o A=
1. GENERAL CARGO SHIPS __ a _ 205,400 24
2. GENZRAL CARGOD SHIPS 64 Vs 246,100 Z83
.34 TANK SHIPS ) T - S 232,100 . 36
4. TANK SHIRS ’ T N T2,272,700 317
T A T. BULK CARRIERS e e 50 _ 1,711, o 262 N
8. BULK CARRIERS — DRE/CIL - TTomsTmmmmT i S 28,600 " T TTTTTTTTTTTT 23 S
9. BULK CARRIERS — SELF-UNLOADERS . "5 225,400 28
10. BULK CHEMICAL CARRLERS 13 409,300 75
] _12. CONTALNER/CARGO SHIPS L _ 3 34,200 34
"13. CONTAINER SHIPS (EXCLUSIVELY}™ uiaiie i 200,700 "I TTT T Y



. . i L CUNITED STATES SALVAGE ASSGCIATION: _INCo o oo e e
CAMAGE SURVZY ANALYSTS
o R BY ALLEGEC CAUSE, CASUALTY LOCATION, AND_VESSEL TYPE
JANUARY 1971 T DECEMRER 1974
VESSEL. TYPE. o o o o o oo NUMBER_ __ o TOTAL_ACTUAL. __ . ______REPAIR TIME ,
OF CASUALTIES RZPAIR COSTS FOR AFFECTED ELEMENTS
. 15. REFRIGERATED CARGO. SHIPS oo A e 589900 22 .
16. PASSENGER SHIPS 2 73,500 11
e . 19. BARGE CARRIERS__ _______M____..___,.__,__,________________.___________1____________.______,,_____221_299_-___._.,___,_____________...? __________
e e CASUALTY LOCATION TOTALS 203 6,820,200 1,168

" SOUTH ATLANTIC US TIP
2. GENERAL CARGO SHIPS " 2 46,300 1$
&, TANK SHIPS 2 203,600
7- BULK CARRIERS ? T 10,200 i
T CASUALTY LOCATION ?E?EEE - 6 T 322,100 29
. _SOUTH ATLANTIC US
o 1. GENERAL CARGO SHIPS S S 24,300___ 5
=] Eg 2. GENSRAL CARGO SHIPS 7 132,800 29
**:U 3. TANK SHIPS L e S 64700 . .
%o 4. TANA SHIPS & 216,900 17
= 5. TANK SHIPS ) 1 335,200 13
?%‘ 7. BULK CARRIERS [ 11,300 s
2 10. BULK CHEMICAL CARRIERS 1 17,000 M
g% © ll. LIQUID GAS CARRIERS 2 R 12,7007 a
o B 13. CONTAINER SHIP§'IEXCLUS{y%gtl_n“___________“_q”_____ﬂ___“g_______"_______H_“__“}[&"899______H_____“_______}} __________
o]
e E% e CASUALTY LOCATION TOTALS 21 1,089,700 9N
%eus NORTH ATULANTIC
' Eﬁ T 7 1. GENERAL CARCO SHIPS T T T e T T T T, 2007 T T T T T T 1B e
2. GENERAL CARGD SHIPS 26 . 576,500 9p
- TTTTTT 3L TAHK SHIERS T o TTTTTTTTTT ¢ 136,400 3]
4. TANK SHIPS 23 1,363,300 U - S S
7. BULK CARRIERS . 23 : 535,400 7 T 1P T o
8. BULK CARRIERS - ORE/OIL 1 6+300 3
TTT710. BULK CHEMICAL CARRIERS I Al S 3 7 01 o1+ S 216 -
11. LIQUID GAS GCARRIERS 1 4,400 %
T T T TI3. CONTAINER SHIPS (EXCLUSIVELYY — 77 5 131,000 22
15. REFRIGERATED CARGO SHIPS 1 27,500 8
18. AUTOMOBILE, ROLL-CM/ROLL-GFF CARRIERS 1 18,400 T T T TTTTT g T ot




_ UNITED_STATES SALVACE ASSOCTATION, INC. _ s e

CAMAGE SURVEY ANALYSITS
BY_ALLEGEC CAUSE. CASUALTY LDCATION. AND VESSEL _TYPE
JAMUARY 1971 TO DECEMBER 1974
e LNESSEL L TYRE e MUMBER e IQTAL _ACTLAL . REPAIR TINE ______
OF CASUALTIES REPAIR COSTS FOR AFFECTED ELEMENTS

CASUALTY LOCATION TOTALS 94 3,170,900 442
e CANADA_PACTE]TC
e o.2. GERNERAL CARGQH§dLE§______H___,“______‘___,_______________L____________,_________LQzQQQ--_____a_____________2 ___________
4. TANK SHIPS 2 50,500 16
o JT. BULK CARRIERS e e 2 32,100 oM.
L CASUALTY LOCATION TOTALS 5 92,600 3%
TR ENCE SRR T T T T e T
""""" 25'Geﬁsdﬁi“dﬁRﬁd‘§ﬁf6§"""""“"'""'““"“"“""'"“"""‘""""“Té'"*"“““““'""““'""“'3337?66“'""‘”""""""‘"“"'IEB"""'"""""'
4. TANK SHIPS _ & 416,900 86
7. BULK CARRIERS 20 $45, 806 81
__H___Q;_&Uk&,CARRL§B§_:“D&§£9!L___“___,__________,___________-___3 ______________________ 904900 _ e i 5 S
g. BULK CARRIERS — SELF—UNLOADERS 2 121,700 10
L le. PASSENGER SHIPS i e S, 374500 20
i CASUALTY LOCAYIGN TOTALS 55 2,195,900 571
EREAT LAKES © T T e e S ST S
2. GENERAL CARGG W p§™ T TTTTTTT T TTT T S TT S m mm T T I T T 36578667 T TR T
4. TANK_SHIPS 3 18,800 15
7. BULK CARRISRS 55 25186,100 £08
8. BULK CARRIERS_— ORE/QIL o 5__H____________"___"_}3?19op_‘____________"____wgz ___________
9. BULK CARRIZRS — SELF-UNLOADERS 46 17004,100 217
_ lé, PASSENGER SHIPS .,______"___,“__m____d___________________L___,_________________,Li1999H_______“_,_,____ﬂ__mé ____________
.. CASUALTY LOCATION YOTALS 154 ) 4,270,500 833
" ATLANTLC EAST ) ) ToTTTT —r e memmmoT s SrmmommoommmmEmmmmm T T T T T T N
e o w es s == B . — - N_
2. GENTRAL CARGQ SHIPS T mTmm s mmmmmmmmmsoe nmmommmmT pUTTT T T T T T 63,200 T ITTTTT A
L 4. TANK SHIPS 2 196,900 15
— 7. BULLK CARRIERS 1 50,300 &
8. BULK CARRLERS - ORE/OIL 1 90,000 20
13. CONTAINER SHIPS (EXCLUSIVELY) ™~~~ ~~-77-=77n= =7===77777~ | 174,300 """ " TTTTITTTTOITIITRTT T


http:ALLEG.EC

___UNITED STATES SALVAGE ASSOCIATION,_
DAMAGE SURVEY ANALYSIS
8y ALLEGEC CAUSE, CASUALTY LOCATION, AND_VE3SEL TYPE

INC 5 - oo et e ¢ Ao S e

) T T JANUARY 1971 TO DECEMAER 1974
R VESSEL TYPE. o e m e e e JUMBER, _,_________________TOTAL__AC,TUAL ______________ REPAIR_TIKE . .-
CF CASUALTIES REPAIR COSTS FOR AFFECTED ELEMENTS
15. REFRIGERATED_GARGO_SHIPS .. oo _____________4___1______,___-____; _______ L4800, oo 2
e o - e e - . "_______QeSUAL[!-LQEAI!QN_IQI£L§___________§______________-____,_élé1299 ____________________ AY
TTTENGLAND
2. GENERAL CARGO snl93““'""“"‘"“"“"""““""‘“""‘“""'"Eé“'“"“'”"“"‘""""‘""E552266'“'""“'“"”'"“"'”"""EB ''''''''''
. 4. TANK SHIPS ___,“,____,____-___M____“____‘,____,_________z% _____________________ ﬁl?;299__________-____A___l%& __________
5. TANK SHIPS 1 185,9C0 i1
. T.oBULX CARRIERS | .. 10 134,000 I8!
13. CONTAINER SHIPS (EXCLUSIVELY) 14 628,800 80
coor T "'""”“""’"“'"tﬁéﬁh[??"[étﬁ?ibﬁ"?b?l[é"'"' “"'ZZ""“""""“"”"‘“""ET?%iZEBB“'*'"""”"""“'”'_'532 """"""""
NORTH SEA 1
. 4. TANK SHIPS | Y S . &L;?09___,__#_____m___,___L§ __________
10. BULK CHEMICAL [CARRIERS 1 40,200 6
13. CONTAINER sulps,tExcgg;gyE;xl__"_____w______"_“_"ﬂ_______1_‘________a__________jlg,?09_____________ﬂ“___,;19 __________
[ CASUALTY LOCATION TOTALS 10 793,700 95
BALTIC SEA e o AR mmE e TSI TSI
C e - . GENERAL CARGQ Sifps T TTTITTTTITTTTTITmTI T 1'"‘""""‘“"“”""“"‘Iié:ébb"'"‘“‘"'“"""'“"‘""'6 """""""""
. 2. GENCZRAL CARGO[SHIES 4 139,300 23
— 4.  TAHK SHIPS 13 760,600 151
6. TANK SHIPS L _ [T T 34,200 e O
7. BULK CARRIERS 7 229,800 42
i 11. L1QUID GAS CARRIERS e e e A 3.7oop_ﬂ_____"___““_______g ___________
12. CONTAINER/CARGO SHIPS . 1 : 20,700 A
I 13. CONTAINER SHIPS [EXCLUSTVELY) . e commeme 2 77,800 6
15. REFRIGERATED CARGE SHLPS 1 106,300 4
19. BARGE CARRIERS 1 o 194800 . e - 4 e
3%
CASUALTY LOCATION TOTALS - S _______1,512,809.."u"“"_"_________wgggu___w e
T TWEST COAST OF EURDPE"“""““"""‘"""‘""' - o
2, GENERAL CARGO SHIPS 22 359,300 T OLl4




UNETEDC STATES SALVAGZ ASSOCIATION, INC,

T T T CAMACE SURVIY ANALYSTS
. e BY_ALLEGEL CAUSE, CASUALTY LOCATION, AND _VESSEL_TYPE
JANUARY 1971 T3 DECEMBER 1974
. . CVESSEL. TYPE - oo NUMBER __ JOTAL ACTUAL oo REPAIR. TIME______,
GF CASUALTIES REPAIR COSTS FOR AFFECTED ELEMENTS
L TANK SHIPS oo e e o 16,300 MWV
4. TANK SHIPS 29 500,600 ' 310
B TANK SHIPS o e 2149244200 3,
7. BULK CARRIERS 34 865,500 212
8. BULK_CARRIERS_=_ GRE/CIL 3 130,700 16
10. BULK CHEMICAL CARRIERS 2 30,000 T
e 12. CONTAINER/CARGO_SHIPS . o e e L 10,500 . B
13. CONTAINER SHIPS (EXCLUSTVELY) 3 83,000 12
.o _is. R’EFRTGERUE.Q.QA.SQC_S_F![ES___,..,____,____________,__,,,_ﬁ_______.l__.,.________.______________1_‘1;,2_90______._...________.___.__5 __________
18. AUTOMOBILE, ROLL-CN/ROLL-DFF CARRIERS 3 195,600 3t
- CASUALTY LOCATIGN TOTALS 101 %7534 ,300 594
ORGP Es MEDLTERe e e e
_ 2. GENERAL CARGO_SHIPS 15 4194200 90
47 TANK SHIPS 14 937,100 103
el TANK SMIPS e 306,900 R i
7. BULK CARRIERS - ) 17 376,700 140
_______ 8. BULK CARRIERS — ORE/GIL__ ___ A L 62,900 8
10. BULK CHEMLCAL CARRIERS 1 29,000 3
12. CONTAINER/CARGO_SHIPS 1 48,800 4
13 CONTAINER SHIPS {EXCLUSTVELY) 3 66,600 10
____________ 15. REFRIGERATED CARGO _SHIPS | __,__,_____________,_,_,____,____ﬂ_2_,_____________________29;1,09______.___,,__.________,EZ__________
16. PASSENGER SHIPS Z ¥37300 19
__18. AUTCMOBTLE, ROLL-CN/RCLL-GFE_CARRIERS . ________. R heys0O 2
o CASUALTY LOCATION TOTALS 71 3,479,000 451
P . - ‘ e ————— ——— e e e+ o o e et e o et it e e e e e e i s s . e
AFRICA, MEDITER.
2. GENSRAL CARGQ SHIPS e S T 0 M T
A TANK SHIPS L 1 . ?;8,200 5
777 BULK CARRIERS 3 764700 34
o ......8. BULK CARRICRS ~ ORE/OIL e ol lll3aes00 e e
i CASUALTY LOCATION TOTALS 8 226,700 48
B l.R2b4T00 il N s
(91
T WESY AFRICA ToTrTrITT rTm T
1. GENERAL CARGO-SH[PS__—--"“"m_______--————-.""-——-—_—-—_“""1'--"'__—_——‘—u“-_———--——TT:jbO_—-—_‘“-"m—_—-_-_m_-__é ——————————



_BY_ALLEGEL_CAUSE, CASUALTY LOCATION, _AND_VESSEL TYPE__ ...

UNITED STATES SALVAGE ASSOCTIATICN,
CAMAGE SURVLY ANALYSIS

INC.

JANUARY 1971 TD DECEMBER 1574

VESSEL _TYPE o oo e e e aee NUABER. oo _YOTAL ACTUAL e REPAIR_TIME_____..
OF CASUALTIES REPAIR -COSTS FOR AFFECTED ELEMENT.

. 2. GENERAL CARGO SHIPS . oo e 2 e 3934700 _ e S
4. TANK SHIPS 4 169,300 15

. 7. 8ULK CARRIERS .. . e B 218,400 _____ e G4 .
8. BULK CARRIERS — ORE/OIL 1 998,400 79
. 19. BARGE CARRIERS 1 13,600 4

.. e "FASUBLIY,LDQBIJQN“IQIALS__H__,"___zé_,,________________AgﬁlQ:JQ9,_____‘____________L§ﬂ __________

P OF AFRICA TTTTTTTTTTTIRTSSImmmmmmmmosmoossnonosimossoniSRmoossnoomTmmTTT
TTTTTTTTTTT 2. GENERAL CARGE SHIPS & 10%4 ,600 24

. _. 4. TANK SHIPS .““.________u__“________,________n_“gk_______,2_,_______“_______,___,291999______*“____________ZE __________
7. BULK CARRLERS 1 2,500 3

15. REFRIGERATED CARGO §ﬁ1P§____“_____n"____m________m"______l_________________*___nglgQQ______“______________g __________
R L CASUALTY LOCATION TOTALS 11 226,100 59

EAST OF AFRICA 777 o S S

T 2. GENERAL CARGOTSHIpg= === ~"TTTTTITToTTTTTmosmommsommommmmmgmmmommmmmmmmm 12065100 TTTTTTRR T
4. TANK SHIPS 5 199,400 27

.. e e -EﬁSUﬁETY"EQE£ILQE“IQIEE§"____M.___ll_____,______u_,______é12zE99___,_____ﬂ_________,é§ __________

" PERSIAN GULF C e e e e e T S ST ST T TR T
T T R UUTANK T SHIPS 2 85,400 17

4. TANK SHIPS T R 3 S $58,000 63 .
7. BULK CARRILERS 2 244600 10

CASUALTY LOCATION YOTALS 15T T T538,000 - R

SEA OF BENGAL
- .- - - — - - - e e e ot B mE w b da e e e e e e ey g e e S e e SR M-—_-
%]

1. GFNCRAL CARGO SHIPS 3 58,500 T s
2. GENERAL CARGO SHIPS 9 68,200 - 36
Ao Tank SHIPS i 11 1,566,900 102
7. BULK CARRIERS T T 3 507,700 27

15. REFRIGERATED CARGO SHIPS L 20,000 b ..

CASUALTY LOCATJION TOTALS 30 .. 149244400 R |1 I




_UNITED STATES SALVACE ASSOCIATION, INC.

oo mmmEmm T T DAMAGE SURVEY ANALYSIS .
o BY ALLEGEL_CAUSS, GASUALIY_LOCATION, AND VESSEL TYPE
JANUARY tS71 TC CECEMBER 1974
e L ESSSEL,IYPE i NOMBER . _ . _TOTAL, ACTUAL __ o ____REPAIR_YIME _____.
OF CASUALTIES REPAIR COSTS FOR AFFECTED ELEMENT
L EMDONESTA o o o e e ———— e e o e m m  imm
1. GENERAL CARGQ_SHIPS 7 110,200 18
2. GENERAL CARGO SHIPS 40 1,384,200 241
3. TANKR SHIPS oo e e 3 2270600 69 .
4. TANK SHIPS 5 203,000 42
____________ 5. TAMK SHIPS ,“_"_____________“n_______________m______”____;__________________n___gg19go______________ﬂ______é__,_______
7. BULX CARRIERS 1 £9,700 1
12. CONTAINER/CARGQ SHIPS 3 43,500 7
13. COMTAINZR SHIPS (EXCLUSIVELY) 1 15,000 &
"""""""""""""""""""""""""""" EEEGKET?"CGEKTfﬁﬁ‘?GTKE§‘""'"""'"’ET'""'"'""_""'"""'ETTE??566“"""‘_""""""_"556'"""""_——'
AUST/NZ ) '
_________ 2. GENERAL_CARGO_SHIPS e —— L — e 800
4. TANK SHIPS . 3 737400 17
_________ 7. BULK CARRIERS 383,300 - 4l —
. CASUALTY LOCATION TOTALS 10 443,800 60
ORI PACLEIC & T T e e e T
- i " 1. GENERAL CARGO sﬁtps'"‘“"'"'"“""'"""‘”"“'“"‘"‘“"""“"'"3‘“““'"“““"“’"""""“‘BzI26b“"“"""'"”“‘"""'“""'6 """"""""
o _ 2. GENFRAL CARGD SHIPS 27 812,100 142
3. TANK SHIPS 1 8,600 4
e e . e TANR SHIPS . e - 3214400 _ 48__ ..
7. BULK CARRISRS 17 439,104 84
8. BULK CARRIGRS — ORS/OIL 2 53,000 . wo__
12. CONTAINER/CARGD SHIPS 6 Tw34,800° 7T 40 h
o 13. CONTAINER SHIPS [EXCLUSIVELY) 3 . 237,400 10
15, RSFRIGERAYED CARGO SHIPS I 3,600 2
e ..19. BARGE CARRIERS . e e e A 116,900 . vV i ___.
e e _ CASUALTY LOCATION TOTALS T3 24619000 31 S
.o
3. GENERAL CARGO SHIPE ™ ~~~" 7777 ""TT i ommoSTTooosms memmmsTmmmgmomommmommmmmmmmmmmmmm & Y00 TTTTTTTTTTTTTTTTTTTRT T
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. R . UNITED STATES SALVAGE ASSOCIATIONG [INC+ |, . ooiscmmmimommm o mmm oo
CAMAGE SURVEY ANALYSIS
e e e  BY ALLEGEL GAUSE, CASUALTY LOCATION AND VESSEL IYPE
JANUARY 1671 TG DECEMRER 1974
VESSEL TYPE_ oo e m e _,__NUMBER_,____,__________________ID:TAL_ACTUAL__,______________,E&EPAIR__T_IME ________
OF  CASUALTIES REPAIR COSTS FOR AFFECTED ELEMENT:

. 3. TANK SHIPS _ . ._._ .. -__.._.-.._-__-_______________,____,.____.2 _______________________ 400 e =M
4. TAWNK SHIPS 2 214,400 8
1C. BULK CHEMICAL CARRIERS 2
12. CONTAINER/CARCO SHIPS
13, _CONTAINER_ SHIPS {EXCLUSIVELY} 1
14. PASSENGER SHIPS 1

K e ot e e o e o e e

[ e e e A A T S ST T T T TR e e e it v e e e e e e =
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- - - i - e v e e i [UP PR (L PR
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_ L . CUNLTED_STAYES SALVALE ASSOCIATION. LINCa . o o o e e
DAMAGE SURYEY ANALYSTS
e o e BY ALLFEGEL CAUSE, CASUALTX_ LOCATION, AND_VESSEL TYYPE
JANUARY 1971 [0 DECEMRER 1974
e e e e e e e L VESSEL L TYPE e e e e o NUMBER_ _ _ . TOTAL ACTUAL_____________ REPAIR TIVE ____
. CF CASUALTIES REPAIR COSTS FOR AFFECTED ELEMENI
_COLLISION — SHIP_TO_SHIP
_______ EANADA  PACTE LG o o o o e . i
B GENERAL CARGO SHIBS o oo o 659,700 B
7. BULK CARRIERS 2 5,700 5
9. BULK CARRIERS — SELF-UNLOARERS ] 9,700 3
e e et e e e CASUALTY LOCATION TOTALS ___ _  _ ____ S 615,100 16 . .
"""" US PACIFIC T T T T T T T T T T
1. GENERAL CARGO SHIPS 1 5,200 2
2. GEMERAL CARGD_SHI S e B 33,500 o __ 27
3. TANK SHIPS z 35,600 12
e e A TANK SHLPS b __v22b6,600 o286
12. CONTAINER/CARGO SHLPS 3 95,400 8
e 13. CONTAINER SHIPS IBXCLUSIVELY) 2 145,800 19
19, BARGE CARRLERS 1 24,000 5
- '""'"_'“—"'""'""""""'"“"_'T‘“EE§GKE%?“E@EEfIﬁﬁ‘T6T3E§'""""'"”‘“5§""'""'"'"""”"""““'_§E?TTEB"‘" C
HAWALL
1. GSNERAL CARGO SHIPS oo 3 11,800 ' .
2. GENERAL CARGO SHIPS 3 ITL,000 18
U T T T T CRSUALTY LOCATIGN TOTALS T T T T TTTTTTTTTTTTTTTTTTTRZE Boe T T T 26
PACTEIC CAL. TO PANANA _
1. GEMERAL CARGO SH!PS I S 28,400 5
3. -TANK SHIPS 1 19,800 9
e T. BULK CARRIERS 4 B 767,500 57
15. REFRIGERATED CARGO SHIPS 2 158,400 17
TooTmemn e T CASUALTY LOCATION YQYALS ~ 77 °777° - - & O I T S :Y: I
. . S U -
-J
_ PACIFIC SOUTH_AMERICA _ -
_ 2. GEMERAL CARGQ SHIPS 5 .. ll2.600_ 28
15. REFRIGERATED CARGQO SHIpSs ~~ ~ - 7roomoms=ms=== =777~ | R 77400 6



CUNTITED STAYES SALVACE ASSOCHATION, INC. . | o o e S e e
CAMAGE SURVEY ANALYSIES
BY_ALLEQEE_EAUSE,_CASUALTZNLOCA[IDN,“ANmeESSELmliEE

4 mEmome mpw v e ec i ms i owm e e e = P— - . -

T o JANUARY 1971 TU DECEMBER 1974
N CVESSELLTYPE o e oo e e e e o NUMBER o o TOTAL ACTUAL e REPAIR_TINE _ o, ’
OF CASUALTIES REPAIR COSTS FOR AFFECTED ELEMENY.
Tttt TT TTr o mmommmmmmmmmm EIs§GEE??"CEEE?'i'oK:‘?E?EE%“'“""""E""““""““""“'"“IE62666""""“""""'“""52 """""""""
. ATLANTIC_SOUTH AMERICA
2. GEMCRAL CARGO SHIPS B 35,960 o RA .
4. TANK SHIpS 2 30,100 10
.. 7. BULK CARRIERS | e e e e U 2. X X1 1t U ) SV
9. BULK CARRILERS — SELF-UNLOADERS 2 20,400 18
o 15. REFRIGERATED CARGC_SHIPS 1 400 2
16. PASSENGER SHIPS 1 3,200 3
o T T T T EASUALTY LOCATION TOTALS™ 7T i5‘“‘""“""'""“‘"""“"‘IZZIého”""‘“'“”’““'"’“'“’éa """"""""""
___ GULF_AND CARRIBBEAN____
1. GENERAL CARGO SH!PSJ;_H__________L____ﬁ*Au_________‘"_"_l§________“______u_____g@},gOQ___________"_____“__ﬁg __________
2. GENERAL CARGQO SHIPS bé 2+¢314,200 409
. 3. TARK SHIP S e e s 3 e 30,209___ __Ll _____
4. TANK SHIPS ES) 87,393,300 411
. &. TANK SHIPS . _ ) 2 804100 14
7. BULK CARRIERS 44 . T+326.90G0 241
8. BULK CARRIERS - ORE/sOIL . e 3 10,900 B
9. BULK CARRIERS - SELF-UNLOADERS 3 11.,700 21
______ _10. BULK CHEMICAL CARRIERS _____n_____“ﬁﬁfu________n_________3__________________"__;11,5qo_______H_m,"________gﬁ__________
11, LIQUID GAS CARRICRS i 38,700 8
. ___12. CONTAINSR/CARGQ SHLPS 2 1754000 35
- 13. COMTAINER SHIPS [EXCLUSIVELY) 5 94,400 18
15. REFRIGERATED CARGO SHIPS ) 7 o 102,600 R+ i
19. BARCL CARRILRS 1 2,000 3
’ T CASUALTY LOCATION TOTALS mTqggTTTTTTTTTTTTTTTUTUGRThsiL 300 1,280
SOUTH ATLANTIC U5 TIP i . . SN
.. .l- GENERAL CARGO SHIPS i . T S 10,000 _m_,___"f__“‘” ______
7. BULK CARRIERS ' S 15,900 ~ - 13
B. BULK_CARRIERS _~- ORE/OIL__ 1 18,300 3
10. BULK CHEMICAL CARRIERS I 35,500 g

CASUALTY LOCATION TOYALS Y T Tt 79,700 25



 UNITED STATES SALVACE ASSOCTATIONs INCs | . (oo mime oo oo e m o
CAMAGE SURVEY ANALYSIS
BY ALLEGEL CAUSE, CASUALTY LOCATION. AND_VESSEL TVYPE

T JANUARY 1971 TO DECEMBER 1974
e e e e e - CVESSEL _TYPE o e m = = NUMBER . e TJOTAL ACTUAL _ e REPAIR _TIME _ ____
GF CASUALTIES REPATR COSTS FOR AFFECTED ELEMENT
__SOUTH ATLANYIC US _ "______“",__________________ﬁ____; _________________________________________________________________________
_1._GENERAL CARGO_SHIPRS 1 10.000 4
2. GENERAL CARGD SHIPS . 5 4,091,300 205
U BJ_TANK SHIPS e e e S g_____________________“LZ.QQQ______“_,__________“_1 _________
4. TANK SHIPS 1 32,800 3
e 13 COMTAIMER SHIPS LR EQLU.S.».I.\.{E.E\_’3______“______________________L _____________________ A r1QQ_,_______.________,___lE _________
15. REFRIGERATED CARGO SHIPS 1 106,500 14
CASUALTY LOCATION TCOTALS 12 441285300 248
US NORTH ATLANTIC oo o o o o e e S mm T
_ 1. GENERAL CARGO_SHEPS 2 1,900 2
2. GENSRAL CARGG SHIPS 18 - 1,405,700 126
__________ 3. TANK SHIPS,,___“_“H;______ﬂ___,_;____d_______ﬂ‘_______“__1______,_____________,;2@.?pq___ . 36
4. TANK SHIPS 37 3,209,300 il
_______ 7. BULK CARRIERS "______"____Hm“_________“___“_"____9________________u_____al,gpo______ o 28
8. BULK CARBIERS — ORE/OIL 2 145,300 20
L 1C._SULK ChEMICAL CARRIERS 2 33,800 10
12- CONTAINER/CARGO SHIPS : 2 508,300 26
___________ 13. CONTAINGR SHIPS (EXCLUSIVELY) A e ____gigla5400__________________“lgg_______ﬁv
15. REFRIGERATED CARGG SHIPS —~ ~— -7 -mrmr=rmm=mmmmrmmmemr 1" T - 55,000 3
o6, PASSENGER SHTPE___-_____H._______"“,._,____ﬂ__________,__i_____,________________Léz%OPn___*____________ﬁ___Z _________
18, AUTOMORILE, ROLL-OR/ROLL-0FF CARRIERS i 144,800 1%
__19. BARGE CARRIERS 2 314600 9
CASUALTY LOCATION TOTALS Y 21201335500 e TG4 e - -
" TCANADA PACIFIC T TTTTTTTTTTTTT SoTrommsmoosSmmmsnmeomes mmmmmmmmm T s eSS mmm oSS msn T mm T
TSI T GENSRAL CARGOT SRIPS T | 735300 11
. _ 8. BULK CARRIERS = ORE/OIL . T TR 6e500 R e
________________________________________ CASUALTY LOCATICN TOTALS "__.__“___E___H________n"__"_____12:§99____“_______,-_____ﬁlﬁ___jg-___
WO
TR Y. LAWRENCE TSEAWAY
2. GENERAL CARGO SHips ~~ 777 ) T '““"“'“1“'“""'“"”‘“‘"“““"‘“24;300"‘“‘"““”““‘"“‘“"a “““““““



. e . UNITED STATES SALVAGE ASSOCIATICN, ENCa . i o oo oo —
CAMAGE SURVEY ANALYSITS
e e e n ~ BY ALLEGEC CAUSE, CASUALLY LOCATION, AND VESSEL TYPE
JANUARY 1971 TC DECEMBER 1974
VESSEL _TYPE oo o e e NUMBER . ____TOXAL_ACTUAL_ ____._ _____REPAIR TI¥E__._ ...
OF CASUALTIES REPAIR COSTS FOR AFFECTED ELEMEN1
. 3 TANK SHIPS oo o e e 34800 o e P
4. TANK SHIPS 1 26,100 4
e . 7. BULK CARRIERS__ ___ .. _. R _______;,__________-,______;______________,_,____1gé,QQQ____,________,___u_,_ﬁ __________
o _ CASUALTY LOCATION TCTALS 4 157,700 20
GREAT LagEs | © TS e nnnSSonIooossIrSTTIIInnnmIT T
“4. TANKSHEIPS T T e etk 7 {00 TR T
7. BULK CARRIZRS o 17 1,243,300 112
9. AULK CARRIERS — SELF-UNLOADERS 8 128,700 32
; Tt TTmrommT T "CASGAETQ'£étKTTbﬂ'?ﬁ?hE§""""""'"E?“'""""“‘"”“'""""ITE?EIiﬁﬁ"”’—‘"'"“""““'"‘_"Iﬁi """""""""
ATLANTIC EASY
. 2. GENERAL“GABQQ_$WIPSFL_“___m___ﬂ__________________________l _______________________ 9:100
— __-,E&§UEEI!“EQEQYEQE_IEI§E§___,_______l _______________________ 9,100
TOENGLAND T T T ?
2. GENERAL CARGD SHIPS Tommmem s momoe s mmommmmmem T oTEE 593 500 T TTTTTTTTTTTTTTTIRT T T T
L 4. TANK SHIPS __"__“__q______________H_“__“__“____3_______________"___gigq?!;oo_“_______“_________;g} __________
7. BULK GARIIZRS 3 217,400 29
. 8. BULK CARRIERS - ORE/OIL _ 2 112,900 13
10.7 BULK CHEMICAL CARRIERS 1 {5,400 5
12. CONTAINER/CARGD SHIPS ) ) I I 244200 9
13. CONTVAINGR SHIPS (EXCLUSIVELY} 2 900 3
15. REFRIGERATED CARGG SHIPS T S, 11,200 3.
CASUALTY LOCATION TOTALS 19 9,571,700 221
. e e JION JUVALS tefl 5
w
-- . SR « S
NORTH SEA
Tt 4. TANK SHIPS " - T Y kbt 2 R T T
] .. T. BULK CARRIERS . . B 1 40,300 5
13. CONTAINER SHIPS [EXCLUSIVELY) T 1 - 11,700 5
CASUALTY LOCATION TOTALS 3 Tt T * 58,700 7 T TTTTTTTTTTAsTTTUUTU



e rmet e v e e e e e e UNITED STATES SALVACE ASSOCTATION, INCs o o e e

CAMAGE SURVEY ANALYSIS
BY ALLEGEC CAUSE, CASUALTY LOCATICN, AND VESSEL TYPE

T T JANUARY 1971 TO DECEMRER 1974
e e s VESSEL TYPE o oo NUMBER __ o ___Y0OTAL AcTUAL_______,_____BﬁEALB_ILEE _______
CF CASUALTIES REPAIR COSTS FOR AFFECTED ELEMENT.
BALTIC SEA
__2-_GENERAL CARGD SHIPS 5 205,000 38
4. TANK SHIPS 3 38,300 13
T BULK CARRIBRS . o 2 344000, o AS
13. CONTAINZR SHIPS (EXCLUSIVELY) 1 19,900 3
. . 1B. REFRIGERATED CARGE SHIPS e 62,000 __ _— S S
CASUALTY LOCATICN TOTALS 12 359,300 78
CMEST GO ST OF EUROPE T T T T T T
T ol QEMERAL CARGOTSHIIES T T T TTTTTTTTTTTTTTmTTTTTI T R T 23,700 7 T TTTTTTTTTTTTTTTRRT T T
e 3. TAHK SHIPS 1 24,600 ]
4. TANK SHIPS g 325,000 49
_________ 7. BULK CARRIERS M6 4B6,TDO_ s 122 e
8. BULK CARRLERS = ORE/CIL 3 155,460 27
__________ 12, CONTALMER/CARGO SHIPS ) yBOD - L1 N
15. REFRIGERATED CARSCG SKHIPS 3 TTBO,E00 16
(e R CASUARLTY LOCATION TOFALS 3 1,120,800 235
=
ol B i e ces = e on e e e e e e e e e et e e e e e et e e e e e 22t e 1 e o PR £ £ = e o o -t e e e e e e o e
B2
EUROPE, MEDITER.
g U - R T I N o o e e e e e e o e e o o e o e o e+ o Al Ak e L8 L 8 B o A Al S A R LA o T 3 P £ o e T kA St e e i o ot e e R A1 . S T R U 7 o S o e T 4 e . e -
ggﬂu ___l. GENERAL_CARGQ_SHIPS 1 1.300 2
o 2. GENERAL CARGO SHIPS 10 36,600 26
> Bl ... e TANK SUIPS e 3 496,600 _ 04 ________ ..
gg c 6. TAMK SHIPS 1 11,600 3
:3 7. BULK CARMIERS - S 12,500 A3
= 8. BULK CARRIERS — ORE/OIL 3 . : 43,900 is
g O - .....12. CONTAINER/CARGO SHIPS 2 83,900 15
s 15. REFRIGESRATED CARGE SHIPS Y [2,3C0 3
S X 16. PASSENGER SHWIPS : 22,600 .20
= Eg 19. BARGE CARRIERS 2 70,100 15 e
—— el kA b o mp ok — we T b E m e - w - e .- - I PR —— S S ——————— T et L e it R '-‘-—-——
CASUALTY LOCATION TOTALS 39 7815400 318
AFRICA, MEDITER. e . e e e
2. GENERAL CARGD SHIPS 2 1,500 3



UNITED STATéS SALVAGE ASSOCIATION, INC.
CAMACE

SURVEY ANALYSIS

BY_ALLEGEC CAUSE, CASUALTY_LOCATION, _AMD_VESSEL TYPE

T - JANUARY 1971 TO DECEMBER 1974
o VESSEL_TYPE. ..o e _LNUMBER L TOTALACTUAL o REPAIR.TIME_______
OF CASUALTIES REPAIR COSTS FOR AFFECYED ELEMENT"
R S e e S DAL TY LOCATIBN FOTALS T T T U i
. _.._MEST AFRICA . __.
G TANK SHIPS o o o e P 21,900
7. BULK CARREERS 4 13,800 10
oo, s e REUATTY LOCRTION TBTALS ™"~~~ ~"TTTE TTTTTTTTTTTTTTTTTTTTIENRee T ie T
IR 08 ABRICA o oo o o oo e e e e i S = e
2. GENERAL CARGO SH[E§ _______________________________________ Z _____________________ 2}2,2QO______________M_____§Q __________
4. TAHK SHIPS 1 2,251,300 84
_______ 7. BULK CARRIERS 1 700 2
15. REFRIGERATED CARZC SHIPS 2 21,600 7
CoTmrTeoomToT o mommmmmmmmmmmmE T EESDKEf?"LbEKTi6&'beht§""_“_'—"__TI""""_'"_———"""_'—'573357666""—_—""*"""—____—EZE """"""""""
_.EAST QF_AFRICA
4. TANK SHIPS 2300 M
15. REFRIGERATED CARGE SHIPS 3 34,800 19
TTTTTTT T e e S ASUALTYTLOCATTON TOTALST T et St - o T - ¢ S
PERSTAN GULF o L et e e
i 2. GENTRAL CARGO SHIPS ] L 16,200 2L
he TAMK SHIPS & 335,000 60
6. TANK SHIPS 3 ) L 1 1,445,000 51
8. BULK CARRIZRS = ORE/QIL 2 6,017,100 12 i
' b
CASUALTY LOCATICN TOTALS 10 7,813,300 R -1 A et
SEA OF BENGAL o i L
1. GENERAL CARGO SHIPS k) 92,600 .o | .
2. GENERAL CARGO SHIPS 3 24,400 TTTTTT10 -



e mmammenen = mee e ceme e VESSEL_TYEE

UNITED STATES SALVACZI ASSOCIATION,
DAMAGE SURV:EY ANALYSIS

BY ALLSGEC CAUSE, .CASUALTY LOCATION, AND_ MV
JANUARY 1671 Ti2 DECEMBER 1974

e A TANR SHIPS e 245714600 _ oo 136 .
7. BULK CARRIERS 4 97,500 19

TomTmm T m T mmmm e CASUALTY LOCATION TQvaL§ 20 = === =77=77%7184,300 _~TTTTTYie T

o AN DN E S LA

........... L. GENERAL CARGQ _SHIPS e __.R45,800__ o6&
2. GENERAL CARGO SHIPRS Té 1,203,000 265
_ 3. TANK _SHIPS 7 187,200 35
4. TAMK SMIPS 15 1,944,800 186

i b BULK CARRT GRS ) N AL . SO
8. BULK CARRIERS =~ ORZ/OIL 3 1,645,660 72

et e E 2 CONTATNER FCARGD SHYPS e B M6 N300 25 _ .
16. PASSENGER SHIPS 1 55,500 I3
CASUALYY LOCATION TOTALS 123 5.458,900 857

B 1 I Ty
1. GENERAL CARGO SHIPS 1 12,300 5
7. BULK CARRIERS 3 30,400 8

"""""""""""""""""""" T T T L ASUALTY TCoCATION TOT AL T T T T T T T Ty T T T T T T T T T T T T T T T T T Ty 0 T T T T T TTTTTTTTTTT Ty T T T

NORTH PACIFIC

. .__ 1. GINIRAL CARGO SHWIPS___ & 1,144,700 $s_
2. GENERAL CARGO SHIPS 48 2,245,500 274

3. TANK SHIPS ) R 32,00
4. VANK SHIPS & 312,900 50
. _T- BULK CARRIERS ) 16 888,300 129
8.7 BULK CARRIERS — ORE/QIL i T ¥4,100 15

e, l20 CONTAINCR/CARGD SHIPS 5 . 3s0,700____ 26 ___ L

13, CONTALMER SHIPS [EXCLUSIVELY) - T 157167,400 43 0o
_ 16. PASSENGER SHIPS ) 188,200 22w
19. BARGE CARRIERS i S 24,700 T 9 t

- - - CasualTY LocAT IoN™TOYACE §7 5:429,600 673
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UNITED STATES SALVACE ASSOCTATION, INC. e e et e et e 4 o e o e e o e
CAaMAGE SURVEY ANALYSIS
_BY_ALLEGEC_CAUST, CASUALTY_ LOCATION, AND VESSEL_TYRE

wl e =l

JANUARY 1971 YO OECEMBER 1674

o MUMBER. . L TOTAL_ACTUAL_ BEPAIR_TIME o
0F CASUALTIES REPATR COSTS FOR AFFECTED ELEMERNT.

2. GENERAL CARGO SHIPS 3 62,600 19
4. TANK SHIPS 1 39,400 7

7T 10. BULK cnemcA:."éE%iiif'eéé““""""'"'"“""'""""“""'"'"E'“""""“""“““5f,':26'0'""““""""""’r """"""""""
CASUALTY LOCATICN TOTALS & 133,400 : 33
TTooTTTh T S ALLEGEG CAUSETTOTALS ~~ TTTTTTTTTY¥RSTTTTTTTTTTTTTTTTTINGST,e00 8,470 -
. ) - e e e e e e ———— g -
(]
- — - — - [P - - - - - —_— - - - e h e em i ta m ma e — 4 e e ek ke R R T e e ey e e e Ak A W WA P o e e A4 Aty J ‘b____




S UNETED STATES SALVAGE ASSOCIATIONy INC e o o o o i,
CAMAGE SURVIY ANALYSIS
. S . e BY ALLESGED CAUSE,_ CASUALTY LOCATICN,_ AND VESSEL TYPE
JANUARY 1971 TO DECEMBER 1974
. e et e VESSEL TYPE o o e e NUMBER . TOTAL ACTUAL_________ . .. REPAIR _TINE___ ___._
GF CASUALTIES REPATR COSTS FOR AFFECTED ELEMENT-
HEAVY WEATHER DAMAGE
ST 3 . 31 NV
e e Mo GENERAL CARGO _SHYPS 86,000 oA
2. GENFRAL CARGOD SHIPS 1 15,500 6
CASUALTY LOCATION TETALS 2 101,500 10
CCANADA P AC TR L
4. TANK SHIPS 1 52,900 5
7. BULK CARRIBRS 2 8,100 4
"""""""""""""" T T T T T T RS UALTY LOCATTON T TATALS T T T Ty T T T T T T T T T T T T T T TR0 T T T T T T T T T T T Ty
UsS PACIFIC
o _ 2. GENERAL CARGO_SHIPS _ _ __ 2 L 414600 AT
3. TANK SHIPS 1 10,500 2
& _TANK $HMtS oo _ L 7,500 _ __3
7. BULK CARRIERS 1 33,000 - Fd
_ _12. CONTAINER/CARGO SHIPS 2 75,400 11
T15. REFRIGERATED CARGO SHIPS 3 42,600 14
"""""""""""""""""""""""""""""""""" CASUALTY LOCATTON fof AT ™ " T g™~ = T T T T T T T T T T T T T T 60T T T T T T T T T T T T T T T T T T ey T T
HAWALL —_—
2. GENTRAL CARGC SHIPS _ e L Y 3900 8___
4. TANK SHIPS 3 75,900 14
- T T "L ASUALTY LOCATION"fbfhEﬁ """"""" A N L -
__PACIFIC CAL. TO PANAMA 0o
B e e e e e e e e e e g
e —____l. GENERAL CARGO SHIPS 3 21,200 A ”'___
2. GENERAL CARGO SAIpS  ~~~ 7T TTTTTTTT T OTT TS mm e o - S 951.200 134
i _ 3. TANK SHIPS _ 1 7.400 4
T4 TTANK SHIPS T 11 743,300 77
. T+ BULK CARRIERS - t¢ 406,300 9
8. BULK CARRLERS — ORE/OIL 1 T 32,800 &



_ UNITEDR STATES SALVACE ASSOCIATION, INC. ___ e v ——— e e 1 e 2 e e e o e e
OAMAGE SURVEY ANALYSIS
8Y ALLEGEL_CAUSE, CASUALTLY LOCATION, AND VWESSEL TYPE -

T T T T e JANUARY 1971 10 DECEMBER 1974
. VESSEL _TYPE o o oo o NUMBER _____ . _TVOTAL ACTUAL_ _.._____.__.. REPAIR.TINE______
OF CASUALTIES REPAIR COSTS FOR AFFECTED ELEMENT .
R 12. CONTAINER/CARGD SHIPS.. oo o e e 95,900 o 28 ___
13. CONTALNER ShIPS (EXCLUSIVELY) 5 150,600 sl
___________ 15. REFRIGERATED Qé%GQ_§ﬁIEE__________________________“_____,ﬂ_______“_____________,Z§:290________________,___lé_________
19. BARGE CARRIERS 1 20,200 4
T T T CASUALTY LOCATION TOTALS 66 2:507,100 394
B ACTEIC SOUTH AMERLCA. o o o oo o et e e = =
.2 GENZRAL CARGOD SHIPS 2 35,600 11
7. BULK CARRIERS 1 57,000 10
15. REFRIGERATED CARSO SHIPS _ s 23800 R em
. e e —aan CASUALTY LOCATION YOTALS ___ _______ S 95,109« o .lBPE .
TSOUTIL TIP OF SOUTH ARERICA .
. 4. TANK.SHIPS e e 1o ¥ T+ SR
i 5. TAMK SHIPS S SO -1 1.1, DY X S
7. BULK CARRIERS 1 25,100
L B. BULK_CARRIERS — ORE/QlL ) 2 75,008 19
e e e _.EA§9éEIY"EQEEILQN_IQIEES____h._____E_____________________EQZy999_______________,_,__§§ _________
TTTTATLANTIC SDUTH AMERICA e e
T T ST TGENERAL TCARGD TSHIPST i 4,500 2
4. TAMK SHIPS 1 L BSOO B
8. DULK CARRIERS — ORE/OIL . 2 22,800 10
 CASUALTY: COCATION TOTALS  ~~7" ~77 RTTTTTTITIITSTTTTISTiTabigey 18

GULF AND CARRIBBEAN ) i .
[9)]

. ... 2. GENERAL CARGO SHWIPS _ _ i 8 ) 100,100 ____________._.___.28
4, TANK SHIPS ’ e - S 290,900 75
7. BULK CARRIERS ) . 5 62,600 40
1. BULK CHEMLCAL CARRIERS 1 10,100 8

15. REFRIGERATED CARGC SHIPS N N 2 Lm8y000 A
CASUALTY LODCATION TOTALS S22 491,700 _ 155 _



__UNITED STATES SALVACE ASSRCIATION, INC.
CAMAGE SURYVEY ANALYSIS

BY ALLEGEC_CAUSE,

JANUARY 1971 TO DECEKBER 1974

CASUALTY ILOCATION, _AND _VESSEL

|ﬂ'l

e e e e W NESSEL TYPE e e NUMBER __ ______________TOTAL_ACTYAL___ ... _REPAIR TIME_ ... . .
CF CASUALTIES REPAIR COSTS FOR AFFECTEDC ELEMENT,
L SOUTH ATLANTIC US TP o
_l-_GENGRAL_CARGO_SHIPS 3 148,100 29.
2. GENERAL CARGO SHIPS S . 208,960 77
e _ 3. TANK SHIPS R S 3,600 B
4. TANK SHIPS 27 1,084,700 i51
............ T BULK CARRIE R S o o o o o o A8 B90Gy300_ M40 .
8. BULK CARRLERS —~ GPE7AFL 4 87,200 D
9. BULK CARRIERS — SELE-UNLOADERS 3 145,800 24
10. BULK CHEMICAL CaRRIERS 1 47,300 10
M2 COMTAIMER/CARGO SHIPS el )BO04S0O0_ 25 .
13. CONTAINER SHIPS [EXCLUSIVELY) 3 3o, 700 36
e LB PASSENGER SHIP S e e Y TB,400 A
19. BARGE CARRIERS 2 61,100 1%
R CASUALTY LOCATION TCTALS 79 3,241,000 755
SOUTH, ATLANTIC US
) 2. GENERAL CARGQ SHIPS 6 196,000 31
3. TANK SHIPS 1 48,000 &
__________ 4o TANK SHIPS A B#by00 ..a8 —_—
7. BULK CARRIERS 7770 28,500 3
B. BULK CARRIERS - OREsOIL oy o 23,100 A3
9. BULK CARRIERS ~ SELF-UNLOADERS i 301,800 i3
e e 102 BULK CHENECAL CARRIZRS 1 10,000 3
e e et s rmm————————— CASUALTY LOCATION TOTALS ___ . _ 28 o 134%3,500 __________ . ___.___.208 __ ______
US NORTH ATLANTIC T TTommmroTmmmmmmmm s s m s T am T mm mm e T T
T T U ToENERAL CARGETSHIDS ] 4,700 2
e Cha TANK SHIPS - R J 919500 A3
..................................... CASUALTY LOCATION TOYALS 3 _ 95,700 oM oees
- w
T L L T o S PP P —— .:‘l
CANADA PACLFIC
T T 2)TGENERAL GARGG TSHIPS T T T T T T T T T oo m s T m oo Ty To T e e §7ip0 T TTTTTTTTTTTTTTTRI TR
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U UNLTEU STATES SALVAGE ASSOCTATIONG. INC o o S
CAMAGEZ SURVEY ANALYSIS
o e BY ALLEGEEL _CAUSE, CASUALTY LOCATION., AND _VESSEL_TYPE -
JANUARY 1971 YO DECEMBER 1974
VE S SE L Y P e IMUMBER. . FOTAL ACTUAL ... ____ _REPAIR.FAME. _____.
0F CASUALTIES REPAIR COSTS FOR AEFECTED ELEMENY
_ Ao TANK SHU P S o o e e e e e e e v 1. PR «1¢ R 4 0 (¢ S e et e Bt e o e e
7. BULK CARRIERS 1 8.0C0 A
T T T L ASUALTY LOCATION TOTALS gy Lane . TTam T
ST. LAMRENGE SEAUAY e,
2. GENERAL _CARGG SHIPS e 200800 e A -
o CASUALTY LOCATION TOTALS _ L 10,600 4
GREAT LAKES ToTnTTTRT T ST mm o e mm e oS Ty e e TETmmm T e T -
4. YANK SHIPS T T e T e T T T 45,000 TTTTTTTTTTTTITTTITITTTTT T
. T. BULK CARRISRS_ g 89,500 2)
9. BULK CARRIZAS ~ SELF-UNLOADERS i 67,400 %
i TCASURLTY LOLATION YOTaLs —~—~—~ T TTTyTTTTTTTE " P -t D
—ATLANYIC EAST
1. GENERAL CARGQ SHIPS Ty A5ByAOC__ 19
2. GENERAL CARGO SHIPS 298,900 136
i 3. TaNZ SEFIPS R T 20,000 T
4. TANK SHieS - - 7 1:426,200 278
________ 6. TAMK SWIPS N 314,900 25
7.7 BULK TCARRIZRS 33 Z7156,900 301
8. BULK CARRIERS = BREZOIL 427,600___ 94

10. BULK CHFMICAL CARRIERS
1%, CONTAINER SHIPS [EXCLUSIVELY) ' R - 10
15. REFRIGERATED CARSO SHIPS ) o

 wm me ey = A wATm W e ma e e ee am e mr R e e e o Ak ko ek ke s o o Y T ok i

156,900 23
361,200 T4

105,600 ) 2h

CASUALTY LOCATION TOYALS “Carer 77 B 8,411,700 ~ 77 7 Ty T T TTT T
 ENGLAND . . . . e e e e e e e e e e e e e e e e e D
y
) 4. TANK SHIPS 3 555,100 48 o
A. BULK CARQRIERS -~ ORE/OIL T~ s ) TR 63,600 19
9. BULK CARRIERS - SELF-UNLOADERS 1 40:600 8
12. CONTAINSR/CARGD SHIPS 1 4,500 T TTTTTI TR T
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SURVEY ANALYSIS
BY ALLEGES CAUSE, CASUALTY_ LOCAYICN, AND_VESSEL TVPE

T Ay A A i 48 3 ok s . . e o e, b P S 2 o S S A . S T P e A T S T A, L e

JANUARY 1971 TO DECEMBER 1974

NORTH SEA ’
T T TL Ak shies
7. 8ULK CARRIERS
12. CONTAINER/CARGD Snids
13. COMTAINTR SHIPS {EXCLUSIVELY)

ol ek e B e Al e e et s o it o i o £ o it . oy s . i

TTBALTIC SEa

— [

- 2. GENERAL CARGO SHIPS i 564,000 B5
e ew o e TANK SHEPS e et e e et i o o et ot e -, 1. £ 4.1 S A
T. BULK CARRIERS iy 61300 17

CRSOALYY LOCATION"TOTALS

466,000

_____ WEST_GJAST OF EURCPE
_b. YANK SHIPS

7- BULK CARRIERS
8. BULK_CARRIERS - DRE/OILL

WA LM ek e o i s . A AR Bl b k. A Al e o o e oy i A T R SRR A bk o 4 bl Y b i o S o e e

~283,8¢0
21700
11.800

IR D e s e S T AL UL A L SR o o A o e T TN T T T T N e A e Mk by St e A T S Y A S 1A S D SO AR AU b B e e s o o b ok e b e S ke ] S . A e Ay . 1 S oy 1 PP A Y e S R TR P S R

[

- aas e e =

EURDPE,. MEDLIER.
Z. GENERAL CARSO SHIPS
4. TANK SHIPS
7. BULK CARRISRS
9. BULK CARRIERS - ORE/OIL
TT12. CONTATHERJGARGO SHIpPS 7
15. REFRIGERATED CARS0 SHIPS

319,000

185,400

430,200
364200

L i e — ke b

V& PASSENGER SHIPS - 72000 2
g .. . . - . I . e S
; CASUALTY LOCATION TOTALS 23 968,900 250



PERSTAN GULF

. . UNTTED STATES SALVALE ASSCCIATIONS LING« o i\ oo as oo mm oo e
CAMAGE SURYEY ANALYSIS
- — BY__ELLEGEC__C‘AU,_SE._ CASUALTY_LOCATION . AND_VESSEL TYPE
JANUARY 1971 1O DECEMBER 1974
.. VESSEL L TYPE o o o e e e e e HUMBER. o TOVAL _ACTUAL . e BEPAIR_TINE__ ___
GF CASUALTIES REPAIR COSTS EDR AFFECTED ELEMENTS
_____ AFRICAY MEBLYER+ o o o o oo o e et e e ot e e o o2 = 8 A e S
. m”____‘!_.___'[_.’\_{\li(___SHl PS_ 4 149,700 31
- CCASUALTY LOGATION_TOTALS . 4 s V494700 2
VEST APRICA T e e S S e
TUTT T OTTY I GENERAL CARGQOSHIPS 1 57,800 5
C 2. GENMERAL CARGD SHUPS e e N 274300 _ e
4. TAMZ SHIPS 7 875,500 161
6. TANK SHIPS ___._"__“_______““_________"_H_________"___;___________________“__gal109“________“__,________§ ___________
7. BULK CARTIERS 1 7,000 4
. _ 8. BULK_CARRIERS ~ ORE/DIL 2 172,700 33
. CASUALTY LOCATION_TOTALS __ .. _nl3____,______ﬂ_m_,___lglgﬂv?QPN«_",____,_,_____W_QEF ___________
Tl DF AFRICA USRS S e RS R SR E et bttt
= TTTTTTTIL GENERAL CARGO SHIPS 1 2,100 3
o 2. GEMIRAL CARGQW§3I£S____”"_____"“"_________: ________________ T e 240,800__ .. &5 .
4. TAYK SHLIPS 11 i,118,300 130
o _ 5. TANSX Sr1PS oSS U 45,900 o b .
6. TANK SHIPS 3 201,800 22
7. BULK_CARRIERS_ ) 2 56,500 20
, 8.7 BULK CARRLERS = ORE/OIT 5 209,100 73
. T CASUALTY LOCATION YOYALS S T Rt S5 201 ST T A
EAST OF AFRICA ) . L e
2. GENERAL CARGG SHIPS 1 _ 42,500 .. ia o
3. TANK SHIPS 1 64400 & >
4. TANK SHIPS 13 o . 996,900 _ .3 o ___
7. BULX CARRIERS ) 5 T 371,800 46
8. BULK CARRIERS - ORE/OIL i a 2 217,800 34
(CASUALTY LOCATION TOTALS 23 . lje3sys00 231 .



_ UNITED_STATES SALVASE ASSOCIATIGN, INC.
DAMAGE SURVEY ANALYSIES
BY ALLEGEC CAUSE, CASUALTY LOCATION, AND VESSEL TYPE

JANUARY 1971 TG DECEMRER 1974

e eean . L VESSEL TYRE e NUMBE&_m_,___ﬂ________IDI&L_&CIUAL _____________ REPAIR TIME _____.
OF CASUALTIES REPAIR COSTS FOR AFFECTED ELEMENTS
TTTTT T TTANK snlps'"'"""""'_‘""'""""""""”'"‘"""""““"""""""“”'"7 """"""""""""""""""" Z53.%00 T T 76
el T. BULK CARRIER&___“_.H&_“____“__”_____________________"____; ______________________ 144800 o2 B
8. BULK CARRLERS ~ BRE/OIL 1 107,060 9
CASUALTY LOCATION TOTYALS 9 844,700 97
SEALOF BENGAL o e e T ST ST E TR
1. GENERAL_ GARGQ_SHIPS 1 14.+700 2
7. BULK CARRIER 1 66,800 9
mrsmommommEmmm T o | e e ALTY LOCATTONTOYALST T T i"""""'”‘""_'"”“"""‘“""éi:566"""—"""_'—""""”“"IT """""""""
T
. INDONESLA, L
1. GEMERAL CARGO SHIPS__ e e S 954600 oo 10 .
2. GENERAL CARGD SHIPS 4 57,200 22
o L3O TANK SHIPS e S 59.900“_“m“______“_________9 _________
4. TANK SHIPS T 401,800 Bo
. 5. TANK SHIPS _ 1 50,100 W12
7. BULK CARRIERS 2 83,800 18
o _l2. CONTAINER/CARGD SHEPS _ .. - 29_1999_____._“____.._,___..,__§ _________
e e e v e e st —————— 9&§EBEI!_EQE51193_191555_—_____fk_l? _____________________ §ﬁlzﬁ99___,_______________lég __________
TTRUSTINE
T 7T . GENERAL cnacd'sulps"""'"“"“*’"“"““"““"""““""'“‘““I"‘““”‘“‘“'““‘"“““‘“'Ti?é60’“""'“"'“""‘“""“‘""2 """""""
2. GENERAL CARGQ SHEPS 1 1,500 . 2
4. TANK SHIPS e e et V-0 00 1+ 1 S 40
. _ 7._BULK CARRIERS i 4 . 187,400 29
15. REFRIGERATED CARGQO SHIPS’ - 2 10,500 i
e mmmmmeoer s e Soemwe S CeacuAlTY LOCATION TOTALS TT T @I T T ~55;900 T T T TR TReTTTTTTTT
SRR EEERER St Rttt b o
NORTH _PACIFIC i =
1. GENERAL CARGO SHIPS 3 gl,500 45
2. GENERAL CARGO SHIPS et e bl et - 377,200° " TTTTTTTTTTTT T4



e . o i . W UNITED STATES SALVACE ASSOC IAT LNy L INC o o L o o e e e e e o e e e i s e e e e e e i
CAMAGE SURVE{Y ANALYSIS
e e e e BY, ALLEGEC CAUSE, CASUALIY_ . 0CATION, AND VESSEL _TYPE
JANUARY 1971 TO DECEMBER 1974
VESSEL TYPE o e e et e e svmmn s e MUMBER o TOTAL ACTUAL Lo RERAIR JINME ___._-
1 OF  CASUALTIES RePAIR COSTS FOR AFFECTED ELEMENTS
e e e . e I R —
_ B. TANK SHIP S o e o e e e —m e ———— a2 L e 162000 o —— 12 o
4. TANK SHIPS 13 1,490,200 303
——— . 7. BULK CARRIERS . e e e e ———— B < S 488, ].0@______________________________!3_0 __________
8. BULK CARRIERS — ORE/GEL 4 20948400 17
.. 9. _BULK CARRIZRS — SELF—UNLOADERS i 1,900 4
11. LIQUID GAS CARRIERS 1 120,800 38
12. CONTAINER/CARGO SHIPS e —— 2 _________-‘?0'100________________________'________1;) __________
13. CONTAIMER SHIPS [EXCLUSIVELY) 2 T6.300 T
B _ 15. REFRIGERATED CARGL_SHIPS e e oY 3700 | S
18. AUTOMOBILE, RQLL—ON/ROLL—-OFF CARRILERS 1 14,100 10
e 19 _BARGE CARRLERS 2 34,800 10
 emm e r ot e e GASUALTY LOCATION TQTALS. ___ . __ &2 ______2:9645C0 ___ . __________ 66 _________
e o ALLEGED_CAUSE TOTALS __ . 570 __________.___._ 27,078,900 _ . _ .  2:020  ______
[\
i=%
- - i m———- e =
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e ... _UNLYED STATES SALVALE ASSOCIATION b _UNC o oo o e e e
CAMAGE SURVEY ANALYSIS
e e e e e = . BY ALLEGEL CAUSEG, CASUALTY_LOCATION, AND VESSSL TYPZ .
JANUARY 1971 10 DECEMBER 1574
. - . e VESSEL LT PE o e = NUMBER ___IOTAL _ACTUAL .. REPAIR_TIME _____.
OF CASUALTIES REPAIR COSTS FOR AFFECTED SLEMENTS
ATERTAL_FATLURE, VESSEL_SYRUCTURE AND EQUIPMENT .

AN AD A PACTF I C o o o oo e e e ettt o o e
e A TANK SHIPS e ————— e 2 40,900 __ M
7. BULK CARRIERS 1 8,000 3

- CASUALTY LOCATICN TOTALS 3 46,900 21
U PACTIEIC o o o et £ e e e e
R 1. _GENERAL CARGD_SHIPS 2 26,000 10
2. GEMERAL CARGOD SHIPS 23 447,000 171
B TANK SHIPS e 6 255,300_________ L 56 .
4. TANK SHIPS 2 168,900 15
1. BULK CARRIEP% S S 444400 . 14
12. CONTAINER/CARGD SHIPS & 163,800 37
L 13. CONTAINER SHIPS {EXCLUSIVELY) £ 656 6HLD 3
177RATLRCAD CAR FERRIES 1 20,000 5
_______ 18. . AU]uMUQIl y ROLL-ON/ROLL-OFF CARRYERS _ .\ ______ —— ls200 - RV S
19. BARGE CARRIERS 3 745,200 41
TTToTTETTr e T o CASUHEf?"CﬁtK?rbﬁ‘beEE§““"""""""“ET'“"'”‘""""‘"""“"ﬁ‘ﬁﬂﬁIZbo“"""”""“"'"""’“‘EEB """"""""
O BRAT L e e e o e e e o e e
1. GEMERAL CARGO SHMIPS___ 4yh00__ 3
2. GENERAL CARGH SHIPS 1 5,500 2
___"______}Q:HCDVT*INEQICARuo SHIPS 4 209,830 42
16. PASSENGER SHIPS 2 178,800 14
18. AUTDHOBILH, ROLL=~ON/ROLL-OFF CARRIERS | | 46,600 A0
et e e e mam e r e CASUALTY LOCATION TOTALS . . ____ S 443,100 Sy
BACIFIC CAL. TO PANAMA N
1. GENERAL CARGG SHIPS : 2 TTTrTToT oo 44,300 TS TTTm T 22 T T
2. GENSZRAL CARGD SHIPS o L I 798,400 150 _____
4. TANK SHIPS ToTmmm orTmmmmEm T 3T T s o 216,100 - 24
1. BULK CARRIERS . 3 185,200 14
12. CONTAINER/CARCO SHLPS g 277,800 63
13. CONTAINER SHIPS [EXCLUSIVELY) i 6 . 308,400 36_ .
15. REFRIGERATED CARGO SHIPS 2 T ) TTT27,700 T T TmTEETTT i7



e e . _UNITEC, STATES SALVACE ASSOC AT IONE L ING o o o e e ot e s e e e s
DAMAGE SURVIY ANALYSIS
e BY_ALLEGEL CAUSE,. CASUALTY LOCATION, AND VESSEL TYPS
JANUARY 1971 TO DECEMBER 1574
VESSEL TYPE oo oot e e e e mmm e NUMBER e TOTAL ACTUAL . e REPAIR_TIME____._..
0Ff CASUALTIES REPAIR COSTS FOR AFFECTED ELEMENTS
. 16« PASSENGER SHIPS_ e I 2153500 e e 10 e
19. BARGE CARRLERS 2 617,400 90
o T oommmmTT "EAébRL%9‘&663?76&“?6?EE§"""——'""“2E"—'"'"'""“_"—”-""_ETEEE:EBB"‘“"F""”""""—_'“'"ZE? """""""""
B ACIE LG SOUTH AMERTCA o o oo o e oo ot i o e e i e T S S
2. GENERAL CARGO SHIPS o o o e e o v l93ss00 A0
7. BULK CARRIGRS 2 105,600 22
T T T o CASUALTY LOCATION TOTALS 3 199,100 32
SOUTH TIP OF SOUTH AMERLCA o o e an oo o e AL e s S S
4. TAMK SHIPS 5 160,300 78
7. BULK CARRIERS . 1 4,200 g
T - T '""”“"’"""cAEUALTV"Lbcﬁfibﬁ'?b?ﬁf§"“"‘"'""”E""_“"'""'”“""'"““‘TK%Z566"_"'“"'""”_'”"""——"§§ """""""""
__ATLAIITIC_SODUTH AMERICA
2. GSMERAL CARGO SHIPS U JHS 6,400 B
4. TANK SHIPS g 149,700 123
____________ 7. BULK CARRIERS ) ‘_”_____ﬁ__________________________g__________m___________gglﬁp9“____________"_____,;5______ﬁ___
8. BULK CARRIERS — ORE/DIL i 18,400 3
_ 19. BARGE CARRIERS 1 61,4300 ) 15
. CASUALTY_LOCATION TOTALS __ _____._] 1£n____ﬂ________-_____m§3&'299m______a“__,_______l§? __________
GULF ANMD CARRIBBEAN Sn rromrrSmSoSSmommmmoomoamooT mmmmmmmmmmmmTmETT FommmmT mmmen e mmmmmmmomSSmmmmm s
T 7T L. GENERAL CARGO SHIPS . s T T 5 - TTTT136,600 21 X
2. GENERAL CARCO SHIPS 26 560,000 . .. 169 ___g L
3. TANK SHIPS 1c 312,800 97
4. TANK SHIPS 24 o rs08l,300 215 L
7. BULR CARRIERS 11 ) - ’ T 208,500 - 103
. 8, BULK CARRIERS — ORE/OIL _ 1 13,600 a
9. BULK CARRIERS — SELF~UNLOADERS ™ — 5 508,200 35
10. BULK CHEMLCAL CARRIERS 2 31,900 32
13. CONTAINER SHIPS (EXCLUSIVELY) 3 214,300 16



UNLTED STATES SALVACE ASSGCIATION,
CAMAGE SURVZY ANALYSIS

mrr e mm oo e BY, _ALLEGEL _CAUSE, CASUALTY 1 OCAT ION,_AND VESSEL

INC.

JANUARY 1971 TO DECEMDBER 1974

. m e MESSEL TYPE MUMBER __ TOTAL ACTUWAL REPAIR _TIVE, . _ .. _..
OF CASUALTIES REPAIR COSTS FOR AFFECTED ELEMENTS
- memmnmo L8 REFRIGERATED CARSO_SHIPS_ . . . - 43,000 __ &
18. AUTOMOBILE, ROLL-CON/ROLL-OFF CARRIERS 1 49,200 )
-+ e—_.l9. BARGE AR R S 49,290 _ _____ .o
_ CASUALTY LOCATION TOTALS 53 08,600 725
SOUTH ATLANTIC US TIp T -
T T T GERERAN T CARED TSRS T T T T T T T T T T e o e - 25 T I sV, 22Tt
. _3- TANK _SHIPS 3 151,200 28
4. TANK SHIPS 7 264,500 86
___________ 6. _TANKE SHIFS “_m___m_______“_“u_________“__________“_____;____________“_h_____““31!o00____________________"Z______m____
7. BULK CARRIEZRS 4 131,200 22
wow.- 8. BULK CARRIGRS - ORE/OIL___ .~~~ 38,90 __ ¥
12. CONTATNZR/CARGO SHLPS 1 402,400 8
o 13, CONTAINER SHIPS [EXCLUSIVELY) 5 361,400 35
15. REFRIGERATED CARGC SHIeS 1 50,000 6
T T T e e e ASUALTY Ebthrféﬁ"?ﬁfit§‘""“"""""EE“"""'""'""_““A*ﬁ““TT§§6]666 ______ FEr
_SOUTH ATLANTIC US .
__________ 2. GENERAL CiRGO sHlps L . _ 434,600 B2
.UTANK SHIPS T T T T e e s k DA T3.900° 7T TTTTT 13
W e he TANK SHIPS £ o e e i e e X 1964600 66 __
7. BULK CARRIEZRS - - 3 - 237,400 23
o 10, SULK CHEMICAL CARRIERS 2 28,100 6
13. CONTATNER SATPS (EXELUSTVELYT 1 23,000 7
—. 18. AUTCMORILE, ROLL-ON/ROLL-OFF fag@{g@g________"____H____“_g___u___n_________muﬁﬁg@g_pgg____________u____“__zg ___________
e e e CnSUAEI!-LQQEILQNhIQIéh§"___““..__Eé__“__u_______q__ﬁ_mlné%?sZQQ__"____,H___h______Qﬁ! ___________
TUS NORTHTATLANTIC T - o
b 1S
1. GEWGRAL CARGO SHIPS o ’ - Tt T 414,500 77 Tt T Tt gy T
2. GENERAL CARGO SHIPS - B R 67080 _ . S
3. TANK SHIPS 7 TTTTTTmNTTT T mm o s s o S - 42,900 T TTTTT7C 25
e b TANK _SHIPS 11 337,100 80
S. TANK Sillps’ 2 26,200 35
7. BULK CARRIERS 4 114,200 L _ 2 .
8. BULK CARRIERS — OQRE/OIL ) 2 T T T T tak,100 T T T 5 v



UNETED STATES SALVAGE ASSDCIATION, INC..._ ... __
DAMAGE SURVEY ANALYSIS
BY. ALLEGEC._CAUSE, CASUALTY LOCATICN, ANO_VESSEL_TYPE

o o hm i A A R e e e = o ey o i P e L A

T ot TT oo mmmmm T JANUARY 1971 TC DECEMCER 1974 i
VESSEL TYPE . o o o e e e NUMBER . . .. _TOTAL AGTUAL . eee REPAIR FJIME.. ... ..
CF CASUALTIES REPAIR COSTS FOR AFFECTED ELEMENTS
10. BULK CHEMICAL CARRIERS oo e e e e e e e  J 754800 e B
11. LIQUIN GAS CARRI[ZRS 1 10,000 3
_ 13. CONTAINER SHIPS (EHCLUSEVELY) . o o oo o e P BSQw&CO__ 22 ..
15. REFRIGERATED CARGC SHIPS 1 57,700 15
.18, AUTCMOBILE, ROLL-=ON/ROLL-OFF CARRISRS 2 36,300 5
. . CASUALTY_LOCAYION YCYALS _ 33 2,283,700 -1 |- FE
CAMADA PACIEIC ~ 7 77T T T T e
TTTTT 40 TANK SHIPS' 3 15,100 8
12. CONTATNER/CARGO SHIPS_ . e e e 6:000 e D e -
.. ._GQSQALYXJL999119&-!9!ﬁ£§_____u__.-_ﬁ______“_ﬂ____________maé1199_________-_____,m___Lé ______________
TST. UAWRENGE SEAuWAY -
T2, GENERAL CARGO SHIpPS W TTTT TTTTTTTT ke T - L S
7. BULK CARRIERS i S 5,700
9. BULK CARRIERS ~ SELF—UNLDADERS i 168,400 10
T T e T T T L ASUALTY LOCAT [ON TOTALS 4 769,900 28
B REAT LAKE S e e o thm o e e 2 o e T
4. TANK SHIPS _ 4 93,000 32
7. BULK CARRIERS & 113,600 48
g. BULK CARRIERS — SELF-UNLCADERS . B 256,000 A8 __
|
CASUALTY LOCATION TOTALS 19 . C4e24600 ) 155
TTTATLANTIC EASTS T T T T e - T T N
irY
2. GENSRAL CARGOD SHLPS 4 229,200 - "y T ®
3. TANK SillPs$ 3 76,800 20 ———
4. TANK SHIPS - & " Tt TTTTTITIgsl,g0Q T TTTTTTTTTT 192
. 7. BULK CARILERS . 5 524,400 51
8. BULK CARRIERS ~ 'ORE/OIL oot T 136,000 16
9. BULK CARRLERS — SELF-UNLJADERS 1 18,200 . 3
13. CONTAINER SHIPS [EXCLUSIVELY) 2 7 T T T L, 171,8007 T T T ITTT T T ag T



________________________ } s _UNITED _STATES SALVACE ASSOCTAVION, INCo. | ...
DAMAGE SURVEY ANALYSIS
e BY_ALLEGEC_CAUSE, CASUALTY LOCATION, AND_VESSEL TYRE
JANUARY 1971 TO DECEMRER 1974
s . L NESSEL TYPE o o o e NUMBER o oo TOTAL_ACTUAL . ___. REPAIR_TIFME. ...
OF  CASUALTIES REPALR COSTS FOR AFFECTED ELEMENTS
15. REFRIGERATED _CARGE _SHIPS o oo o e e e S 104800 o D
19. BARGE CARRIERS 1 15,700 2
o TTTT o To T EE§GEE??'EﬁEK?Tﬁﬁ"fﬁfEE§"‘"““'"'""33'""'""““'""‘""""576557?66'""""'"“""—_"'""551 """""""""
BN G L AND o e o o e o e i i
24 BENERAL _CARGC _SHILPS e e B e e 59,800 o33 e
4. TANK SHMIPS 7 380,700 87
) 13, CONTAINER SHIPS (EXCLUSIVELY) 2 334,400 23
_______________________________________ CASUALTY LOCATIGN TOTALS ____ ____.12 . ....Xr4,900 . _____..M3 _________
DR TH SEA T T T e T -
"L GENERAL CARGC SHIPS i 21,000 12
e e by TANK _SHIPS o 22 $h00_ e
_____________________________________ CASUALTY LOCATIGN TOVYALS _ 2 33,40 ol
BALTIC SEA -

""""""""" 1. GENERAL CARGD ‘SHIPS 7 e At - ¥+, R & S
i ) 3. GENERAL CARGG. SHIPS e 36,200 B
4, Tang SHMIPS 2 23,500 10

7. BULK CARRIZERS __ . 1 28,200 2
JTBULK TCARRIERS = ORE/OTL 1 71,2400 2
}3. CONTAINER SHIPS CEXCLUSIVELY) o 7,900 8.
15. REFRIGESRATED CARGC SHIPS p) 81,700 il
Tt CASUALTY LOCATION YOTALS ™ T 77 7Ty TTTTITTTTTIR T TTagy,g00” T T B T
WEST CDAST OF EURDPE L .
2. GENERAL CARGO SHIPS ) 5 413,800 90 N
3. TAMK SHIPS - I T 10,800 ~ 7T ITTTTTITTTTT -
4. TARK SHIPS 21 1,230,800 162
5. TAMK SHIPS ] 22,500 5
6. TANK SHIPS R 168,200 17
7. BULK CARRIERS - ) ’ - S 68,300 7T T TTTTTTTTTT o A



UNITED STATES SALVACE ASSQCTATION,
CAMAGE SURVEY ANALYSIS

_BY_ALLEGEC CAUSE. .

CASUALTY _OCATION,

AND_VESSEL_TYPE ___

INC.

Vd TYNIOIHO

H00d I @D

T T T e e JANUARY 1971 TC DECEMBER 1974
el CVESSEL_TYPE o o e e e e e NUMBER o ____TOTAL ACTUAL PAIR_JTIME .
TASUALTIES REPAIR COSYS ECR AFFECTED ELEMENTS
_ 8. BULK CARRLERS — ORE/OIL ___ _._ oo o B V485500 e BB
12. CONTALNSR SHIPS [EXCLUSIVELY) 1 33,300 11
. 15. REFRIGERATED CARGC SHIPS o o e e ] L 124800 e
e CASUALTY LOCATION TDTALS 37 2,109,000 337
EUROPE, MEDITER. R e e e e e e e e T T T T
T 2. GENZRAL CAﬂGo‘§ﬁfh§""'“"""““"“""'"”""““““"'“"”“"'“E"'"'“"‘""“‘“"""'""I35*?66“"‘“‘""“'""““"""'?E """""""""
e G TARK SHIPS 23 794 4200 238
7. BULK CARRIEKS 3 80,7C0 15
B. BULK CARRIERS — OREZOIL e A28 D700 e 35,
15. REFRIGERATED CARGO SHIPS 4 69,500 38
l6. PASSEMNGER SHIP$_~________“‘__"H_________d“___________"_H_g___________H_________§g?zﬁg@_a_________________“21 ___________
19. BARGE CARRIERS 2 1,060,400 18
T T CaSuALTY COCATION TOTALS T 48 2,011,000 453
Eg AFRICA, MEDLTE e e ———— e e
gg 4, TANK SHIPS 2 120,500 15
E§ - - CASU“LTY"EPQQEIPN“IQI£E§“~___,,N___2_____d_,-___________ni39.§99______________~_____l? ___________
ow}
[ . e e it e ——————— e e e e et 2 e T e e
EJ WEST AFRICA
=
= TZ. GENERAL TARGH SHIPS 3 55,100 12
= 4. TANK SHIPS O - S 161,500 T
8. BULK CARRIERS — ORE/OIL 2 8,000 13
g% 15. REFRIGERATED CARGC SHLIPS o ) ) 1 59,300 ] 15
Eg X CASUALTY LOCATION YOTALS 14 - 264,500 111
=
TIP OF AFRICA ' ) ot Trommmmoos gmmommmmoommmmot
————— ‘N
L. GENTRAL CARCO SHIPS SR T TTTTT aa,200 CTTEEmoTTooTTTTT - N
o 2. GENFERAL C»’\qu SHIPS _."1 -1“3,700 in
4TANK SHIPS 11 341,500 79
CASUALTY LOCATION TOTALS 13 ~°° TTooeTT TS '——-*404,400" bt Y ¢ ) A



£AST OF A

6.

UNITED STATES SALVACE ASSGCCYATION,
CAMACE SURVEY
4. CASUALTY_LOCATION,

gY_ALLEGEC CAUSE AND_VESSEL_TYPE

JANUARY 1971 YO DECEMEER 1974

e evmmmee- - VESSEL_TYPE

FRICA

2. GEMERAL. CARGO_SHIPS

TANK SHIPS
TANK SHIPS

BULK CARRIERS
. BULK CARRLERS — ORE/OIL

e e - ke m A W EE T et Aam o o e ot e S R W R T By Y S e e A ik L A T T A S e e

"PERSIAN GULF

vy
3-
o
b
a.

_TANK SHIPS

GENZRAL CARGC SHIPS

e e o i o 14 ke P it T o e o . ke R B B B B e e e ik BAS  F  a  r n S B  m m m  mn  iet

TTamK TSHIPS
TANK SHIPS

BULK CARRIERS — ORE/FDIL

CASUARLYY COCAYION TOTALS

1.
2.

b
T

SEA OF BENGAL

GENERAL CARGO SHIPS

GEMERAL CARGO SHIPS

TANK SHIPS

"BULK CARRTERS

INDOMES LA

2

3.

"I-

7.
8.
13.

15

GENERAL CARGO SHIPS

TANK SHIPS
TANK SHIPS

BULK CARRIERS

BULK CARRIERS ~ QORE/OIL
CONTAINER SHIPS
REFRIGERATED_CARGC_SHIPS

o e A i A 3 = e e A ke B o o e A A i et LA e e o e e e A R e

i
F:

(EXCLUSTVELYY




UNITED STATES SALVACE ASSDCEAYION, INC.
DAMAGE SURVEY ANALYSIS .
BY..ALLEGEC CAUSE, CASUALTY LOCATIGN, AND VESSEL TYPE.

- - JANUARY 1971 TO DECEMBER 1974 T
e e e ._ .. VESSEL TYPE ' NUMRER . TOTAL AaCYUAL  __ REPAIR_YIFE_  ______
OF CASUALTIES® REPAIR COSTS FOR AFFECTED ELEMENTS
- _AUST/NZ _ .. e T T T S
e e, TANK SHIES 1 2,500 2
T. BULK CARRLERS . 8 145,900 64
o ToTTTrmrThmTT T CASUALTY LOCAYION TOTALS ~~ 77~~~ - Y e T
NORTH PACIFIC .
e 2o GEMERAL CARGQ“§Hl85"_____________Hd_______,_,“_“______—_2&__h______ﬂ_,___ﬁ_____élé:?9q_________q_______*_LZﬁ ____________
3. TARK SHIPS i 5,008 4
m ) Ao TANK SHIPS e e 808,300 a4
7. BULK CARRLERS 8 . 79,700 %3
. Be_ BULK CARRIERS - ORE/OQIL 1 224400 5
T2.7conraLNea/canGd SHIAS i 313,800 35
v . I3. CONTAINER SHIPS CExCLUSIVELY) 256,600 __ 28
"15. REFRIGERATED CARSQ SHIPS 5 155,200 60
.. _ 19. BaRGE caaRIER§_______________““d________"__ﬂ______q“____mg______"____ﬂmﬁ_______g13.}og ______________________ 68 o
_____ i e CASUALTY LOCATION TOTALS 68 2,530,000 561 '
TTTUTTTATUTANK sHipsTT T Tt T “‘""""‘“"““”’“""“'“"""““"“"'“‘é"'f“”““"‘““““'“‘""""'“zj;obé‘“"""'"“”“"‘“""‘““Eé """"""""""
10. BULK CHEMICAL CARRIERS 3 . 121,900 31
1T CIQUID GAY CARKIERS 1 113,100 g
o ToTTrmmeTes 'cﬁSUhE1?"Ebtﬁfiﬁf‘Tb?ALs‘ﬁ”"“““‘“Z"“"“""h‘"“‘“"“"'“"“é?é:b66"‘""“““"‘""“"'"”“*'“33 “““““““““““
v s e e e e i m R Bt e e e o N
TTToTTTm oTmTrmormmen rmme o ALLEGED CAUSE TOTALS 664 36,133,200 &,130 g




UNITED _STATES SALVACE ASSOCIATION, INC. e e e k m  rm  d

CAMAGE SURVEY ANMALYSIS )
BY_ALLEGEC_CAUSE, CASUALTY LOCAYION, AND _VESSEL_YYPE _

e e v i e me = bn b bavm e wem e e v m m e e A e

B - SANUARY 1971 TO DECCMUER 1974
e MESSEL LY PR e e e e e v o e e oo NUMBER oo IorAav acTUAL L REPAIR TIME ___ .
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4. TANK SHIPS 2 T 91,600 - 20
il 7. BULK CARRICIRS e e “ 19,000 T AN o
11, LIQUID GAS CARRIERS 1 96,000 & ur
L2 CONTAINSR/CARGD SHIPS 3 136,000 18 w o
15 REFAIGERATED CARGE SHIPS 4 121,500 31
T T CASUALTY LOCATION TOTALS I I M 554,200 T TTTTTTTTTTTTTIIL TR



UMITED STATES SALVAIE ASS0C

TATION, 1NC.

B e el T e Py

nT ’ ) CAMAGE SURYVEY AMALYSIS
— —— 8Y ALLEGEL CAUSE, CTASUALTY. LOCATICH, AND VESSEL TYPE
JANUARY 1971 TG DECEMEER 1974
T e NESSEL TYPE e e e e m——— e HUREER. oo, TOTAL ACTUAL o, REPAIR TIVE___.__.
CF CASUALTIES REPAIR COSTS FOR AFFECTED ELEMENTS
e NORTH PACTEIC o o e e e e e S RO
- L. GENERAL CARGOD_SHIPS 5 506,600 33
2. GENEIAL CARGO SHIPS &1 ] 2,482,500 256
4. TARK SHIPS L Y 2v412,200 224
5. TANK SHiPS$ 3 1,009,460 1713
b TANK SRIPS S &1 11-1: 1 NS W
7. BULK CARRIERS 37 2,57$,5C0 265
o _ &, BULK CARRIZRS — ORE/DIL & 232,900 84
12, CONTAINER/LARGD S$HLPS ] 137,500 35
) L3, CORTATINER SHIPS [ERCLUSIVELY) B e 3054800 3
15. REFRIGERATED CARGO SHIPS 4 84,100 25 ;
L bEe PASSENGER SULPS S 35,700 __ R S
19. BARGE CARRIERS : 2 25,100 T
T T e e e T T RS UALYY LOCAT TON TOTALS V&2 16,055,900 1,179
). GENZRAL CARGO_SHIPS 1 44,500 5
2. GENERAL CARGO SHIPS . 3 13,400 &
i 4. TAMK SHIPS R w00 AL
7. BULK CARRIERS ) 1 21,900 r3
. 10. BULK CHEMICAL CARRIERS L . T 2 X & 1.1 M - SN
19. BARGE CARRISRS ! 105,600 &
cdéﬁntrf”tbtffldﬁ“rﬁrﬁus Tl 258%,100 33
i . - . semrn  aam b e e m s Wawmes va S e MaMenm bewe = B
ALLEGED CAUSE TGTALS | 1,518 174,542,800 15,217
OVERALL TOTALS 5,452 . 649,402,400 Y . 7Y
e e = oeer e e e ooree e e e toerimm = e =i - 5
(1]
- . . . e .  w e e vm i e m e e o m om  dS  A  A7E Ah Rt Wl iy o S i ot e e S ki e 0 . e [ aie SO




APPENDIX G

Jcean Crossing Times - Routed and Unrouted Vessels



ST CCAST UNITED STATLS TRADD ROUTTS

<)
(i)

FALL WINTER

SPRING ' SUMTTR
Vessnl Uarouced Routed Unroutad Routed Unrouted Routed Unroutod Ioutod
Roite Tz it /Mme)  (Diat/Time) (pici/time) | (Dist/rime) (Duag/tice) o fouss/fhiime ﬁﬂ’“ﬁﬁ?lﬁi‘ {Dimedsed
weatbound-
s Zxc Morth- . i
Tanker INSUFFICIE[IT BATA INSUTFICIDONT DBATA INSUPIICIUNT DATA ! TUSULIICITRT DATA
§
Troighter 4885/276 4220/238 | 48507277 4225/233 46357252 4220/228 ] 4525/242 4215/225
Containes 47206/229 4200/203 | 4785/233 4230/200 4520/211 4225/197 4500/287 4220/154
Dry Bulk 4800/366 4235/32) 4820/375 42407312 4725/340 42257302 4635/326 4220743
Tanker INSUFFICICHNT DATA INSUFFICILHT DATA INSUFFICILKNT DATA . INBUFT'ICIENT DATA
Freighter 4320/230 4295/228 43007232 433¢/232 4205/221 150/217 41257217 4160/215
Containar 4235/194 4280/196 43157199 4305/198 4385/189% 4090/185 409C/126 £075/125
Dzy Bulk 4395/307 43257302 | 4420/310 1320/304 4300/295 42457291 4235/2392 4195/289

Sample Count:

Reuted Vesscels

Unroubed Vesselcs

2520

1152

e e e - A — . ———— L W A

[ ———— . E

[A=k4



WISY COAST UNITID STATES TARADE ROUTES
TALL WINTSR SPRING LS odibiond
Vessel Unrouted Routed Unronted Routied Unxouted Routed Unreouted Routod
JeLs0 Type n/s n/s n/s n/s n/s n/s n/5 _E/f
[
| !
westhound - o i !
cific topk: . | i
jasiiic Soriae Tanker INSUPPICHENT DATA | INSUPFICIENT DATA INSUPFICILNT DATA | | INSUFFICEENT DATA
"o 'S o Capi Loy
Froighter 21/16.58 45/4.62 39/18.38 | 55/3.89 39/17.14 | 39/8.33 ! :59/14.65 |4z/4.45
i
Contaznex 5/9.07 39/6.69 4/10.69 | 10/10.14 6/9.77 39/8.11 l £/9.80 35/7.72
Dry Bulk 102/19.91 § 218/13.74 70/19.57 | 270/19.14 99/18.69 | 22¢/17.81 1 L103/15.80 |139/14.72
H
i
castboend -
Fzpaxn t°tPa=1fi° Tanker INSUFTICIENT DATA INSUFFIC]INT DATA INSUFFICIZNT DATA W | INSUFFICIINT BATA
orthles | |
- 1 H I i
Freighter 127/15.90 59/15.62 [ 30/13.86 |73/33.22 29/17.71  [62/14.41 ) M3/15.22  140/14.14
Container 5/9.40 49/9, 46 4/7.46 54/9.14 6/9.53 49/8.46 8/7.86 47/7.60
Dry Bulk 109/14.53 {214/15,326 | 96/16.06 |{236/15.11 109/16.86 {218/16.50 13./16.88 [|179/36.28
| |
[
1
i I

n B
]

sample size
standard deviation

Sample Count
Reuled Vesce

£9¢2


http:179/16.38
http:218/16.50
http:109/16.86
http:40/14.14
http:1143/15.22
http:62/14.41
http:29/17.71
http:139/14.72
http:103/15.60
http:228/17.81
http:99/18.69
http:39/17.14
http:236/15.11
http:96/16.06
http:73/13.22
http:30/13.S6
http:270/19.14
http:70/19.57
http:40/10.14
http:39/18.3s
http:214/15.36
http:59/35.62
http:218/13.74
http:109/14.53
http:27/15.90
http:102/19.91
http:21/16.68

WEST COAST UHITED STATLI I'RADL ROULLS

4

d400d 81 39Vd TVNIDia.

+

40 ALITEINA04d

LY

e

¢

TALL WINTCR SPRING Suratin
Yosoel Unrzouted Aoubed Unrouted Routed Unrxouted Routed Unrouted d
Rouse fyonz - (Dist/Tame} | (Gist/Tiwme} (Diat/Pimel, (Misy/Tine) (Digt/Time) [Dist/Tima) (Dist/Tira) |
1
weslizound- h
Czalxrioxania
to Japan Tanker 4920/349 4800/338 E 5230/374 5020/356 1915/334 4£25/328 1 1775/323
Treishtor 4775/2862 4750/241 r L093/276 4000/271 4305/236 LT30/252 ;r‘iﬁi/zal:i
Containecr 4620/221 4710/222 "4920/241 4B50/237 4135/216 4695/214 i;GOS/ZOE
Dry Bulk 4850/354 479Q/350 5760/379 4985/367 50L0/3590 4905/348 14733/327
I
Lascbhound~ ]
Canan to l
California Tanker 48157330 4700/324 5025/335 4900/327 1635/311 4620/308 [ 4535/307
|
Freighter 47157249 4680/248 54635/245 4655/243 1530/237 4535/237 4520/235
f !
Cortainer 45857207 4350/2006 4600/2L1 4650/210 1525/204 4515/203% 4510/202
vry 3ulk 4725/32L 4640/320 47957331 4730/;26 46457318 4575/31% 3620/312
I
I

Sample Count:
Routed Vessels 2224

Unrcuted Vessels

voc



WOET COAST UJIIND STATERS THADE ROUILS

TALL HUINTDR SPRIL SuLn
Vosscl Unrouted Routed Unrouted Jouted Unrouted Routrd Unroutad movéel
Fovte Tvoe n/s n/s n/s n/s N VA n/s r/s i
i ' | i
Wcgthound - ' % | j
i .
Zalifornra H o
to Jagan Tanker 14/12.91 39/13.98 12/21,032 18/15.96 16/16.00 42/15.44% 18/15.92 33/15.64
1
I'reighter 13/12.76 43/12.24 10/16.24 48/19.43 18/12.96 41/12.17 i 22/13.986 39/13,53
t
Ccntainer 5/10.49 25/15.56 3/8.08 32/17.92 4/9.74 31/11.36§ | 7/14.68 25/15.4%8
Pry Bulk 15/24.98 38/27.01 /29.17 | 37/35.18 L4/23.40 39/20.55’ 14/17.35 2:/26.62
b4 X I
% !
l I
¢ i
| o
Castboend - ! *
Jazan to Tanker do19/L4.20 41/12.01 14/22.67 46/19,29 18/37.29 42/17.35! i 25/13.758 36/1%, 39
Calxifornia y
Froighter . 18/17.56 48/15.15 18/17,10 53/15.11 15/10.68 50/9.54 26/13.95 a2/12, 48
Container 4/9.50 31/14.18 3/5.86 33/15.58 4/9.71 31/14.3 6/9.67 30/16.17
Dry Bulk 15/22.70 32/23.07 13/30.07 39/27.99' 14/20.65 33/20.37 19/3%7,.24 30/28.17
3
! ! |
, ' |
1 - |
1 | .
n = sanple size Sarple Cornts
" ; 224
s = stanéard deviation Routed Vessels 1224

- 43
Unrouked Vesgols 392

S9c


http:30/26.17
http:19/27.24
http:30/16.17
http:42/12.46
http:26/13.95
http:36/11.39
http:29/13.75
http:14/17.35
http:39/13.55
http:33/15.64
http:18/15.92
http:33/20.37
http:31/14.30
http:14/20.65
http:15/10.68
http:28/17.20
http:14/23.40
http:18/12.96
http:16/16.00
http:39/27.99
http:13/30.07
http:33/15.58
http:53/15.11
http:15/17.10
http:46/19.29
http:14/22.67
http:37/35.18
http:32/17.93
http:48/19.48
http:10/16.24
http:49/15.96
http:32/23.07
http:31/14.18
http:48/15.15
http:41/12.01
http:38/27.01
http:29/15.56
http:43/12.24
http:39/13.98

20LTES

Easthounds
Jazan to
Balooa

Vassel

Tvpe

Tankox
Freighter
Containex

Dxy Bulk

Tanker
I'reighter
Container

Dry Bulk

., FARLL WINTER

Unroutoed PoulLed Unrouteq Routcd
(Dist/Timp) | (Mist/Time) (NDist/Pira)  _(Dist/Time
t
! . h

7940/533 7985/531 8265/555 8515/546

7935/420 7895/41% ! 79:5/426 7985/422

7865/359 7840/358 7865/386 7955/263

2000/556 7935/551 8205/568 8L10/567
| 7235/540 77857522 3le5/552 7900/527
!7780/409 7750/408 7900/418 7830/412
|?735/350 T745/352 7775/357 7795/354

7920/554 7775/540 8035/558 7890/544

SPRING SUMIDR
Unrout.ed Routad ynmoutad nowsed
(Dist/Tame) _(Dist/fame) (Dish/Time) (Disk
5
8030/532 7915/524 7825/525 7900/523
7925/417 7835/412 7809/410 | 7795/410
7830/358 7810/355 7750/354 7770/352
7995/548 7500/542 7899/54C 7803/533
I
7800/516 | 7730/512 7705/507 | 7665/504
7745/410 7700/407 7690/4508 | 766074032
7665/345 7670/345 7655/346 7630/342
7780/533 | 7735/530 17130/529 7550/521
|
l

Sanple Count:

Routed Vessals 1125

Unrouced Vesscls

792

293¢



CANAL ZONII RRADT RQUYES

Zasthound -

Janan to
Zaliboa

vessel
Type

Tanker
rreighter
Container

Dry Bulk

Tanker
Freighter
Centainer

Dry Bulk

n = sample size

s = standaxrd deviation

PALL HWINTER SPRING SUIDER
Uarcuted Routed Unrouted Routed Unrouted Routed Unrouted Routecd
_ nfa____ n/s n/s n/s n/s nss n/s n/s
= ' |
I 23/20.16 24/13.96 17/26.38 30/30,95 21/22.74 22/03.¢88 i 34/24.25 23/25,05
16/13.85 15/12.55 i9/17.497 23/14.91 15/19.25 18/19,15 I 18/19.55 15/15.16
4/S.03 15/14.69 4/11.27 18/12.39 5/11.19 16/34,97 6/14,04 14/12.19
67/24.41 72/20.50 40/23.31 71/22.76 58/20.838 70/15.81 6§/22.22 6E/15.54
ol
H H
1 )
I
|
N !
28/19.77 33/21.04 21/25.49 45/26.18 28/21.41 38/2L.0¢% ! 35/17.23 32/17.10
32/15.05 39/14.82 26/15.15 48/15,38 28/15,83 36/15.18 !31/14.41 35/14.30
5/15.74 22/14.72 4/21.55 24/15,97 4/17.61 22/132.13 ! '5/14.55 26/15.2¢
33/16.70 47/16.58 25/18.75 60/17.92 32/22,12 51/19.9¢ 31/21.16 45/22,87
| i

Sawple Cou

k.
ot

Leze



e

FAST COART UNTTEDR STATLS_PRADL FOULES

IALL
Vessel Unxouted Routed
Poute Ty (D13t/0iec)  (Rian/tine)
rEie - ]
i
LLslosurd- I
U.5. East Coasti .
[Us:) *to ]
nNorunezn i
Eurose i Tanker 3290/224 3240/219
rreignter 3245/174 3225/171
Container 3225/148 3180/145
Dry Bulk 3285/231 |3235/226
westhound-
Nerthain Europe
to U.S8. Zast
Cecast (UsSHH)* Tanhor 3360/240 3315/235
Fraighter 3325/185 3305/181
Container 2215/156 3280/154
Ty Bulk 3375/252 |3330/245

*J.5. North of Hatterasz

WiN

Unrouted
Dingrine).

3310/233
3316/181
3290/154

3115/244

3450/263
3425/198
3375/166
3165/274

TR
Routed

3275/228
3245/176
3225/150

3270/237

3400/256
3380/192
33407161
34207266

AMag/Tine

SPRING
Unrouted Routed
SAMATAOLE N N CLLR WA LM
22757221 3235/218
3245/173 3220/130
3210/247 3185/145
3280/231 3230/227
3240/240 3305/236
13320/186 | 3308/182
3300/157 3275/134
3365/255 3320/249

]
|
1

SETIIR
Unrouted aouLed

I OARELIRA A IES J M Sk Pl
!

|2135/214 3170/213

N

r3165/167 31507286
3150/144 31450/143
3195/223 3165/220
32457222 3205/219
2195/172 21857170
3170/145 31e0/144
3260/229 3210/225

Sample Counk:

Routed Vecosels 1361

Unrouted Vessaels 297

89¢



SAST COAST UNITED STATLS TRADE ROUTELS

Wostbsand -~

* (G.8. North

vessel

Twvpe

Tankex
Freighter
Centainer

bBry Bulk

ope Tankor

reighter

Dry Bulk

of Hytteras

|

sample size

i

Container

standard deviation

FALL WINTER SPRING . SUILER
Unrouted Routnd Unrouted Routed Unrouted Routed Unrouted  Rouled
n/s n/s n/s n/s n/g n/s n/s /a2
IN
i
1i1/17.92 46/11.43 9/13,33 62/11.39 12/16.08 43/10.71 i 16/2C.42 42/%.45
12/15.26 | 48/11,21 10/15.04 | 58/12.81 10/10.46 | a9/9.1y 14/12,28 | 43/10.25 |,
3/6.81 30/9.67 4/6.60 31/9.99° 3/5.13 30/10.39 3/5.89 23/10.56
8/159.91 46/15.83 7/21.98 49/16.91 10/18.87 13/20.48 14/20.78% 3¢/17.11 :
:
11/14.18 45/9.80 '8/13.78 59/9.87 13/12.60 " | 43/9.54 17/14.61 40/12.86
13/12.61 | 48/10.74 9/15.60 56/12.78 ©12/13.14 50/11,05 '15/11.20 - 42/3.73
3/12.59 30/9.22 4/11.%7 32/8.5¢C i/7.97 29/9.24 3/9.87 28/11.47
7/17.80 44/13.71 8/16.90 50/14,04 11/16.96 |40/13.64 ! 13/18.08 | 36/15.11
Sammla Count:
Routed Yassels  ~o°-

69¢



TAST COAST UNITED STATES TRADD ROUTLES
L

(]
it

[+

i O

.......

TALL WINTER SPRING
Vassel Unroutad  Routced Unrouted Rouscd Unrouted  Routed Unzouted
Tyng Diet/Taan)  Disp/iirnd (Pist/Tims) [Dist/Time} {Dist/Time) (Dist/Time) (Dist/Time)
il
l
. !
I
Tanker 3355/227 3355/225 3465/242 3410/235 3295/229 | 3345/225 | 3290/221
Creighter ; 3355/178 ‘| 3315/174 3410/186 | 3355/181 3365/179 | 3310/174 3280/17)
Contazner || 3290/150 3270/148 3325/156 3295/152 3290/150 | 3265/148 E 3250/148
Dry Eulk 3360/235 3460/233 3460/253 34007245 3380/236 3230/233 3285/228
| i
|
Tanker l 3490/249 3410/240 3590/272 3530/263 3485/251 | 3420/246 3330/228
Treighter [l 3415/190 , | 3375/18¢ 3495/20% 3465/198 3425/191 | 3380/186 3310/177
Container { 3305/135 3265/152 3465/169 3405/164 3395/160 3360/257 32757150
Dry Dulk 34C20/256 34057247 3595/280 3520/270 2480/262 3435/252 3330/235
{

SUMMIR

328G/213

3269/169

3293/223
327a/173
3255/148
3296/230

Sample Cournt:

oatad Yengols

Unrouteld Vog

5cls

1123

220

v

0LT


http:3245/1.17

EAS2 COAST UNITCD STATTS TRADE IOUIDS

FALL WINTER SPRING . SUMMER
Yoocel Unroutad Nouted Unzouted Roubed Unrouted Routed Unrouvted Routc
I Type ___n’s n/s — n/s __n/s __._n/s n/n n/s n/s
Tistbound - !
! |
E;i;tﬂfﬁguﬁ, Tankex 8/19.91 i2/15.62 6/16.13 43/13.05 7/23.35 33/15.79 ! 10/17.80 32/13.95
L the :
M:dLZer:anean- . Freighter 5/14.71 33/10.20 1/13.57 35/10.61 6/13.06 35/11.13 8/14.70 28/10.82
Containox 3/10.02 20/9.81 3/5.69 20/10.94 3/6.03 19/10.04 4/10.9%0 19/12,0L
Dxy Bulk i 8/19.51 53/19.81 8/19.56 57/18.98 9/21.51 49/18. a9 l 12/17.00 40/16.12
I -
|
hastbound -
lledaterranean
o The U.S. Tanker 9/16.29 40/12.01 ! 7/18.95 17/14.73 5/19.32 #1/13.21 | I 10/16.85 33/12.9¢6
Z:ist Coast .
(vENa; Freighter 6/16.60 30/12,21 4/21.198 34/13.17 7/8.19 31/11.83 10/11,50 r8/10.17
Containexr 4/5.38 19/8.66 3/4.51 19/10.71 3/9.07 18/10.97 4/9.81 18/11.63
Dry Bulk 9/21.29 50/10.71 18/19.66 54/17.,32 10/18.,91 47/19.07 14/20.846 41/16.47
n = sample sizc Sample Couni: .
) Routed Vessols 1123

1+

= standard deviaticn

Unrouted Vessels

L2


http:18/11.63
http:28/10.17
http:33/12.96
http:40/16.12
http:28/10.82
http:32/13.95
http:14/20.86
http:47/19.07
http:10/18.91
http:18/10.97
http:10/11.50
http:31/11.83
http:1!10/16.85
http:41/13.21
http:12/17.00
http:49/18.69
http:19/10.04
http:35/11.13
http:10/17.80
http:54/17.32
http:19/10.71
http:34/13.17
http:47/14.73
http:57/18.98
http:20/10.94
http:35/10.61
http:30/12.21
http:40/12.01
http:53/19.01
http:33/10.20
http:42/15.62

GULT OF MENICO TRADE ROUTES

FALL UINTER SPRING SUNL4CR

vassel Unrouted Raubked Unroutnd Routed Unrouted Routed Unrouted Routed
Asute _yoe: (0t A1 ime) L3t/ me) H)J@L/Timql {(Dist/Time (Q;g&{?jﬂgqu(nigt{zgﬁs {Digs/Marmnl {nist#i:::
Zasteound- |
C.8. Gulf to N
Horthern
Europe Panker 4655/312 4600/307 4735/319 4695/315 4705/314 4620/305 4500/251 4320/2%84
Freighter 1590/242 4585/241 4705/245 4675/246 4600/243 4550/241 4325/227 4305/224
|
Container 4555/207 4580/208 46407213 4660/212 4595/209 4505/204 & 4290/1941 4233/150% i
Dry Bulk 4635/322 4590/317 4720/331 . 4715/327 1730/224 4635/320 ‘ 4410/302 4310/2393 I
Vaesthound-
Yoxtnorn
EZurope to
U.S. Guls Tankex 5050/34¢8 4990/344 4895/350 4900/345 4685/3%7 4670/316 | 4520/299 4470/29¢8
Freighter 509572712 4905/267 4850/269 4875/268 4550/244 4580/243 4430/232 4413/232
Container 4900/227 1870/227 4855/230 4880/230 | 4515/207 4500/206 4400/193 4350/198
Dry Bulk 5120/363 4955/354 .4910/364 4905/358 4600/322 4615/323 4505/311 4435/205
[
' i
| -

Sample Counk:
Roated Vessels 1275

—
Unroaled Vessoels 246
e

CLE



GULY OF MEXICO TRNDE ROUTZS

Westbound ~

worthern
Zurope to
U.5., Gulf

5
1

- FALY WINTLR SPRING . SUMIE

Vessel Unrouted Routed Unsouted Rouied Unrouted Routed Unzouted Aoured

Tyne n/s n/s r/s n/s n/s _n/s n/s TS
Panker 8/25.52 45/18.32 7/13.88 58/15.23 9/21.77 £28/15.97 13/17.09 | 38/17.5"
Freighter 8/14.56 38/9.3¢6 4/17.21 48/11.78 7/15.71 38/10.11 9/12.29 34/12.61
Containcr 4/6.75 22/9.96 3/14.11 23/8.71 4/5.30 21/8,99 5/8.07 15/7.390
pry Bulk 10/22.71 54/17.19 9/22,38 56/18,47 10/19:81 52/186_21 11/20,40 44/17.3°

1
Tanker 9/21.63 45/17.83 8/17.,45 57/18.27 9/19.37 48/16,28 13/15.21 32/15.03
Freighter 6/18.31 37/12.74 5/8.76 19/13.26 7/12,496 35/14.69 ¢} 9/15.01 38/13.287
Containex 5/11.97 23/8.47 4/5.91 23/10.61 4/8.,92 20/9.37 6/9.87 23/11.7L
Dxy Eulk 10/21.99 53/18.861 8/23,86 38/20.04, 9/19.51 54/19,28 1&/17.44 42/18.0:
I Lo

= sample size
= standard deviation

Sampla Count:

Routed Vossols

unroiled Vesse

1275

isg 246

ELe



LR AT MR NTeN DoanT OOIPRS

Povie

Lol W L Sy
—~2LTSoUns
.3, GulZ te
Hodliterrwanean

Wazthound-
Mzditcrranean
U.5. Gulf

IFALL

GINTER
Vessel Unrouted Routod Unrouted Routed
Ty DipgfTime)  (Tast/Time) (Daar Time) o (dsc/Time
i
1
Tanher 45i5/303 4520/303 4505/306 4495/304
rerghtor 2475/238 4460/236 i C4AT0/238 1535/237
Containex 44320/203 4405/200 1410/203 4415/202
Dry Bulk 4360/319 4500/310 4500/317 4490/314
Tanker 4520/307 41536/306 452573086 4515/307
Freighter 4480/242 4465/239 c4475/24Q 1480/240
Containe: 1435/2¢4 4420/203 4420/202 4430/204
Dry Bulk 4535/214 4495/300 4500/317 4505/317

(Dist/rams
T

S
raes s

Unrouted Fouted

{Gieei m~

SPRING
Jnroutad Lcuted
AL CYO I N IVIYE Hy'3
44707300 | 44657299
4410/23) | 44157231 | ;
4418/201 4405/199
1520/316 | 4460/310 1§ |l
|
|
|
1485/304 4470/300
4435/237 | 4420/234
4440/204 | 4425/202
44707312 | 4465/310 |
|

P
5

4460/299 A453/%9

4495/233 4293/231
!

4405/202 4380

4970/3209

4500/293 2505/2¢9

£425/222 Jailss232

4400/199
4505/312 4680/30

prm—e——n ew

Sample Count:

Routed Veszscels

Unroulel Veszzels

bLe



GULT OF NEXICO TRADD ROUTES

Zastbound -

U.2. Gulf to the

Maditerranean

westbound -

Hediterranean to

9.5, Guii

FALL WINTLR SPRIAG ° S0
Vessel Unrouted  Routed Unroutesd Pouted Unrouted Routed Unrouted  Rouzed
2P S o/ DB n/s Y S Y, S n/s N
Tanker 12/22.18 47/19.08 8/26.12 | 62/21.33 10/20, 84 52/20.61 16/18.96 { 40/19.31
Fraighter §/15.01 43/12.91 5/20.61 53/14.07 9/14.22 44/10.81 12/14.1% 37/14.0%
Container 4/6.45 25/7.5} 1/10.28 26/8.32 5/6.20 23I/6.90 6/9.31 20/8.88
ry Bulk 11/24.01 56/19.33 8/25.11 | 61/15.87 11/22.48 55/18.79 17.1%.99 46/26.1?
Tanker 10/25.22 51/19.39 8/16.33 62/21.41 11/20.99 52/18.10 15/21,22 40/20.77
Froightexr 6/11.61 48/13.98 4/20.22 | 53/15.21 '7718.35 47/14.76 '10/16.22 39/15.01
Container - 6/6.23 24/9.31 4/712.95 1 27/10.01 5/9.76 22/8.98 6/11.63 21/49.76
Dry Bulk 10/27.32 57/20°. 11 7/23.08 64/22.€8, 10/24.72 59/19.68 1472178 46/21,12
i
Semile Count:
Routed vVegopals 1;02

n « sarmple size

.
=

: a~ ztardaré deviation

—_— ey
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