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ABSTRACT

This paper is intended as a guide to sea port planners in the
preliminary assessment of projects involving bulk terminals. An overview
of the Bulk trades and bulk shipping provides the framework for assessing
the market for bulk terminal services. Siting considerations are addressed
taking into account the inland transport network, and the relative merits of
various transport modes for bulk movements. Terminal equipment and facility
layouts are discussed with regard to operational characteristics, and some
indication of relative costs are provided. Mathematical models useful in
evaluating preliminary design options are presented for various aspects of

terminal design such as berth congestion and storage capacity calculations.
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PREFACE

Bulk terminals are transportation facilities where vehicles (i.e.,

ships, barges, rail cars, trucks, etc.) are accommodated and where

particular functions necessary to the transportation process are

performed.

Terminals are required at the ends of a transport chain

and at intermediate points. Intermediate facilities are involved

with the transshipment of goods between intra—and inter-modal

transport.

1.

2.

The functions of a bulk terminal include the following:
Cargo loading and unloading
Cargo consolidation and deconsolidation -~ this is often
beneficial because of economies of scale in ocean trans-
portation, feeder transportation, and/or terminal

operation.

Storage - this means temporary or long-~term facilities, as
a gservice to port users or to effect transport economies

Classification of cargo

Intrasystem or intersystem cargoe transfer

Vehicle marshalling and cargec stowage

(a) Cargo stowing on a ship or other transport vehicle
is accomplished usually by using loading egquipment,
such as shiploaders (i.e., grabs, buckets, chutes,
etc.) which must be compatible with the vehicle or
ship cargo space.

(b) Securing, tie-down, or stowage on or in the transport

Vehicle maintenance, servicing, and/or modification

Physical form change of cargo

(a) Cargo conversion, such as slurrying, bagging, baling,
etc., of dry bulk cargo may be done for reasons not

assoclated with the loading function.

(b) It may be performed also to facilitate cargo handling
or transfer operations.



9. Packaging of cargo

10. Safeguarding of cargo

11. Cargo and vehicle information management and documentation.
Each of these functions needs to be considered in the design of
bulk terminal systems.

An analysis of the terminal costs associated with the loading
function must include time costs incurred by both cargo and vehicles.
Bulk cargo loading involves delays in vehicle time and resultant
costs to the vessel owner. Therefore, ship, truck, rail-car, etc.,
turn—-around time costs and cargo inventorv holding costs must be
included in determining terminal operating costs. Similarly, cargo
conversion costs, if accomplished as an integral part of the
overall tramsportation process, must be included as part of the
terminal costs.

Various descriptive models of the terminal classification and
cost processes can be developed and used. It is necessary, here, to
recognize that terminals are networks of operational links which
often are random in nature with regard to the time factor and the
sequence of operations used by cargo in its flow through the terminal,

Section 1 provides an overview of the bulk trades and discusses
the major commodities moving in the trade. Section 2 describes tech-
niques for projecting trade and traffic levels. The economics of
bulk shipping is discussed in Section 3. 1Inland transport for bulk
commodities and bulk terminal siting are the topics of Section 4 and
5. Equipment options, facility layout, and terminal cost estimation
are dealt with in Sections 6, 7 and 8. Mathematical techniques useful

in bulk terminal analysis are presented in Appendices A through E.



This report is a sequel to the report entitled, "Container Logistics
and Terminal Design." It presents the results of a study of bulk terminal
systems and their essential design considerations. The issues involved in
design, from project identification to traffic forecasting, siting, capacity
determination, equipment selection, cost determination et al., are discussed to
provide an up~to-date basis for decision-making in bulk terminal project
development.

The study was performed under the direction of Mr. E.G. Frankel, Port,
Shipping and Aviation Advisor of the International Bank for Reconstruction and
Development. Other members of the study team were Mr. John Cooper (Comsultant),
Mr. Yoo Whan Chang (Consultant), and Dr. George Tharakan (Consultant). Information
was received from many sources, all of whom are identified and acknowledged at

the appropriate places in the text,






I. OVERVIEW

I.1 Description of the Bulk Trades

World maritime trade in 1982 amounted to 3.21 billion metric tons. This
figure is down from the highest trade level, 3.77 billion metric tons, achieved
in 1977. The transportation of petroleum accounted for about one-half of
the tonnage in worldwide maritime trade. Major dry bulk commodities, including
iron ore, coal and grain, accounted for another one-quarter of the tonnage
shipped. The remaining quarter came from the transportation of general
cargo items.

Traditionally, shipping has been split into two separate markets -
liner shipping and bulk shipping. The liner market provides small consign-
ment services to many different shippers, as well as full ship loads shipped
on "liner terms': consignments may vary in size and each consignment must
have a separate bill of lading. Liner operations ship goods for anvone on
request. A single shipload of goods may represent as many as five hundred
different consignments. This requires coordination among many shippers,
freight forwarders and other parties, who can be reached only with a regu-
larly published schedule and standardized commercial arrangements. The
shipper may be unable or unwilling to arrange any part of the goods trans-~
portation (including inland movements), so liner operations frequently offer
door-to-door service. Most liner operations provide containerl/ services,
but also provide noncontainer capacity for commodities which cannot

physically fit in a container.

1/ Containers are usually 8 x 8 x 40 or 8 x 8 x 20 foot boxes into which
goods are loaded at the shipment point. The containers can be trans-
ported door-to-door, which includes the ocean leg, without the goods
being removed from the container. This system has many advantages,
notably in the reduction of stevedoring costs.



In bulk shipping, one load is shipped usually under a single
bill of lading. Multiple consignments do occur occasionally, but may
not always be possible. In the United States, for example, there
is a law requiring ship operators who issue more than three bills of
lading per sailing to register as common carriers. There is, how-
ever, considerable overlap between liner and bulk commodities, simply
because the principal differentiating factor is consignment size.
Goods such as timber, plywood, steel, grain, cement, and fertilizer
are commonly shipped in either market sector. These so-called
"neobulk" commodities could be described as bulk substances, but
often move in consignment sizes so small that many, many shipments
would be needed to fill a vessel.

Shipment size of bulk traffic is large and can be controlled
by the shipper. Considerations of economies of scale play a major
role in the design of bulk logistics systems,g/ Because of the
control possible, shippers can obtain large savings by carefuily
integrating shipping activity with other operational aspects. 0il,
steel, grain and aluminum companies, for example, use linear pro-
gramming models to help manage their logistics planning functions.
From these models it is possible to note how economies of scale in
ship capacity can be traded off against inventory holding costs and
storage capacity at the producing, loading, unloading or distribution

centers.

2/ Economies of scale do not play such a large role in the liner
trades. The largest decrease in unit costs occurs in goods that
are shipped in full container lots (about 10 tons). After this,
while economies of scale still exist, seldom are they passed on,
except with large volume shippers with sufficient power to nego-
tiate a rate reduction for a specific commodity, as the rate charged
per full container does not depend on how many are shipped.



The greatest market penetration of bulk trades is in the "primary'
commodities (Table ;.l.l). However, the market share in these commod-
ities varies widely, with some being shipped in small shipment sizes
as, for example, hides, fibers (wool and cotton) and beverages (coffee,
cocoa and tea), which remain major liner cargoes. One reason they are
shipped as liner cargo is that their packaging is not compatible with
the bulk cargo handling processes available. Cotton bales, for instance,
are more expensive to load on a ship than containers filled with cotton
bales, and hogsheads of tobacco are not strong enough to be stacked to
i1l a hold without the structural support of a container. Sometimes,
bulk commodities are shipped on linmer ships because they are consigned
to different destinations and cannot be handled economically in bulk.
Occasionally large volume manufactured products, such as paper and
automobiles, are shipped as bulk cargoes.

The development of the modern, small-sized bulk carrier has in-
creased the number of commodities shipped in a bulk mode. Improve-
ments in commercial warehousing and distribution systems also have
facilitated this trend; bulk ocean shipments can often be divided into
retail-sized quantities at the warehouse. Fertilizer and rice are good
examples, with bulk shipments commonly ranging from 3,000 to 8,000 tons.

There are five major bulk commodities carried in maritime commerce--
iron ore, coal, bauxite, phosphate rock and grains. Tables I.1.2 and
I.1.3 zive historic shipment levels and an estimate of the transport
requirements for major bulk commodities. Figures I.1.1-3 show the
trade patterns for the three major bulk commodities. The remaining
commodities are termed minor bulks; these include sugar, sulfur, steel

scrap, timber and fertilizer.



Table I.1.1 Trade in Primary Commodities (Average 1978-1980)

(in millions of U.S. dollars)

The World Bank 1982/83 edition.

Developing

Commodity Total Value Countrv Share
Bananas 1167 1079
Bauxite 768 648
Beef 7577 1243
Cocoa 3139 2969
Coffee 11983 131063
Copper 8991 5529
Fibers 10551 4059
Fish Meal 990 488
Ground Nut & veg. oils 3676 2710
Hides 3307 407
Iron Ore 6265 2702
Lead 1709 480
Maize 9879 1334
Manganese Ore 410 319
Petroleum 245234 212294
Phosphate Rock 1847 1206
Rice 4193 1811
Rubber 3821 3762
Sugar 10614 3672
Tea 1817 1394
Timber 18458 5515
Tin 2659 2157
Tobacco 3806 170¢
Wheat 12789 782
Zinc 2001 473
Source: Commodity Trade and Price Trends



Table I.1.2 Annual World Exports of Eight Major Bulk Commodities

(in millions of tons)

Commodity 1970 1977 1979 Growth rate
[1960(1)-1978(9)]
Iron ore 321.7 357.3 390.7 2.1%
Coal 102.0 136.8 155.5 3.8%
Bauxite 27.2 33.9 - 5.47%
Phosphate rock 38.5 48.5 = 5.5%
Wheat 50.1 66.8 72.4 3.3%
Corn 28.9 55.1 74.7 8.3%
Coarse grains 48,2 81.2 103.2 7.2%
Rice 8.8 10.8 11.9 9.8%

Source: World Bank Commodity Handbooks, Except Coal

Coal-Coal Trade Transportation and Handling, CS Publications,

Surrey, U.K. 1981.

Table I.1.3 Total World Transport Requirements for Eight Major Bulks

(1977)
Commodity Distance Ton-miles Mean ship Number of No. ships in
(n.m.) (x 10%) size (dwt) Voyages trade
Iron ore 5,000 1,786 100,000 3752 390
Coal 4,700 - - - -
Bauxite 3,750 127 60,000 2118 158
Phosphate 3,500 169 15,000 11320 183
Wheat 5,300 383 28,000 2590 294
Corn 5,300 395 28,000 2670 303
C. grains 5,300 547 28,000 3960 418
Rice 5,300 63 28,000 1190 135

Source: World Bank gtaff estimates
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Bulk commodities are usually basic or intermediate goods that
require additional processing after transport in order to be useful. Grain,
for example, requires storage, milling and packaging. Thus, bulk shipping
is part of a much larger industrial process. The exact shipping service
required depends on the industrial process itself, and on the size and
location of processing facilities. For bauxite or nickel, the type of
shipping required depends mostly on the relative cost of electricity, since
this cost determines where processing plants will be. Depending on the
location of processing plants, the movement of "aluminum" from mine to

market could be done in a number of ways as shown in Table I.1l.4.

Table I.1.4 Possible Ways to Ship "Aluminum" from Mine to Consuming Market

Area
Product Value/ton Tons/ton Cubic feet
(1978 8) of final per ton
Product
Bauxite $ 30.00 4.5 25
Alumina $ 140.00 2.25 28
Aluminum ingots $1,130.00 1.01 -
Plates & shapes - 1.00 250

Source: The Outlook for Bauxite/Alumina Trade and Shipping,
H.P. Drewry, London, 1984,

Commonly bulk shipping is tightly integrated into the industrial
process. In the steel industry, ore carriers may load cargo at only
one mine and unload it at only one steel mill., Such stable trading
patterns occur when the demand for a commodity is stable and its
supply is from a small number of sources. In this case, with careful
optimization of a bulk logistics system, large economies can be

realized.



Where demand is not steady or the source of material supply is
not well determined, a large investment in dedicated facilities and
ships cannot be justified because of the likelihood of low utiliza~-
tion. To serve such a market, a large sector of general purpose bulk
carriage has evolved making it possible for one vessel to carry
many different cargoes in its life, the cargoes which are carried
depend on the vessel's position and the contracts available. Many
grain trades operate this way. Much shipping capacity is then pro-
cured on a vovage (or spot) basis. Table I.1.5 gives the percentages
of cargo carried by short-term contracts in each of the major bulk
trades.

Table I.1.5 Percentage of Commodity Flows Moving in Vovage Chartered Ships

Commodity Percentage Carried
On Voyage Charter
Basis
Iron ore 3%
Coal 4%
Bauxite 27
Phosphate rock 3%
Grain 34%

Source: Dry Bulk Charter Market and Trends, H.P. Drewry, London, 1983.

Where economies of scale exist in maritime transport, it is im-
portant to pay strict attentionm to the details of bulk logistics and,
more important, to increase the degree of organization and integration.
The transportation of kaolin (China clay) from the United
States to Japan offers an excellent example. Such clay is used to
coat high quality papers. Until recently kaolin was transported as

a slurry from the mine to & small proeessing plant where it was dried




and bagged. The bags then were loaded on pallets into a general cargo
ship and taken to Japan. In Japan the dry kaolin would be converted
back to a slurry and pumped into storage ponds at the paper mill,
Today slurry-carrying ships can be substituted for dry-bulk
carriers and much of the intermediate processing is, as a result,
eliminated. The kaolin example also illustrates how bulk trading
operations need not be of immense scale. Only two vessels are requirad
to carry the total export of kaolin slurry. The savings are indicated

in Table I.1.6.

Table I.1.6 Savings in Kaolin Transport Using Slurry Carriers

Step Eliminated Approximate Savings per Ton*
1. Drying slurry prior to $50.00-energy cost

bagging
2. Bagging $15.00-cost of bags

$ 5.00~cost of bagging

3. Loading ship $60.00~stevedoring
4. Unloading ship $60.00~-stevedoring
5. Bag slitting and $ 8.00-cost of operation

reslutrification

Total savings $198.00/ton

*# Assuming typical U.S. and Japanese costs

Souzce: World Bank staff estimates, 1983



- 12 -

I.2 Bulk Trades of Developing Countries

Bulk trades mainly provide the following functions in the world economy:

1) Raw materials are moved from point of origin to point of need
permitting optimal location of industrial sites.

2) Fuel supplies are moved from areas of surplus to deficit areas (both
crude and product movements).

3) " Food supplies are similarly moved from surplus to deficit areas.

In tlese trades, inexpensive bulk shipping allows movement of low value
goods in large volumes.

Shifting raw materials accounts for about half of the bulk trade in
developing countries. Fuel tramsported in dry bulk is mainly coal, most of
which is supplied by developing countries. Although this trade is still
small, the growth of developing countries' coal trades is potentially high.
Columbia, Venezuela, Chile, Brazil, Botswana and Zimbabwe all have significant
coal reserves and could emerge as big coal suppliers. Korea, for example, is
increasing steel production capacity and is also relying on coal-fired plants
for power generation instead of oil.

Approximately a third of bulk traffic is in food, it might be noted,
principally, grains, sugar and oil seeds. Only a few developing countries
are bulk exporters of food. These include Argentina (grain), Burma and
Thailand (rice), and Brazil {sugar). In any event, both the import and
export bulk trades of developing countries have been expanding rapidly.
Figures I1.2.1~2 indicate the total value and weight of major bulk exports of
developing countries. The major growth has been in "Metals' which includes
ores, Though agricultural commodities not shipped in bulk (i.e. coffee, tea,

cotton, etc.) together with non primary goods, represent 85 percent of

developing country exports by value, the concentration of metals, timber and
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FIGURE 1.2.1 VALUE OF SELECTED BULK EXPORTS OF DEVELOPING
COUNTRIES (Million USD)
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FIGURE 1.2.2 WEIGHT OF SELECTED BULK EXPORTS OF
DEVELOPING COUNTRIES (1000's tons)
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grains in certain coumtries make these commodities especially important

to the economies of those nations.

Figure I.2;3 (from World Bank data) presents the total weight of the
major bulk imports to developing countries. The principal commodity
carried and also the one with the highest growth rate is grain. Because
imported grain is used as a means to ccmpensate for shortfalls in the
domestic crop, the amount of grain which a particular country imports
can fluctuate with domestic harvests. As a result, while world grain
shipments may present a pattern of steady growth, a given nation's grain

imports can vary considerably from year to year (see Table I.2.1).

Table I.2.1 Wheat Imports of Major Developing Countries
(in thousands of tons)

Importing Nations 1961 1965 1970 1976 1977 1979
India 3,090 6,572 3,586 6,289 852 300
Brazil 1,881 1,876 1,969 3,428 2,624 3,654
Egypt 661 1,230 850 1,930 3,346 3,608
Korea 336 476 1,178 1,787 1,989 1,695
Pakistan 1,079 1,515 228 1,185 497 2,236
Bangladesh 252 241 1,061 1,049 623 1,123
S. Europe 3,248 2,273 2,073 1,723 1,603 2,081
China 2,889 5,626 5,583 2,598 7,577 8,951
Other 4,211 5,137 7,400 13,370 15,255 18,818
Developing

Countries (Total) 17,647 24,946 23,928 33,359 34,369 42,466

World (Total) 38,511 49,927 48,785 65,675 64,236 76,039

Source: Grains Handbook, The World Bank, Washington, D.C. 1982.

Some countries, particularly India, import less grain today than in
1961 because the performance of the agricultural sector improved. One
notable fact emerging from an analysis of the table is that the grain trade

is growing more diverse--with the older principal importers buying a



- 16 -

FIGURE 1.2.3 WEIGHT OF PRINCIPAL BULK IMPORTS OF
DEVELOPING COUNTRIES (1000's tons)

120,000 -
PHOSPHATE
//ROCK
METALS
//GROUND NUTS
90,000
SUGAR
I 4
60,000
T —
30,000 GRAIN
1 ] 1 ] J
1960 64 68 72 76 1980

Source: Commodity Trgde and Price Trendsg
The ®eriq Bank, Washinzton, 0.C. 1682/83 edition.



- 17 -

smaller proportion of the grain moving in international trade. In 1966,

11 percent of the world's grain trade was shipped to "other developing
countries' while, in 1979, the percentage reached 25 percent. The conclusion
is inevitable that grain today is being shipped to more diverse destinations.
The ability of the trade to support these "other developing countries” by

the use of large vessels must be carefully assessed.

I.3 Interests of Developing Countries in the Bulk Trades

Developing countries have two primary interests in owning and operating
bulk shipping. The first is profits and foreign exchange earned from trans-
portation., The second is the impact of domestic control.

Foreign exchange earnings from bulk shipping operations are the
difference between the cost in foreign exchange of using foreign

tonnage versus domestic tonnage. These are estimated. in Table I.3.1

Table I.3.1 Illustrative Foreign Exchange Savings from the Operation of a
60,000-ton Bulk Carrier Built Overseas (in USD/YR)

Cost Component Payments to Others Developing Countrv Expenses
Wages 1/ 571,000
Subsistence 1/ 90,000
Stores 1/ 91,000
M&R 2/ 457,000
Insurance 2/ 422,000
Port & Canal 508,000
Fuel & Lubes ) 3,086,000
Capital 3,683,000
Subtotal 7,734,000 1,174,000
Profit (10%) 900,000
Totals 7,734,000 2,074,000
Percentage 79%

1/ Sometimes as much as 407 of wages, and substantial portions of
subsistence and stores are paid for in foreign exchange.

2/ This assumes no domestic repair capability and a self-sufficient
insurance industry.

Source: World Bank staff estimates, 1983,
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for a 60,000~-ton bulk carrier acquired overseas and operated by a
developing country. The 10 percent profit on gross expenses is an
arbitrary figure. As many shipping operations are currently losing
meney, this 1s optimistic.

Most crew expenditures will be in local currency, although it
is common to pay at least 40 percent in foreign exchange. Most vessel
operating expenses, such as fuel, maintenance (spare parts and shipvard
fees), port and canal tolls, and capital costs, will be paid in foreign
currency. The money spent on marine insurance could go either way. If
a country does not have a marine insurance industry, the insurance costs
are foreign exchange expenditures. If a country does have a marine
insurance industry, foreign exchange risk would still remain since
the place where a given vessel is to be repaired cannot be predetermined.

In any case, the maximum savings in foreign exchange is established
at about 20 percent. Minimum savings would result if profits were
zero and marine insurance was counted as a foreign exchange expense.
Were this the case, foreign exchange savings would only be about 10
percent. Table I.3.1 should be considered an optimistic assessment.

The theoretical price of bulk shipping (basically a free enterprise)
is the marginal cost of the least efficient ship emploved in the trade.
Earnings from ship operation are the difference between the total cost
of the ship operation and revenues, which are earned at the marginal
cost price set by the market. It is not possible to determine if a
developing country will make sarnings without considering market
activity and determining what the marginal ship's costs are. This is
a consideration given further attention in the section on ship procure-

ment.
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Flags of convenience allow extremely low cost ship operations because of
liberal certification, crewing, and tax policies. No country can have a cost
advantage over flags of convenience, such as those of Panama and Liberia,
unless capital and insurance costs are less. The remainder of the cost factors-—-
spare parts, crew, and port charges, will be no more for the vessel registered
under a flag of convenience than for one that is registered domestically,
Insurance costs depend on the loss history. For established maritime nations,
such as India, insurance rates would be comparable to world rates. In any case,
a developing country's cost of insurance (or risk) is no lower than current
world rates,

Subsidized ship financing is available for developing countries that
wish to purchase newly-constructed ships. Such subsidized financing is usually
about 3 points below the going OECD ship financing interest rates with terms
50 percent longer and loans of up to 90 percent of a ship's cost. An initial
two-year holiday on principal repavment makes secondary financing possible, so
little or no cash is required. To the extent that this financing is available,
it offers developing countries a large competitive edge in ship acquisition
financing.é

There are many who maintain that soft-term financing offered by developed
countries for new ship sales to developing countries is largely the result of
a lack of shipbuilding orders in developed country shipvards. No good reason
exists to subsidize ship sales to developing countries in this manner were the
demand for ships higher and the yards working at close to full capacity.

Developing countries have major interests in ensuring that a bulk
logistics system plan, before it is undertaken, is in accordance with
their development goals. A country can improve its economic position,

either by improving the continuous stream of real income resulting from trade,

3/This is becoming less so as developed countries cut back support for
the shipbuilding industry.
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or by reducing the continuous real expenses. Investments in bulk shipping
can achieve both to some degree. However, such investments should be made in
areas where the country has the greatest comparative advantage, and this

may or may not include bulk shipping.

All these factors influence a country's bulk commerce in various ways.
When countries with large raw material resources do not possess a comparative
advantage in processing, the expamsion of bulk export facilities mavy be the
best way to increase income from those rescurces. This is the case with
bauxite, since aluminum smelting is localized in those areas of the world
where electricity is inexpensive. Improvements in bulk export logistics can
provide increased income which can then be invested in areas where a greater
return is available.

Otherwise, when the country with raw materials has the comparative
advantage in its processing, exporting raw materials would subtract from
the potential income. The type of shipping capacity provided must then be
of a different technical nature.

Developing countries as a group are not heavily dependent on bulk
exports for foreign exchange earnings. However, some specific countries are.
Figure 1.3.1 compares the distribution of bulk versus other exports by wvalue
of nine developing countries involved in bulk trades. In addition, Chile,
Bolivia, Jamaica, Burma, Fiji, and others are in a similar position. As
shown in Table I.3.2, bulk exports can account for between 60 percent of per
capita income (Liberia) and 3 percent (Argentina), Even for a large country,
such as Argentina, for which bulk export earnings are not vital from a welfare

standpoint, bulk exports account for 20 percent of its international trade.
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Table I.3.2 Comparison of Bulk Exports to Indicators of Country Welfare
(1980 figure)

Country Population Total % Bulk  Value Per Capita Per
(million) Value of Bulk Bulk Value Capita
Exports {million (UsD) Income
{(million UsD) (UsD)
UsD)
Argentina 25.7 7,421 19.8 1,469 57 1900
Guvana .8 326 79.8 260 332 620
Guinea 4.5 334 58.3 194 43 150
Peru 16.9 2,577 47,7 1,228 73 700
Liberia 1.8 542 72.6 393 218 360
Mauritania 1.3 157 79.8 125 97 220
Zambia 5.1 1,206 89.5 1,079 212 390
Thailand 43.0 5,289 32.8 1,734 40 3358

Source: Per Capita Income Figures from The World in Figures, The Economist,
London, 3rd Edition, 1981.

When countries are heavily involved in bulk exports, the logistics system
can be highly developed and technically efficient. Frequently, limitations
in the port facilities at the other end of the trade limits the volume and size
of shipments. Improvements in the bulk logistics system regarding that end of
the process are outside the area of the developing country's control.

One way to improve control over the bulk expeorts is to deliver the cargo
CIF at the port of discharge instead of FOB at the mine's shipment facility.
Transportation costs can represent between 307 and almost 1007 of the value
of bulk commodities. Hence, careful planning in the acquigition of shipping
capacity is necessary. As time charter rates are now well below cost in
many trades, substituting time charters for a portion of the present shipping

requirements presents a possible improvement over acquisition of new tonnage.
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A country that has a competitive advantage in processing may find that
bulk facilities are not always suitable for exports of semi-finished materials.
There are a number of reasons for this. Total volume of the finished products
may exceed that of the raw wmaterial, thereby vastly increasing transportation
costs, loading process may be different, and the ship itself may need to visit
more ports for discharge as it becomes part of a distribution channel for the
product. This happens to be the case when a country substitutes the export
of plywood, for instance, for the export of logs. A tendency exists to
substitute liner vessels (including container ships) for bulk carriers to
ship the product. There is a large difference between the cost of using
liner and bulk ships. Experience shows that the former can sometimes consume
much of the industrialization project's proceeds. A more economical course
of action is to perform intermediate distribution where possible with dedicated
bulk vessels. This has been done successfully with plywood in ocean-going
barges.

One area of weakness in developing countries’' bulk logistics is in
the importation rather than in the exportation of goods. Many opportunities
exist throughout the world to reduce the cost of food and raw material imports
by improving bulk logistics systems.

Grain is a trade where large improvements are possible. There are
efficlent grain discharge facilities in some developing regioms, but the
typical port facility is inadequate because of slow discharge rates.

Port time could be easily reduced and at reasonably low cost. A recurring
problem occurs when the grain facility is just too small to handle the
quantity of grain aboard the ship. Even when a slow discharge process is

being used, the ship often must wailt for the grain ashore to be moved to



other locations before unloading continues. Grain can be carried

most cheaply in the larsgest of shivs, and the volume of the trade

occasionally juatifies such shipments. Figure I.3.2 shows the breakdown
of vessel sizes used in the grain trade. Significantly, water depths
available at many ports used for grain imports are insufficient to
allow the ship to enter. Ships must often be lightered with overall
operations usually poorly organized. Little thought is given to invest-
ment in equipment truly suited to the job. The bulk discharge rates in
offshore lightering operations is often as low as 2-3,000 tons a day

or even less. With proper equipment, rates of 10-20,000 tons per day
can be reached. However, when designing grain import facilities

the variability in grain imports must be considered before large in~

vestments are undertaken.

1.4 The Role of Ports and Harbors in the Bulk Trades

Adequate ports and terminals are crucial to the efficient organiza-
tion of Bulk logistics operations. When terminals are inadequate, only
labor-inﬁensive handling techniques are possible (which frequently
involve long delays due to periodic cessation of cargo handling when
storage ashore is lacking). When vessels are handled without modern
port facilities, the most frequent cause of inefficiency is a lack of
resources. A shortage of‘cargo storage ashore, in particular, makes
optimal planning and organization of the cargo handling operation
impossible. In fact, historic long delays in bulk operations are
due practically to a lack of planning and over-estimation of the port
resources available. Ewven at primitive harbor facilities the large

expenses of queues cannot be averted i1if cargo is not removed faster
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than it is discharged.

Modern harbor facilities with large-scale, fixed ship loaders and
unloaders are at least ten times more productive than undeveloped sites.
While loading and unloading methods vary, one common method is to fill
bags in the hold of the ship and then discharge them using the ship's
gear. This is, of course, an expensive operation considering ship turn-
around and berth occupancy costs.

Generally cargo handling gear mounted on bulk carriers is much
less efficient than shore-based gear. Cargo gear mounted on a ship
gets in the way of fixed ship loaders and unloaders. Consequently
it is hardly desirable on a vessel which is frequently handled at
modern facilities. Modern high capacity self-unloading ships, however,
are an exception. Unfortunately most of the large bulk carriers are
not fitted with any cargo handling equipment. Trades where wodern
equipment is not available must be conducted in small, more expensive
vessels even though the draft in the harbor allows the use of a larger
vessel. This can be very inefficient indeed.

The scale of bulk facilities must be roughly that of the ship
itself. Except for proper organization of existing facilities and an
increase of storage ashore, there is not an "entry level" facility
in the bulk trades. Small facilities are feasible in container trades
because mobile cranes make efficient, small-scale operations possible
even with the largest container ships.

Due to the scale of these bulk facilities, their cost is largely
a fixed investment. Unit costs are higher if the facility is under-
utilized., The location and demand for bulk facilities is very important.

In situations where the utilization of bulk facilities is not certain



such facilities present a risky investment and that risk should be
carefully evaluated. This means distribution systems development

for bulk cargo must be integrated with large-scale port investments.

I.5 Bulk Shipping

Total bulk shipping trade in international commerce grew from
a level of 512 million tons in 1970 to over 801 million tons in 1980
indicating an average annual growth rate of 4.3%. Since 1970 the
major bulk trades have passed through two major cycles with sharp in~-
creases in volumes between 1972~74 and, again, between 1978-80. The
only major commodity which remained nearly static in volume and,
therefore, declined proportionally (between 1970-82) was iron ore as
indicated in Figure I.5.1, Coal and grain trades have had the largest
and most consistent growth. Generally it is assumed that the volumes
of major bulk commodities traded are functions of the following:

a) Political Stability

b) World Economic Growth Rates

¢} Relative Energy Demand

d) Confidence in the World Economy

2) Degree of Freedom of International Trade

As a result of its dependence on these conditions bulk trades
are usually fragile and subject to major changes in the volume and
direction of trade. Past long~term bulk trading relationships no
longer define world bulk trades. Now most bulk commodity importers
are continuously seeking more attractive sources of supply with lower
delivered costs, which, in most cases, include significant ocean

transportation costs.
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FIGURE I.5.1
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Considering the medium range future of major bulk trades, total

tons in 1981 to 356 million tons in 1990 for an increase of nearly

16.5% over a 10 year period.

The coal trade is expected to

trade in iron ore is expected to grow from 304 million

grow from 204 million tons in 1981 to 322 million toms in 1990 for an

increase of nearly 55%.

rock are all expected to grow only marginally by about

Grain, bauxite/aluminum and phosphate

20% over the

same period with total world dry/bulk shipping trade growing from

about 800 million tons in 1981 to 1,040 million tons in 1990 ~ a

growth of under

30% over the ten year period,

Table I.5.1 Bulk Carrier Fleet Development

(in thousands of dwrt)

Vessels over 10000 dwt Figures in number of ships and '000 dwt
Taokers Combined Bulk Carrier Total
Year [Mth. Carrier
No dwt No dwt No dwt No dwt
1973 1.7 3223 | 201419 327 33023 2672 | B4353 6222 | 318800
1974 1.1 3293 | 215574 355 | 37415 2781 83393 6429 3422382
1.7 3383 | 234162 373 | 40221 2868 | 93132 0624 367315
1975 1.1 3406 | 254327 386 | 42081 2992 97812 6784 394220
1.7 3398 | 272879 392 | 43443 3054 1101873 6884 418195
1976] 1.1 3439 | 290391 398 | 44208 3197 (105749 70346 | 440848
1.7 3398 306627 405 45645 3311 (116212 7114 462284
1977] 1.1 3384 | 320531 414 | 46808 3454 |116586 7252 | 483925
1.7 3339 | 327339 419 | 47545 3662 |123735 7420 | 498619
19781 1.1 3301 331940 419 | 48273 3826 1129629 7548 505842
1.7 3184 329886 417 | 48722 3630 [133516 7531 512124
19791 1.1 3129 | 329657 418 | 48589 3950 1134931 7507 5132377
1.7 3096 | 327603 415 | 48779 4017 136856 7528 513238
1980 1.1 3071 326836 410 | 48178 4020 137857 7501 512672
1.7 3079 | 326785 411 48376 | - 4056 135875 7546 514036
1981) 1.1 3081 324706 401 | 47266 4116 (142058 7598 | 514030
1.7 3085 | 322387 404 | 47393 4198 (147234 7687 317014
19821 1.1 3084 | 320158 385 | 435250 4316 1154713 7785 520121
1.7 3011 3106389 380 | 45078 4438 |161796 7829 517563
193831 1.1 2946 | 300923 362 | 43145 4345 169231 7851 513299
1.7 2861 289768 363 | 43248 4630 174331 7854 507347
Source: World Bulk Fleet, Fearnleys, Oslo, August 1983.
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To discuss bulk shipping capacity or supply in relation to bulk
shipping demand, ton-mile demand is of especial interest. Total ton~
mile demand increased from 10.6 billion in 1970 to 16.78 billion in
1980, but fell shortly after to only 14.19 billion ton-miles in 1982.

Ton-miles of crude oil and product movement remained almost
constant between 1970 and 1982. Over the same period, however, ton-
mile demand of coal and grain more than doubled.

The world bulk fleet (both tankers and dry bulk carriers) increased
from 6,222 vessels in 1973 to 7,854 vessels in 1983, or 26%, while
total carrying capacity increased by 587 over the same 10 vyear
period as noted in Table 1.5.1. However, it should be noted
that the fleet capacity increased to 510 million tons (dwt) by 1978
and has since remained at a fairly constant size. Tanker capacity
has declined by over 40 million dwt since 1978 while drv bulk
carrier capacity increased by about 40 million dwt over the same 1978~
83 period.

According to the size of the dry bulk carriers the largest
increase is noted in the 60-80,000 dwt class. 1In 1965 only seven
ships with a combined capacity of less than 500,000 dwt were available
in this size class, This has now grown to over 430 vessels with a
capacity of 28.7 million dwt. There is a similar, though more recent
increase in the number of 100-150,000 dwt bulk carriers of which
there are now 188 with a total capacity of 23.4 million dwt. The
largest component of the fleet, however, remains the handy-sized
25~40,000 dwt carrier with 1,727 vessels with a carrying capacity of
53.6 million dwt or 43% of the total. The average age of bulk carriers

is 9.3 years with carriers of sizes less than 40,000 dwt having an



average age of 10.98 vears and larger carriers having an average age
of 7.9 years.

Considering ownership of the bulk fleet, it is noted that 577 of
the world bulk fleet by number and 56.27 by dwt is registered under
the flags of Liberia, Greece, Japan and Panama; 287 of world bulk
carrier capacity is registered under the flags of Liberia and Panama.
Japan has only 8.3% of the bulk carriers under its flag, but controls
over 11.5% of bulk carrier deadweight, as the average size of Japanese-
registered bulkers is significantly larger than the world average size.

Considering tonnage on order in 1983, 396 out of 562 bulk carriers
were ordered from vyards in Japan (344) and Korea (52). The average
size of bulker on order in 1983 was 43,263 dwt.

With regard to future fleet developments, it is expected that total
bulk carrier fleet capacity will increase from 174.3 million dwt in
1983 to 190 million dwt in 1986, 210 million dwt by 1990 and 252 million
dwt by 1995. An increase in the number and fleet capacity of vessels
of 25-40,000 dwt is expected over that period with a lesser increase
in the 60-80,000 dwt class.

Important considerations in organizing bulk shipping which must
be studied before decisions are made on ship acquisition, chartering
and various aspects of bulk shipping operations can be summarized as
follows:

1. Strength of Demand for Transportation

¥ Political and strategic considerations
* Seasonal consideration
* Demand for shipping of other commodities

Demand for shipping of same commodity in other regions



* Long-term changes in production, consumption and method of
distribution of commodities

Supply of Vessels

* World order book
* Utilization of the current fleet
* Long-term changes in the composition of the world fleet

Ship Market Conditiouns

* Current spot and term charter rates

* Aggregate of past market behavior

* Volume of market activity

* Volume of scrapping and laid-up vessels

Expectations and Forecasts

* Forecasts of market level, operating costs and shipbuilding
prices

* Availability of backhaul arrangements

Nature of Commodity Using Transportation

* Type, grade and quality
* Value per ton
* Seasonal or nonseasonal

Control over Commodity Source

* Degree of outright control
* Ability to schedule production and shipment

Control over Commoditv Use

* Nature of use (continuous or intermittent)
* Ability to schedule use
* Volume of turnover

* Size of consignment acceptable

Availability of Alternate Forms of Tramsport

e i - s €t




10.

1.

12.

Cost Related Variables

Impact of Transportation Costs on Specific Parties

* Percent of transportation cost of total operating expenses
* Percent of transportation costs in raw materials costs

Expected Cost of Product Shortages

* (Cost of slowdown or shutdown
* Loss of sales or goodwill
* Probability of shortage under various arrangements

Costs of Raw Material Shortage

* Cost of physical shortage
% (Cost emergency procurement
* Inventory holding cost

* Risk of spoilage or obsolescence
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IT. FORECASTING IN THE BULK TRADES

I7.1 General Comments

Forecasting is the evaluation of future prospects based on past
experiences and expectations for future occurrences. While producing
a "perfect" forecast is desirable, many well-designed, useful forecasts
have been "wrong" Dbecause their basic assumptions were later found
to be incorrect. Examples are changes in the price of o0il, the closing
and opening of the Suez Canal, and the sizes of grain harvests.

Frequently the accuracy of a forecast is immaterial, as the goal
is to make the best possible decision with the information available.

A useful by~product of forecasting is the research performed in areas
where information is lacking. It is not uncommon to find that the in-
creased understanding which results from this research is more valuable
than the forecast itself.

A common assumption in forecasting is that the best indicators of
the future are the present and the immediate past. While in many cases
this is a sound assumption, this need not be true in every case. Often
"trends" can be started by improvements in statistical collection
procedures. In developing countries this 1s frequently the case when
automated data processing is implemented for the first time.

It is also possible that a goal of a project is to change the
structural organization of a particular sector or industyy. Examples
of this are investments in export-oriented industry, transshipment
ports or implementation of large industrial projects well beyond the
historical scale of past development. In situations such as these
history has little place in the "forecast" and a more market-research-

oriented approach should be attempted.
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Five fundamental issues always arise when establishing the basis
for a forecast., These include the following:

1. How much should the present and immediate past count in
predicting the future?

2. How accurately does available information describe current
and past situations?

3. What mechanisms are at work undermining the relationship
between the past and the future?

4. What specific plans exist to alter the structural variables
affecting the forecasted quantity?

5. What are the uncertainties present in the basic assumptions?
The treatment of uncertainty is important. For much maritime information,
such as charter rates, the random portion of the gquantity is so large

that, even if correctly estimated, the trend portion may have little

utility in planning. Here, establishing upper and lower bounds on the
variable may provide sufficient planning information. Monte Carleo simu-
lation can also be of assistance; the IBRD Staff occasional paper
number 11, "Risk Analysis and Project Appraisal,” by Louis Pouliquen,
provides a lucid treatment of this approach.

In cases of poor project performance, many problems have their
origin in inadequate forecasts. A freqﬁent occurrence is for forecasts
to overestimate the revenues of a project. A World Bank study found
that the most important reasons for this were the following:

* Slower than expected growth of the basic economy or particular
sector

* Incorrect assumptions based on too static a view of the relation-
ship between transportation requirement and production

* Insufficient allowance for competition from other modes
* Poor operating performance of the operating authority

Another factor causing an overestimation of the returns from projects
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is that, once sufficient resources are available for a large scale
project, the goal of the forecasting effort becomes more a matter of
justifying the project than of evaluating it. Such forecasts are not
unbiased assessments of the future.

Still another difficulty with forecasts is that, generally, thev
have both an engineering and an economic purpose. From an engineering
standpoint the maximum or potential use will probably establish
design criteria for the facility. This is because the savings from
constructing facilities too undersized to meet maximum demand may be
outweighed by the costs of congested facilities.

From an economic standpoint the forecast must predict the average
revenues generated by the project and hence determine its economic
viability. This requires an estimate of the expected market size of the

project and its risk. For some projects the market size cannot be

determined by the present situation. It is the rate of market share
growth of the project which determines its basic viability. Here,
market research plays a crucial role in project evaluation.

To prepare such a market share forecast a marketing plan must be
prepared to estimate the volume of revenue generated by the facility.
This should include measures which should be undertaken to market the
services of the facility and which should consider the design elements
that will expedite the marketing effort. When a dedicated marine
facility ’such as an ore or coal terminal is under consideration, the
marketing plan should be for the commodity itself as well as the trans-
portation demand derived from it.

A final problem affecting forecast accuracy is the late completion
of the project or, even worse, of a single vital element of the project

when everything else is on time.
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IT1.2 Predicting Potential Volumes

The potential volume of cargo to flow in a bulk logistics system is
important because it helps to set the optimal design capacity for the
system and places an upper limit on the revenue generated from the use
of the facility. Potential volumes are generally determined from forces
exogenous to the bulk logistics project. These can be the countries'
Gross National Product, population growth, or developmental projects.
The exception to this is the cost of transportation of the commodity
which, of course, exerts a substantial effect on the situation.

Efforts to forecast cargo flows tend to fall into three categories:
trend extrapolation, model building, and policy (or opinion) capture.
There are many technical methods available for each group. These are
fully summarized in Table II.2.1.

Trend extrapolation, pattern identification and probabilistic
forecasting are all based on series of historical data that are analyzed
in various statistical ways to arrive at forecasts of the future. 1In
general, these techniques are the most commoniv used and are the most
comprehensible of forecasting methods.

The second group includes dynamic models, cross~impact analysis,
KSIM, input-output analysis and policy capture. These methods are
based on models or simulations of the phenomena to be forecasted. Be~
cause they demonstrate the interactions of the separate elements of a
system as well as their combined overall effect, thev are called
structural models. These models are helpful in attaining a broad per-
spective and better grasp of the totality of a problem, in foreseeing
effects that might otherwise be overlooked and in anticipating public

reaction to alternative problem solutions.
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Technique

Table T1.2.1

Elements of Bulk loglstics

lnput

Output

Forerasting

Span

Example

Trend historical data array of time (No speclfic span) population estlmates
Extrapolation series forecast
Pattern historical data array of time short mediom commodity demand
Identificacrion geries forecast
Probabilistic historical data various gets of probabiliry (No specific span) risk analysis
Forecasting matrices decision tree, etc,
Dynamic historical data results of varlous alternative long water resource planning
Model growth and decline of the
system variables
Cross Impact events and thelr table showing interaction {(No spectific span) estimates of impacts on the
Analysis effects amony, items project from occurrence of
lower population rate
KSIM variable and 1ts numerical forecasts lTong impacts on deep water
value ports from new policy
Inpat-Output secters and amount of {nput-output table showing short medium estimates of output lncreased
Analysis transaction interrelationshlp among by addittonal demand
sectors
Pollicy preference of graphics {llustrating {(No specific span) measurement ¢f the relatlve
Capture participants weights and functions preference of individuals
for competing 1issues
Scenario data and information formal documents (defintition, long scenarios for future
base assumption, datva, findings, etc.) growth pattern

Expert Opinton
Method

opinions of experts

varies

(No specific span)

future of American water
resource

Alternative
Futures

historlcal data

varles

medlum long

alternative future of inland
waterway traffie

Values
Forecasting

survey data

document {(generalization
and prediction about hehavior)

Sourcet

Handbook of Forecasting Techniques,

Stanford Rescarch Institare, 1975

(No specific span)

forecasts of changes In
peaples' lifestyles

_6€_.
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The last group includes scenario, expert opinion method, alternative
futures, and values forecasting. This kind of forecasting tends to be
more global, more qualitative, and "softer"” than more conventional
approaches. In general, these are the least developed of the forecasting
techniques.

Policy capture methods are based on the presumption that policies
and plans tend to come true and that determining what theyv are and what
their goals are provides a sound base for a forecast. A variant of this
is the expert opinion method. This method assumes that experts in the
field can base their opinions on extensive knowledge of the field and
hence make good forecasts.

Modelling can be extremely productive because it encourages thinking
about the causes of events. This can be invaluable, especially if it
can be communicated outside the model which is being created. One way to
do this would be to provide a complete statement of the model's assump-
tions in simple language. Models frequemntly rule out relationships. One
might suppose, for example, that orders for new ships are related to the
average age of the fleet. The idea being here is that new ships are
ordered to replace worn out ones. All attempts to model the shipbuilding
market have shown that this is not the case; rather, new orders are

closely related to current revenues.

II.3 Market Share Estimates

A product's market share is the percentage of the total market
serviced by that product. Major markets are generally defined by the
type of product {such as fuel o0il) and submarkets by areas of differing

~elasticity of demand. Thus, the ship fuel market and the home heating
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0il market are different submarkets because of the different elasticity
of demand for the product, even though the product itself is the same.
Depending on the circumstances, a bulk logistics svstem's market share
may be based on the total market or on a submarket. In discussions of
market share it is important that the market under consideration be
rigorously defined because of a possible confusion of market share
growth with a total expansion of the market.

Confusion between growth of market share and expansion of demand
is common, especially in Marine Transportation. For example, people
who view the container trades as a self~contained market would tend
to see good prospects for expansion based on the historic rapid increase
in container traffic. While those people who view the fundamental
market as general cargo would see that the volume of general cargo
in international trade is growing slowly. Also they would note
immediately that the limits of expansion of the container trades were
being rapidly approached despite the high growth rate. Failure to see
this point clearly has caused much overinvestment in ships of nearly
every type and in the shipyards where they are built.

Market shares change for a variety of reasons. A major‘reason
is that of diverted demand. Examples of diverted demand are the sub-
stitution of container vessels for general cargo ships and the penetra-
tion of bulk carriers into the grain trades, again at the expense of
general cargo ships. In many cases, this diverted demand résults from
dramatic technical innovation of ship tvpe presenting vastly different
requirements for port capacity. In the case of the introduction of the
container ship, VLCC, and large bulk carrier, older port facilities
became unusable and totally new ones were required. Estimating the rate

4at which this technical progress occurs is of some importance in making
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the proper decisipn about the timing of the building of new port facilities
and ensuring that surplus facilities are not built because of an over-
estimate of the demand for the new facility.

One of the factors which differentiates bulk shipping from liner
shipping is that technical innovation occurs at a faster rate than in the
liner trades. Tor instance, it required fifteen vears for containers to
become commonplace after proving the concept in the trades between the
United States and Hawaii and Puerto Rico. By way of contrast, the
concept of the slurry carriage of ore was deploved in less than five
years and the expansion of maximum tanker sizes from 50,000 tons to
250,000 tons in less than seven vears.

The reasons for this are not entirely clear, but it is likely that
the structure of the market for the services of these ships plays a
major role. The liner trades are highly cartelized while th; bulk
trades more closely resemble a free market. This distinction is not
always clear-cut as trades in many bulk commodities such as grain and
gypsum are highly concentrated (even though the sources of the ships
themselves may not be).

Consider Figure I1.3.1. Here the cost of installing new technology
is given by a cost curve as a function of time. The cost of earlier
implementation is higher because of increased technical risk, crash
programs, the cost of scrapping obsolete equipment, etc., The cost far
in the future rises primarily beause of the cost of maintaining a
capability in unused technology.

Assuming that investment decisions are made to maximize the surplus
of revenues over cost, the timing of the deployment of the technology

depends primarily on the benefits. Three benefits curves are postulated.
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FIGURE II.3,1 COSTS AND BENEFITS FROM NEW TECHNOLOGICAL
‘ INNOVATION
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The top V] 1is the base and represents gains accruing to a monopoly

or tightly coﬁtrolled cartel. The time when the new technology is
deploved is the\point where the difference between the two curves is at
its greatest. The curve is downward sloping because of the increased
time available to reap benefits if the technology is deploved earlier
and possibly because of the improved competitive position of the firm.

When more firms are involved in the trade, the benefits curves
will be shifted down because of the decreased market share and will
have a steeper slope because earlier deployment increased a firm's
market share at the expense of its competitors. This benefits curve
is denoted V2. Note that with an increase in the number of firms
technical innovation occurs earlier. As the number of firms increases,
the combined shifts will result in a benefits curve V5 for which the
introduction of new technology results in losses. In this case firms
will abandon the trade if the losses are large enough or deploy the
new technology even earlier to minimize losses.

It is likely that the liner industry 1s represented by curve Vi,
the bulk shipping industry by either curve V, or V3, and the tanker
sector by curve Vij. From this standpoint it is probable that innova-
tion in the bulk shipping industry will begin earlier and be completed
more rapidly than in the liner sector.

This indicates that basing forecasts on the historic rate of
adoption of a new idea in the bulk trades is risky. The actual popular-
ity of the idea may be misjudged by the short-term rate at which it is
deployed. In other words, one should be eautious about adopting it
too gquickly. This note of caution applies especially to decisions

regarding the dredging of ports for extremeiy large ships.
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I1.4 Bulk Logisties Forecasting
The goals of bulk logistics forecasting can be divided into sector
planning, bulk shipping planning, and bulk port planning as follows:

A. Sector Planning

(a) Provide estimate of commodity sales or purchases

(b} Provide estimate of income or expense projections

{c) Provide basis for investment in industrial facilities
{(d} Provide estimate of transportation requirements bv mode

B. Bulk Shipping Planning

(a) Provide projection of shipping requirements
(b} Determine vessel tvpes and sizes required
{¢) Provide information to plan procurement of vessel

Purchase new

Purchase used .
Time charter

Spot charter

Contract of affreightment

¥ Ok N F ¥

(d) Estimate cost of providing marine transport

C. Bulk Port Planning

(a) Depth and geometry of dredging
(b) Determine areas in port devoeted to specific activities
{¢) Determine number and type of berths required

{(d) Determine number, type and size of cargo handling equipment
procured

(e) Determine port interface and support requirements (e.g.,
generating capacity installed in the port)

(f) Determine the market serviced by the port

Demand mechanisms in the bulk trades fall into three general categories:
* Normal ~ determined by existing mechanisms and growth rates
* Diverted - determined by competition

* Generated - determined by industrial development
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These three mechanisms produce different growth patterns. Normal growth
assumes that general demographic factérs such as GNP or population are
good indicators of traffic and cargo fl&w. This could apply to auto-
mobiles, building materials, etc. Normal growth assumes that trade
growth is independent of investments in the logistics systems.

Figure II.4.1 offers a general method to prepare a forecast for a
bulk port facility. The goal of this procedure is to determine, first,
what the potential market for the bulk trade is. Then, to evaluate
the actual commercial prospects of servicing the trade and, finally,
to use this information to estimate actual sales.

In step one a naive forecast is made using the general techniques
described in the section on predicting potential volumes. In step two
the existing production capacity is inventorized and evaluated. A
similar exercise is performed in step three for planned industrial
development.

Projections are then made for future consumption and production
and subsequently checked for plausibility by determining 1f sales or
purchases of the difference are possible on the target markets. This,
then, is used to make a raw forecast which is used as a base for the
marketing analysis. Marketing targets, next, are established and a
formal marketing plan is developed to ensure that the marketing targets
are reasonable. This marketing plan is translated into a revenue
estimate which can be used for economic project evaluation. The pro-
jected maximum flow achieved when marketing efforts no longer yield
increases in sales is used as a basis for the engineering design of
the facility.

In essence the method consists of extrapolating past data and
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II-4.1 Elements of Bulk Logistics Forecasting

Figure

Analyze recent trends and
produce simple extrapolation
for the period in question

A
Agsess internal production potential

|

{

Y
Identify development and investment plans

Y
ction

Project future produ

Y
k Project future consumption or demand

{

'

Y
l Calculate surplus {(deficiency)
' ¥
Y
Determine if it can be marketed {(or bought)
)
k4
Make forecast

]
Y
Establish Marketing Targets

\

Investigate feasibility of meeting marketing targets

{
Y

Revise forecast

Y
Make revenue estimate




checking the plausibility of the extrapolation. There are a number of
methodologies that produce valid extrapolations when the problém meets
certain assumptions. Not all of them give the same answer, so the
selection of the method used is highly important.

Figure II.4,2 is a schematic representation of the process used

in developing fleet projections for bulk shipping.

II.5 Bulk Traffic Forecasting in Ports

In any port analysis determining the actual as well as the
potential port hinterland is essential. Port hinterland or area of
influence studie3s ‘are therefore required to determine the geographic
area dependent on such port facilitieg, Part of a hinterland study is
the evaluation of developments of socio-economic activities likely to
affect the demand for port commerce (and, in turn, be affected by it).

Port tributary or hinterland area determination is often periormed

on the basis of factor such as the following:

i

Equal Transport Cost
- Equal Distance

- Equal Time

- Interport Analysis

~ Competitive Factors

The required data for such an analysis usually consists of the following:

J

Origin - Destination Records

~ Imports and Exports

- Transport Costs/Time/Special Requirements
- Port Costs {(Direct - Indirect)

- Competing Ports



FIGURE II.4,2 FORECASTING DRY BULK SHIPPING DECISION MODEL REQUIREMENTS
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-~ Entrepot Trade

- Port Hinterland Changes

~ Demographic Factors

-~ Employment

- Per Captta Income (PCI)

- PCI Growth Rate

- Employment Projections

- Feeder Transport

- Rail / Road / Barge Traffic
- Cost / Capacity of Systems
- Technology Introduction

- Ship Arrivals

- Routes Served and Rates Forecasts
- Transshipment Traffic

- Inter and Intra-port Transport

A regional or hinterland economic analysis normally yields the
best projection with substantial supporting evidence and, as a result,
develops high user confidence. Such an approach examines all the
major factors determining the cargo and traffic flow and estimates how
the current patterns will be projected into the future.

An in-depth analysis of a single commodity should attempt to
identify the principal causal relationships and determine the key factors
that contribute to movements of goods through the port., Among the causal
factors that should be considered are the following:

- Principal sources of the commodity together with information

on the present and future capacities of these sources con~-
ditioned on various developments (such as port expansion).
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- Principal components of major domestic and foreign demands
with respect to the nature of the demand, the product end-use,
the product form and the elasticity of the demand.

- {Constraints on cargo flow imposed by regulation or other
constraints to the free flow of goods.

- Available modes of tramsportation, both complementary and
competitive, their capacity and relative appeal.

- Impact of technology, both current and anticipated with
regard to the production, distribution and consumption of
the cargoes under study.
Only after a clear understanding of the commodity flow pattern has

been achieved can one prepare models that relate levels of domestic

and world-wide demand and supply of potential interest to a port.
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ITII. BULK SHIPPING ECONOMICS

III.1 Bulk Carriers and the Bulk Carrier Fleet

Bulk cargoes are generally powders, granules or lumps stowed in
the vessel without packaging. Typically, they are dry and should be
kept dry while they are being handled. They are often shipped in
grades, and the lot size is usually large enough so that a single
grade will fill the hold. However, grades can also be separated with
tarpaulins. The materials are strong enough so that they can fill an
entire hold without support. Although the cargoes are loaded in a
simple way, the loading technique is quite sophisticated because bulk
cargoes tend to move with the ship when it rolls. Recently, considerable
research has been done to find ways to prevent this movement from damaging
the ship.

The most important difference between bulk cargoes is their stowage
factor (called bulk density in literature about mining and materials
handling). The stowage factor ranges from 14 cubic feet per ton for iron
ore to over 60 cubic feet per ton for wood chips. Figure III.1.1 lists
the specific quantities of common bulk cargoes. Bulk cargoes also differ
in the lot sizes in which they are shipped, the hazards (such as fire) to
which they are prone, and the type of handling equipment that should be
used. However, the shipment size and stowage factors are the most important
details to consider in designing bulk carrying ships and other portions of
the bulk logistics system.

Basically there are three types of bulk carrying ships. Pure bulk
carriers are designed to carry only bulk (see Figure III.1.2), small
general purpose ships are designed to carry a variety of cargoes besides

bulk (see Figure III.1.3), and combination carriers are designed to carry
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FIGURE III.1.1 DENSITIES OF BULK CARGOES

Iror Ore - s ¢ 1.91-3,49
Iron Pellets’ 4 — f 1.84-3,49
Manganese Ore - eoe—— 1.78-3.15
Chrcme Ore i — 2.00-2.72
Bauxite : — 1,03-1.38
Salt } 1.20
Phosphate . 1 1.12
Coal 3 J — L 0.75-0.85
Raw Sugar . i 0.78
Petroleum -

Crude - - 0.78-0,92
Residual Fuel 0il - ! - 0.94-1.00
Distillate Suel 01l - 0.84-0.94
Gasoline . i 0.74
Wheat ] —_— 0.64~0.77
Corn - — 0.59-0,72
Rye 4 — 0.€3-0.72
Grain Sorghums — 0.63-0,71
Barley —_— 0.45-0.€1
Linseed . - 0.€1-0.€3
Cats  — 0.35-0.49

3 .4 .6 81,0 .1.52.0 3.04.0

Sources

World Bank staff.

Specific Gravity
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FIGURE 111.1.2 - GEARLESS PURE BULK CARRIER
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Length Overall........... Cesenieerresssnaannns 186.5 m (611.8 ft)
Length Between Perpendiculars.....eieensevcess 178.0 m (584.0 ft)
Beam, Molded...coveuveuren A, 28.4 m (93.2 ft)
Depth, Molded....vevvueeennn G herecreseteeanens 15.3 m (50.2 ft)
Draft, Molded Designed...c.iveesssnrescssonsnnne 9.8 m (32.0 ft)
Draft, Molded Scantling....cveessssneessccnsnss 10.7 m (35.2 ft)
Sea Speed, KNOCS.rsrerieeessocsssesrosnsssonsnnss 16.9
Deadweight At Design Draft.....veeverveansonns 32,100 Toms
Gross Tonnage U.S. (APPIOX).uisencevesonsovosse 23,500 Tons
Net Tonnage Panama Canal (ApPProX).cecssesnnoos 19,000 Tons
Net. Tonnage Suez Canal (ApPrOX)..ecersncnosnes 21,000 Tons
Cargo Hold Capacity (GTain)...eeveeeeesseseons 45,417 m3(1,603,880 £t3)
Water Ballast Tank (FUll)......eeeeoeceoeeonss 19,763 m3(697,920 ft3)
 Fuel 01l TanK..eu.eeevnen.s e ereeeeeienessees. 2,010 m3(70,990 £t3)

Fresh WateT TanK.....oeeeeeecocooosessnsncanns 230 m3(8,120 £t3)

Diesel 0Ll TANK. sueeesesrnnennsoseeannnnnenses 190 m3(6,710 £t3)

SHP, ABS MaX..usiveeoeveonanncceanansonsaanoans 15,288
Crew Accommodations........ Gttt ecerstsaneasens 26
Total AccommodationS..cecuieeeeerorarnssensnsns 34
Propeller (1), BladeS..eiseevevecnooceccnnnnss 5

Machinery, Twin diesel engines

Source: World Rank staff.



FIGURE I11.1.3 TYPICAL DRY CARGO SHIP

e D)

T:

T: 20000
LA 161,5m
L.B.P: 152m
BREADTH: 22.8m
DEPTH: 13.6m
DRAFT: 9.8m

OTHER DETAILS
No. of Crew: 13
Classification: ARS

Source: World Bank staff,

MACHINERY DETAILS CARGO DETATLS
MAKE ; Burmeister & Wain GRAIN: 26900 cu.m.
TYPE: 7X67GF BALE: 25000 cu.m.

ENG. BLDR: Nitachi Zosen SADDLE TANKS: 2600 cu.m,
OUTPUT: 13100blp @ 145 rpm  CONTAINERS: 305

FUEL CAPACTTY: 1610 cu.m. NO. OF HOLDS: 5
CONSUMPTLON: 46.5 ¢/day NO. OF MATCHES: 5

RANGE: 12000mls TYPE OF HATCH: Single
CENERATORS: 3x 400 kW

SPEED: 16,25

REMARKS

Conforms to St. Lawrence Seaway Regulations

1RS containera car he atowed in the hold, 120 on deck
Alternative Classification ~ LR, NV,

CARGO GFAR: 2 Cranes
2 x10.5°7T

2 Derricks 10T

HATCH DIM: (1) 13.6m x
9.9%m
(2)-(5) 13.6m x
11.6m



oil as well as bulk.

Even the pure bulk carrier is, to some extent, flexible because
it can be cheaply converted to carry containers. Although such conversions
do not use either the volume or the deadweight of the ship well, they can
be competitive on short routes when charter rates for bulk carriers are
low. Pure bulk carriers are sometimes fitted with portable car decks,
allowing automobiles to be carried. Ships of this type are somewhat out
of favor now because the hold ventilation system cannot prevent con-
densation from damaging the cars. These carriers are rarely fitted with
cargo gear, as it interferes with more efficient, shore~based loading and
unloading equipment.

The smaller, general purpose ships are usually fitted with derrick-
type cargo gear. The cargo gear gllows the ship to work cargo where
bulk facilities do not exist and to perform as a general cargo carrier;
Much ingenuity has been put into the design of these vessels to allow
bulk cargoes to be loaded without trimming. (Trimming means f£illing
up small voids left in the cargo hold because the ship's structure casts
shadows in the stream of cargo being loaded, hence preventing large ship
loaders from filling the hold completely). Figure III.1l.4 shows this
type of a ship fitted with car decks.

Because the structure and machinery of tankers and pure bulk
carriers is similar, certain aspects of the two were combined and the
combination carrier evolved. Building this dual-purpose ship costs
about ten percent more than a single-purpose ship. Having a duyal-
purpose ship allows the owner to operate in whichever trade offers

higher freight. Results with this type of ship have been mixed because,

despite their flexibility, these ships generally operate in one trafe for
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FIGURE III.l.4 .
CAR DECX IN MEDIUM-SIZED GEARED 3ULK CARRIER
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Source: World Bank staff.
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extended periods of time, and the reliability of the equipmént intended
for the other trade is reduced from lack of use. To readv the ship for
a change in trade often requires a shipvard overhaul. Such an overhaul
may increase the cost of the trade to the point where the new trade may
no longer be justified by the difference in freights.

Because bulk materials vary in density, they require different
amounts of space for the same material weights. Fifty thousand tons of
iron ore fills about 700,000 cubic feet, 50,000 tons of grain 2,250,000
cubic feet and 50,000 tons of wood chips over 3,000,000 cubic feet. As
a result, bulk carriers tend to be specialized and carrv cargoes that fall
within only a small range of stowage factors. However, a few designs
exist for "universal'" ships which are suitable for a wide range of cargo
densities.

Bulk cargoes can be carried in general cargo ships (so-called hvbrid
liner/bulk), but special arrangements to trim the cargo and to restrain

it mechanically (with "

shifting boards') make their use costly.

The LASH (lighter aboard ship) vessel is ideal for carrying small
consignments of bulk cargoes. As the name implies, these ships carry
barges loaded with various cargoes. However, the general trend has.
been to convert LASH vessels to container ships, which indicates that the

technical merits of this ship do not compensate for its high cost and the

cost of supporting barges. -

Bulk carrying ships usually are slow vessels that have service
speeds between 14 énd 16 knots. The low value of bulk commodities and
the organized trades, in which they move, do not provide incentives for
speed. Because fuel costs are high, new bulk ships tend to have even

lower speeds in order to conserve fuel.
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Grain has been carried in great volumes in tankers. The grain is

loaded and discharged through manholes 4in the deck. This is net as
‘efficient a process as is possible with a shore-based unlcading facilitv
for normal bulk carriers. Figure III.1.5 compares grain carriage in
tankers with carriage in other vessel types.

Moving grain in tankers does create an extra cost--—that of cleaning
the vessel before loading. This cleaning process involves removing
loose, rusted steel, as well as 0il residues, and it may require up to
two weeks at berth. C(leaning becomes especially burdensome after
several grain cargoes, as the grain draws the water from the rust scale,
which loosens it from the base metal.

Figure III.1.6 breaks down different types of bulk carriers and
their numbers. There are a few special types of bulk carriers, which
can only carry one type of cargo. Lumber carriers, otherwise, provide
large hold spaces for a given deadweight.

Ore carriers are specially designed to provide small spaces in
the cargo holds while having sufficient displacement to support the
ship and cargo. The ore is carried high in the ship to minimize ship
motions and to keep the carzo from shifting in the holds. Figure III.1.7
shows the difference between the mid-ship section of an ore carrier and

that of a general purpose bulk carrier.



FIGURE III.1.5

GRAIN STOWAGE IN TANKERS COMPARED
WITH OTHiR SHIP TYPES

L e | GENERAL CARGOC SHIP

Trimming
stows cargo
in this area

TANKSHIP

BULK CARRIER

Source: World Bank staff.
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FIGURE 11I.1.6 APPROXTMATE COMPOSTITION OF THE
WORID'S BULK LT

Bulk Cargc CGrades

bulk vessels
(1,0C0)

hybrid liner/ hybrid oil/bulk

Dry Bulk Carrier
Fleet '

Specialized commodity General purpose

oriented vessels

*Lunber catriers (370)

*Wood chip carczicrs (76) 25-40!000 40-80,000 _100+ DWT

*Ore carriers (260) (1483)
*Cement carriers (30)
*Continuous self (34)

dischargers ( #) Number of ships

#Slurry carriers ( 15)

FIGURFE ITI.1.7 COMPARISON OF ORE CARRIFR WITH

(165)

RORVAL BULK SUip

A [ .
OREi Q;D Length 244. 35N
: Beam 22,31
CARHTER | e | Depth 12.764
3 E:Q Draft 13.48%
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Length 281.C44

Beam 44.20)
Depth 24.95
Draft 13.46M

t
Source: World Bank staff.
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Continuous self-discharging ships have internal conveyors and
discharge booms to unload cafgo to the harbor facility. They are common
on the Great Lakes and can achieve high unloading rates. There are about
34 in ocean service and these are optimally used when a single ship
delivers cargo routinely to many ports, for example, coal shipments to
power plants or fertilizer distribution. The largest self~-discharging
ship is a 150,000 ton salt carrier. TFigure III.1.8 provides additional
information about self-discharging ships.

A sixth special purpose bulk carrier is the slurrv carrier. These
ships handle cargo that is a mixture of finely ground powder and water.
Iron ore, coal and kaolin clay are sometimes handled as slurry. There
are some disadvantages to this process. First, it is never possible to
remove all the water from the slurry once the ship is‘lcaﬁed, so only
part of the cargo carried is the actual commodity; the rest is water.
Since a slurry is specialized, this vessel type is currently limited to
few trading opportunities.

General purpose bulk carriers come in three general sizes - those
able to cross the St. Lawrence Seaway, those which are just able to pass
;htbﬁéh the Panama Canal, and those that are even larger. Only a few
vessels are so large that they cannot pass through the Suez Canal.
Panamax bulk carriers are of two kinds--those which can manage the Panama
Canal loaded and those which can only manage it in ballast.

Table III.1.1 lists bulk and combined carrier fleets bv size. The
majority of the bulk carrier fleet is under 60,000 tons deadweight, with
71 percent of the capacity beneath the 60,000 dwt mark. Approximately
94 percent of the ships in service are less than 80,000 tons deadweight.

To be competitive as tankers, combined carriers must have larger



FIGURE I11.1.8 SELF-DISCHARGING VESSEL
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LOA, MLD. 634'-0" CARGO DWT, CDAL 29,998 LT. (33,597 Si.)
LBP 621'-6" CARCO HOLD VOLUME 1,276,700 CU FT.

BEAM, MLD. 78'-0" UNLOADING RATE 3,500 ST./HR.

DEPTH, MLD. 56'-0" UNLOADTNG BOOM 250'-0"

LOADED DRAFT COAL  31'-4" SHP 8,500

DISPLACEMENT 36,430 LTSW. SPEED LOADED 14 KNOTS

BALLAST DRAFT 15"-6"FWD., 20'-10" AFT. BOW THRUSTER 1000 ¥P. OPTIONAL

TONS PER INCH 112 LTSW.

Source: Yoarld Bank staff, NOTE: COAL CAPACTTY WICURFD AT 38 CU.FT./ST.
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Table I11.1.1 Size Distribution of Bulk Carriers,
January 1983 (Figures in number of ships
and 1,000 dwt)

Size Group Tankers Combined Bulk Total
in dwt Carriers Carriers

10 - 18000 250 3612 3 45 744 11252 997 14909
18 - 25000 312 6565 5 114 912 19481 1229 26160
25 - 40000 626 20227 3 93 1680 52041 2309 72361
40 - 50000 93 4094 9 432 281 12353 383 18879
50 - 60000 163 8789 12 669 260 14202 434 23660
60 - 80000 252 17347 69 5096 400 25790 721 49233
80 -100000 311 27502 37 3294 52 4504 400 35300
100-150000 247 31047 126 15122 184 22804 557 68973
150~200000 80 13066 70 11404 25 4211 175 28681
200-250000 201 46169 18 4157 6 1325 225 51651
250~300000 294 79235 10 2719 1 268 305 32222
300-400000 83 28325 - - - - 83 28325
400000 33 14945 - - - - 33 14943
Total 2944 300923 362 43145 4345 169231 7851 513299

Source: World Bulk Fleet, Fearnleys, Oslo, August 1983.

capacities than pure bulk carriers. In fact, 60 percent of the combined
carrier fleet has a mean deadweight between 100,000 and 200,000 tons.

Bulk ports should be designed to handle both "random" arrivals and
regularly scheduled large bulk carriers in the quantities in which they
arrive. When considering the possibility that a port will be required
to handle exceedingly large ships, their availability in the marketplace
and economic desirability should be noted. Large vessels usually have
long~term charter parties for specific work, at least when they are new,
because a firm bankable charter is required as collateral for the vessel's
financing.

Table III.1.2 gives the dimensions for common, series built bulk
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Table III.1.2 =~ Bulk Carrier Dimensions for Standard Classes

PET DWT VOLUME LENGTH  BEAM DRAFT SPEED BHP

SHIP DRSTON (EFtom) (fr)  (Fr) (ft)  (kts)
a and p sd-l4 14861 55.5 451.1 66.9 29.2 15,1 8600
bv liberty 14960 55.6 433.0 68.9 30.1 16.0 8400
ihi freedom mk 1i 15353 57.0 440.9 68.9 29.5 14,5 6850
sasebo (mp) 16 15800 52.3 479.0 75.8 31.5 16.6 11400
hyundai 18b 17716 47.2 465,9 74,1 30.1 14.6 8000
mitsui concord 18 18208 51.9 458.3 65.1 30.5 15.2 8300
boelwerf 19 18700 56.7 504.5 75.0 33.7 15.5 12400
anippon kokan kk 20 19192 56.3 478.,0 75.0 30.6 15.2 9000
hitachi zosen

ut=-20 20000 56.7 498.,7 74.8 32.0 16.2 131060
nippon kokan kk 21 21349 47.1 478.0 75.0  32.5 15.0 5000
sumitomo 22 21500 50.1 506.9 74.8 31.5 15.3 11400
horten verft 22 21602 47.2 496.,0 75.0 31.9 15.2 10000
ihi friendship 21751 53.7 509.8 75.1 30.8 15.0 7800
mitsui 22 22000 46,1 518.3 75.0 31,1 15.0 9400
ihi fortune 22000 52.9 510.0 75.0 32.3 15.0 8000
hyundai 24b(11) 24113 51.2 550.0 74.8 33.3 14.0 9400
sumi tomo 25 24500 55.2 551.1 75.3 31.9 15.1 11400
harland & wolf 35 34445 45,4 590.6 91.8 34.4 15.2 11400
aesa 34447 44,2 606.9 79.4 36.4 15.2 11540
emaq—brazil 35 34447 51.6 600.4% 80.5 33.9 15.0 02000
nippon kokan 35 34666 43.5 547 .9 91.2 36.6 15.0 12000
sasebo 35 35400 49,3 577.4 91.2 35.5 14,7 12000
hyundai 35b 35431 47.9 550.7 105.8 35.7 15,0 11200
mitsubishi 35 35500 49,3 577.4 91.2 35.5 15.1 12000
helenic shipyards

37 36415 47 .4 610.2 86.9 37.3 15.3 12000
korea shipbuilding 37000 48,1 570,0 105.8 35.5 15.4 11200
sanoyasu 40 40386 48.8 567.6 90.5 39.7 15.0 14000
swan hunter 40 40443 46.0 590.5 97.7 37.1 14,9 14000
stocznia paryskiej 53147 53.6 674.2 105.6 40.7 16.0 17400
mitsui 56930 530.7 688.9 105.6 40.0 15.7 16800
sumi tomo 59 58100 48,1 715.2 105.6 40.0 15.1 14404
hitachi hi=-bulk 59773 46,2 705.4 105.6 40.8 14.8 12200
burmeisteré&wain

60 59904 50.1 698.8 105.7 41.3 15.6 16650
nippon kokan

kk 60 60035 49,1 721.8 105.6 41.0 16.0 17400
hyundai 60b 60528 45,9 705.3 105.6 40.9 16.5 16500
mirauviahi 63 62000 49,6 693.2 104.3 43.7 14,6 14000
harland & wolff

64 63675 45.6 721.5 105.8 42.53 15.2 16800
astano 69848 52,2 787.4 105.6 43,5 16.5 18400
gotabverken 72 70859 46,0 748.,0 106.0 43.9 15.9 18500
sunderland 72 70918 47.0 715.2 105.7 46.0 15,0 20000
boelwerf 75 73812 42.8 761.1 105.8 45.6 15,0 19200
hyundai 76b 65261 43.8 775.5 105.6 45,2 15.6 20100
italcantieri 80 79800 44,5 813.6 105.8 45.9 16.0 20300

Source: U.S. Maritime Administration



carriers up to the PANAMAX size. Figure ITI.1.9 present much of the
same information on a graph plotted with typical larger vessels. Typical
good practice design dimensions are shown in Figure III.1.10.

Virtually every dimension of those ships using shore~based cargo
gear play a part in the design of harbor facilities. The beam of the
ship is important because it determines the outreach (and cost) of ship
loaders and unloaders. The hold's span length determines the length of
crane rails (and support piers) for movable ship loaders and unloaders.
It also determines what the dimensions (or number) of quadrant type ship
loaders should be. The ship's draft determines harbor dredging require~

ments.

I11.2 Efficiency in the Use of Bulk Carrier Tonnage

In liner shipping, because itineraries can be adjusted to meet
existing demand, vessel utilization on outbound and inbound vovages can
be high. In most tanker trades no return cargoes are available, and
one leg of the vovage must Be in ballast. The bulk trades fall in a
middle category because cargo is frequently available for loading at
ports mnot far from the vessel's discharge port. Because bulk cargo
may not be available for prompt loading or may not have destinations
appropriate for the vessels to resume their primaryv trade, vessels may
pursue almost random trades to minimize steaming in ballast. A typical
trading pattern for a small bulk carrier is shown in TFigure IIT.2.1 and
Table 1III.2.1. 1It is necessary to be able to arrange such cargoes in
order to obtain the lowest cost operation of bulk carriers. An alternative
to seeking return cargoes is to use larger vessels, as the costs of

larger ships with a ballast leg will resemble those of a smaller ship
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FIGURE 111.,1,9 BULK CARRIFR DIMENSIONS
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FIGURE T1T.1.10

.. wrw--

MAXIMUM GOOD PRACTICE DESIGN DIMENSIONS OF BULK CARRIERS
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A final general consideration is that of vessel size. While large
economies of scale exist as the size of hu1§ carriers grow, it is not
possible to evaluate the usefulness of large ships without noting the
diseconomies of scale which exist. Considering only the positive
aspects creates a false statement of worth for the larger vessel, and
it biases decisions toward the use of large ships. Large ships need
onshore storage for cargo being discharged, and there mav not be adequate
storage in existing or planned port facilities. It is not uncommon for
a very large crude carrier to have to go to four ports in Europe to
discharge a full cargo from the Persian Gulf. Multiple port calls
forced by lack of storage ashore reduce the efficiency of large ships.
Expenses of larger ships based simplyv on extrapolation from smaller
vessels can be grossly underestimated. This is also true of a vessel's
out of service time. Repairs that can be made on smaller vessels
may require expensive drydocking. The implications of shipwreck are
much more serious with larger vessels than with smaller ones, as are
scheduling problems. These and other difficulties have depressed the

resale and charter value of large bulk carriers more than smaller ships.

ITI.3 Interests of Organizations in Bulk Shipping

The bulk shipping industry produces an intermediate product, which
is usually a component of a large scale distribution or production
system. The transportation segment, including vessel loading and dis-
charge costs, can be the largest single cost and typically the most
variable. A ship user should try to obtain transportation at the lowest
cost commensurate with the risk level acceptable.

The marine industry has produced a variety of market channels to
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procure shipping at varying degrees of involvement, risk and cost.
Typically, there are five ways to offer the vessel's services. They are
listed in Table III.3.1. The table also indicates which services are
included as part of the basic contract and which must be provided by the
ship user.

A spot (or voyage) charter is a contract to carry a specific
cargo between two generally defined ports for one voyage. Occasionally,
several are arranged in succession, creating a consecutive vovyage
charter. Voyvage charters generally provide for all operating costs.
Furthermore, voyage charters always specify the amount of time that the
charterer may use to load the vessel and establishes a penalty (called
demurrage) for each additiomal hour. They may or may not provide steve-
doring services. Usually these are arranged for by the charterer.
Generally, charter payment is made in advance and is considered earned
whent the cargo is on board.

A time charter makes provisions for the vessel to‘be available for
a specific period of time, generally between one month and five years.
Fuel is included in this type of charter account, as are other expenses
connected with the ship's trade route, such as canal tolls. Short time
charters are common. Long time charters occur only when the price expecta~
tions of the owners and charterers coincide. The variability of time
charter rates depends on their period; the shorter ones change more
rapidly with trends in the demand for shipping than longer omes. While
time charters do reduce some of the organizational requirements for ship
use, the arrangements that the charterer must take, including fuel oil,
tug boats, berths, pilots, etc., consume a lot of organizational time.

Buying a vessel is the third way to procure tomnage. Owning a ship



Table III.3.1 Five Types of Vessel Service Arrangements

Ship Ship
Arrangement Cost Component owner user

1. Spot charter vessel financial cost
operating expenses
insurance
fuel
port costs
stevedoring costs
demurrage X

I A

*
* <

2. Time charter vessel financial cost
operating expenses
insurance
fuel
port costs
stevedoring costs
demurrage

OB KR

fa ket

3. Ownership vessel financial cost
(New) operating expenses
(Second hand) insurance

fuel
port costs
stevedoring costs

PEPR S R K

4. Bareboat charter vessel financial cost X
operating expenses
insurance
fuel
port costs
stevedoring costs

R I

5. Contract of vessel financial cost
Affreightment operating expenses
insurance
fuel
port costs
stevedoring costs

L

* - Indicates that the responsibility could be either the ship owner's
or user's

Source: World Bank staff.
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may require no more organizational resources than the use of chartered
tonnage, as it is common for one owner to contract for the management
of a vessel. It is possible to buy both new and secondhand ships.
While similar in organizational framework, these options differ greatly
in cost, risk and potential return. Conceivably, a company that owns
ships may never use them, but, instead, rely entirely on charters to
meet its shipping needs. In that case, vessel ownership is seen as
financial risk management rather than operational technique.

Bareboat charters are a cross between ownership and a normal
charter. The charterer has most of the owner's responsibilities to man
and repair the ship, but, like normal charter, these responsibilities
end at a particular time, and the risk involving the value of the vessel
is borne by its owner., While obligations are placed on the charterer
to maintain the ship, they are not well-defined and it is common to
defer maintenance until the ship reverts to the owner. Bareboat charters
are frequently used as purely financial instruments. When both parties
wish the ship to change hands, but cannot agree on the value or do not
wish to renegotiate the vessel’'s financing with the holder of the mortgage,
this type of charter can be employed. If a shipping company goes bankrupt,
it may leave many bareboat charters in its wake.

A contract of affreightment is a common way to procure tonnage. It
is an agreement to provide transportation for goods in defined quantities
and between specified points. No specific vessels are named in the con-
tract. It is not necessary to own vessels to enter into a contract of
af freightment which operates as a futures market for shipping.

An important difference between a contract of affreightment and the

voyage charter, and the other methods of obtaining ships, is that it is
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the responsibility of the shipowner to arrange for backhaul cargoes.

For a large scale organization, although all of these methods are
viable ways to procure tonnage, they differ with respect to the
following:

(1) Cost

(2) Organizational resources required

(3) Ability to service variable demand

(4) Market risk

(5) Risk of insolvency of contractual partners,

It is difffcult to rank each market channel in the abstract, because
so much depends on specific circumstances. A contract of affreightment,
for example, is a potentially risky contract, because both sides may
make important assumptions about the movement of spot and voyage rates
and may be unable to complete the contract if their judgement is
incorrect. The extent to which this matters depends on the resources
and business ethics of the parties involved.

For intermittent ship users the spot market usually is the best
way to procure shipping, as this is its basic function in the market-
place, Continuous users of bulk shipping will probably use a variety of
procurement strategies. The general goals of arriving at the best mix
are the following:

1. To obtain transportation at as close to marginal cost as
possible at an acceptable level of risk.

2. To organize and finance the operation with an acceptable
commitment of funds. (Because shipping can be highly lever-
aged, the commitment of funds may mean litfle.or possibly
zero commitment of own funds).

3. To wminimize the taxes paid (if privately owned)} or paid to
others (if governmental).

4, To retain sufficient control to allow overall coordination.
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5. To minimize risks, including foreign exchange, political
casualty losses, and insolvency of business associates.

The matter of risk management has unfortunately become an area of
vital concern in today's shipping market, as it is possible that all
parties involved are in marginal financial condition - ship owner, ship
charterer, ship yard, and financing bank. An accurate assessment of
risks and subsequent steps to minimize exposure to them is an important
feature of the agreement.

Ship users and suppliers have different attitudes toward risk.
Large organizations, those which use marine transportation, tend to put
premium on risk reduction because negotiating contracts of that magni-
tude requires long lead times. In addition, they would\like to reduce
the cost of ocean transportation, as it is the cost element with the
largest variability.

Studies of the charter markets made by the Institute of Shipping
Research in Norwayi/indicate that the price of risk is very high in these
markets. Hence, shipowners find it profitable to go for an agressive
chartering policy. Ship operators can assume a role of almost an
insurance company, agreeing to bear some of the long-term market risks
in exchange for long-term charter payments ccnsiderably above costs of
delivering shipping services.

There are three areas of risk in the bulk transportation field:

(1) Foreign exchange and financing risk

(2) Operational or "catastrophe" risk

(3) Business or "market'risk

Of the three, the foreign exchange and financial risk is the most

difficult to manage because interest rates and currency values fluctuate.

4/ Market Strategies in Bulk Shipping, Victor D. Norman, Studies in
Shipping Economics, 1982, BRedriftsokomomens Forlag Als, Oslo.
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Somehow the risk must be diversified since it cannot be eliminated.
Actual problems with foreign exchange losses have not been common in the
marine field (other than a few ships financed in Deutsche Marks).

Operational risks involve ship loss or damage. There are two types
of risk - financial responsibility for the loss and consequential
damage to the operations of the ship user. Under maritime law, the ship
cargo owner and ship owner are considered to have a common venture and
share many maritime risks in proportion to the value of the ship and cargo
{called general average). The potential risk is especially large for the
cargo owners, Many companies use general average claims to move profits
from highly taxed areas to untaxed ones (i.e., shipping), so they obtain
general average claims at every opportunity.

Specialized bulk handling operations, using slurry ships or continuous
self~dischargers, are especially prone to operational risk. What to do
should the ship sink must be addressed specifically in the project plan.
The cost of replacing a vessel depends on the way the shipping is procured.
If a vovage charter strategy is pursued, there is no additional risk
because of the short contract. If the boat is owned, hull and machinery
insurance will provide funds to buv another ship. Long time charters,
however, pose the greatest risk because the charter terminates when the
ship is lost and, unless the charterer had insured the ship for his own
account, there is little recourse.

Market risk depends on uncertainty about the availability and cost
of shipping and on the current shipping rate levels and expectations about
the direction of future movements. For many reasons no formal options
market has developed to institutionalize the risk of shipping rates.

While the charter market for shipping meets many of the criteria for a



commodity suitable for options trading, the high value of individual
transactions and the availability of capital from other sources prevent
the development of an options market for tramp or bulk shipping. It is
not uncommon, however, for a ship user to make a long-term contract of
affreightment with concerns that do not own any vessels but who fulfill
the contract with chartered tonnage (both spot and term charters). It
is also not uncommon for charters to be arranged so the vessel will be
delivered up to eight months after the agreement is reached. Informal
arrangements of this nature are the principal means of handling market
uncertainties.

To the extent that international marine transportation makes up a
significant part of bulk cost, the options market for the cargo mav
absorb some of the transportation risk, since most bulk commodities are

traded on various exchanges.

ITI.4 Vessel Chartering

When a vessel is to be obtained for a fixed period, the usual
instrument is a charter. While there exist many standard form charter
parties for different trades, they all cover the general items outlined
in Table III.4.1. Of these, the place where the ship will be delivered
to the owner at the end of the charter is a potentially costly and
easily overlooked issue.

The two most common charters are spot (or voyage) and time charters.
Most statistics regarding spot charter costs relate to particular major
trade routes; this is based on the assumption that other trades run in
parallel. Specific spot charter costs may reveal little about the true

cost of shipping, as they may only be revenue marginal to the ship
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Table I1I.4.1 Vessel Charter Party Provisions

1. Vessel description and performance (including warranties of fuel
consumption at various speeds)

2. Period and trading limits

3. Place and date of delivery of vessel

4, Place and date of redelivery of vessel

5. Vessel condition

6, Payment of hire

7. Qff hire

8. Responsibility for fuel

. Drydocking (including vessel cleaning and steaming to shipyard)

10, Pollution

l1l. Vessel modifications

12. Layup

13. Pollution

14, Settlement of disputes

15, Attachments

owner. A low rate may be quoted only to obtain the fuel to reposition
the ship for a more lucrative charter. Averages of many charters mav

provide the best estimate of short-term costs of shipping. Table II1I.4.2

Table III.4.2 Single Voyage Charters by Commodity (aApril 83)

Ship size
(1,000dwt )grain agr forest iron mins coal ferts steel scrap other

4=10 9 12 - - - - 1 1 - 3
10-20 25 20 - - 2 - 14 1 - 2
20-30 64 8 2 - - 2 4 1 3 1
30-40 23 - - - - 1 - - - -
40=50 13 - - 1 -1 - - - 1
50~70 19 - - 2 - 8 - - - -
70-100 4 - - 3 - 5 - - - -
100+ 1 - - 9 - 3 - - - -

Source: Dry Bulk Charter Markets: Developments and Trends,
H.P. Drewry, London, 1983.
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FIGURE TIII.4.1 SINGLFE VOYAGE CHARTER RATES

$/Tonne
Grain (20/40,000 DWCT: U.S. Gulf to Japan)
------- Coal (50/C0,000 DWCT: Hampton Roaas tc Japan
_______ Iron Ore (80/100,600 DWCT: Brazil to Continent)
40 -

35
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0

H 1 S T H 1 ¥ {
1980 198T 1982 1983

Source: Cargo Vessels Vovage Rates 1.980-1983,

H.P. Drewry, London, 1984,



gives a general idea of the size of vessels working in the spot market
of various trades in April of 1983. Historic spot charter rates are
given in Figure III.4.1 with selected current charters given in Table
II1.4.3. TFor large vessels the spot market can be thin and mav not
represent the true, short-term value of the vessel.

Time charter rates are generally quoted in dollars/dwt per
month and are segregated by ship size. As there is considerable varia-
tion in different ships' fuel consumption, some of the apparent varia-
bility of time charter rates is due to differences in ships' machinery.
This is particularly true of larger ships in which a significant proportion

of the fleet is steam—driven and consumes more fuel o0il than diesel ships

Table 1I11.4.3 Selected Current Charters

Annual rate of return, measured as revenue less operating costs under

Norweglan flag as a percentage of building price, for an 80,000 dwt
‘tanker, built 1966-1967.

Alternative A Alternative B Alternative C
Year spot market 1-3 year tine 3~7 year time

chartering charters charters
1967 46,7 13.0 12.7
1968 35.5 15.2 9.6
1969 18.8 20.1 13.3
1970 48.8 14.4 8.8
1871 36.3 34.9 9.8
1872 11.3 40.7 17.0
1973 77 .2 18.1 18.4
1674 7.5 40.2 7.8
1975 -14,2 22.2 20,7
1976 - l.6 - 6.0 25.6

Average rate

of return 26.6 21.3 14.4
Standard
deviation 25.5 13.0 5.0

Source: World Bank staff.
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of the same size. The difference is compensated for somewhat imperfectly
by differences in charter rates. When market rates are low, the difference
between steam and diesel ships may be such that the steam vessel cannot

be chartered at all. Figure III1.4.2 presents historic charter rates for
bulk carriers of different sizes. Figure III1.4.3 is a typical charterer's

vovage estimate form developed by Fairplay.

I1T.5 Ship Ownership

Ships can be purchased new, nearly new, used and ready for demolition.
Each method of procuring tonnage has advantages and disadvantages. These
are partially summarized in Table III.S5.1.

Ship ownership is a common way to procure tonnage. As the costs of
ownership do not change with the market level, ownership produces
predictable ship usage costs. Most large organizations, those which do
bulk shipping, use ship ownership as the way to manage risk exposure in
the charter market, as owned tonnage is a '"'riskless' source of transportation
against which a portfolio of charters can be built to provide the rate
of return and risk levels desired. Even though the use of chartered
tonnage cannot be avoided for operational reasons, owning tonnage equal
to the capacity required and chartering it out eliminates the market risk
from vessel chartering. The cost of this is the brokerage commissions.
Hence, many bulk shippers own ships, even though their operating costs
may be a little higher due to higher operation standards.

The most obvious way to obtain a ship is to buy a new one. In
periods of medium to high shipping activity, this can be the least
expensive approach. This is mainly because modern diesel engines have
been improved and are able to burn low quality fuels. Because subsidized

financing can always be a part of a ship purchase agreement, much smaller



FIGURE III.4.2
TIME CHARTER RATES (S/DWT-MTH)
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G | A |
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Bulk carrier 50-69,989 DWT
———— Bulk carrier 33-48,922 DWT
=== Bulk carrier 24-34,899 DWT
Multidecker 10-13,000 DWT

Source: Dry Bulk Charter Markets: Developments and Trends,
H.P. Drewry, London, 1983.
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CHARTERER'S VOYAGE ESTIMATE FORM

Date
Cargo Detaiix: Dadv Bunker Consumption
AL Sea in Port
FQ DG idie Working
Vsl Sweed L Miles L
B Dailv B
YOYAGE LEGS Miles Cavs FO DO
Bunkering Port:
Canat Tranme.
Part Time Loading: Discharging:
CARGD CALCULATIONS TUTALS ~
Zone Load: + DRAFT AND DEADWEIGHT CALCULATIONS
Dwis e E ]
Less. Bunkery
C Wesghts =
Cargo:
VOYAGE EXPENSES
BUNKERS
tons @3} -3
FO 1ons in 4§ -3
Lons in =g -3
tons in e § -3
Lo tonsn e¥ -3
N tonsan a3 -3 -3
QTHER COSTS Laading port dishursementy -3¥
Dischargiog port dispursements -3
Bunkenng port 3 \oursements fl S ———————
Canas Transit Expenses -3
Insuranes Premiuins L R —
Sievedoring Charges -3
Time Charter Hiee - §
Vosage Freignt Deadfreght -3
Demurrage ~3 -3

GROSS VOYAGE EXPENSES ~ 8

Grow Yoyvage Expences

Add Comm:

Nett Vavage Expenses

Carge

Rate Per Ton

Cnpyngm’@ 1978 dv Fuirpiay Pubtications Ltd. Additionsl copies may be obtained from
Fawrpiay Publicgttons, Mintter i{ouse. Arthur Sireet. London FCAdR SAX. Tel. 81 6§23 1211
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Table I11.5.1 Methods of Vessel Procurement

NEW SHIPS
Advantages
*Lower fuel consumption
*Cheaper fuel grade
*Easier private financing
1. Lower equity
2. Longer loan period
3. Subsidized interest rate
*Common spares if multiple ship procurement
*Exact design requirements can be met
*Known risk
Disadvantages
*Break-in maintenance
*Currently-higher cost
*Delivery of ship not at first loading port
*Unknown performance of custom features
1. crude o0il burning
2. Ro/ro ramp
NEARLY NEW SHIPS
Advantages
*Competitive fuel consumption
*Currently-lower cost
*Break-in maintenance accomplished
*Technical performance known
*Delivery of vessel more flexible
*Possible to charter first to try out
Disadvantages
*Shorter period bhefore overhaul
*Ship condition marginally riskier
*Non=common spares
*More difficult financing
OLD SHIP
Advantages
*Lower cost
*Delivery of ship flexible
*Possible to charter first to try out
Disadvantages
*Higher fuel consumption
very high if steam
*High maintenance especially if diesel
*Poor financing terms
*Unstable vessel value
*Technically risky
*Short useful life
*Higher insurance
*Higher crew cost
*Probable imminent repair expense
*Higher skills required of management
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equity investments are required to buy new ships than otherwise would
be required. Even under OECD financing rules, it is possible to cbtain
nearly 100 percent financing on ships obtaining an engine financed with
export credit from country A and using it as a down payment for a ship
built in country B.

As new ships need not be built, new ship prices have a floor, which
is equal to the cost of building the ship minus the loss the shipvard
is willing to take and any direct subsidy it is able to obtain. Because
gavernments may choose to subsidize ship sales through indirect means
(loans, guarantees, lower interest rates, etc.), the evaluation of
competing offers must consider discounted cash flows and never be based on
price alone. The terms are as important as the price in determining the
viability of a ship sale.

Historic trends in orders for bulk carriers are shown in Figure
III.5.1. One advantage for new construction is that properly engineered,
new ships have much lower fuel costs than older vessels. Table III.5.2
projects bulk carrier deliveries based on shipyard order books.

Purchasing a nearly new vessel can be a good investment because
their value fluctuates more than that of a new ship; the price floor
usually is the outstanding value of the ship’s mortgage. It is difficult
to buy a nearly new vessel without retiring the existing financing.
Nearly new ships may be more reliable than newly built ones because the
initial owner may have solved most of the technical problems. The ship's
performance is also a matter of record rather than specification. The
life of the nearly new ship may be as long as newly built ones, as a con-

tinued program of good maintensnce will keep the ship in good conditionm.
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FIGURE III.5.1 HISTORIC TRENDS IN ORDERS FOR BULK CARRIERS

Million DWT

14 4 REPORTED ORDERS FOR BULK VESSZLS AT WORLD SHIPYARDS
12 4
10 4
8
6
4
o
i

1979 1980 1c8l 1982 1983

Tanker Orders
[_'_':] Combined Carrier Orders

Bulk Carrier Orders

Source: World Bank staff.

TABLE III.5.2 The Bulk Carrier QOrder Book

FUTURE SCHEDULED UELIVEKIES
SHIP Szt CURRENT 1ST HALF 2N0D HALF 18T HALF 2HD HALF 15T “AL? 25D HALF TOTAL
(n.DWT) FLEET 1983 1983 1984 1984 1985 1985+ ON (MDER
NO. M OUNT KO, M.UWT NO. M.OWT | NO. M.OWT NO. M, DWT | NO. M.DWT K. M.DWT | 50. M. DT
1g-20 1,044 16,533 i1 18l 3 53 14 18 - - - - - - 15 252
0-30 1,467 37,532 ] 43 1,128 2 490 23 367 16 432 6 147 3 LY 1l 2,828
3y=40 433 29,179 | 64 2,254 54 1,874 | 19 699 16 582 9 333 4 160 ] 166 5,978
4U=50 295 12,949 |28 1,179 17 725 | 32 1,325 3 351 - - 4 160 89 3,70
Sy-~80 LT 39,503 | 70 4,424 53 3,271 20 1,263 12 792 2 140 - 130 159 10,ud2
30=100 57 4,927 - - 2 169 - - - - - - - - 2 I3y
1ou=-150 172 20,750 o 833 g 1,152 1 130 3 292 - - - - 14 2,508
15u~=200 23 3,343 4 672 2 332 3 522 ~ - - - - - 9 1.526
2uu+ ] 1,352 2 421 - - - - - - - - - - 2 221
Teocal 4,339 166,828 | 228 11,092 159 8,072 | 99 4,326 55 2,547 | 17 629 13 Sle | 571 27,307
*locluding ore carriars - .

Sourca; Drv Bulk Charter Markets: Develcoments and Trends,
H.P. Drewry, London, 1983, ‘
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A drawback to nearly new ship purchase is that it is difficult
to find lenders who are willing to extend more than 50 percent of a
vessel's sales price as a loan. Thus, projects involving used ships are
initially less liquid and have negative cash flows in the first few
vears. As no one has an interest in subsidizing the financing of used
ships, the interest rate will also be higher. If a ship owmer has access
to low cost financing from sources other than those typically available
to ship buyers, many of the reasons to buy a new ship are eliminated, and
the older ship becomes the better investment from every point of view.

In the purchase of used tonnage, there is less choice of ship con-
figuration, and many types of specialized ships may not be available.

One alternative here is to convert an existing ship to a new use. Tankers,
for example, can be converted to bulk carriers. While this option can
provide a satisfactory product at reasomable cost, the real advantage of
conversions is that the ship is available for use sooner than new con-
struction is. However, it is not always cheaper. For instance, to retro-
fit an inert gas system on a 30,000 ton tanker costs $4,000,000. An
existing ship with a similar system installed in the last 10 years could
be purchased secondhand for less than this.

The final way to acquire an equity interest in ships is to buy them
in the last stages of their lives and operate them for a short time before
scrapping them. The lowest value of such ships is determined by their
value as scrap minus the cost of the voyage to the scrap-yard. The value
of scrap is given in dollars/ton of ship (not deadweight tons) and is
shown in Figure III.5.2. As the weight of the ship itself is about 20
percent of a vessel's deadweight, it can be seen from the figure that, in

1981, it was possible to buy a 60,000 ton bulk carrier for as little as
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FIGURE III.5.2 SCRAP SHIP PRICES (USD per Lt. wt. ton)

225

MAXIMUM REPORTED SCRAP PRICES
200

175
150
125

1004

50

25 -

1981 1282 1983

— Far East
Indian Sub-continent

Europe

Source: Ship Serapoing, H.P. Drewryv, London, 1983.
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$600,000.

The actual value of o0ld ships is the profits from the few voyages
that can be sailed before scrapping it. Well-selected, old ships can
stay in service sometimes for a few years before required repairs force
scrapping. As in 1981, one month's time charter for the above vessel
was $450,000, so a large fraction of a vessel's scrap value can be earned
on the short-term. Many owners make most of their profit from specula-
tion in older ships rather than operation.

éhip prices vary considerably (see Figure III.5.3), and the greatest
risk of ship ownership is capital loss should the ship no longer be
required. Figure ITI.5.4 shows prices for new building and two and
five year old bulk carriers. New building prices are based on construc-
tion in Japan or Korea. The graph shows two vear old vessels selling for
about 70 percent of the cost of new vessels, and five year old vessels
for about 50 percent of new ones. The 27,000 ton vessel (which is the
largest which can pass through the St. Lawrence Seaway) has a higher
resale value than the other sizes; the resale value is 90 percent of the
new price for the two year old ship and 63 percent of the new price for
the five year old one.

A commarative analwvsis of wvarious ontjons was carried out for

a prospective shipowner and is printed here as an example. The

break-even charter rate for various options for ship procurement was
calculated and is presented against the one year time charter rate in
Figure II1I.5.5. The ship, the one ready for demolition, was assumed

to be purchased for cash while, for the sake of simplicity, the remaining
ships were presumed to be 100 percent financed. The new ship, sold with

OECD terms, was assumed to have an eight year, 10 percent mortgage and the
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FIGURE I11I1.5.4 CURRENT BULK CARRIER PRICES
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FIGURE II1I1.5.5 COMPARISON OF RETURNS FROM DRY CARGO
VESSEL OPERATION

Time Charter Rate
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same ship sold on "soft" terms was assumed to have a.twelve year, 8
percent mortgage, but the five year old ship haw a five year, 12 percent
mortgage. The comparison does not treat the different lifetimes of the
vessels adequately, since it ignores the decreased costs when the mort-
gages of newer vessels are paid off. These effects, however, are of
second order because, if the analysis were done using discounted cash
flows, the future cash flows would be heavily discounted.

From the graph it appears that the older the ship, the less it
costs to use it because of the lower financial cost. This will be
true if the older ship is only slightly less efficient than the new one
and if its off-~hire time can be kept to comparable levels. In general,
vessels less than 8 vears old have mechanical performance that is as good
as that of a new shiﬁ_énd‘they do not have higher off-hire times.

The operation of demolition bound ships (those over 15 years old)
is a different matter and inexperienced maintenance on these ships is
often more detrimental than beneficial because it creates more of f-hire
time and higher repair costs. Maintaining older ships is a very specialized
skill, as only machinery required should be kept in good condition, some
machinery should be temporarily repaired, and some items, particularly
the hull steel and paint, should not be repaired. One must remember
that all repair work will be scrapped in a few years with the ship
anyway. It is, therefore, tempting not to repair even the items that
are tequired for the safety of the ship, if the ship is able to move the
cargo and the required repailrs are expensive.

Even if a ship user intentionally avoids the buying of old ships,
lack of space and problems related to coordinating his chartering policy

. may leave him with no option but to charter old ships without inspecting
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them. Chartering old ships can be just as rigky as owning them. A
general average claim, for example, would be almost all for the cargo,
as the value of the cargo would easily be ten times that of the ship
carrying it.

One point that can be drawn from the graph is that owners of
newly built ships in the 70,000 dwt range lost money over the last three
years. The purchaser of the older vessel at least broke even. It is
clear that investment in new ships 1is today advantageous only under

special circumstances.
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IV. INLAND TRANSPORTATION TO ALTERNATIVE TERMINAL SITES

Iv.1 Introduction

Usually there exist several possible sites on which to build a bulk
facility. The options available may include expanding an existing port or
constructing a new port(s) at one or more alternative locations. New sites
may have the advantage of having lower site preparation costs, as the sites
can be selected where the water is deep and there are small filling costs.
Expanding an existing port is advantageous because much of the infrastruc-
ture development work is complete and, as a result, development costs will
be decreased.

Experience demonstrates that one of the major differences between alter-
native sites is the cost of inland transportation to and from the port. When
no inland transportation facilities exist, their cost may equal the difference
between development costs at the least expensive and the most expensive
alternative port sites. A large scale iron ore exporting port, for example,
may cost approximately $75 million (U.S.). Of this, work done at the port
site may cost about $20 million (U.S.). Of this total it is unlikely that
different sites vary by more than 50 percent or $10 million. If the cost
of railway construction is about half a million dollars per mile, the cost
of the inland transportation will exceed the variable element in the port's
cost should the line haul distance exceed twenty miles. In such a situation,
selecting the least expensive port facility will require optimizing the
combined cost of development at the site and the inland transportation facil-
ities.

There can be advantages to developing existing port facilities:
for instance, using the existing road and rail transportation system.

It is important, in the feasibility study, to determine early whether or not
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these facilities are in reasconable condition and their design is adequate.

Table IV.1.1 1lists the transport alternatives available for inland
movement for bulk goods. This information is presented with a qualitative
evaluation of the different transport modes. The second portion of the
table indicates the magnitude of the relative costs of right of way,
vehicle acquisition and operating costs. These are for typical situations
and have no universal application. If a railroad right of way already
exists, for example, it may be much cheaper to lay new track than to
construct a road. There are many situations in which the intermittent
foundations required for a pipeline are less expensive to construct than
the continuous civil engineering works required for both roads and

railroads.

Tv.2 Truck Transport

Where roads already exist, trucks provide flexible transport that
can be installed in stages and removed if the demand decreases. Often,
existing roads may be adequate to handle additional traffic, and the only
additional investment required is for the vehicle fleet. Expanéing the
system is easier and cheaper than most of the other options available.
Additionally, since trucks (and rail cars) have recoverable salvage
values, truck transportation can be used as an interim step, while
construction of the final distribution system is progressing. Trucks
can also be used to defer installation of the final distribution
system until available traffic justifies the higher costs of the other
modes. While not always the case, road developments required for the

road alternative may also be beneficial for other areas of commerce.
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Table IV.1.1 Comparison of Alternate Transport Modes

Inland Aerial Belt
Modes Highway Train Water Pipelines Tramways Conveyol
Route med low low low high low
Flexibility
Terminal high med med low low low
Flexibility
Speed med-high low~med low low low low
Operating
Range (miles) high high high low low low
Expandability high high high low low low
Independence med low — high high med
Climate very very
Independence med high med high high high
Flexibility high high med low med med
Capacity low=-med med-high low~high — low —
Impact on
Environment med-high med low low med~high med

Cost Elements
Carrying
Right-of-way " Vehicle Operating

Highway Medium Low Figh
Train High Medium l.ow-medium
Ocean Ships Low High Low
Inland Water Low Low Medium~-high
Pipelines High None Low
Belt Conveyors High None Low
Aerial Tramways Medium Low Medium

Source: World Bank.
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Truck transport delivers many small loads frequently bv mechanically
independent means. Barring major accidents on the road, truck-centered
transportation systems are less susceptible to complete breakdowns than
other systems. This means that maintenance problems must be large
before the overall system performance is degraded. On the other hand,
conveyor systems must be almost completely operational to ensure that the
system is available for use as needed.

Trucks also provide a more diverse distribution system than other
meang of transport and are particularly good if the source of supply
or delivery is not a single point. TFor this reasom truck or rail
transport are the only viable options for many bulk commodities, such
as grain.

Truck transport can be the most expensive of any transport system
ifdit ig operated only during the nmormal work week (one or two shifts,
five or six days a week). Additionally, truck schedules are difficult
to maintain, as variations in the time between arrival for trucks is
generally larger than for other systems. Both of these factoers, in
essence, mean that the system qeeds more storage. The first factor
requlres that operational reserve storage be installed at both the truck
loading and unloading facilities. If a pure convevor system were installed,
investments in storage facilities for these factors would not be necessary.

When port facilities are not used often and are served by trucks,
there must be enough bulk storage capacitv so that stevedoring work on
the ship is not interrupted by any lack of truck capacity. If this is
done, it is not necessary to invest in the truck capacity that would be
required to meet the peak demands when a ship is being stevedored.

Road haulage costs are difficult to estimate because costs depend

tc a large extent on the quality and design of the roads. Poor roads
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raise vehicle maintenance costs, tire wear, and fuel consumption, and
lower the average speed. This increases the number of trucks that will
be needed.

The cost of building roads depends largely on the terrain, climate
and soil conditions. Additionally, much domestic labor is used in rcad
building, so that portion of the cost depends on local wage rates. As
an estimate, the cost of non-urban, two-lane paved roads in flat-rolling
terrain may vary between 5150,000 to $300,000 per kilometer in 1982
prices; costs in urban areas or more hilly terrain may be 2 to 4 times

as much.

1v.3  Rail Transport

Rail transport plays an important role in bulk transportation and

is generally found to be the least costly transport mode when distances ’
exceed 20 to 30 miles from the port and the quantity to be transported

is in excess of 500,000 tons per vyear. As a result, rail comnection and
transfer facilities are usually incorporated into bulk terminals. Rail
interface facilities usually consist of marshalling, classification

and transfer yards, 15ading/unloading tracks, car dumpers (unloaders/
loaders), car cleaning facilities, run out and transfer tracks and related
facilities. In-terminal railway services including transfer, consoli-
dation, and movement of railcars is usually performed by the bulk terminal,
which as a result, requires shunting locomotives, tracking winches, and
various communication and safety equipment to perform these in-terminal

rail operations.
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Railway service to and from bulk terminals is usually by unit or block
trains consisting of 50-100 cars. Such trains are broken up in the mar-
shalling or transfer vard into smaller train sections for effective transfer
by shunting locomotive to particular port locations. Cars can be unloaded
{(using car dumpers, unloaders, or gravity gates on the car) onto conveyors
which either transfer the cargo to a stacker and hence, to a stockpile or which
transfer the cargo directly to ship/barge loaders. Facilities usually provide
for both direct and indirect transfer of bulk cargo between railcar and
ship. Similarly, direct and indirect service can usually be performed in
the transfer of cargo from ship to railcars. In the import mode, railcar
sections are after loading, assembled into unit or block trains in the mar=-
shalling and classification yards.

Rail networks in bulk terminals usually have zero grade and are laid
on well compacted leveled soil. Because the speed of operations in the
terminal or port is quite low {only shunting and transfer operations), used
rail is sometimes utilized for laying out of the track at substantial savings
in investment.

The most important consideration in the design of a rail network in a
bulk terminal is assurance that unloaded (or loaded) cars can be readily
returned to the marshalling vard and outside rail network without affecting
terminal operations. In other words, effective switches, branchings, return
tracks, turnouts, turntable crossings and other facilities which assure the
means for efficient railcar turnaround under anv foreseeable operating
conditions, must be provided. Railcars should not be parked or marshalled in
the terminal and should achieve an in-terminal turnaround of a few hours.

It can be shown that rail transport‘using new rail can be cheaper than road
transport. Existing rail can be cheaper than even barge transport for all

but the very large tows found on the Mississippi River, over short distances.
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However, before a decision to use an existing rail link is taken, the con-
8ition of’the link should be carefully assessed. In general, for bulk )
traffic, track conditions are not critical to efficient operations, and if
the line is presently in operation, it will probably prove adequate.

Use of railway presents a number of advantages over truck use for
bulk movements. Railcars sometimes present advantages in blending different
grades of bulk materials. Blending can be accomplished relatively easily
by selectively dumping railcars carrying various grades. The need for
blending should, however, be cafefully assessed. In the case of coal, the
need for blending at the port is much greater when the port serves a number
of small producers as opposed to a larger mine where blending can be carried
out prior to loading the coal into railcars.

In general, for in-terminal rail cperations a number of factors must
be considered:

o need to construct additional rail spurs

fo! the transport distance, diversity of traffic and shipment sizes

o ease of access to the main rail links

0 availability of yard facilities at the port
The investment cost for track éan vary considerably depending on terrain,

soils, labor costs, availability of materials and other factors.

1v.4 Inland Waterwavs Transport

Inland waterways provide the least expensive transportation available
in many regions of the world. The system relies on barges with 1,500 to
3,000 ton capacities. These can be combined into multiple "tows,'" which

consist of many barges attached together. The size of waterways in Europe
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limits the size of tows to four barges, while in the United States,
tow sizes of up to forty barges are common on the lower Mississippi
River. Many different types of cargo can be carried in the same tow,
and it is possibie to realize large economies of scale, even though
each shipment is relatively small., Where this svstem is in use,
industrial facilities are located on the water and "door to door”
delivery is common.

River barges are simply and inexpensivelv constructed. Consequently
they allow for low investment costs per ton of capacity. Barges are
available in many types and those typical of American practice are
shown in Figure IV.4,1. River transportation provides high transport
momentum because of the large tow size, even though the speed of the
tow is 16w.‘ The typical speed for river tfanspéfﬁ is eight miles Def
hour. The low speed and high transport momentum provide lower transport
costs and low fuel costs. While the barges can carry a variety of cargo,
the system presents the lowest costs when the barge load is carried
between single shippers and single receivers located on the river front.

Tows are made up of a group of barges usually pushed by a tow boat
or less frequently pulled by a tug boat. The tow boats come in a variety
of sizes and range from swall units (100 horsepower - 36 feet long by 12
feet wide) to large units (12,000 horsepower - 230 feet long).

A six thousand horsepower tug can move a tow of about 15 barges
with a cargo capacity of 40 to 50,000 tons. A similarly powered diesel
locomotive can pull about 120 cars with a payload of 6,000 tons.

The inland waterway's transport system was originally the only way
to move large volumes and, as a result, most population centers grew up
where there was easgy access to waterways. For this reason a large

percentage of the world's industry can be served by inland waterway
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transport.
Barges are easy to integrate with ship loading and unloading.

The most obvious way is to load the barge itself on a ship. The LASH

and SEABEE systems.both function in this manner. Figure IV,4.1 showed

both LASE and SEABEE barges. LASH barges are lifted onto the ship with
a crane, and SEABEE barges are loaded onto an elevator. Both barges
have a relatively small capacity and are suited to "neo-bulk” cargoes,
such as construction grade marble slabs, graded chemical clays, etc.
SEABEE barges are easily pushed in floats, while LASH barges must be
towed in strings, which limit the number that can be towed with a single
tug.

Historically much of the world's stevedoring has been done by
lightering barges to ships anchored in a river without port facilities.
As port facilities — and the road and rail transport systems required
to support the land-based port - were erected, lightering operations
usually stopped. However, the lightering of large grain cargoes is
still common. Timber and rubber cargoes are usually loaded from barges
or directly from the water.

In order to exploit the cost advantage of inland water transport,
one must eliminate the double handling of cargo (i.e., discharge from
the barge to a shore facility with subsequent shiploading). Recently
much progress has been made in this regard and the direct transshipment
rates from ships to barges - or the reverse - have risen to approach
handling rates possible with shore-based facilities. Costs are con-
siderably lower, because rehandling of the cargo has been eliminated
and so have the requirements for shore storage.

Equipment to transship directly between ships and barges can be



barge-, ship-, or shore-mounted, as in the case of shore-based pneumatic

grain handling systems, barge-mounted ship unloaders/loaders and more.

Iv.5 Small Ocean Bulk Carriers

There is a growing market for small ocean-going bulk carriers to
carry bulk cargo in areas where the weather and sea conditions do not
permit the operation of barges which have small freeboards. Smaller
ocean~going bulk carriers can be either integrated tug bargesi/ or
small ships.

The feeder ship, in the bulk trades, was created to reduce the
time larger vessels spend at ports by having smaller ships make the
actual pickups and deliveries and transship the cargo, in turn, to a
large vessel for mainline ocean tramsport. In addition to their feeder
function, these ships commonly support a shorter mainline trade. Bulk
feeder services are organized on an ad hoc basis in the grain trades
to allow large shipments of grain (over 100,000 tons) to be discharged
to lighters., These go to four or five different ports, none of which
has the capacity to receive the entire shipment. While international
trade in steam coal is small, it is likely that a coal feeder trade will
evolve. This will make it possible to transport coal in large vessels

and, then, to have it distributed to individual powerplants on small,

5  An integrated tug barge is a barge and tug boat fastened together
semi-permanently. The ship's operating profile does not call for
their separation, except for repairs. This results in cheaper
transportation, because crew costs are less due to differing
work rules for tugs and ships and also due to construction

rules for tug barges which result in a cheaper vessel than a
ship.
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feeder colliers.

Small bulk vessels can be most economical as feeders when they
are used to distribute intermediate bulk manufactures, such as
fertilizers and cement. These commodities are shipped in bulk from
the point of manufacture to intermediate distribution points for
storage, packaging, and shipment to retail markets. The PUSRI
fertilizer company in Indonesia has installed such a system; it uses
seven 7,000 ton self-discharging vessels to distribute urea and other
fertilizers throughout Indonesia.

Overall it does not seem that there are advantages to wusing
ships smaller than 7,000 tons to distribute cargo, because the delivery
cost per unit of cargo rises very quickly when the size of the ship is

smaller than 7,000 tons.

V.6 Slurrvy Pipelines

Slurry pipelines are used to ship bulk material as a finely ground
powder in a moving stream of water. The general process for the slurry
system is shown in Figure IV.6.1. In areas of rugged or difficult
terrain the slurry pipeline process may be the only way to transport
cargo, as with the famous Savage River project im Australia. One of the
major costs, created by using a slurry transportation system, is removal
of the water from the transported solid. As a rule decanting (i.e.,
allowing the solids to settle and pumping the water off the top) leaves
a mixture that is still 10 percent water. If the material is to be drv,
the rest of the water can usually be removed from the mixture by heating
it. Coal transported as slurry, for example, has a lower heating value

than usual because of the extra water content. Thus, slurry transporta-
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FIGURE IV.6.2 COMPARISON OF RELATIVE FREIGHT RATE"
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tion is most economical when used for commodities whose processing is
in slurry form or where a small water content is not detrimental.

Slurry transportation in ships is technically well-developed.
Indeed several slurry ships have been in service for many years. The
process is used in international shipment by the Marcona Mining Corpora-
tion and by tramsporters of kaolin clay. When the slurry carrying ship
was being designed, optimistic reports were developed about the
economics of slurry carriage. Figure 1IV.6.2 gives comparisons of the
relative freight rates (for slurry and conventional freight) and Table
IV.6.1 shows the total system cost of slurrying with conventional
shipment. This information is the original data used in 1967 as a
basis for the slurry system's development. There is 1little evidence
that the economics of the system in service differ greatly from the
estimates used in the system's design. 1In practice, slurrying is
reported to have worked well.

Despite the obvious technical advantages and success of prototype
operations over the course of many years, no slurry carrying ships are
currently on order and no more than six were built or have been con-
verted to carry slurry. A possible explanation for this is that slurry
ships are extremely specialized in nature which means that there is no
margin for error in the plans. The system depends on the good faith of
those parties involved with its use. This is perhaps more than the
business climate in the minerals industry can provide.

The initial slurry system developed uses a finely ground
slurry and was intended to be used for the transport of iron ore.

With this process the carrying water settles and is decanted in the

ship. The resulting solid is mud-like - "sticky" and not free flowing.



Table IV.6.1 Comparison of Costs between Marconaflo and Conventional Transportation

Systens:

A Hypothetical Case

(bollars per ton, except as otherwise indicated)

Land transport

Loading port

Ocean transport

Receiving port Total

Marconaflo (100 pipeline miles) (5000 ocean miles) (slurry tanks)
Capital expenditures 15 million 5 million 60 million 5 million 85 million
(total cost)
Capital charge 2/ 0.45 0.15 1.80 0.15 2.55
Total 0.65 0.20 2,80 0.20 3.85
Conventional (130 rallway miles) (stockpiles, (5000 ocean miles) (stockpiles,
o loading unloading
equipment) equipment )
Capital expenditures 40 million 15 million 70 willion 20 million 145 million
[ransport cost
Direct cost 0.80 0.30 2,00 0.40 3.50
Capital charged/ 1.20 0.45 2.10 0.60 4.35
Total 2.00 0.75 4.10 1.00 7.85

Z11

Source: Engineering and Miniog Journal, September 1970, p. 72.

a/ Based on annual rate of 15 percent of total capital cost including interest, insurance and depreciaton

A S 1 e iy o g i b, Sy R R RN 2 N
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When discharged, the slurry can form steep walled piles as high as
forty feet. This makes it difficult to use conventional ship unloading
equipment. Thus, supplying slurry to a port which uses this process is
possible only where there exists an integrated system of slurry carrying
ships and special purpose slurry discharge terminals.

A new slurry process is being developed for coal. Here the basic
slurry element is small lumps. This is called Integrated Pipeline
Transportation and Coal Separation System (IPTACSS). ZLarge pieces of
coal are crushed, then the small pieces are made into briquettes to
raise their particle size to a set minimum. A hydrocarbon, such as
diesel fuel or gas oil, is mixed with the coal to adjust its viscosity
when the coal is mixed with the transport water. The mixture of coal,
hydrocarbon and transporting water can then be pumped.

The IPTACSS process has many advantages for coal transport. The
slurry preparation process can be integrated in the coal washing process.
Low grade coal, with és much as 70 percent ash content, can be improved
until it has as little as 15 percent ash content. Furthermore, the
transport water can be removed from the slurry simply by draining the
mixture over a screen and the resulting product can be loaded on the
ship with a conventional ship loader. If the coal is loaded on the
ship as a slurry, the water can be decanted aboard the ship and the
resulting cargo can be discharged with conventional unloaders. This
ensures that the §roduct has a wide market. Also, the ship can be
fitted to discharge the coal using the slurryvsystem when facilities
exist to receive Slurry. This system is the most economical. The
hydrocarbon can be removed at many stages of the process, or it can be

burnt with the coal.



Figure IV.6.3 indicates what the cost of slurry transport and
competing modes were Iin 1982, The breakeven distances with rail for
various volumes is given in,Table IV.6.2. Although this information is
not current, the relative costs presented are probably still valid. It
is important to note that slurry in low volumes is the least expensive

means of transport.

Table IV.6.2 COMPARISON OF SLURRY PIPFLINE COSTS WITH RATLWAY

COSTS
{E;ns per year Distance over which competitive with railwaéw
0.5 million All distances
l million Over 70 miles
2 million Over 150 miles
5 million Over 250 miles
10 million About equal over 300 miles

Source: J, H. D. Sturgess, and J. D. Weldon. "The economic prospects
for solids pipelines in lieu of new rail branch line
construction." Presented before eighth annual meeting of

Transportation Research Forum, Montreal, Canada, September
1967.

There are over eighty slurry pipelines in use throughout the world
These carry coal, iron ore, sulfur, potash, kaolin, phosphate, limestone,

and other materials. More information about many of the projects is

given in Table IV.6.3.
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SLURRY PIPELINE TRANSPORTATION COST -
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Table IV.6.3 Selected Commercial Slurry Pipelines

Length Pipe Size Capacity Operational

(miles) (in) (tons/yrx10%) (year)

Coal

Consolidation 108 10 1.3 1957

Black Mesa 273 18 4.8 1870

ETSI 1378 38 25.0 198~

Alton 180 24 10.0 198-
,Irbn Concentraté

Savage river 53 9 2.25 1967

_Waipipi (Iron Sands) 6 8 and 12 1.0 1971

Pena Colorado 28 8 1.8 1974

Las Truchas 17 10 1.5 1976

Sierra Grande 20 8 2.1 1978

Samarco . 253 20 12.0 1977
Copper Concentrate

Bougainville 17 6 1.0 1972

West Irian 69 4 0.3 1972

Pinto valley 11 4 0.4 1974
Limestone

Rugby 57 10 1.7 1964

Calaveras 17 7 1.5 1971
Phosphate Concentrate

Valip 80 8 2.0 1979

Source: World Bank staff.



- 117 -

v.7 Conveyors

In many ways conveyors are the best suited device to carry bulk
materials. Transfer equipment, required to load and discharge material
from the conveyor, is simple and inexpensive. Conveying systems usually
have the smallest requirements for internal storage of any transport
system. Environmental considerations are easily solved, as are require-
ments about protecting the cargo from the weather. Furthermore, for
distances less than five miles, conveyors also tend to be the cheapest
transportation mode for bulk materials. For distances over five miles,
trucks will have lower costs. Thus, most long distance conveyors are
less than five miles long and very few are longer than ten miles.

Besides the cost over vast distances, the most significant disad-
vantage of a conveying system compared to the use of trucks is that a
breakdown usually causes the entire operation to stop. Truck and rail
services often can continue to operate despite a breakdown, although
at reduced capacity. Shorter conveying svstems used in material stock-
yards usually have redundant capacity, but this is seldom available on
long distance conveyors.

In some situations the long distanée conveyor may be the best
transport option. This was the case in the Spanish Sahara, where a 62
mile long conveyor is used to move phosphate rock. This choice of trans-
port system was made in part because the terrain is difficult and

there is not enough water available to use the slurry approach.

Aerial Tramwavs

Aerial tramways consist of a loop of wire rope that is supported

by towers spaced about every 500 meters. The rope is moved by a motor

driven spool located at one end. Buckets are suspended from the cable
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and moved in the manner illustrated in Figure IV.8.1l. The buckets, which
carry the commodity, may each have a capacity of up to 150 tons. Cable
means are well-adapted to difficult terrain. For tramsporting small
quantities their capital cost is low and they are competitive with
conveyors when there is only a small amount of cargo, even on the

ground.

It is possible, although unusual, to mount one end of the tramwav
directly on the ship - this makes it necessary to assemble the device
each time a vessel is loaded. This was a common way to load lumber
schooners on the American Pacific Coast up to 1920. The tramway line
was attached to the mast and the logs were slid down the line to the
vessel.

Modern aerial tramways have either one cable or two. Cable ways
using the mono-cable principle, employ the same wire rope to support and
move the load (see Figure 1V.8.1). The mono~cable is the less expensive
arrangement because the tramway construction is simple. In the bi-
cable tramway the weight of the moving buckets is supported by a
stationary cable, while motive power for the buckets (mounted on wheels)
is supplied by a second cable. The bi-cable arrangement makes sense
because of the properties of wire rope. Rope, sufficiently flexible
to be used in continuous movement over sheaves, must have a hemp core
and is not as strong as solid steel wire rope that can be used where
continuous movement is not required. The bi-cable ropeway separates
the supporting and moving functions in a way appropriate to the types
of wire rope available.

Over level terrain tramways are less costly than conveyors when
less than 300 tons per hour is moved. It is approximately equal in

cost to move any amount between 300 and 400 tons per hour. On difficult




FIGURE IV.8.1
TWEC TYPES OF AERIAL TRAMWAYS

Arrangement of a Bicable Aerial Tramway

1 - Track Cables 6 - Driving Sheave

2 - Traction Cable 7 - Shunt Rails

3 - Tension Weight for 8 - Carriers
Track Cables 9 - Locking Frame

4 - Tension Weight for 10 = Unlocking of Carriers
Traction Cable

5 - Track Cable Anchors

Source: E. Frankel Article.

Arrangement of a Monocable Aerial Tramway

1 - Track/Yraction Cable
2 - Tension Counterweight 4 - Return Sheave
3 - Driving Sheave 5 - Carriers

Source; E. Frankel Article.
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terrain comparison is meaningless and the tramway may be the only
feasible way to move bulk cargo. Properly designed tramways, incidental-
ly, are very resistant to earthquakes, as much of the current technology
was developed for ship to ship transfer of goods when each vessel is
moving.

Tramways can have very low total horsepower requirements, as the
only energy losses in the system are from internal friction in the
wire ropes and wheel of the trolley buckets in the bi-cable system. The
_ total power consumed is a function of the change in the loading and
discharging elevation. Systems where the cargo is delivered at a
lower point than where it is loaded from are sometimes fitted with
generators to make use of the energy of the descending cargo.

Table IV.8.1 lists the estimated construction costs of a German
aerial tramway in 1982. For convenience these costs have also.been
converted into dollars. Table IV.8.2 provides further information

about some existing aerial tramways.

Iv.9 Modal Comparisons

In selecting'a'sui;able'bulk transport system, the choice is usuaiiy
restricteé’to some subset of the modes presented in this section. No
general rule clearly can exist that indicates the dominance of one
choice over others based on a few simple parameters. Each application
can have characteristics which rule out, or put at a special disadvantage,
certain systems., This section presents some comparisons that have been
carried out in specific cases. These can serve as a guide for making
comparisons among modes.

In many instances rail, truck, ropeway, and tramway are direct

competitors. Table IV.9.1 presents a comparison of alternatives
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Table IV.8.1 Investment and Operating Costsof a
Ropeway System

Characteristics
Length (Conveying distance), km : approx. 10
Drop in conveying direction, m : approx. 700
Material conveyed : limestone
Conveying performance, t/h : 300
System ¢ 2~cable continuous ropeway
Hauling rope speed, m/s : 4
Load capacity per ropeway car, t : 1,82
Interval between cars, s : approx, 22
Distance between cars, m 88
Drive rating : none
Brake power, kW 450
xDM 1,000 x$1,000
approx.
Investment cost
Machinery parts, steel
structures and electrical
equipment free to construction
site 9,500 3,808
Ropes, free to construction
site * 2,000 802
Installation 3,000 1,203
Construction work 2,500 1,002
Other expenses 500 200
17,500 7,016

Operating and transport costs
7% interest and invested capital 1,225 491
Amortization of system in 20 years,

excluding ropes (2,447 of

DM 15,500,000) 380 152
Amortization of the ropes in 5 vears
(17.4% of DM 2,000,000) 350 140

Personnel costs (two shifts day)
for a total of: ‘
1 foreman DM 65,000
1 specialist DM 45,000
6 trained workers 390 156
(+ 1 stand-by)
DM 280,000

Electricity costs not applicable,
since the system is generator
braked, feeding electricity into
the network

Maintenance, lubricants, etc. 135 62
Operating and transport costs

per vear 2,500 1,002
Operating and transport costs

per tonne DM 1,90 $ 0.76

Source: Process Economics Intermational, Vol III, Nos. 1&2 (1982)
(S1 = DM 2,4941, May 1983)



Table IV.8.2 Selected Examples of Long-Distance Aerial Ropeways

Capital cost

Capacity Total Per mile
Length (thousands of (millions (thousands Year
Country Commodity (miles) tons per hour) of dollars) of dollars) Type commissioned Remarks
Brazil Limegtone 18.5 100 0.75 40 Mono 1957 Portland
cement ,Belo
Horizonte
Gabon Manganese 47 150 8.0 170 Hono 1962 COMILOG, -
ore (now Moanda to
250 M*’binda
(Kinshasa)
Germany, Limestone 1.4 300 0.95 680 Bi 1971 Portland
Federal cement ,
Republic of Dotternhausen
India Sand 2.4 200 6 330 Mono 1965 Sand-storing
15.5 450 Bi plant, Jharia,
Bihar
India Sand 6.2 200 12 430 Mono 1967 Sand-storing
‘ 21.6 450 Bl plant, Jambad,
West Hengal
India Limestone 1.2 400 0.6 - 580 Bi 1971 United
Provinces
Cenent Works,
Marrapur
Sweden Ore 60 50 4.0 67 BL 1943 Kristenberg to
concentrate {(now 70) Boliden
Source:

The Application of Modern Transport Technology of Mineral Development in Developing Countries,

United Nationg, N,Y., 1976.

(AN
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TABLE IV.9.1 Relative Costs for Alternative Modes of

Mineral Transport Cver Short Distances

Parameter Conveyor Railwav Ropewav Truck
Relative Capital Cost a/ 1.00 1.30 0.81 0.97
Relative Operating Cost 1.00 1.26 2.29 2.16

a/  Annual throughput of 3 million tons.

Source: World Bank staff.

for the transport of bauxite. The table uses indices with 2 base of 1.0

for the conveyor option.

When the waterway option is available, this can be extremely competitive
with rail. The cost of waterway transportation may be about half of the
railway cost. For vessels of 9 feet draught the cost in 1976 was 1.75-7.0
mills per tom-mile for waterway transport (1 mill = 0.1 cents). This compares
with 5.8 mills per ton-mile for rail, and road haulage costs of 4.6 cents or
more per ton-mile. Again, within a given option (i.e., helt conveyors), many
configurations may be examined. Table IV.9.2 shows comparisons among belt
conveyor options. We note that these are financial costs, the actual economic

cost may be less depending on the effect of taxes and other factors.



TABLE IV.8.2 Putnam

Coal Mine: Alternative Belt Convevor

Svstems (1969)

Multiflight Single~flight Single~flight
conventional steel-cored cable belt
Item convevor convevor conveyor
Capacity (tons per hour) 200 200 200
Length (feet) 27% 500 27x 500 27x 500
Lift (feet) 130 130 130
Speed (feet per minute) 650 800 650
Width (inches) 42 36 42
Power required (hp) 2x 600 2x 400 1x 200
Number of transfer points Terminals Terminals Terminals
plus 5 only only
Reliability Ranking 2 3 1
Capital cost comparison
factor 1.15 1.35 1.00
Protected operating cost
Total per year {(dollars) 260,000 155,000 230,000
per ton (cents) 7.4 A 6.5

Source; World Bank staff.



V. TERMINAL SITING

V.1 Introduction

In this chapter choosing a port site from among several alternatives will

be discussed. In general the following factors are of importance:

a. Sufficient demand must exist to sustain the port's operation.

b. In order to attract sufficient demand, the port's natural conditions,
such as depth, should impose as few restrictions as possible on
prospective ships that would call on the port, and it should be easily
accessible from trade routes of interest.

¢. Over 55 percent of all port-related costs are the result of delays
in ships' turnaround. Therefore, efficient material handling equip-
ment is necessary for loading/unloading of ships and for transferring
cargo to storage or to the inland distribution network.

d. efficient inland distribution networks should be available to

minimize shipper's inland transportation costs.

Keeping the above factors in mind, a general methodology for bulk

terminal logistics can be developed.

V.2 Methodology for Terminal Siting

The steps involved in selecting a bulk terminal site may be structured as

follows:

Step 1 Description of the proposed bulk port projects. This will include
a statement of objectives describing the potential benefits
and beneficiaries and a description of the alternative port

configurations that should be considered.
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Step

1%

Step

Step 4

Forecast of bulk traffic flow. The result of this forecast will
be the basis for determining port capacity, bulk handling
equipment requirements, and the choice of the inland transportation

mode.

Assessment of costs and benefits. The cost items in a port

development can be categorized as follows:

(1) Port facility costs. Given the projected bulk handling
requirement, a simple queuing model analysis can
determine the number of berths needed to provide a satis=-
factory level of service to port users. The level of
service is measured according to the average waiting time
and the average number of ships waiting to be loaded or
unloaded.

(2 Material handling equipment cost. These costs are affected
by the type of bulk material to be transferred and also by
the layout of the port.

(3) 1Inland transportation costs

(4) Benefits. The benefits that can be readily recognized from
developing a port are savings in shipping costs due to the
economies of scale in vessel size, reduction in ships' wait-
ing éime, sévings in investment costs, etc. Other benefits,
such as regional development and improved competitiveness

in international markets, are less easily quantified.

Alternatives for timing of investments. In determining the port
capacity, one has to consider the possibility of later expansion
to accommodate demand growth. The objective will be to determine

a port expansion strategy which results in the minimum cost, while
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providing a desired level of service at all times. Possible
strategies are to build enough capacity initially so that no
further expansion is necessary over the planning horizon, or to

expand capacity as needed, or to build something in-between.

Economic feasibility analysis. Present value and internal

rate of return calculations can now be carried out. From the
present value analysis, one can choose the combination of a port
site and inland transportation alternative that gives the largest
net present value of total costs and benefits. Table V.2.1 pre-

sents a format for calculating present values.

Sensitivity analysis. After the best port site and the inland
transportation mode from that site have been selected in Step 5,

a sensitivity analysis is performed to understand how the

selected site and the inland transport mode will be affected

as traffic volume or capital investment costs change. For example,
if investment costs for road facilities increase proportionally
with traffic volume, the preferred inland transportation mode

may be rail, instead of road. It is useful to develop breakeven
distance/volume relationships among alternate inland transpor-

tation modes. Figure V.2.1 shows such a relationship.
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TABLE V.2.1 Present Value Analysis (Step 5)

v

Port Development
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v.3 Information Reguirements

The relevant data for terminal site seiection analysis can be summarized
as follows:

1. Characteristics of alternate terminal sites

2. Audit of current conditions

a. Identifying demand centers in a region that is to be served
by the bulk port.

b. Accurate amount of bulk trade (import and export) generated
by each demand center.

c. Inventory of available resources including (i) the existing
port, its facilities, and handling capacity, and (ii) the
existing inland transportation network.

3. Information for economic analysis

a. Inland transportation network distances from each alternate
terminal site to each demand center.

b. New investment costs for each alternate inland transportation
mode and its actual operating cost.

¢. Financial resources available

d. Revenue schedule

e, Appropriate rate of return

f. TForeign exchange earning

g. Construction period and economic life of the project, equipment,

etc.

V.4 Ranking Procedure

From the described general methodology for bulk terminal logistics, a site
can be chosen based on a pure cost/benefit analysis. But, as stated earlier,
Non-quantifiable factors also have important effects on terminal siting decisions
and, thus, they should be taken into account. The following procedure will
enable port planners to incorporate non-quantifiable factors into the terminal
siting decision.

First, a list of relevant non-quantifiable factors along with the

results of the economic analysis is developed. The relevant factors may
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include the following:

a, Availability of labor

b. 8Skill level of labor

c. Available financial resources

d. Port expandability

e. Existing infrastructure around prospective port site

f. Regional development considerations

g. Attractiveness of location to ship operators - a port's natural

conditions, such as depth and the accessibility of the port to
ship operators

h. Economic analysis result (NPV calculation)

i. Sensitivity analysis result

’Noteffhat,‘in performing the economic analysis, such factors
as sufficient demand availability, efficient material handling system,
transportation investment and operating costs have already been
accounted for.

The next step is to assign weights to each factor, which would
represent the relative importance of the factor with respect to others
in planning for port development. Each factor is then ranked on a scale
of 1 to 5 - 1 representing poor and 5 representing excellent - for each
alternate site. The total weighted score for each alternate site is
calculated by summing up the product of the assigned weight of each
factor and the given rank. The example in Table V. .1 illustrates the
procedure. From it one can see that, even though the alternate site A
has the highest advantage in terms of the economic analysis result,
alternate site C has the highest weighted score when all other factors
are considered.

One difficulty with this procedure is that human judgements are

required in assigning weights to each factor and ranking each alternative.
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Table V.5.1 Ranking Procedure Example

Rank Weighted Score

Alternatives Alternatives

Factors Weight A Bl C A B C
Labor availability 0.1 2 2 & 0.2 0.2 0.4
Labor skill 0.05 3 4 3 0.15 | 0.2 .15
Financial resource 0.2 é 2 3 5 0.4 0.6 1.0
Port expandability 0.05 4 3 3 0.2 0.15 0.15
Infrastructure 0.05 4 5 3 0.2 0.25 | 0.15
Regional development| 0.15 2 3 3 0.3 0.75 | 0.45
Attractiveness 0.15 4 2 4 0.6 0.3 0.6
Cost analvsis 0.2 5 4 3 1.0 0.8 0.6
Sensivity analysis 0.05 5 4 3 0.25 | 0.2 0.15
T 1.00 3.3 | 3.45 | 3.65

]

Rank Severe disadvantage
Mild disadvantage
Equal standing
Mild advantage

Great advantage

L I ]

Nevertheless, the procedure provides a means for taking non-quantifiable
factors into account in terminal siting decisions and through careful
analysis reasonable judgements can be made on weight assignments and

ranking alternatives.

V.5 Terminal Siting and Regional Development

In selecting the location.of a bulk terminal, .the costs,.

which include investment and operating casts for the..
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port and for inland distribution, were used as the main criteria. However,
appraising it from the national standpoint, balanced regional development of
the country is equally important. It would be in the national interest to
increase the income of depressed regions in order to decrease the differences
in incomes among regions. This is difficult to include in the economic
analysis presented earlier.

Per capita income of each region indicates the development status of
that region in relation to tohers. The effect of this project on per capita
income may be included within the ranking procedure described earlier if
regional development is one of the goals of port development.

The development of a port in a region can increase the income of that
region through new employment and development of infrastructure facilities.
Appendix A describes the regional development analysis performed by Paul E.
Smith of the University of Missouri. This methodology can be used to
calculate the equilibrium income in relation to other regions, given the
marginal and average propensity to spend, and the effect of new investment
in one region on its own income and on the income of other regions. In
Appendix B a number of computer-based techniques useful in port development

analysls are presented.
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VI. TERMINAL EQUIPMENT OPTIONS

VI.1 Introduction

The functions performed by bulk-handling equipment in a port can
be classified as loading and unloading ships, storing and reclaiming
material, transporting material, transferring material between equip-
ment, and, occasionally, cleaning and weighing the material. Except
for ship loaders and unloaders, most of the equipment available can be
used in other industries, such as the mining industry. The materials
handling equipment field is dynamic and offers a rich variety of equip~-
ment, which can only be summarized here in brief.

Table VI.1.1 lists the equipment available for port use for each
of the major materials handling functions. Much of this equipment is
produced in small numbers with a high unit cost for design and engineering.
If the available equipment designs are not satisfactory, it is common to
custom—design equipment to meet exacting specifications. While subsequent
sections of this paper describe general characteristics of the equipment,
there is a lot of variability in the precise dimensions available.

This is particularly true of the capacity of continuously acting
devices using conveyors, such as stackers and ship loaders. Often
capacity is poorly related to equipment size and weight. The physical
dimensions of the machines and the weight of the materials being trans-
ported by the equipment determine the machines' weight and cost.
Typically a machine's weight - and cost - varies with the square of its
size and the first power of the supported weights. With conveyor-type
equipment, it is possible to increase capacity without significantly
increasing either its size or weight. This can be done merely by

increasing the speed at which the convevor operates. It is, therefore,



Table VI.l.l General Equipment Uptions {or Bulk Purts

*Loading
Fixed loaders
Travelling loaders
Quadrant loaders
radial
linecar

*Unloading
Level luffing grab cranes
Trolley type grab cranes
Continuous unloadoers
Pneumatic unloaders
Ship mounted cquipment
grab
self discharging ships

*Storing/reclaiming
Piles
gravity reclainm
bucket wheel excavator reclaim
dragline reclaim
Silos and warehouscs

*Transporting
Mechanical
vehicles
trains
conveyors
chutes and elevators

*Transferring
Chutes
Hoppers
Gates
Feeders

*Cleaning <
*Weighing and grading

e R R b
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important to think about the equipment in terms of its physical size
rather than its rated capacity.

Equipment tends to be rated optimistically. Only a few types of
equipment can be selected on the basis of their rated capacity.
Determining when to ignore manufacturer's claims without being arbitrary
is difficult, as the capacity which can be achieved depends to a large
extent on how the equipment is used. Table VI.l.2 presents ship loading
and unloading equipment capabilities. Care must be administered in
applying these figures, as equipment vary as to the extent its
actual performance differs from the nominal rate. For example, the
average performance of continuous unloaders is closer to rated performance
than the average performance of grab unloaders. Hence, a continuous

unloader with the same rating is more productive than a grab unloader,

Table VI.1.2 Summary of Design Commodity Handling Rates (toms/hr)

Typical present Design handling

handling rate (s) rate
Commodity load unload load unload
Grain-small 400 300 700 400
-large 1200 1200 2000 2000
Ores:bauxite 3500 2000 5000 3000
Coal-small 300 200 500 400
~large 2000 2500 5000 4000
Fertilizer 1800 1900 2000 2000
Sugar 250-400 400

Source: Future requirements for mid-America Inland
rivers port system - A. T. Roselli, Mississippi Vallev
Coal Exporters Council, Few Crleans, 1982.

V1.2 Ship Loaders

Ship loading involves two steps - base loading and trimming. Base
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loading is the filling of the ship to the maximum extent possible with

the ship loader, and trimming is filling the remaining voids using
auxiliary equipment. Most trimming is required because a typical ship's
structure casts shadows., Often this prevents the ship loader from filling
all the spaces in the hold. When a ship loader is too small for a ship,
or it is otherwise geometrically incompatible with the ship, the ship may
require a lot of trimming before it can sail. Since trimming is expensive,
most of the design developments for ships and ship loaders have attempted
to eliminate the need for manual trimming. General cargo ships have been
the most troublesome, because portions of the cargo may require bagging
before they are manually stowed in the voids of the ship. Because the
trimming costs are high general-cargo ships are not, in most cases,
competitive in the bulk trades.

Ships must always be trimmed, as specified in their loading manuals,
to keep the cargo from shifting and damaging the ship. LASH ships are
particularly susceptible to this kind of damage, as the loading of bulk
into barges may not be supervised. Most bulk carrying ships no longer
are required to trim manually, because the shape of their holds ensure
that no voids remain when they are full.

All bulk loading (other than trimming) can be accomplished using
conveyors, which raise the material, and a ship loader, which lets the
material fall into specific areas of the hold. Using this two-step
process, high loading rates are possible. Current problems have to do
with the conveyvor's capacity to supply the ship loader.

Modern mechanical ship loaders fall into two categories, travelling
and quadrant. Travelling ship loaders are illustrated in Figures VI,2.1

and VI.2.3. Quadrant loaders are illustrated in Figures VI.2.2 and
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FIGURE VI.2.1 LAYOUT OF PIER FOR TRAVELLING SEIP LOADER
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Source: IHI Heavy Industries.

FIGURE VI.2,2 LAYOUT OF RADIAL SHIP LOADER INSTALLATION
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Source: IHI Heavy Industries.
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A third type of loader, the fixed loader, uses a spout or
chute for each hold. These work well and are common on the Great Lakes.
The dimensions of the shiﬁs there are standardized to fit under the
loaders; no such standardization exists for ocean-going ships generally.
The travelling loader moves on crane rails along a pier and, thus,
can access the ship's entire hold. The quadrant type loader moves in
an arc (see Figure VI.2.2) and, depending on the dimensions of the ship,
two loaders may be used to reduce the number of times the ship must be
moved during the leoading. Quadrant loaders are either of the radial
type, with a fixed pivot point, or of the linear type, with a movable
pivot point (see Figure VI.2.4).

Quadrant loaders were developed to be installed offshore, and
using them can reduce the amount of dredging and pile work that would
be required to comstruct the port facility. They are also inexpensive.
Their principal disadvantage is that they cannot be used to load all
bulk ships for the following reasons:

1. They sweep out an arc over the deck, which means that a geared
bulk carrier can be loaded only with much difficulty.

2. They have a fixed geometry, which means that problems may be
encountered with gearless ships having dimensions different
from those contemplated in the loader's design.

3. When they are installed offshore, they place the vessel in a
fixed orientation to sea and, in severe weather conditions,
the ship might have to leave the berth.

4, They are not able to trim the ship and can only partially load
the ship if trimming 1s required.

Quadrant loaders can be asszembled quickly at the site once their
foundations are in place with the help of a floating crane.
Travelling loaders are more expensive than quadrant loaders and

need a pier on which to mount the rails. However, they are more flexible
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FIGURE VI.2.,3 TRAVELLING SHIP LOADER
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in the type of ship they service and can often load geared ships, although
this cannot be guaranteed. Furthermore, they can be fitted to trim bulk
carriers mechanirally and this results in reduced loading costs. There
are two types of travelling ship loaders: luffing types and slewing types.
With a combination of revolving and longitudinal movement (see Figure
VI.2.3), a slewing loader can vary the transverse position of material

to be discharged. This arrangement can interfere with the loading of
geared bulk carriers, but another type of loader is available that can
vary the transverse position of cargo discharge by raising the loader's
boom.

A loading facility designer must decide to what extent the loading
facility should be required to move the ships during the loading. It is
relatively easy to move a ship at berth, using its mooring winches, and,
if the berth is properly designed, it should not take more than an hour
and a half for a move. Turning the ship around is another matter. The
ship must get underway, leave the berth and return. It requires the
use of the engine and tug assistance. This operation takes about four
hours.

Table VI.2.1 gives typical ship loader dimensions. The loader's
boom outreach determines the maximum size of a ship that can be loaded
without recirculation. The largest ship, however, that can be loaded is
larger than that given in the table, because the cargo can be moved in

the hold with bulldozers. -~
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Table VI.2.1 Dimensions of Ship Loaders

Travelling Quadrant

luffing slewing Radial
Qutreach from 30 35 45 55 70

reference (m)

Maximum ship size (dwt) 100,000 100,000 200,000 250,000 300,000
without cargo

recirculation
Outreach from 26 25 34 41.5 60
pier edge (m)
Quadrant radius (m) - -— - 50 60
Span of crane rails (m) 10 12 12 - -
Minigum pier
width (approx.) (m) 18 12 12 -- --
Speed data
crane movement m/sec 30 20 30 - --
boom shuttle sec 10 20 20 10 10
(in&out)
slew (rotate) sec - 15 20 7.5 9

Source: World Bank staff.

VI.3 Ship Unloaders

Ship unloaders are larger than ship loaders for the same load. The
unloader must access as much of the hold as possible to minimize cleaning
expenses. Cleaning (i.e., the removal of the final portions of the cargo)
is facilitated by bulldozers. These push cargo from areas that are in-
accessible to the unloader to areas which are accessible. The smaller
the unloader, in relation to the size of the ship, the greater is the
cleaning work required. Not all bulk vessels are intended for in-hold
bulldozer use, because the bulldozer blades can puncture bulkheads in
unsuitable vessels. Each ship should be verified for suitabilityv.

Ship unloaders use grabs, continuous bucket chains (or digging
wheels), or pneumatic means to lift the cargo out of the ship's hold.
Most ship unloaders are categorized as the grab or pneumatic type.

Figures VI.3.1 and VI.3.2 illustrate two types of ship unloaders-—-the



FICURE VI.3.1 LEVEL LUFFING SHIP UNLOADER
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FIGURE VI.3.2

GANTRY TROLLEY TYDE
SHIP UNLOADER

Source: iitsubishi Heavy Industries.
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level luffing type and the trolley type. Both these are non-
continuous unloaders. The continous unloader consists of a digging
device which feeds a bucket elevator. This bucket elevator, in turn,
raises the cargo to a discharge convevor. Sometimes a digging chain
(see Figure VI.3.3) or a digging wheel can be used instead of a bucket
elevator. A disadvantage of the continuous unloader is that it is im-
practical to change the digging device and bucket elevator to suit the
density of the cargo, and this unloader's production is reduced with
less dense cargoes.

Because all three of these unloaders have large overhanging weights,
which must be supported over the hold of the ship, their costs grow more
with the size of the ship to be handled than with the discharge rate.

As a result, the maximum ship size that can be handled is related to the
discharge rate; faster machines being geared to larger ships. Figure
VI.3.4 illustrates this relationship. It is possible, however, to unload
larger ships than those shown. One can move cargo in the hold with bull-
dozers or turn the ship around at berth. Table VI.3.1l gives typical
specifications for level luffing and trolley-type unloaders. Table VI,b3,2

gives specifications for the capacity of continuous ship unloaders.

VI.3.1 Portable Ports and Transshipment Terminals

In many situations site development costs for the use of land
mounted unloaders are high, or cargo can be directly transshipped to
barges or small ships. In situations such as this a ship unloader (or
combination ship loader/unloader) mounted on a catamaran barge can be
used instead of a shore port. Tigure VI.3.l.1 illustrates this device.

_Such devices are now in use on the lower Mississippi River, where they
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Source: Ship Design and Construction,

The Society ot Naval Architects and Marine
Engineers, New York. 1970.
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FIGURE VI1.3,4 MAXIMUM SHIP SIZE FOR UNLOADERS

200~

100~ -

0 ¥ H T 1
0 373 750 1125 1500
Nominal Capacity {(Tons/Hour)

4

i

grab type unloaders

¢

level 1luffing unloaders
Source: Mitsubishi Heavy Industries.
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Table VI.3.1 Typical Ship Unloader Dimensions and Rates

146 -

Grab trolley type

Level luffing

Capacity (t/hr) 500 640 1000 1500 2500 250 400 700
Hoisting load (toms) 16 20 30 40 42 5.3 10 25
Grab capacity (m3) 8.5 11 16 22 21 3.2 5 13
Lift above crane (m) 18 20 20 22 23 12.5 15 18
rail
Lift below crane 15 16 18 20 19 11.5 13 15
rail (m)
Qutreach from (m) 26 25 30 30 30 19.5 22.5 26.5
reference
Span of rails (m) 20 25 30 30 30 14 14 20
Speeds (m/min)
hoisting 90 100 100 110 140 100 100 100
lowering 100 120 120 140 140 100 110 110
& grabbing
luffing - -— - - —-— 80 80 100
trolley movement 160 160 180 210 190 -- - --
crane movement 20 20 20 20 20 20 20 20
Slewing (rad/min) - - - - - 1 1 .8

Source: Mitsubishi Heavy Industries




Table VI.3.2 Capacity of Continuous Ship Unloaders

Rated Capacity-Free Digging
Free Flowing Material-tons/hr

Tgol T TTTI200 1602 2002~ 2403 2803
Kg/m3 Kg/m3 Kg/m3 Kg/m3 Kg/m3 Kg /m3 Bucket
Bucket Line (50 {75 (100 (125 (150 (175 Unit
Diameter Speed C1b/fe3)  1b/fe3)  1b/fe3)  1b/€e3)  1b/Ee3d)  1b/fe3d) * Capacity
254 mm 183 mpm 159 239 318 397 476 556 MT 0.0082 m3
3.05 mps 175 263 350 438 525 613 ST
(10 in.) (600 fpm) 156 235 313 391 469 547 LT (0.29 £¢3)
381 mn 183 mpm 340 511 680 851 1021 1191 MT 0.030 m3
3.05 mps 375 563 750 938 1125 1313 ST
(15 in.) (600 fpm) 335 503 670 838 1005 1172 LT (1.05 ft3)
457 wm 183 mpn 499 748 998 1247 1497 1746 MT 0.052 m3
3.05 mps 550 825 1100 1375 1650 1925 ST
(18 in.) (600 fpm) 491 737 982 1228 1473 1719 LT (1.82 £t3)
610 mm 183 mpm 817 1225 1633 2041 2449 2858 MT 0.114 m3
3.05 mps 900 1350 1800 2250 2700 3150 ST
(24 in.) (600 fpm) 804 1205 1607 2009 2411 2813 LT (4.03 £t3)
762 mm 152 mpm 1179 1769 2359 2948 3538 4128 MT 0.248 m3
2.53 mps 1300 1950 2600 3250 3900 4550 ST
(30 in.) (500 fpm) 1161 1741 2321 2902 3482 4063 LT (8.75 ft3)
914 mm 146 mpm 1588 2381 3175 3969 4763 5557 MT 0.411 m3
2.43 mps 1750 2625 3500 4375 5250 6125 ST
(36 in.) (480 fpm) 1563 2344 3125 3906 4688 LT (14.5 ft3

*Mt, metric tons; ST, short tons;

Source:

World Bank staff,

LT, long tons.

5469

%1
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transship grain and coal from river barges to large bulk carriers for
export. Its specifications are shown in Table VI.3.3. Barge mounted units
cost between 8 and 13 million dollars (U.S.), depending on purchase
specification (American Chain and Hoist Mechanical Excavators Division).

In offshore discharge of grain to lighters, a similar device could
be mounted on a very large crude carrying tanker with the internal volume
of the ship serving as storage capacity for the discharge system. A varia-
tion would be to mount loading or discharge equipment on a newlv constructed
barge, allowing the entire ship handling facility to be constructed in a
shipyard and towed to the site.

This approach has many potential advantages. First, while the cost of
the barge, housing and power generation equipment mounted on the unit will be
more than the land mounted unit's cost at the factory, the cost delivered may
be less for the floating unit, because of cheaper shipping costs. Secondlvw,
less site preparation is required at the port. Thirdly, because of the over-
capacity in the shipbuilding industry, a very favorable price could be obtained.
Depending on the device's usefulness in other situations, it could also prove
possible to finance it through normal ship financing channels at subsidized

interest rates.

VI.3.2 Pneumatic Unloading Systems

Pneumatic unloading equipment is used to handle commodities with low
density, such as grain, which also have little adhesion and are granular or
powdery. These unloaders are continous and are made in sizes of up to 800
tons/hr. of grain with a single unit. As the commodity density increases,

pneumatic unloader capacity usually decreases.



Table VI.3.3 Specifications for a Barge Mounted Ship Unloader

Dimensions
Overall length : 240 feet
Overall width " 125 feet
Overall height above waterline 155 feet
Each catamaran barge " 25 feet wide
Lateral space between catamaran barge 75 feet
Front apron length from side of

catamaran barge . 100 feet
Clearances 65 feet under bucket

100 feet clear of catamaran barge

//

ViV \N\N/M/ VA

Performance Specifications

H01sting capacity 140,000 1bs. at 100 feet from side
of catamaran barge.

Hoisting speed

Traverse speed

Fore-to-aft-speed of HH50 along

220 feet per minute
" 550 feet per minute

ship __ 20 feet per minute
Theoretical cycle time barge to
hopper 38 scconds

Production capacity in excess of 3000 tons per hour
free digging,
Power: DC electric from shore power via submarine

cable, transformed to working voltages on board HH50

Front apron supports conveyors discharge gpout

and clam~shell bucket, Apron can be raised up to
75-degree elevation to clear ship superstructure.

Bischarge spout can be remotely positioned
anywhere along front apron and ir equippped with
dust suppression equipment.

Operator's cab swings for optimum view of barges
or ship holds, depending on mode of operation,
Machinery cab contains hoists and electrical
control panels,

Fully-enclosed dual conveyor belts. Erle Strayer

50 cubic-yard clamshell bucket.

Fully-enclosed dual vertical conveyor belts,
Blending hoppers, complete with dust suppression
equipment,

Collar frames stabilize catamaran barges. Center

portions of collar frames contain facilities for
crew lounge, control center, office, shop and

storage space. Covers provide weather protection

when unloading moisture-sensitive material.
Shallow-draft catamaran barges permit shoreside
as well as midstream operations Catamaran design
provides a protected ship for cargo barges.

Source: Amhoist

061
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Similarly, the output is a function of grain size. Pneumatic unloaders
are less expensive to procure than mechanical unloaders, but they require
substantially more power to operate per unit throughput. Pneumatic
unloaders {see Figure VI.3.2.1) have a vertical suction pipe with an
attached suction nozzle. This is lowered into the hold of the ship by

a level luffer or gantry crane, which also supports a horizontal suction
pipe. A blower is used to generate the vacuum using a venturi device.

The grain or other commodity discharged is sucked into a receiver tank
which usually has a dust collector mounted on it. Transport from the
unloader to a silo or loader can be by conveyor (as shown) or by pneumatic

pipe transport.

vI.4 Material Storage

It is necessary to determine the best way to store a commodity in
order to grade, blend, classify and protect it adequately. Material
that does not require protection from the environment can be simply
stored outside in a pile (or pond, if it is a slurry). Materials,
requiring protection, can be stored in bins, silos, or warehouses (i.e.,
covered piles). Covered facilities are also used for material with low
bulk densities that would, otherwise, blow away. While the materials
handling equipment available for warehouses resembles that available
for open piles, it may be less expensive to install equipment in a ware-
house, because the structure of the building can be used to support the
equipment.

Storage in a bulk handling system is either operational or reserve

storage. Operational storage may be either long~term buffer storage,
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FIGURE VI.3.2.1 TYPTICAL PNEUMATIC GRAIN DISCUARGE SYSTEM
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required because of delays between shipments or deliveries, or surge
storage, which is necessary to remove material and allow efficient equip-
ment operations. Surge storage is frequently required where continuous
devices, such as conveyors, operate with non-continuous devices, such as
rail car dumpers.

Live storage refers to the portion of the material that a materials
handling device can reach by itself. Dead storage is stored material that
cannot be reached and additional equipment, such as a bulldozer, is
needed to move it to a position where the materials handling device can
reach it. Depending on the probability of use, reserve storage can be

dead storage.

VI.4,2 Pile Storage

The configuration of pile storage depends on the equipment used
to stack (i.e., build the pile) and to reclaim the material. There are
six typical pile configurations and they are shown in Figure VI.4.2.1.
When material must be covered, ramped or radial piles should not be
used. These piles are expensive to build as thev require larger than
usual space in a building.

Every conventional method of stacking material involves conveyors
or clamshell grabs. The simplest stacker is an inclined belt. If the
frame supporting the inclined belt rotates, it is a radial stacker.
Radial stackers make crescent~shaped piles (see Figure VI.4.2.1).

Conveyors can be used to make wind row (i.e., straight) piles. 1In
such cases the conveyor is suspended over the pile and a "tripper"
distributes the material along the length of the pile or creates a

series of conical piles. A reversing shuttle (i.e., movable) conveyor



Figure VI.4.2.1

Typical Pile Configurations
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Open O ' . .
Covered C O oLC 0 0&C OLsC (0] Xo
Pile Height M 2.5 5 7.51 2.5 5.0 7.5 }12.5 5.0 7.5{2.5 5.0 7.5 |2.5 5.0 7.512.% 5.0 7.5
Base Width 2x 2x  2x
in M 6 12 18 6 12 18 6 12 18 |6 12 18 6 12 18 |11 22 33
Vaﬁuge in .
1074 0.85 0.53 0.85 0.3 0.53 0.851:9 3.9 5.8{3.5 7.0 10.5} 7 14 21 |15 30 46
Area Utilized % 65 65 65 75 75 75 90 90 90 (80 80 B8O 90 90 90 ({80 80 80
Mz/ton a 0.60 0.45 0.3 ]10.6 0,45 0.3 10.300.230.150.460.300.19 0.360.270.180.290.150.1

*100 1b/ft> or 1633 kg/m> materiai

Source:

Design Considerations for Storage & Reclaim Systems, H.

Colijn,

Bulk Materials Handling, Vol. 1, University of Pittsburgh, 1971
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can also be used to build two wind row stacks (see Figure VI.4.2.2):

Stacking with convevors makes it possible to blend materials, either
when the material is stored or when it is reclaimed. Blending on reclaim
is useful when blending proportions are not known in advance.

For large volumes fixed conveyor or radial stacker storage is
expensive, as the area stacked by one device is limited by the height of
material discharge, combined with the angle of repose of the material.
Overhead conveyors also have a disadvantage; they recuire a structure
over the entire length of the pile.

To Increase the area stacked per unit investment, the mobile stacker
was introduced. This machine mounts the stacking convevor on a boom
which can be rotated as well as elevated. The entire assembly is supported
by a chassis, which can either move on crawler treads or rails. This
device increases the area that can be stacked by allowing wider piles
to be comstructed on both sides of the machine. Since no above ground
support is required, the foundation for the rail mounted version is less
expensive. C(rawler mounted stackers require little, if any, site
preparation. Rail mounted stackers (see Figure VI.4.2.3) build wind
row stacks parallel to the tracks, while the crawler mounted stacker
can build virtually anyv size or shape pile.

Table VI.4.2.1 lists typical stacker dimensions. The boom structure
and the need to keep the stacker stable at its maximum outreach are the
most important contributors to cost. Therefofe, the cost of the stacker is
closely related to the square of the ocutreach. Increasing the belt speed
is the most common way of increasing a stacker's capacity and larger
capacity stackers, those having the same frame as smaller ones, do not

cost proportionately more. The foundation costs of the high and low
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FIGURE VI.4.2-2 STACKING AND BLENDING WITH CONVEYORS
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Source: Second Operating Handbook of Minerals Processing.
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FIGURE VI.4.2-3 TYPICAL RAIL MOUNTED STACKER
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Typical Stacker Dimensions

Crawler Mounted

Pile width (m)

Rated capacity (t/hr)
Stacker radius {(m)
Stacking belt (m)
Overall length (m)

Source:
Division

Rail Mounted

60
4,717
38-45
1,07-1.83
64

American Chain and Hoist Mechanical Excavator

Pile width (m) 30 40 45 50
Pile height{max) (m) 11.5 15 16 i6
Minimum capacity (t/hr) 1,500 3,300 3,300 9,000
Maximum capacity*(t/hr) 9,000 16,000 16,000 16,000
Stacker radius (m) 20 25 27.5 35
Stacker gauge 6 7 7 8
Speeds
travelling (m/min) 30 30 30 30
slewing (rps) .2 .15 .15 .2
derrick hoisting 5 5 4 4
(m/min)
Source: TIHI Heavy Industries

capacity stackers are also similar, because the weights are roughly the

same.

It is important to select the proper pile width for stackers, because

stockyard capacity can be increased by making piles wider and longer.

Fach alternative has a different cost.

The number of stackers one will

need is determined, principally, by each individual stacker's stacking

capacity (in toms/hours) and by the total amount of materials stored.
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Because stacking devices are becoming more complicated and expensive,
they must move larger volumes of material in order to be considered the
inexpensive alternative, Hence, the optimal stacker tvpe depends on the
total volume stored. Simple conveyor stackers are appropriate for small
scale storage and larger devices are more appropriate for larger scale
storage, as illustrated in Figure VI.4.2.4.

Reclaiming is the opposite of stacking. Table VI.4.2.2 lists the possible
ways to reclaim material. The simplest is the gravity reclaim method.

Table VI.4.2,2 Alternative Reciaim Systems
(Typical tons/hr rates)

Gravity systems

Tunnel~chute 100~-4,000
Tunnel—~tfeeder 1-3,000
Tunnel~-rotary plow 100-3,000
Earth moving equipment
Bulldozer 50-600
Wheeled scrapers 100-800
Front end loaders 50-600
Mechanical equipment ~
Clamshell~hopper~feeder 50-400
Dragline-hopper—feeder 100-500
Dragscraper~hopper~feeder 50-1,000
Shovel-hopper-feeder 100-700
Bridge crane—hopper-feeder 50~600
Bucket wheel excavator 300~16,000
Bucket wheel bridge type 300~4,000
reclaimer

Source: Design Considerations for Storage & Reclaim Systems, d.

Colijn, Bulk Materials Handling;fﬁﬁfgfmdf Eitfgg;fgh, 1976,

Using it, material falls under its own weight onto a conveyor
buried beneath the material.(see Figure VI.4.2.5). Gravity reclaim
systems are occasionally supplemented with rotary plow feeders, which

mechanically assist the flow of material onto the conveyor. Rotary
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FIGURE VI.4.2.4 ECONOMIC REGIONS O STOCKPILING SYSTEMS
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FIGURE VI.4.2.5 RADIAL STACKING AND RECLAINING
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plows are used most often when the material is sticky. The system can
be used to blend and recover materials from several pile configurations.

The gravity reclaimer has certain disadvantages. It leaves large
amounts of dead storage (i.e., material that can only be reclaimed with
the aid of a bulldozer). 1In fact, the gravity reclaimer cannot access
about half of the pile. In many cases, the material stocked in the dead
storage areas remains there indefinitely and is never used. This not
only increases the amount of storage space needed, but also increases
material inventory costs.

As material is stacked in a pile, it tends to stratify into layers
of differing bulk density. The larger particles tend to fall to the
bottom, while the finer ones stay close to the top. Thus, gravity stacked
piles have a particle size distribution similar to that shown in Figure
VI.4.2.6. Gravity reclaim systems tend to remove the fine material first
and the coarse material later.

The bucket wheel reclaimer reclaims material with a digging wheel.
A discharge conveyor removes the material from the machine. Bucket wheel
reclaimers have many advantages over gravity feed mehtods. First, they can
recover nearly all stacked material, thus eliminating the dead storage
problem. Secondly, the mechanical digging wheel makes it possible to
reclaim at a higher, more uniform speed; the gravity reclaimer's rate of
material flow depends on the height of the material over the reclaim chute.
Furthermore, they reduce the cost of the conveying system, because a single
discharge conveyor fed by a reclaimer can service an area that would require
many gravity feed tunnels. Table VI.4.2.3 gives typical dimensions of

reclaimers.



-~ 163 -

FIGURZ VI.4.2.6 SEGREGATION OF MATERIAL IN GRAVITY
STACKED PILE

Single Point
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Initial‘Loading
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Source: Design Considerations for Stacking and Reclaim

Systems, H. Coliin, Bulk Materials Handling, Universitv
of Pittsburgh, 1976. )
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Table VI.4.2.3 Typical Dimensions of Bucket Wheel Reclaimers

Crawler Mcunted

Theoretical capacity 2,500 4,403 5,504
{cubic meters/hour)

Rated capacity 1,146 1,911 1,675
(cubic meters/hour)

Rated capacity-iron ore 2,292 3,822 5,350
{tons/hour)

Rated capacity-coal 916 1,905 4,280
(tons/hour)

Digging wheel diameter (m) 5.5 6.7 7.6

Width discharge belt (m) 1.4 1.8 2.1

Machine length (m) 27 .4 32.0 32.0

Machine width (m) 7.2 7.4 8.2

Pile width unlimited unlimited unlimited

Source: American Chain and Hoist Mechnical
Excavators Division

Rail Mounted

Theoretical capacity 3,000 6,500 1,500 16,000
(tons/hour iron ore)

Theoretical capacity 1,500 3,250 5,730 6,000
(cubic meters/hour)

Rated capacity 690 1,495 2,645 3,680
(cubic meters/hour) A

Rated capacity 1,380 2,990 5,290 7,340
(tons/hour iron ore)

Rated capacity 522 1,196 2,116 2,994
(tons/hour coal)

Digging radius (m) 30~35 35-45 45-55 50=55

Span rails {(m) ) 6 7 8~10 10

Diameter digging wheel (m) 5 6 8 10

Speeds
Travelling (m/min) 30 30 30 30
Slewing (rad/min) .2 .2 .2 .2
Derrick hoisting (m/min) 5 5 4 4

Pile width (m) 30 35 45 50

Source: 1IHI Heavy Industries



Stacker/reclaimers (see Figure VI.4.2.7) are a modification of
bucket wheel reclaimers. They have a bi-directional belt that allows
the machine to stack as well as reclaim. The advantage of the stacker/
reclaimer is that one machine can perform two jobs, which reduces capital
costs. However, the machine cannot stack and reclaim at the same time, and
unless two units are installed, it cannot be used when simultaneous
stacking and reclaiming are required.

A variation of the bucket wheel stacker/reclaimer is the stak-rake
shown in Figure VI.4.2.8. Draglines are also availaSle for bulk reclaiming,
and one such installation is shown in Figure VI. 4;2.9.7 Draglines and stak rakes
are common in covered storage areas, where the amount of building requireﬁ
for multiple grades can be reduced by using sheet piles to separate grades
of material. The stak rake is sometimes installed in short silos, particu~

larly when used for storing coal.

VI1.4.3 Covered Storage

Covered storage for bulk material can either be in the form of
silos or warehouses. Table VI.4.3.1 compares some charateristics of
silos and warehouses. Silos are cylindrical buildings (see Figure VI.4.3.1).
The material is lowered through the roof with a conveyor or bucket elevator
and is stored in the building. The material is reclaimed with a gravity
feed tunnel from the bottom. Silos, in addition to sheltering the material,
increase the amount of live storage possible with gravity feed systems. How-
ever, the exact amount that will be accessible to the gravity feed tunnel
depends on the height of the sile. The cost of a silo also depends on its

height, diameter, and density of material stored in it (see Figure VI.4.3.2). The
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FIGURE VI.4.2 .7 TYPICAL STACKER/RECLAIMER
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Source: Drag seraper svstems for stockpiling and
reclaiming bulk materials, J. R, Dillon,
Bulk Materials Handling, University of Pittsburgh, 1976.

rIGURE VI.4.2-8 TYPICAL STACK - RAKE
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FIGURE VI.4.2.9 TRAVELLING SCRAPER BRIDGE
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material density is very important, as it determines the amount of

pressure on the silo.

Table VI.4.3.1 Comparison of Characteristics of Silos

and Warehouses

Silos Warehouses
Less land area Cheaper
High throughput Better environmental control
Less water damage Multi-purpose
Grading and classification Less ground pressure
easier
Better dust control Smaller earthquake risk

Less effected by equipment

hreak downs

Large amounts of light material, such as grain, can be stored in
simple silos. Since silos provide the largest amount of storage possible
per unit area, they are particularly popular where land costs are high.
Furthermore, silos do not "visually pollute’ an area the way an open
pile does. As a result, silos have been made for denser materials, for
coal in particular. These silos are not as tall and have larger dia-
meters than conventional silos, and they are fitted with an internal
scraper to move material from the gravity reclaim svstem's dead storage

areas (see Figure VI.4.3.3.).
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FIGURE VI.4.3.2 COMPARATIVE COSTS OF COVERED STORAGE
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FIGURE VI,4.3,3 COVERED STOCKPILE SCHEME

Source:
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VI.5 Cargo Movement and Transfer

Options available for transferring and moving cargo within a
terminal range from mechanical earth moving equipment to fixed con-
veying systems to aerial tramways. Most systems can elevate material
as well as move it. The air slide conveyor is an exception and only
allows material to move down it. Table VI.5.1 gives general options
available among materials transfer equipment together with some
qualitative evaluations of each.

Since most bulk terminals are not large enocugh to require material
to be moved more than 300 meters, conveyors are the most common equipment
installed in bulk terminals. Conveyors fit in well with much of the
other materials handling equipment installed. Their use also reduces
the need for surge storage capacity.

While technical earth moving equipment can be used for 'moving"
material, its most common function is in cleaming up and for transferring
materials stored in dead storage areas to live areas where they can be
handled by the fixed materials handling system. Bulldozers are alsoc an
important part of ship loading and discharging process, as thev are used
for cleaning the last portion of cargo during discharge and occasionally
they recirculate cargo during the loading of ships requiring larger
outreach than the outreach of the ship loader.

The most common equipment in a bulk terminal are bulldozers and
front end loaders. Bulldozers range in size from 30 to 400 horsepower.
Front end loaders are available in capacities between one~half and ten
cubic yards. The capacity of transfer equipment can be estimated using
Table VI.5.2. The table gives the cycle times of various machines as

a function of the distance that material is moved. The hourly capacity
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Table VI,5.1 Material Transfer Equipment Options

(#s indicate relative suitability)

B S T T T C P A C
U C R R R 0 I I H
L R U A A N P R U
L A C 1 M v E T
P K N E S E
D E W Y L L
0 R A 0 I 1
Z Y R N D
E E E
R
Length of haul
0~100 mtrs 1 1 1 1 1 1
100~-200 mtrs 2 1 3 1 1 2
200~400 mtrs 1 4 2 1 1
400-600 mtrs 2 3 1 1 1
600~1000 mtrs 3 1 1 1 1
1000-2000 ntrs 1 1 1 1
2000-4000 mtrs 1 3 1 1 1
4000-6000 mtrs 1 2 1 1 1
6000+ mtrs 2 1 1 1 1
Maximum adverse grade
+ 3% 1 1 1 1 1 1 1 - -
5% 1 1 1 2 1 1 1
10% 1 1 1 1 1 i
15% 1 1 1 1 i 1
207 1 1 1
20% i 4 1

Required flexibility under various operating conditions
Much 1 1 1
Little 1 1 1 1 1 1 1

Daily production rate

Low 1 1 1 1 1
Medium 3 1 2 1 1 1
High 1 1 1 1

Source: World Bank staff.
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Table VI.5.2 Cycle Times of Earth-Moving Vehicles

(in minutes)

Distance (m)

Vehicle 50 150 300 300 1000 2500 5000
Bull dozer-crawler 0.6 1.2 2.1
Bull dozer-wheeled 0.7 1.4 2.2
Scraper—crawler drawn 2.8 3.7 5.9
Scraper—-self-propelled 3.2 4.7 7.1

(Capacity/hour) = (payload) x 50/(cycle time)

Source: Mechanical Engineer's Handbook - Marks,
McGraw-Hill, New York, 1969.

can be based on either 30 or 60 minutes per operating hour, depending
on expectations for utilization. The cost of owning and running earth
moving equipment is between 2.5 and 3 times its cost up to 10,000 hours
of operation. Machinery normally in service (i.e., not standby or
emergency equipment) typically is used 2,000 hours per vyear.

Aerial tramways, while they possess many special attributes that
make them well-suited to service offshore berths, are not commonly in-
stalled. Thé principal reason for this is that, today, they are not
available with capacities high enough to enable them to handle the
periodically intense usage required of ship stevedoring. There seems
to be little reason, however, why larger capacity units cannot be designed.

Pipelines are used in bulk handling when the slurry system is used.

These are extensively digcussed in the section on inland transport.

e g o R A B 16
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vI.5.1 Convevors

Conveyors are the most common type of materials handling equipment
used in bulk ports. Conveyors can be designed to carry almost any type
of bulk material. Apart from cost considerations, their principal
drawback is that thevy generate dust at transfer points. However, the
convevor belt also wears at the point at which the material is loaded
onto the belt.

Conveyors can cover a distance in one span or in many sections.
Each section is called a flight. Each flight is slightly inclined and
the next conveyvor flight is lined up just below the end of the previous
one, so the material falls from one flight to another. This occurs
within a structure called a transfer tower. The equipment in the trans-
fer towers is generally sufficient to control pollution and eliminate
environmental difficulties. Figure VI.53.1.1 is a drawing of a tvypical
transfer tower.

Conveyors are available in a wide varietyv of styles, ranging from
pans mounted on a chain (called chain or aprorn conveyors: see Figure
VI.5.1.2) to the common belt conveyor, to screws mounted internally on
a pipe (called screw conveyors). Incidentally, the conveyor with the
lowest cost is the screw conveyor. However, this variety of conveyor
is not available in large enough frame sizes to be generally useful in
bulk terminals. Table VI.5.1.1 indicates preferred conveyor types.

Most bulk port installations use either apron or belt convevors.
They have similar installation and operating costs. However, belt con-
veyors are easler to maintain, because maintenance is limited to
occasionally repairing the belt and greasing and renewing the bearing
in the idlers. Chain conveyors, however, have many moving parts and

require more skilled maintenance. The different skills required to
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FIGURE VI.5,1,1 TYPICAL TRANSFER TOWER
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Source: Belt Convevor Transfer Points, Colijn and Conners
Bulk Materials Handling, Vol.2, p. 69.
University of Pittsburgh, 1973
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FIGURE VI.5.1.2 TYPICAL CONVEYOR INSTALLATIONS

Double-bveaded overlapping
flights apron conveyor

Leak~proof apron coanveyor.

Source: World Bank.



17

6

TABLE VI.5.1.1 Preferred Types of Convevors for Bulk Materials

Hetorial Ehysical Ar wt, vaiume feactinn on Feeferraed (itetearred Comment
Conditton Conveyel Canveyurs®|t levatared
ey} TRy
Actd phosphsle Sanp %) [ S T Kdhersg d.e b Sticey
Alua Geanular eli=nY Wntim A0 IANC sl ve o, b,¢.8 ')
Aluainus oclds Pulv, 1] gt Abrasive 2> %
Awnonium nitrste Pulv, b2 ) Bygruscoeple LI [ Eaploetire
Asmonive niirate Tlenp atre 1,000 Ldhirtes ¢, .5 Ssicky
Arsentc sslte Telw, HEH 1,609 Leavy c.e £.b Polevavus
Ashes dey Cranular jRITD ot} [Abrasles 4,! b Dusty
wet Sticky 4930 J20=A00 [Abresive £ b, Corrusive
Sune wwal Palv, $5~50 aAN-540 s,b,c,d,e Je,be
Bores Pulw, $0=-10 200~1,120]Abrastive a.b,c,d,¢ iz.b
Eran Cranulat 16~210 260=30 a,b.c.d,e jr, b Somecimea stichy
Brewvers grains, hut Cranular 3% [13Y] Corrosive c,.e, £.b
Cashon bisck {peilets) [Cranular 49 640 ., £ Yrarile
Cenent, dry Palvwe S0-118 1,660-1,793 0,c,d, e £.b Pacca
Clays Pule, 15«40 40960 Adhetes IS NN} £.0 Slugglish
Coal: anthrecite Luepy H0 54 )-8 a,b,c,e £.b
steam aires Ceanular bR D] 3950 a,b,c,d,e [2,b.¢
bituatnous, lusp [luacy $03-59 230~960 8., S
Bitusinous, alsck Geanular =50 8GO-959 s.b,c,d, e {g,0,¢
Chatk Pulv. 70-7% 1,120~1,200 8,b,z,d,8 [g.D,¢ Siuzsish
Coflec deans Granulat AO~e 3 $40~720 8,68 (38 4 fracile
Copre, greuad tslv, A0 $40 May be abrasive [a.D.c.e g.5 Seicky
Cork, ground Pulv. $~15 8G~240 a,b.e, 3,8 jg.> Sluggish
Corn, shelled Cranular AS 120 Abcaaive shell .28 z.b5.¢
Cottonaeed Sranuiar 35~ad 3860-640 (Sometines atlcky|a,b.c,d,¢ [£.b
Cullee Granular 80~103 |1 ,280«1,8u00 Abrasive a,b,e g.b Corrosive
Tinxseed Cranulaer 45 120 Shell abrasive |a,b,c.d,e jg.b.¢ Yree~tlowing
Flue dirt Puely. 100 1,500 Abrastive b.d,e,f £,
Fly ash, clesn Fulv, 35-43% $60~720 [Mild adresive a,b,e,d,8 [g,b,c Praa~flowing
Clase datch Geanular 80+ 1,280+ Abrasive a.b,e £,
lue Granular A% 720 a.b,8 £.5,¢ Xeep cool
Crapbite (flowr) Pulv. &0 640 Luebticent asde,d,e Ixd,e
Cravel Cranulsr 95=13%  11,520=2,160 Abcanive a,e,t £.5
Crpsva Pulv, 40 960 a,b.c,e ')
Hesvy ores Luapy 100+ 1,600+ a,b.f £.b ¥ay bo tough
Bog fusl Striagy 13-39 2460-430 (May jam 8,b,d,.e g
lead salce Puly. 60~1%Q $40=2,400 |3 lugxtieh a,b.c,. g,b Poisonous
Live, pehdle Granulax $5-83 830~1,280 a,b,c,8 g,b
Limestons dust fulw, $5-95 1,360=],%2C | Abrasive s,b,e F3
Malt - bry &% 120 May bs sticky o, b.e,d,0 12,0
Hanufactured producta Soxed f=200 16-3,200 a,4,9
Heychandise: Fackaged |Boxed 15 40 &.b,8,.1
Catesats |Hanging 5 &0 1.4
Mecallic dusts Pulv. 50-100 800~ , 6301 Abrasive a,b,c,d,2 |2,b Sometimes difficeit
Hics, pulvecized Pulv, 2030 320-480 [Free-flowing a,b,¢c,d,¢ jg,d,e Dusty
Holybdeaun conc’cs Pulv, 110 §,760 Abrsaive a,b,d4, b Sticky
Petroleum coka Luapy 42 870 Hild shraatve a,.bh,c,8 £,b
Puntice Fulr, [} 720 %ild abrasive s.b,c,d,e ix.b,c folisher
Quarts (ground) Pulv. 110 1,780 Very abravive a,b,c,4 g
Rubber scrap Striongy 50 800 Sluggish 8,5, £.> pfficult
Sslt: coatae Cranulac 50 200 Qvgroacopic a.,b,¢c,¢ R0 Corrosive LI wet
cake Pulv, 15-95 1,eN0=1 420 Flove (reely a,5,¢,d,8 gD
Send: dry Granuiar S0 110 [1,44N1,7¢0]Aotawtive s,.e,f 5%
danp Cranular 90=110  ]},4a0-1, 700 S0ichy a.n,f R.b
Savduse Cranvlar 15-20 2a0-320 s,bye,d,e [R,b,¢ B
Sevage sludge Pulv, o0 M0 Seicky if wet a,b,e, £ Abrasive
Stlics flovr Pulv, L] {1,280 Slugoten ot £ Abrasive
Soap Clakan Cranular 13«30 165120 |Fraxllse (- 3 Sticky i hot
Sods ash: ligit Pulv. 15-3% 4L0w550 [Flowa freely ab,c.de |£,c Caustlc -
feavy Pulv, 55-65 380=1 .70 [Flovs firely a,b.ec,d,e Ix,c Cauntie
Soytesn flour Puiv. 30 480 Stichy a,b,¢,a £, fxploanive dust
Starch Pulv, 52 §£0~6540 a,b,c,n K2 tzplosive duat
Sugart  Tew Cranuler Siehl BAQ-1,040|Stlcky a,b,c,8 €
vef{ined Cranular $2=59 BO=~8nd s.B,.c,e x Handle gantly
Sutfur Puly, 33 330 Lorrosive If wwtfa.b,c.¢ [ 3 Lxpicaton risk
Tsle Pulv, plogd ] B(D-360  (M1ld sdraaive s.bod, e k,D Adheces to wtsl
Tobscen stema Steingy 25 00 Slugeiah a.b,d,a | 4
Vhest Cranular 8 110 Yiae=flowing 8,0, 4,8 %.C Xeop clean
wood chips Cranular 18-20 293323 {May arch a,c,d,e £.8 Corroaive {1 wet
2ine oxtde Puly. 30-3% 129~%60  J™ay pack s,b,e.d.« {2 Awoid discalorattioe
Lise sulfate Pulv, 10 1,120 ;.‘ur pack a,b.e.d,e g

Steplonstion of Irtter avadols:

buckat, fwoverhesd straight power, j-nvarhwad power and [res.

Source:

World Bank.

aebett, Beflignt, cwantinuous llow, d—pnousatic, ¢-strev, {-—dreg

chata, g-belt and
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maintain each type of conveyor can be a major factor in determining
which convevor is used. Even though renewing a belt is a relatively
simple operation, it is not necessarily an inexpensive one, so it is
questionable whether belt conveyors are the least expensive type.

Belt convevors consist of a belt drive, tensioning unit, idlers =
which periodically support the belt, a tail loading section, and the
Belt itself. Tensioning of the belts is frequently done by a hanging
weight, but other means are available. One must clean the belt after
the material is discharged, as a portion of the material carried will
adhere to it. This cleaning is done with scraper cleaners mounted in
the drive unit. Conveyors can be portable. Those used in mines, for
example, are easily dismantled and reassembled at other sites.

The drive unit and end loading unit are the most expensive parts
of a conveyor. The unit cost of belt conveyors, therefore, falls as
conveyors become longer. Unit maintenance costs are also reduced
because in a long conveyor there is only one drive unit and one end
loading unit. However, repairing a damaged belt takes longer and is
more costly Because the belt is longer.

There are three types of belts:

1. Belts that have a tensioned carcass made of fabric covered
with rubber.

2. Belts that have wire ropes embedded in the edges of the belt.

3, Belts that have wire ropes in the edges, but are covered with
a built up rubber area (called flange belts).

It is difficult to determine the magnitude of total cost differences
between belt types without a detailed study.

The capacity of a conveyor system depends on the width and speed
of the belt, the density of the material and the shape of the pile of

materials and the angle of repose of the material. Table VI.5.1.2
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Table V1.5.1.2 Maximum Belt Speed: (ft/min) for Various Materials

Belt Belt speed Belt Capacity and horsepower
width normal max speed 50 pound/cu foot material
(inches) (fpm) (fpm) capacity hp/10 £t  hp/100 ft
(tons/hr) 1lift centers
14 200 360 100 16 0.17 0.22
200 32 0.34 0.44
300 48 0.52 0.66
18 250 350 100 27 0.29 0.35
250 67 0.71 0.88
350 95 1.00 1.21
24 300 400 100 49 0.51 0.51
300 147 1.53 1.52
400 196 2.04 2.02
36 400 600 100 115 1.22 0.80
400 460 4,87 3.18
600 690 7.30 4.76
48 400 600 100 220 2.33 1.97
400 880 9.35 6.07
600 1320 14.00 9.10
60 450 600 100 360 3.82 2.49
450 1620 17.2 11.20

600 2160 22.9 14.95

Belt Capacity in Tons/Hr

Belt Light Moderately Lump coal Heavy sharp
width free flowing free flowing coarse stone heavy ores
materials materials crushed ore lump coke

12-14 400 250 - -
16-18 500 300 250 -
20~24 600 400 350 250
30-36 750 500 400 300
42-60 850 550 450 350

Source: Chemical Engineering Handbook, Ed. R.H. Perry & C.H. Chilton,
McGraw Hill, New York, 19/3.
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gives a rough éstimate of the belt conveyor capacities. Differences
in the shape of piles on the belt are not considered, and this must be
checked in specific applications. 1t is common practice to design
conveyors with 115 percent capacity of their rated or peak capacity,
whichever is lighter. The peak capacity must be calculated considering
periods that the conveyor is not running (e.g., when a ship loader is
being moved to another hold).

Conveyor systems are sometimes mounted on crawlers and are used
to extend operational areas of crawler mounted stackers and reclaimers

(see Figure VI.5.1.3).

VI.5.2 Airslide Convevors

Airslide conveyors combine translational movement with the
controlled falling of the material. The conveyor itself is a box
divided into two sections separated by a membrane permeable to air,
but not the material being carried. The material is put into the
upper chamber and compressed air is put in the lo§er chamber. The air
passes through the membrane and partially supports the material. The
device is installed on an incline and the material slides down. The
alr 1s used to reduce the angle of incline which increases the
distance the material is moved with each increment of height, Other
than those in the air compressor, airslide conveyors have no moving

parts. Table VI.5.2.1 1lists commodities which have been handled with

Table VI.5.2.1 Typical Materials Moved by Air Float Convevors

Alumina Plaster

Bauxite Lime hydrate
Bentonite clay Limestone

Cement Magnesium oxide
Flour Phosphare rock dust
Gypsum Talc

Kaolin clay Soda ash




FIGURE VI.5.1.3 CRAWLER MOUNTED CONVEYOR
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airslide conveyors. Figure VI.5.2.1 gives design and construction
details of airslide conveyors and the diagram shows their use in a

ship loading installation.

vI.5.3 Bucket Elevators

Material toc be elevated can be easily processed with an inclined
conveyor. However, such an approach requires a long convevor and
the space required to elevate material can be reduced by using a bucket
elevator. Figure VI.5.3.1 1is a typical bucket elevator. There are two
kinds of bucket elevators: those that can be mounted on a rubber belt
and those that can be attached to a chain. Continuous ship unloaders
usually have bucket elevators and are frequently installed in grain
terminals. Their capacity is the product of the bucket size times the
filling efficiency times the number of bucket passes per hour. Table
VI.3.2 in the section on ship unloaders provides this information in

tabular form.

VI.6 Ancillary Equipment

Bulk ports require many special purpose devices to perform
particular functions required by each commodity. Grain, for example,
requires, provision, for medium~term storage, of fumigation eauinment
to kill insects. A common ancillary function required is weighing and
sampling. There are many systems available to do this, but the simplest
and most reliable is to mount a hopper on a scale and record its weight
each time it is filled. Continuous weighing systems to measure the
output of conveying systems are algo available. When truck and rail

cars are used, the quantity moved can be determined by weighing the
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FIGURE VI.5.2 .1 AIR SLIDE CONVZYOR DESIGN INFORMATION

Material flow through enclosed

conveyor
D
Conveyar Dimensions {id] Capacity
Size (in) A ] c *] (#2* it}
8 3 w1z e /8 1,200
8 10-3/4 432 B1/a 7178 1,800
0 10-3/4 T e *1/8 3,000
2 12.314 w2 Bk 11178 4.500
4 12-3/4 RS 13978 6.500 c
16 14.314 4112 101/4 15178 10,000
) T6-3/4 iz 1014 17.1/8 14,500 R
20 16-3/4 4-1/2 12-1/4 19-1/8 20.000 H F
24 72 83/4  161/4 73178 78.000 B B

Air float conveyor sizes
and capacities.

24"x85 ft. long boom
Air Float Conveyor

(750 tons/hr) 12"'x80 ft. long boom

type Air Float Conveyor

Belt conveyor (100 tons/hr)

8"x700 ft. long Open
pe Air Float Conveyor

1\ -

Xz =\ 24x40 foot-long
‘-1 » i
2) Telescoping Enclosed Type Air

Loading Spout§ Float Conveyors
Ship loading installation (Harvey Aluminum, St. Croix, Virgin Islands.
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FIGURE VI.5.3.1 BUCKET ELEVATORS
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Bucket-elevator tvpes and bucket details. (u} Centnifugal discharge, spaced buckens, (b Positive discharge. spaced buckets

! Contimous bucket. (d) Supercspacity continuoan hucket, (2 Spaced buckets recerve part of load diredt and part In seoopiag

from bottom. (f° Continuous: Buckets are flled as they pas through loeding leg, with feed spout alune tard wheet 2 Continuous.

Buckets in bottomlens hoot, with cleanout door. (A1 Malleabshe-iron spaced buckets for centnfugat discharge. it Steel buckets tor
bucket elev. (Stephens-Adumeon Mfg Co.)

Source: Chemical Engineerin Handbook?'E.D. R.H. Perry &
C.H. Chilton, McGraw Hill, New York, 1973,
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truck or rail car before and after loading or discharging. The weight
of material loaded on a ship can also be determined to within 150 to
400 tons by using the vessel's draft marks as a basis for calculation.
Rail car loading and unloading is a common but important

ancillary function in bulk handling. Rail car loading is easily
accomplished by using conveyors to elevate the material and allowing

it to fall into the car. This can be done using an intermediate

hopper to allow weighing and to ensure uniform car loading. Figures

VI.6.1 and VI.6.2 show two rail car loaders; Figure VI.6.3 shows a

railcar unloader.

Unloading of trains can be accomplished in three ways. Hopper
cars can be turned over in a rotary car dumper depositing its contents
in a bin below. Car dumpers are also available to unload box cars
carrying grain. Bottom dump hopper cars can be moved over a reclaim
pit and their doors opened to allow the cargo to fall onto the reclaim
conveyor below. Finally side dump cars can be used. Side dump rail
cars cost about twice as much as bottom dump cars and thelr use is justi-

fied only for smaller volumes.

Table VI.6.1 describes typical hopper and gondola car unloading
equipment. TFigure VI.6.4 shows the general regions of economic
application of the different modes of rail car unloading. This

information is situation dependent and is for guidance only.



FIGURE VTI.6.1.
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FIGURE VI.6.2 RAIL CAR LOADER
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FIGURE VI.6.3 RAIL CAR UNLOADER
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Table VIi.6.1 Comparison of Rail Car Unloading Equipment

Design
Capacity
System Rail Car Cycle time Manpower (tons/hr) Comments
Standard Random 3 min 4 2000 1
Rotary dumper Lengthsé&sizes train 3
dumper 1
Unit train Rotary coupler 2.5 min 3 2400 1
Rotary dumper equipped cars train 2
dumper 1
Unit train Rotary coupler 110 sec 2 3200 2
Rotary dumper equipped cars dumper 2
Car positioner
Under track Random hopper 5 min 6 1200 3
Hopper with cars openingé&
car shaker closing
doors 4
train 2
Under track Mechanical cars 2 min 3 3000 4
Hopper plug in air or handling
electric air or el |
(self clearing) train 2
Under track Automated cars 30 sec 1 up to 3
Hopper {self clearing) or less observer 6000
Trestle Automated cars 30 sec 1 unlimited 6
(self clearing) or less observer
Comments:
1. Plant locomotive required as road locomotive and crew not

available. Time includes switching to break into groups of 20
cars or less.

2. Road locomotives stay with train and crew rides through dumper.

3. Capacity assumes 100 ton cars. Plant locomotive required. Time
includes switching to break train into groups of 20 cars or less.

4, If road locomotive can be used with radio control of starting and
stopping crew can be reduced by one man.

5. Train in motion at speed dependent on takeaway capacity of under
track hopper. Railroad locomotives and crew utilized.

6. The train is in motion at speeds of about 3-5 miles per hour.
Railroad locomotives and crew used.

Source: World Bank.
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RAIL CAR ECONOMIC ZONES

100
— Bottom Dump or
Rotary
80 [~Unfavoyable Rotary Dump
60
Use Other
Configuration
40
Unfavorable
Bottom Dump Zone
20
0 50 100 200 300 200
TYPE CAPACITY CR | RANGE AND NOMINAL COST
MATERIAL NO. OF CARS AR DIAVD
ROTARY DUMP | Single car |75 miles $15,000
— 5000 tph and up $500,000
g Fines to 50-100 cars
run-of-mine
SIDE DUMP About 40 up to 20 $27,000
cars maximm|miles $0
Fines to 15-40 cars
run-of-mine
BOTTOM DUMP | To 24,000 20-350 miles (518,000
toh 35-100 cars $300,000
== Sized
_é_lllé‘_ free flow
oY —tOT O

Source:

D
saustems, . Colijn. Bulk WMaterials Hanlding, Vol. 1,
page 360, Univeristy of Pittsburgh, 1971,
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VII. TERMINAL DESIGN AND LAYOUT

¥11.1 General Design Considerations

There are a number of steps to follow when designing and constructing
a bulk port facility. The initial steps are general and emphasize
generating and evaluating alternatives. As the project progresses,
alternatives are eliminated and the remaining ones are examined both
technically and financially wuntil, at the contracting stage, only
one remains. After this commitment to one design is made, the
engineering emphasis shifts to detailed construction planning.

One way to comprehend this process is to imagine it as a spiral
with engineering work converging on the design as built by successive
stages of refinement. This is illustrated in Figure VII.1l.1l. In the
conceptual phase, the goal is to develop as many alternatives as possible
to ensure that no feasible solutions are overlooked. These alternatives
will be evaluated in successive phases. The conceptual stage requires
a great deal of field experience and employs qualitative concepts. Ideas
are evaluated and screened qualitatively without having to resort to
quantitative analysis.

In the preliminary design phase, roﬁgh requirements for land areas,
machinery types and capacities, preliminary costs and revenue estimates
are made. As the design becomes more detailed with more parameters
quantified, preliminarv designs can be screened by using quantitative
methods. However, because alternatives are still numerous, these
methods are geared to a small computational investment per alternative
and to the evaluation of any changes in major design parameters, such
as the number of berths. Experience indicates that queueing theory

fulfills many of the requirements for this stage of evaluation.
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FIGURE VII.1.1 DESIGN PROCESS FOR A BULK

HANDLING FACILITY
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(many)

Preliminary Desifgn 300-man-davs
(few)

Contract Design 5,000-man~-days
(very few-1 or 2)

Detail Design 60, 000-man-davs
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In preparing the contract design (i.e., the design used to prepare
documentation for bidding), the goal is to develop a complete description
of what is to be done and to provide information about the site and
other factors that will allow cost estimates and construction schedules
to be made by the bidding contractors and by the future owner of the
port. More than one contract design can be prepared if the results of
the preliminary design do not indicate a clear superiority of one concept.
Actual bids are required to determine the proper course of action.

Following the bids and the award of the contracts, construction plans
are made which tell individual workers and sub-contractors what to do
and to order materials and services.

The conceptual design phase is the most important, as it determines
the principal design parameters that will govern the completion of the
entire project. It is also the time when the interactions between the
project and the country's economy, commerce and infrastructure are most
easily examined. Proper development of the conceptual design phase can
reduce the cost of subsequent engineering steps. Often, through the
detection of fatal flaws, many alternatives can be eliminated.

The principal areas covered in the conceptual design phase afe the
development of logistics processes that will be used and the harbor
geometry each one will subsequently require. In many cases, the required
geometry of the harbor (especially dredging and fill requirements) has a
major impact in ranking the desirability of a design concept. Figure
VI1.1.2 gives some quantitative features that are considered in conceptual
equipment selection. Several of these features, such as foundation
requirements and cost, are susceptible to analyvsis in more detailed

design stages. Others, such as resistance to earthquakes, are unlikely
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to be considered further unless special reasons for concern emerge.

The requirements placed on soils to support equipment and storage
piles is easily delayed until later in the project. As a result,
difficult engineering problems can arise when all candidate solutions
turn out to have unacceptably high site preparation costs. Initially
the evaluation of soils information can only be done in a gross fashion
as good test information may not be available.

At the conceptual stage, the major properties of the bulk material
that must be considered are density, requirements to protect it from
the elements and hazards that it may present. Many kinds of materials
handling equipment, although rated in tons, actually move volumes and,
varying the density of the commodity, also varies the capacity of the
equipment. This is particularly true of equipment designed around
buckets and grabs.

Differences between the average and maximum shipment rate must be
accommodated by buffer storage within the system (sometimes called surge
storage). ''Surges'" can be of short duration, as when a grab unloader
discharges to a conveyor, requiring a hopper to provide intermediate
surge capacity. They can also be of long duration, as when ships arrive
infrequently, requiring a pile the size of the ship's cargo as surge
storage,

It is important that the requirements for surge storage within the
system be fully assessed. Otherwise the installed equipment will never
be able to operate at its rated capacity for sufficient periods of time
to achieve designed performance.

Figure VIT.1.2 indicates a general program for the organization of
the work in each stage of the design process. The advantage of this type

of approach is that the initial preliminary design phase forces attention
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on areas where additional engineering and test information are required
and on areas where existing information is sufficient and additional
work is not required. The characteristics of this approach are as
follows:
1. The design of the port is in levels, each subsequently more
detailed. The level of detail of information in each area
is Balanced and to the same level.

2. Details are postponed to final stages.

3. Formalization of project status is required at the end of
each stage.

4, The project is successively refined and formalized as the
design progresses until easilv translated into detailed
design, construction plans and designs.

The above approach assumes that the goal of the port project is
clear at the start and can be used to provide objectives and evaluation
criteria at each stage of the design, Experience demonstrates that,
from time to time, the true goals of projects are not sufficiently well~
defined to provide good guidance for engineers. For example, the goal
of some design projects is rto demonstate that a project is not feasible
or that actual alternatives zre constrained politically. It is good to
posit the goals of the project early in its development and to illustrate
periodically the result that such goals have on the decisions made
during the design. This permits non-technical personnel to see the
guidance that the goals are providing.

An important general point is that the above procedure is not the
only one possible for the management of port design projects. Another
common, potentially successful approach is called the "systems" or
"black box" approach. Here the port design project is broken down into
functional areas and each is assigned to a different party to design.
Detailed design specifications are worked out to ensure that the pieces

operate together smoothly. This approach is required if any area of



the port design is to be approached as a sub-contract. The problem
with this approach is that the details of the individual areas may
become firm before many of the details of the interface requirements.
This can be especially true if one design group proceeds at a more rapid
pace than the others. In this case, an entire area of the design can be
completed with little input about the details of other areas. Hence,
the efficient use of this method requires careful study of the inter-
action between the sub-systems of the project in order to ensure that
they are well-understood. This approach can be used successfully to
manage large projects and is common in the defense and aero-space
industries.

A few other approaches to port design are possible. One might be
called the linear approach. This consists of doing '"first-things-first."
The definition of the "first thing" may either be derived functionally
from the cargo handling process being used or it may be the construction
activity with the longest lead time. After the first item is designed,
the remainder are approached in the order established by the selection

"simple"

of the first. This is a common wav to approach the design of
systems. One result of this approach is that only a single alternative
for the port configuration is, in fact, developed and this as a series
of pieces instead of as a complete package. Additionally, specific
decisions are made about system configuration with little assurance that
they are appropriate to the problem at hand.

Often it is not one's intention to approach problems in this
manner. This method, however, frequently emerges when large projects
are undertaken on a crash schedule. Since the engineering for a large

port will require at least two years, the temptation {(or necessity)

arises to design long lead time items (such as breakwaters) early in



ﬁhe project so that their construction can proceed simultaneously

with the design of the remaining areas of the port. While occasionally
unavoidable, such a method should only be adopted with a defined purpose
in mind and an understanding of the risks involved. Sometimes the risk

can be reduced by delaying, slightly, the detailed design of the long

lead time civil works until additional preliminarv engineerine car he

performed in other areas.

A fourth method of managing a design effort is to formulate design
goals, create a single preliminary design and then refine it. This
reduces the number of seriously considered alternatives to a single
alternative and works well only in straightforward situations.
Engineering is also likely to take longer. This is primarilv because
the "refinements" may, in fact, be other alternatives which are being
evaluated at a level of detail greater than that which is required in

a demonstration of their feasibility and cost.

vVii.z2 Mathematical Tools

A variety of mathematical tools are avallable to assist in the
design and evaluation of port facilities. Generally technical approaches
can be described as predictive or optimizing. Predictive techniques
estimate the results of selecting various design parameters, while
optimizing provides suggestions for their selection. Predictive
techniques can be used as part of an optimization procedure when
coupled with parametric variation techniques.

Different techniques are used to examine different facets of the
problem. These can lead to different conclusions, in part, because thav
are based on different assumptions or solution methods. Hence, even

the best thought-out technique can only be a guide. Often the cost
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of machinery is established by purely commercial considerations, such
as order cancellations, and may affect decisions in a manner which is
difficult to model with mathematics.

Table VII.2.1 lists commonly used methods and their general areas

Table VII.2,1 Various Terminal Design Methods and Their Applicable Areas

Predict Number of Type of Capacity Operational Inventory  Area Lavout and
or Machines Machinery of Storage Storage Required Arrangement

Method Optimize Machinery Capacity Capacity

Queueing Theory P Yes No Yes Yes No Yo NO
Plow Networks )4 Yes No Yes Yes No No No
Simulation Both Yes Yes Yes Yes Yes No No
Rule of Thumb P Some No Yes Yes Yes Yes No
Inventory Theory Opt No No Some No Yes No No
Search Technique Opt Tes Yes Yes Yes Yes Yes No
Pert Both Yes No Yes Ho No No No
Project Parameters Yes Yes Yes Yes Yes Yes Yes
Craft No No No No No No Yes

of applicability. Table VII.2.2 gives some of the advantages and dis-
advantages of each method. A "disadvantage" of many alternatives is
given as requiring a computer. Most personal computers which are
available today are sufficiently powerful for use with these methodologies:;
the disadvantaée is not that the hardware is required, but that good
arrangements to provide the software and programming required are
frequently not made. Instead, most good engineering time is spent
writing programs rather than studying the real problems involved.
Sometimes this is the brightest talent in the design effort; with

little difficulty the computer can restrain rather than enhance the
design project. If the programs required exist or are developed in

a manner that indicates planning, then, of course, the computer approach
can add tremendously to the ability of the design team to consider

different alternatives and approaches.

Rules of Thumb

Rules of thumb are common in engineering. In the design of virtually



- 200 -

Table VII.2.2 Mathematical Models Available for Preliminary Design

Rule of thumb
Advantages
*Quick
*Solution likely to be feasible
*Easy to justify
*Coordination of different

groups easier

Queueing Theory
Advantages
*Simple
*Easy Computation
*Easy parametric variation
*Easy to explain and visualize

I'low networks~GERT-Q/GERT~V/GERT
Advantages
*Complicated systems easy
to model
*Easy parametric evaluation
*Hand solution possible (GERT)

*Applicable to continuous systems

Simulation
Advantages
*Easy to explain and understand
*Most features of system can be
modeled to detail required

*Easy parametric evaluation

Inventory Theory

Advantages

*Stresses value of items

*Stresses operational proce-
dures as effecting facility
design

*3imple

*Forces thought about frequently
ignored issues

Layout algorithms—CRAFT
Advantages
*Considers many alternative
*Forces selection of objective
evaluation criteria

Disadvantages

*Requires very experlenced
personnel

*System likely to be over de-
signed and expensiye

*Possibility (remote) that
system under-designed and
won't work

Disadvantages

*Limited set of solutions

*Restrictive sometimes unre-
alistic assumptions

*Limited applicability to
continuous systems

*Complicated systems must be
separated into components
losing some of the syste-
matic interaction

Digadvantages
*Complicated systems require
computer to solve
*Large data analysis require-
ments

Disadvantages

*Requires Computer

*Large fraction of effort de-~
voted to making computer
work less to studying the
problem

*Random variable in answer
(results frequently not
repeatable)

Disadvantages
*Parameter Estimation difficule.
*Answer very sensitive to
parameter estimates

*Useful at beginning stages

*Personnel unwilling to make
value judgements required
in particular about cost
and acceptable probability
of stockouts

Disadvantages
*Considers few factors
*Simple relations between factors
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anything they play a major role. A rule of thumb is simply a standard
practice whereby previously successful experiences are codified.

Since it is impossible to engineer everything fully, they save considerable
time and discussion. Usually they provide conservative solutions

which, in practice, prove satisfactory. They provide quick answers and
allow personnel to concentrate on the matters which are of real

importance to the design. Another advantage to rules of thumb and
standard practice is that difficult value judgements are sometimes

avoided by resorting to them. Table VII.2.3 offers a few rules of

thumb that are of some use in port planning.

Table VII.2.3 Generally Accepted Rules of Thumb about Port Design

N SUOND S O

*Average capacity of discontinuous machines is about 6C¥% of their

maximum performance

*Design capacity of conveyors serving discontinuous machines should
equal their maximum performance

*The rated capacity of a conveyor should be 115% of the required
maximum performance

Storage Capacity

l. Ship loading and unloading 1.5 to 2.5 times maximum size of
) vessel expected

2. Train loading and unloading 1.5 to 2 times maximum size of
train

3. Barge loading 2 to 3 operating shifts

4. Truck loading Variable-try one day’'s throughput

5. OQverland conveyor 1.5 to 2 days supply at delivery
end

6. Steel plant 1.5 to 2 month's supply

7. Coke plant 1 to 2 months supply

8. Power plant 2 to 3 months supply

9. Cement plant 1.5 to 2 months supply

They should be used, however, under the presumption that they contain
no factual input from the system which is being designed. Consider the

common rule of thumb, for instance, that a power plant stack should be provided
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initially with a two month supply of coal kept throughout its life
for emergency purposes. First, this cannot be universally true of
all power plants, as some are fitted to burn alternate fuels or are
connected to power grids of such magnitude that temporary loss of the
plant costs less than the holding cost of the coal. Second, the
recommendation is made in ignorance of the price of coal and surely the
correct choice must depend in some way on the value of coal. Third, it
assumes that the problem causing the interruption in the supplv of
coal will be solved in two months and will not always be solved in a
shorter period. 1In considering this situation, it must be noted that
about ten percent of the cost of the power plant is the coal which is
kept only for emergencies. This rule assumes, finally, that the accept-
able risk of having a power plant, either one without fuel or one operating
for extended periods at part lcad, is the same in situations throughout
the world. Few people would be willing to address explicitly the
acceptable level of risk of having a power plant without fuel; this,
for fear that, no matter how unlikely it may seem, the situation could
occur. The rule of thumb frees people from blame through the substitution
of standard practice for judgement,

When using rules of thumb a good practice is to evaluate system
performance by a more sophisticated means; this is to ensure that reasons

for deviation from standard practice do not exist.

Queueing Theory

Queueing theory is the mathematical study of waiting lines (or
queues). Generally it is most useful when attempting to determine
the congestion that results from various levels of system use as a

function of the capacity of the equipment installed. With skillful
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application it can also solve a variety of other problems. In port
design it has almost universal application. The main advantage of
queueing theory is that it offers solutions to complicated oroblems
quickly and easily. Also it permits the expeditious evaluation

of different design options. Users of the theory usually have little
difficulty understanding the symbols in the formulas and, in conse-
quence, which queueing systems are avplicahle to the svstem, Tn other
words, it can be used by rote.

Solutions to unusual queueing problems are difficult to achieve. Unless
an appropriate queueing model can be found in the literature, it can he
safely assumed that no solution is available wusing this simple approach.
As a result, other approaches, such as simulation, must be tried.
Appendix C gives the solutions to some common queueing svstems which
are sufficient for solving most queueing applications. The real drawback
of queueing theory is that even mildly complex networks of queues cannot
be solved without separating them into smaller problems and eliminating
much of the systematic interaction between queues. In these situations,

simglation is an alternative.

Simulation

Simulation consists of making a mathematical model of a physical
system and then running it to determine the behavior of the system.
Systems of any practical significance in port design can only be simulated
with a computer. While indispensable for complicated systems, used on
simple ones simulation generally arrives at the same conclusions ob-
tainable from a queueing model. As simulation models become complicated,
"debugging'' them become a difficult problem and it is not easy to

hdetermine if the results of a simulation stem from the fundamental model
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or from logic and coding errors in the program itself. Thus it is
important to try verifying simulation models either with real data or
from data derived from a queueing theory model. A severe drawback of
simulation is its high cost especially if qualified personnel are

limited.

Inventorv Theory

Inventory theory stresses the general operation of the facility
with special emphasis on the size of shipments and their frequencv. The
principal variables are the cost of holding inventory and of placing
orders for it. The output of the method is the optimum order size and
time between orders. While the ideas behind inventory theory have
great importance to the design of bulk logistics systems, most of the
technical work available stresses distribution svstems for manu-
factured goods and the assumptions required for these systems reduce the
value of the methodology for bulk systems. In particular, the cost of
placing an order is critical to the optimum lot size. It is difficult
to estimate the cost of ordering a shipload of coal. Appendix D

provides a brief description of inventory theory.

Flow Graph Techniques

Flow graph techniques study materials flow as if the system were
a network of rivers; They predict the flow through each one on the basis
of its capacity and the demand for the system's use. The output is the
total flow through the system at a given supply rate and the flow through
each of the component branches. Sometimes internal inventories within

the system can be estimated. Complicated flow graph models can cften be

solved bv hand, but with much more computation than dqueueing theorv models



require. They can also model systems nearly as complex as simulation,

but not in the detail a simulation model provides.

CRAFT

One interesting method available for port design is called CRAFT.
The CRAFT method is used to generate and evaluate layouts of industrial
facilities including ports. The computer program that does this is
available in FORTRAN and works well. The user specifies the area
required for each activity, the material flow and transportation costs
between activities. Using this information, it produces a layout mini-
mizing the transportation costs between activities. Conveyor centered
systems conform closely to the assumptions used in the programs. Often
it is Fhe case when using CRAFT that the resulting layouts all have
fatal flaws. They stimulate thought, however, and allow the manual

generation of improved layouts.

There are many optimization techniques available for port planners
besides those already mentioned. These range from linear programming to
search techniques. Appendix E describes a few of these.

A necessary, but not sufficient condition for an optimum system
is that the marginal returns from investment in any component be the
same. This is not a sufficient condition since it can be true of the
worst as well as of the best systems. Also it can be the.case that
there are locgal as well as global optimums and this condition is true
at every optimum, All optimization methodologies try, by various means,
to locate conditions where this is true and, of course, to distinguish

the best from the worst and to find global not local optimums.
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Because equipment purchase decisions are "lumpy" and the equipment
itself is available in discrete frame sizes, this condition cannot be
exactly fulfilled for most real systems. However, the svstems where
the returns from additional investment in any component are most nearly
equal are usually the best that can be designed. Tables VII.2.4 shows
equipment selection factors.

The mathematical idea has a phvsical illustration which is given
in Figure VIT.2.2. 1In svstem I, clearly overall system performance can
be increased only by uniform investment in each component, while in the

clearly non~optimal system II this is not true.

vili.3 Process Selection Options

The starting point of a port design is the clear delineation of the
goals of the project and of the general processes available to accomplish
them. This process can be organized as shown in Figure VII.3.1. Tt
begins with the determination of goals and finishes with a description
of the specific process options available to accomplish them. Work at
this stage should be general with a sufficient number of options generated
to ensure that no factors are overlooked and that objective standards
rather than subjective means are used for evaluation.

In specific logistics problems the number of alternatives will
be small at this stage because existing technology will only make available
a few options for overall system evaluation. The number of options will
grow only when the details of overall alternatives are considered.

Ports can be constructed with various goals or missions in mind. An
increasingly common goal is industrial development which gives rise to

the concept of the "industrial" port. This idea is equivalent to the
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Table VII.2.4 Equipment Selection Factors

I1.

I1I.

Iv.

VI.

VII.

VIII.

IX.

XI.

XII.

Requirements for foundations and suitability of site for same.

Allowable dimensions for equipment which is not part of the
project

Commitment to specific ship types
* self unloaders
* gpecially designed ships

Reliability

Operating costs

Required operating skills

Cost and risk of shipment to site

Required construction skills—--especially qualified welders
Effect of the environment on operations

* wind and rain
* gea conditions

Effect of the environment on survivability
* wind

* earthquakes

* geas and flooding

Adverse environmental impact

*  dust

* noise

Infrastructure requirements
*  power

* water

* housing
Reversible operation
Cargo loss and damage

Stevedoring damage to ships
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American idga of the industrial park - the idea being to stimulate the
development of factories and industrial facilities through the provision
of high quality logistics and usable industrial land. A second similar
idea is to create a regional port to handle the logistics requirements
of a large area. The EUROPORT complex in Rotterdam is an example of a
port developed along the regional port concept. Planning a successful
port along either line is difficult, as most, if not all, of the demand
for the port's service will be generated by the port itself. Planning
for a port is, in large part, market research to determine the tvpes of
industry that will be attracted, and the types of logistics services that
should be provided to assist in the placement of industrv. Until this
market research is done, little can reasonably be said about the goals
for the development of actual port facilities.

On the other side of the spectrum is the bulk portoto be integrated
into a specific industrial development project, such as a steel mill or
coal mine. Here the goal is to support the development of the industrial
project and the goals of the port element should follow in a straight-
forward manner from the plans for the industrial project. It is useful
to structure the goals of the port development as performance specifica-
tions expressed primarily in monetary and throughput capacity terms.
These will establish at an early date the feasibility of the marine
development.

The goals should stress the market for the commodity in order to
determine, among other things, the best estimate of shipment sizes
resulting from commercial transactions rather than the optimum shipment
size resulting from a cost minimization viewpoint. While effective

project management and marketing may make the two the same, thev need
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not be. Investment in ports to serve optimum ships that do nmot arrive
is wasted. In the context of an export terminal, this will determine
the maximum draft required to attain a given level of product sales.

The analysis of the commercial sales implications for the product
also establishes the maximum allowable cost for the export operation.
The maximum and minimum production volumes of the industrial facility
establish the throughput levels at which the performance of the ports
must be evaluated. Table VII.,3.l gives what might be an initial per-
formance specification for a steam coal export project.

This can be expanded into somewhat greater detail by estimating
the size distribution of the vessels which actually use the port as
shown in Table VII, 3,2,

While it is of no use in determining the performance specification,
the physical properties of the material should be assembled at this time
since they are used in all subsequent steps in design. Table VII.3.3
gives the properties of coal.

The zeneral processes available for coal export are shown in the
flow diagram Figure VII1.3.2. Each can then be developed in greater
detail as in Figures VII1.3.3 and VII.3.4. One processg table should
be prepared for every alternative available.

A preliminary design for the storage reclaim and shiploading sector
of this system using rail transpért from the coal mine to the port
illustrates the procedure. In an actual study a preliminary design
for competing approaches, including slurry and convevor transport from
the mine, would also be prepared.

The questions having the largest effect on the terminals cost are

the following:
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Table VII,3.1 1Initial Performance Specification for Coal
Logistics System (1982 $/ton)

5,000,000 2,000,000
Throughput tons annually tons annually
Delivered price coal
at customer pier $35.00 $35.00 $35.00
Estimated cost at
minehead $12.50 $17.00
Maximum logistics
cost allowable $22.50 $18.00
Maximum ship size 150,000
customer pier DWT
Estimated maximum
marine freight $12.00 $12.00
Estimated minimum
marine freight $5.00 $5.00
Possible range
combined inland $10.50~17.50 $6.00-13.00
and port costs

Source: World Bank staff,

Table VII.3.2 Ship Performance Specification for Coal
Logistics System

5,000,000 2,000,000
tons annually tons annually

Average ship size 95,000 DWT

Maximum ship size 150,000 DWT

Minimum ship size 60,000 DWT

Number ship calls

annually (average ship size) 53 22

Mean intership arrival

time 6.9 days 16.6 days

Source: World Bank staff.
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Table VII.3.3 - Important Physical Properties of Coal
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Angle of repose

Material strength

Density

Flow factor

Material protection

requirements

Hazards imposed by

material

35-40 degrees

High

48 pounds/cubic foot

.63 m—tons/m3

None

Fire, dust

Source:

World Bank staff.
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FIGURE VII.3.2 FLOW DIAGRAM FOR LARGE SCALE MINERAL EXPORT
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FIGURE VII.3.3 COAL HANDLING USING RAILWAYS OR
CONVEYOR TRANSPORT SYSTEM
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TiGLAE VII.3.4 SYSTEM FACILITIES COMPARISON

MODE RATL {ONVEYOR PIPELINE
Operation Faetiicies Eavirou| Faclliiries Eaviron| Facilitius Eaviroa
Aspect Aspects Aspects
MINING  Wianing Truck loading Truck loadlng Trucks Conrme glurcvy grern.iNoise
S17E pumps
Traueport| Trucas - haul roads Traffic] Trucks - haul rosds Traffic Pipellines
Dump station Dencity| Oump ststiun Deostitv| Haul
Naise Yolse roads
Dust Dust
StotLage Open ailt gurye/emergency Visual | Opes air surge/emergeccy Visual Surge & Surpe/cmergency
Tust Dust emsrgency siuirvy storsgs
Noise Nofze stocage
Prepa. Crushing screening Noise Crushing screening Noise ¢rinding slutry prepacaction, H,
Cleaninz C. {njectlion
Storage Surge stovage Yiasual Surgpe storage Visusl Automatic {n line coal clearing
Dust Dusc
Clesning plant - wnter Wiste Clesning plant - warer Waste Pumps - watar Waste
- mineral maccer - nianeral mstler - minersal matter W¥aste
Conveyors
Storage Open aly storage - stackers Visual
Dust Surge of emurgency only Surge storage
Capacity = depends crain size Small surge

train frequency
Reclsw, ~ reclamer
~ gullet feeder

OVERLAND Rail loading bin Duat In line maia feed Pump stacion Roise
TRAKSPORT Salloor loop =~ service aiding Roise
- warkahops
Right of way . Land Right of way Land Right of way none
cleaning use clesnizg use sipeline u/y
fescing Noise fenciag ¥oise roule relurned to
bridges (hesvy?) Spilige bridges (lighc) Spilige origiral use
overpass Visual overpass Visusl
unde cpase underpass
Access occasional track Access road - full lengeh Access to pump houses
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1. Number of ship loaders

2. The use of conveyor c~2 intended to allow direct loading of
coal without stacking and reclaiming

3. The use of the surge storage pile

4. The number of stackers and reclaimers installed
Table VII.3.4 ddentifies the tvpes of decisions necessary during

preliminary design.

Table VII.3.4 ~ Major Decision Variables for
Coal Port Besign

Install Type Number Size

Variable or mnot
Number of Berths X X
Ship loader £ X X
Conveyor (C-2) X
Reclaimers X X X X
Stackers X 4 X b 4
Surge Storage (S-1] X X
Storage (5-2) X |

VII.4. Terminal Design Optimization

VII.4.1 Number of Berths

It is impossible to precisely schedule ship arrivals at a port,
because a vessel's average speed is heavily dependent on the weather.
The variance in over the ground speed accounted for by the weather is
easily +1.5 knots which indicates that the arrival time of a bulk
carrier on a 5,000 mile vovage will not be known in advance to an
accuracy greater than three days. In addition, for heavily laden vessels
requirements to wait for tides create additional random delays expected

to be hours long in duration.




However, the average occurrences of winds, waves, and currents on
the various portions of a route are known by season and can be included
in the calculations of the voyage time. Deviations from the average
always occur and, therefore, off-schedule arrival is a normal phenomenon.
When taking the arrival of all vessels at a terminal facility into
account, it is obvious that this phenomenon of early or late arrivals
will create a pattern that rather closely fits that of a random distribu-
tion.

The selection of the number of berths required for a particular
alternative will be based on Mettam's ship queueing theory. This theory
establishes the reilation between berth occupancy and the waiting time
ratio, This relation is graphically shown in Figure VII.4,1.1. The
broken lines present the case of uniform service time, whereas the full
lines present the case of varying service time (the variation is
exponential).

An important consideration is the manner in which ships are
procedurally entered in the queue. As the davs remaining in a voyage
decrease, the ship's arrival time becomes increasingly more certain,
During the last four days of the vovage some flexibility exists to
advance or retard the physical arrival time by changing the vessel's
speed. 1In the last stages insufficient time exists to allow a sub-
stantial advancement of the vessel's arrival time, and only delaying
arrival through slow steaming is possible.
| Ports differ in the way they deal with this. One philosophy is
that entrance to the berth should be on a first come, first served
queue with entry to the port being the same as entry into the queue.

Other ports allow entry into the queue to be made while the vessel is
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FIGURE VII.4,1.1 QUEUEING ANALYSIS OF WAITING TIMES FOR SHIPS IN PORT
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at sea allowing it to wait in the queue while underway, enabling it

to wait in the queue at no financial cost. Systems using this approach
grant '"preferential" days to vessels on the basis of their planned
arrival schedules with the ship losing its place if late. 8Svstems

such as this allow higher berth utilization for a given wait than the
first arrival discipline.

Utilizing the results of the aueueing model together with rough
estimates of the marginal costs of additional berths, a graph similar
to Figure VII.4.1.2 can be developed.

In the case of the given example, a single berth is adequate for

the high production figure of 5,000,000 tons and the low of 2,000,000.

VII.4.2 Capacity of Shiploader

The required capacity of the shiploader can be calculated wusing
queueing theory as shown in an example in Table VII.4.2.1. The service
time of the system is modeled with an Erlang distribution which allows
the shape of the distributions of service times to be varied (see Figure
VII.4.2.1). The value of K ranging from 1 (if the service time is
exponentially distributed) to 0 (if the service time 1s constant). In
this case, the difference in service times caused by the differing ship
sizes is critical. The maximum ship sizes is critical. The maximum
ship size is 150,000 dwt, the smallest 60,000 and the mean 95,000. To
fit the Erlang distribution, the standard deviation of the ship sizes
arriving at the loader must be estimated. This can be achieved either
by setting policies for ship procurement or by taking the information
available and estimating the standard deviation using the beta dis-

tribution. The constant, K, for Erlang distribution is then calculated



FIGURE VIIG4,1,2 QUEUEING THEQORY IN PRELIMINARY PLANNING
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Table VII.4.2.1 Example of Estimation of Number of Berths and
Optimum Size of Ship Loader

A, Estimate Arrival Distribution
Largest Ship = 150,000 DWT
Smallest Ship= 60,000 DWT
Mean Ship = 95 000 DWT

To get the standard deviation, simply use the Beta distribution

0% = (150,000 - 60,000]°
3

o = 15,000
calculate K for Erlang Distribution

K = 95,000° = 40.11

15,0062
A = 5,000,000 = 52.6 ships/vear = .14 ships/day
95,000
Loader Capacity Unloading Time u (ships/day)
(tons/hr) (hours)
2000 47.5 + 12 - 59.5 o
4000 23.8 + 12 = 35.8 .67
6000 15.8 + 12 = 27.8 .86
10000 9.5 + 12 = 21.5 1.12
12000 7.9 + 12 = 19.9 1.21
’Mean waiting = K+1 X A days
2K u(u = A)
Loader Capacity Ship waiting cost ($20,000/ship-day)
2000 .68 days x 20,000 x= 52 = 707,000
4000 .20 days x 20,000 x 52 = 208,000
6000 .115 days x 20,000 x 52 = 119,000
10000 .06 days x 20,000 x 52 = 62,000
12000 .055 days x 20,000 x 52 = 57,000

Scurce: World Bank staff,.
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FIGURE VvII.,4.2,1 TOTAL COSTS VS, SHIP LOADER CAPACITY
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Source: World Bank staff.




and the formulas given in Appendix C are used to calculate the waiting
time and total system cost as shown in Figure VIIL.4.2.1. Minimum total
cost is achieved with shiploading capacity in the region of 5500 tons/
hour on the average.

Assuming the vessel has eight holds of 15,000 tons, 2.73 hours
are allowed per hold and half an hour is required to move the loader to
the next hold. This leaves 2.2 hours for the actual loading operation.
Thus, the rated capacity of the loader must be 6,818 or 7,000 tons
per hour, in order to achieve an average rate of 5500 tons/hr.

The size of the vessel which is being loaded allows either one
slewing loader on a finger pier, one quadrant loader (if the ship is
moved during loading) or two quadrant loaders (if the ship is not to be
moved). For the same loading time, it is found from the results of a
comparative analysis of the three alternatives, two quadrant loaders of

4,000 tons per hour capacity each is the best choice.

VII.4.3 Storage System Selection

The coal waiting for shipments can either be stored at the mine
and loaded directly aboard the ship after rail car unloading via the
bypass conveyor, or it can be stored in a stacking reclaim yard. A
third alternative of combining the two, that is, storing only a portion
in the reclaim yard, also exists. The option of silo storage would be
worth considering were land at a premium and annual volumes small.
Storage in parked rail cars is not required, because blending require~
ments are not substantial. Since this system will be at least twice as
expensive as the other alternatives, it will not be considered. The basic

options available are shown in Figure VII.4.3.1.



FIGURE VII,4.3.1 STORAGE OPTIONS
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. Table VII.4.3.1 presents the equipment and equipment utilization

as a function of the number and size of the reclaiming capacity installed.
The direct loading option with no in-port storage is for the system with
no reclaiming capacity installed. Only costs and information not common

between options are presented.

Table VII.4.3.1 Equipment Capacities as Function of Reclaimer Capacity

Reciaimer # of Yard Yard Mex Average # of Duaper Surge
Average Productics Beclaimers Production Surge Dump Car Dump Dumpers Storage Size
(tons/hr) (tons/hr) (eons)  (tons) (tons) (tons)
2,000 i 2,000 [s] 5,000 3,500 2 x 2,400 1100
2 4,000 . 0 3,000 1,500 1 x 2,400 0
3 6,000 1,500 9 0 1 x 1,700/ 0
L3 8,000 4] 0 0 I x 1,700Y 4]
3,000 1 3,000 0 4,000 2,500 1 x 4,000 1100
2 6,000 1,500 o o 1 x 1,700/ 0
3 $,000 ] Q Q 1 x 1,700%7 0
None 0 -— - 7.000 5.500 2 x 3,2007 3300

Source: World Bank staff.

Table VIT.4.3.2 Storage System Costs (1nnNn'g TI8ND)

Capacity Stackers Reclaimers Yard Cars Dumg Pit Sw Pi:c Total
{rons/hr)

2,000 1 80 2.750 0 10,227 1,200 2/ 330 3/ 15,300

2 1400 5,500 0 7.404 650 ] 14,%00

3 2200 8,250 550 4,500 30 0 15,700

4 2000 11,000 0 4,500 400 a 17,800

3,000 1 1500 3,500 0 8,590 1,509 330 14,920

2 2,000 7,500 550 4,506 400 g ¢ 14,450

3 2,000 10,580 0 4,500 400 1] 0 17,4C8

Lone o - - - 13,500 3,000 560 17,160

1/ Dump trafa in & hours 2 traios = | ehift
7/ Estimated from dump pit costs st Pusrtods Haina
3/ Estimsted froam Surge storage pit cost Fuercc de Haina

Source: World Bank staff.

From the calculations of the shiploader capacity, the maximum
requirement will be for 7,000 tons/hr of material and average 5,500
tons/hr. For systems which have a delivery capacity in excess of 7,000
tons per hour, no surge capacity is required. For gystems with delivery
capacities between 5,500 and 7,000 tons/hr surge storage is required
at some point in the system. When the option utilizes direct loading

from rail cars this surge storage is most cheaply incorporated into
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the railcar unloader. For other systems this surge storage is

incorporated at the output of the reclaimers.

As the contents of the surge storage goes to zero just prior to
the completion of the loading of the hold, its sizg is determined by
the time required to load each hold and the difference between the
capacity of the system and the peak of 7,000 tons per hour. This
means that the maximum hold size of vessels calling is an important
parameter which should be verified.

The costs of the options are given in Table VII.4.3.2. of the
previous page. Note that the direct loading and the purely port storage
option are very close in cost. In a real situation, additional factors
would have to be considered. Among these are the following:

1. The probable higher cost of stock pile site preparation when
the site is located near the water rather than at the mine.

2. The cost of the direct loading option is not burdened with the
cost of additional coal storage facilities at the mine. These

will cost at least $5 million (U.S.) and should indicate that
the best choice is Option III.

As the design with two surge plles at the discharge is the cheapest,
it will be selected for further development.

The surge pile must have a size sufficient to hold the production of
the ;eclaimers for the period required to move the ship locader from one
hold to the next. This was estimated to be one~half hour. The piles must
then hold 1,500. tons each, the production of a single reclaimer for half
an hour. A simple conical pile with tunnel reclaim is chosen. Because

of the large throughput utilization of materials, the dead-storage area

'in the pile is not possible, and the pile must be made larger. The pile
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itself is described in Table VII.4.3.3 below.

Table VI.4,3.3 Stockpile Size and Volume

Size of surge storage pile
capacity of pile = 1,500 toms

density of coal 45 lbs/cubic/foot
angle repose 40° - ’

A

Volume Live Storage = 1,500 x 2,280 = 76,000 cubic feet

45
2 3
Volume Cone = ML 1 . TI_tana 28 mr>
3 3
r_ T 0.74r%
Dead Storage Section Area = 1/2 « .+ _+ tana + 2 ol
2 2 4
Length = vy
Live Storage Volume = r°n(0.28 ~ 0.185)

76,000 = 0,0957r°

3 . 253,000
= 63 feet
=  §3 x 0.84 = 53 ft

[= e B}

Source: World Bank staff.

The last storage area to design is the attached reclaim stock yard,
The inventory carried in the stock pile follows a pattern shown in Figure
VII.4.3.2. The minimum level of inventory in the yard is such that, if
a ship should arrive perchance at more frequent intervals than the mean,
then there would be sufficient ability to load it. The maximum level
is set by a desire not to be forced to shut down the production of coal

at the mine should the ship arrive late.
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To do this, acceptable levels of risk must be established for each
event. The early arrival of a ship at port has a higher acceptable level
of risk because of the following:

1. The railroad supplying coal was designed for operation on a

single shift and has a larger capacity if operated for
longer periods.

2. The loss, if sufficient coal is unavailable, is demurrage

for the longer period required to locad the vessel (about
$10,000/day).

On the other hand, the loss from a ship which is late is the value
of the coal which could have been produced; this amounts to about $80,000
per day. In addition, relations with customers are sometimes jeopardized
if production schedules cannot be met. Finally, as this maximum inventory
level is only the capacity, not the actual inventory level, there is no
holding cost associated with it, only the additional capital investment
required to install the larger storage capacity.

To estimate the minimum level of coal inventory, one must calculate
the probability that the time between vessels will be less than a given
value. Storage must then be equal to the amount that would be supplied
during the interval between the early and expected arrival of the ship,
since thils is the position of the replenishment cycle not available for
uninterrupted loading of the ship.

The minimum time between ships is, of course, zero, as it is always
possible that one will be loaded immediately after the completion of
the loading of the first. The maximum time between vessels is probably
close to the case where a ship was lost at sea or delayed fof;éervgce
mechanical problems. Thus, the maximum time between ships is probably
twice the mean. With this information, it is possible to estimate the

standard deviation of the inter-arrival times using the beta distribution.
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For this distribution:
Standard deviation = (Maximum time - Minimum time)/6
This can then be used with the cumulative normal distribution to
determine the probability that the time between ships is under a given

value. This is used next to estimate the stock required, as shown

in Table VII.4&.3.4.

Table VII1.4.3.4 Safety Stock Calculation

Minimum Time Between Arrivals =0
Mean Time Between Arrivals = 6.9 days
Maximum Time Between Arrivals = 13.8 days

Standard deviation = (13.8 - 0)}/6 = 2.3 days

It is decided that a probability of 0.99 that shiploading is not
delayed for lack of stock is acceptable. This is equivalent to a time
between stockouts of 2 years.

Using the normal distribution

S
/7 ~
area = .01 // K\
\xw\*&‘? v S

k = 2.33 when the shaded area is .01l.

The time period is then 2.33 x 2.3 = 5.36 days

The production during this period is 72,800 tons which is the minimum
safety stock.

minimum safety stock = 72,800

e —— ety -

S s e

Socurce: World Bank staff.
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The matter of late ship arrival requires a more stringent view.
It is important to protect the system from becoming inoperable because of

excess stocks so that such will be the case only once in twenty years.
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This occurs when the probability of the inter-arrival time being
greater than the mean is .9991. When this is the case K=3.1, the
number of days is 3.1 x 2.3 or 7.13 days. The required stock to meet
this criterion is 7.13 times the railroad's mean delivery rate or
98,400 tons.

The mean level of material in the stockyard is 95,000 tons or
the average ship size.

In a real problem more scrutiny should be given to the assumptions
behind this analysis. In particular, the probabilities of a stock-
out or being full should be treated as parameters and the costs of
varying levels of protection estimated.

On the basis of this analysis, the maximum capacity of the stock-
vard should be 95,000 tons to load one ship and 98,400 tons for protection
against late ship arrival or 193,400 tons, sav 200,000 tons. 72,800
tons will be "permanently” stored in the facility to protect against early
ship arrivals and the inventory level will fluctuate by 95,000 tons as a
result of ship loading operations.

General options for the layout of the vard are given in Figure VII.
4.3.3., These arrangements derive directly from increasing the number of
stackers serving the two reclaimers from the minimum of one to the
maximum of 3,

The capacity of the storage yard is given in the following formula:

capacity = L X A xHx K x N
where,

L = Length of piles

A = Width of piles
H = Height of piles
K = factor depending on the angle of repose to account for

the shape of piles
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FIGURFE, VII.4,3.3 OPTIONS FOR STOCKYARD LAYOUT

Source:

World Bank staff.

TABLE VII.4.3.5 GEOMETRIES OF PILES

Total

b

(a —_
{R}
¢ \I{§\:£Z
(. =~ )
;R}
C

d

[T

3 Plles 4 Piles

Cross
Section Capacity for Length of Length Length
Width Height Area Coal Storage Pile Required 1 Pile 1| Pile
(m) (m) (m3) (m.tons/m) (m) (m) (=)
35 13.2 254 160 1,650 550 412
40 15.0 332 209 956 318 239
45 16.0 415 261 766 255 191

Source:

World Bank staff.
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s N = Number of piles.

This formula neglects the semi-conical shaped portion on the end
of the stacks. This is a small error at the initial design stages.
Table VIT.4.3.5 of the previous page, gives the geometry of the pile
system required by stackers and reclaimers of various widths. The basic
geometries of the piles are given in Table VII.4,3.6.

This information was then used to estimate the costs of each
alternative. This comparative cost is given in Table VII.4.3,7. XNote
that the land development cost is an important parameter in bulk ports
as much or all of the stockyard may be built on filled land and the
alternatives differ greatly in land requirements. If the land cost is
$50 a square meter, the lowest cost solution is for one stacker and two
reclaimers.

An effective method for pile capacity computation is described
here. Volume of material that can be stockpiled in elongated form in
an area of 115 feet wide and 415 feet long is calculated as follows:

a) Assuming that the material has 35° an%le of repose, the ends
volume of the conical pile is 5050 vyd

b) The voiume of pfism in yd3 is

(length)(width)(height) _ (415 = 113)(115)(40)
2 x 27 £t3 /yd’ 2 x 27

= 22,550 yd°

¢) Total Volume = 5050 + 22,550 = 27,600

The method of computing radial stockpile volume can be readily
compared with that of elongated stockpiles. A computation method for
the amount of bulk material that can be withdrawn from a conical

stockpile, is similarly easily developed.
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TABLE VII.4.3.6 GEOMETRY OF PILE SYSTEM

5 Z
- o= -4 o
ot i3 ot 723 £ 0w
38 ot Zzx2 | S0
= e USQ @CEQ
(5] <t fw ot j£51 «£ O o«
PILE WIDTH R & 7R o & e
A B c D E F G H ny n, RR SR
30 0.0/ 7,0 1.5 8,0 6,01 1,0/11.5 | 10.5 1.0 30 20
35 10,0/ 7.0 /1.5 80| 6,0 1.0]13.2 | 12,2 1,0 35 22,5
40 11,0 8.0 (1.5/10.0] 7.0 ] 1.5{15.0 | 14.0 1.0 40 25
43 11,0/ 8.0 |1.5{10.0) 7.0} 1.5}16.0 | 15.0 1.0 45 27.5
50 14.0 1 10,0 |2.0]10.0] 7.0] 1,5]16.0 | 15.0 1.0 50 35
55 14.0 | 10,0 J2.0111,0] 8.0} 1.5/16.0 ) 15,0 1,0 55 40
RR F
Reclaimer Bocom Radius SR [
Stacker Boom Radius ~
5 3
o 2
E 3
Jram =
= ,
- &
13
=4 Ne
B
o
ot
C A F
) . L ¢ G
L D Pile Width '
Reclaimer , Stacker
Gauge Gauge

Source: World Bank staff.
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Table VII.4.3.7 Comparative Costs for Stockpile Altermatives

COST OF LAND DEVELOPMENT $25 PER SQUARE METER

PILE WIDTH 35
NUMBER PILES
2
3
4

PILE WIDTH 40
NUMBER PILES
2
3
4

PILE WIDTH 45

LENGTH TRACK
2,475
2,200
2,062.5

LENGTH TRACK
1,434
1,274.667
1,195

AREA OF STOCKYARD 70,000

# STACKERS # RECLAIMERS  COST
1 2 15,987.5
2 2 18,850
3 2 21,781.25

AREA OF STOCKYARD 45,000

# STACKERS  # RECLAIMERS COST
1 2 16,042
2 2 19,362.33
3 2 22,722.5

AREA OF STOCKYARD 40,000

NUMBER PILES LENGTH TRACK # STACKERS # RECLAIMERS COCST
2 1,149 1 2 18,774.5
3 1,021.333 2 2 23,110.67
4 957.5 3 2 27,478.75

COST OF LAND DEVELOPMENT $50 PER SQUARE METER

PILE WIDTH 35
NUMBER PILES
2
3
4

PILE WIDTH 40
NUMBER PILES
2
3
4

PILE WIDTH 45
NUMBER PILES
2
3
4

LENGTH TRACK
2,475
2,200
2,062

LENGTH TRACK
1,434
1,274,667
1,195

LENGTH TRACK
1,149
1,021.333

957..5

ARFA OF STOCKYARD 70,000

# STACKERS # RECLAIMERS COST
1 2 17,737.5
2 2 20,600
3 2 23,531.25

AREA OF STOCXYARD 45,000

# STACKERS # RECLAIMERS COST
1 2 17,167
2 2 20,487.33
3 2 23,847.5

AREA OF STOCKYARD 40,000

# STACKERS # RECLAIMERS  COST
1 2 19.774.5
2 2 24,110.67
3 2 28,478.75

(Table continues on the following page)
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Table VII.4.3.7 Comparative Costs for Stockpile Alternatives (cont'd)

COST OF LAND DEVELOPMENT $75 PER SQUARE METER

PILE WIDTH 35 AREA OF STOCKYARD 70,000
NUMBER PILES LENGTH TRACK  # STACKERS # RECLAIMERS
2 2,475 i 2
3 2,200 2 2
4 2,062.5 3 2

PILE WIDTH 40 AREA OF STOCKYARD 45,000
NUMBER PILES LENGTH TRACK  # STACKERS # RECLAIMERS
2 1,434 1 2
3 1,274,867 2 2
4 1,195 3 2

PILE WIDTH 45 AREA OF STOCKYARD 40,000
NUMBER PILES LENGTH TRACK  # STACKERS # RECLAIMETS
2 1,149 1 .2
3 1,021.333 2 2
4 957.5 3 2

COST
19,487.5
22,350

25,281.25

COST
18,292
21,612.34

24,972.5

COST
20,774.5
25,110.67

29,478.75

Source: World Bank staff.
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The stacker's average production is 1,725 tons per hour when 13.8
tons of coal are unloaded from trainms in an 8 hour shift. Thus, the
rated capacity of the stacker should be 1.15 x 1,725 = 1,983 or about
2,000 tons per hour.

The rail car dumper must be able to dump cars at a rate of 1,800
tons per hour,

The conveyor C~1 must have a capacity of 2,000 tons per hour. The
convevors C-2 and C-3 must be sized to accept the maximum digging output
of 3,000 ton per hour average per reclaimer. This maximum digging output
is about 3,000 tons per hour.

The conveyor loaded by the reclaim tunnel must be of sufficient
capacity to supply the shiploader. This is 4,000 tons per hour.

The belts in the system are selected on the basis of Table VII.4.3.8,
The rest of the equipment installed is listed in Table VII.4.3.9.

A cost estimate is then prepared; a model is shown in Table VII.4.3.
10. Given the gross nature of the design and failure to consider
dredging and other costs in any detail, the contingency portion of this
cost estimate is large. As the design progresses to the center of the
design spiral, this contingency is replaced with estimates for specifica-
tions.

Prior to the refinement of this design there are several areas
where improvements may be possible. First, it would be desirable to
reduce the speed of operation of Belts C~2 and C-3, and to eliminate
the surge piles at their discharge. This could be done by installing
3-3,000 ton per hour reclaimers instead of 2. The evaluation of this

option would be done in a manner similar to the example used in this text.

Figures VII.4.3.4 and 5 show examples of bulk loading and unloading systems.



TABLE VII.4.3.8.
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Guide to Belt Selection

Belt Capacity* Speed Width
(tons/hr) (ft/min) (inches)
c-1 2,000 500 60"
C-2EC~3 6,000 300 72"
C-3EC-5 4,000 700 72"

*Assuming 40 1bs/ft? belt loading

Source: World Bank.

TABLE VII.4.3.9 Other Terminal Equipment Installed

Berths

One
Dredged to 55 feet to accept 1

50,000 ton ship

Snip Loaders

Two = quadrant type

n .;und - S e o b YO
neguire crfeam Capallity S.o
DAt nqﬂacitwf 1 RNAN - 1.15

a2l AW oy

NDyutreach of hoom 45 metars

tons/hour

T -
4,000 toms/heur

Reclaimers Two - pile width 40 meters
Required rated capacity 3,000 tons/hour
Theoretical capacity = 6,000 cubic meters/hour
Stackers One - pile width 40 meters

Rated capacity 2,000 tons/hour

Rail Car Dumper

One
Rated Capacity 1,800 tons/hour

Source: World Bank.

TABLE VII.4.3.10 Initial Coal Port Estimate (USD)

Berth 5,000,000

Shiploader 12,000,000

Stacking/reclaim yard 17,167,000

Rail dumper 3,200,000

Misc. and contingency 26,160,000
(70% of above)

Initial Estimate Port Cost 63,520,000

Source: World Bank.
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FIGURE VII.4.3.4 IRON PELLET IMPORTS

T3 Steel Mill

2 Reclaimers

¢

) ( ) ( ) C

>

2 Stackers

Design Capacity 3,200,000 tons/year
Equipment
2 1000 ton/hour grab unloaders

2

[

3000 ton/hour belt conveyors
Subtotal (ship unloading)

3000 ton/hour stackers
500 ton/hour reclaimers
Stacking belt convevor
Reclaiming belt convevor

Subtotal (storage and reclaim)

Dredging and quay construction

Source:

World Bank Project Files

3

4

Ship Unloaders
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FIGURE V1I.4.3.5 COAL EXPORT TERMINAL

e

e s 2 e o .

C L:_@L_JL_,; S CCooEEana s

Layout of Pacific Coal Corp's Portland, Nregon, c¢oal terminal showing:
(1) total storage capacity of 1.7 mt; (2) 3.8 million gallon retention
pond; (3) stacker/reclaimers (the second unit will be added in the
event of a Phase 2 expansion); (4) rail loop serving Burlington

Northern and Union Pacific unit trains; (5) wagon dumper shed; (6) 6600
travelling shiploader.

Source: Bulk Systems International, Sept. 1982.
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VIII. TERMINAL COST ESTIMATION

VIII.1 Introduction

To estimate the cost of bulk terminals, one should proceed by refining
initial comparative prices to decision prices, then to contract prices, and
finally, to actual costs. Comparative prices are used to judge the relative
desirability of altermatives and to evaluate the feasibility of a project at the
initial stages. In later stages, one needs more accurate information to
arrange for contracts, equipment purchases, and financing. Costs, other than
the initial comparative costs, must be obtained by quotations and bids. Real
world prices vary continuosly with business conditions, currency exchange
rates, and work loads at particular factories. Most bulk port equipment must
be custom~designed for specific situations, and that which is not, is available
with many optional features. Factors, such as the power source (on board or
external electrical supplyv) and a sophisticated control system easily can

account for 30% of the variations in equipment cost.

The initial comparative costs have to'be only accurate enough to
guide designers. While a high degree of accuracy is in itself desirable,
too great an emphasis on the accuracy of costs in the initial stages can force
design decisions to be made that are better postponed to later stages of the

design. Port development costs can be divided into site preparation and

development costs, and equipment costs, although further divisionm within
these groups is possible. Figure VIII.1l.l shows a hreak dowm of tha coste

for the Port Kembla coal loader. fﬁe figure provi&és the initial cost estimate

by construction companies. For this new port, ahout seventv narcent of



the cost is for equipment and equipment installation (excluding foundation

construction which is accounted for separately).

The exact proportion of construction costs in each group varies
among projects. Some port development projects re~use existing berths,
channels, and other portions of existing ports, and others require complete
turnkey development. Table VIII.1l.1-VIII.l.3 analyze cost estimates from
the engineering feasibility studies of three ports. The tables give the
percentage of groups of major project costs and shows the wide divergence
in the break down between equipment and sitework. Nonwequipment related

costs vary from a low of 12 percent to 3 high of 52 percent.

FIGURE VIIT.l.l PORT KEMBLA COAL LOADER ESTIMATES AND TENDER RESTCNSES

(Figures in Millions of Australian Dollars)

MATERIAL
SITEWORKS POUNDATIONS MARINE HANDLING SHIPLOADER STACKERS | RECLAIMERS
25 25
545
¥ 7'A"; -
20 55354%% 20
5%443%7%
9753
29494
= i 7 =
54%%%%%
4% 7 7 by 5%
10 3 ?agfﬁgﬁ 97;92/’; 7#2Fafg_‘lo
H 5242745 4 224 22%%4%
'7?';?3;‘{‘/?;’2 ;p; j;} ’)22 /5//;’//? " 7!!'7'7?7; Zggag ﬁ{,/’g )
5 | WA ey prz 4%% 57%%%7 4937 24%%%9%% A S
> BN BRI | A | i 254%%%%7 45443 $2524%%54%
o | i | (T (W W |\
0 W) | ) |\ Wi | By 54494415 324444 GG |

] Tender sums received
B Estimate

Source: Planning, Layout and Design of Bulk Terminals,
N. . rerguson, XXV Interittional Navigatton
Conference. 10~16 May, 1981, =dinburch, Scotland, U.%
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Table VIII.l.l Cost Breakdown--Port

Equipment

2-1000 ton/hour
2-3000 ton/hour
2-3000 ton/hour
2-5000 ton/hour

stack in

grab unloaders
belt conveyors
stackers
reclaimers
between conveyor

reclaiming belt conveyor

Sitework

dredging and quay construction

Table VIII.l,2 Cost Breakdown--Port 2

Eguipment
Shiploader
Stackers
Reclaimers
Conveyors

Sitework
Sitework
Foundations
Marine

Subtotal sitework

Table VIII.1.3 Cost Breakdown—-Port 3

Equipment

Coal unloader

Electricity
Conveyors &

Sitework

transfer towers

Pler construction
Conveyor foundations

Miscellaneous
Land
Contingency
Coal pile

Source: For Tables VIII.1 1-3
World Bank project files.

%4 Total

22
i3
8
9
17
19

12
100

% Total



VILII.Z2 Civil Engineering Costs

Civil engineering costs include dredging, pier and foundation
construction, land £ill, road building and other construction activities.
In the initial design phases of a project, one should estimate unit construc-
tion costs at the site(s) in question with each alternative port using the
same costs. In estimating these costs, it is important to consider the cost
of construction materials, such as rock and cement at the site, mobilization,

and construction costs per unit of work done.

A good way to estimate dredging costs is to use dredging cost figures
from similar, already-existing ports, but the cost of moving the dredging
equipment to the port and differences in the cost of removing the spoils (the
material removed by the dredge) must be considered on a case by case basis.
The cost of removing the spoils usually cannot be estimated from previous

dredging work, because the distances the spoils must be transported before

they are dumped vary.

Bottom soils to be dredged can be grouped into four categories:

Tvpe 1 ~ Loose soils, such as lagoon deposits and sand

Somewhat cemented soils, which can be dredged with a
suction dredge, cutter dredge or bucket ladder dredge

Type 2

Type 3 -~ Hard soils, that require a powerful cutter dredge

Very hard ground. which requires loosening, usually with
explosives, before it can be dredged.

Type 4

Most port projects involve some of each type of dredging.

A recent port project, financed by the World Bank established the following

unit costs (in 1983) for dredging:
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Type 1 ~ Loose soils $1.67 per cubic meter
Type 2 = Somewhat cement soils $5.00 per cubic meter
Type 3 - Hard soil $11.97 per cubic meter
Type 4 = Very hard ground not estimated

These costs illustrate only the order of magnitude of the dredging costs.
Unit costs, for example, vary depending on the volume dredged (they fall
as more is dredged). Thus, if the amounts vary significantly among port
alternatives, it could result in different project costs. Site exploratory

work is required before dependable estimates can be made.

Land fill is, in a sense, the opposite of dredging. After the

£i11 is deposited, another layer of fill, called a surcharge, is usually
required to be put over the original fill to compact it. It may be several
yvears before the surcharge can be removed and the land used. Frequently,
the dredged spoils are not suitable for land fill, and filling material

must be brought to the site. As a result, cost estimates for land £ill

are even more site~sensitive than dredging estimates. When earth fill is
obtaingd dry, transported by truck and put into place with a bulldozer, a
figure of $1.67 per cublc meter was used to estimate the cost in the project
above. The cost to compact the f£ill, remove the surcharge, pave, and pay

for utilities was assumed to be $25.00 per square meter.

The construction costs of breakwaters can be estimated from the
costs of delivering and installing rock on the site. Breakwaters are
usually constructed of an internal rubble fill with an exterior facing
to protect the interior. Figure VITII.2.1 shows the cost estimate for such

a breakwater.
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FIGURE VIII.2.1 BREAKWATER COST ESTIMATION

- Quarry run O to 500 kg for breakwater laid from land 7 §/m3
= Quarry run 0 to 500 kg for breakwater laid by sea 12 s/m3
- Quarry run 30 to 1000 kg for breakwater laid by sea 13 /w3
- Rock material 20 to 200 kg or 50 to 1000 kg laid by sea 30 $/m3
- Rock material 1 to 3 ton 25 SXm3

For example, for a breakwater —-10,00 m deep rising to + 2.00

a M
bove sealevel 6.00 |
T

\4- 2.00

-~ /0.00

39
42

Quarry run core cOst per meter:

$13 x (6,00 + 39) x 11 = 247.50 m3 x 13 =$ 3,217
2

Facing of natural blocks cost per meter:

Total volume

3

(6 + 42) = 12 ~247.5 =°288.00 - 247.5 = 40.5 m
2
Cost per meter = 40.5 x %25 = 81,012

giving an average price per m3 of :814.7/m3 approx.
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FIGURE VIII.2.2 QUAY COSTS PER LINEAR METER
(1983 USD)
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Source: World Bank staff.



The cost of both breakwaters and quays are highly dependent on the
type of support provided by the bottom. In some cases, the bottom is too
hard, which requires special provisions to anchor the breakwater or quav to

the hard bottom.

Pavement construction costs for container yards vary with type of
construction. Table VIII.2.l1 shows costs per square meter for asphalt and

gravel construction in various countries,

For a recent project financed by the World Bank, cost data has been
obtained for bulk terminal comstruction. Table VIII.2.2 shows civil engineering

costs for this project.

Table VIII.2.1 Unit Construction Costs for Pavenment

(1982 USD)

Country USD/mzof 10 em USD/m2 of 40 cm
asphalt, with 20 cm gravel bed
base and 15 cm sub-base

Cyprus 11 3.5
Greece 9 3.0
Malaysia 11.5 4

U. K. 20 8.2
Indonesia 17.3 7.7
Oman 17 8.4
Netherlands 18.3 9.8
Saudi Arabia 17 8.2
U.A.E. 16.5 9

Source: World Bank staff.



Table VIIT.2.2 Bulk Terminal Civil Works Costs

(USD 1983)
Depth Alongside Width USD/m
Bulk Berth (Piled) for 10m 12m 28,719
heavy shiploaders/unloaders
including rails, etc. 12m 14m 32,724
l4m 16m 40,920
Approach Causeway (Piled) for 12m 6m 10,370
conveyors, roadway, etc.
12m 8m 11,200
10m 6m 8,700
10m 8m 9,400
8m 6m 7,667
8m 8m 8,280

Source: World Bank project files.

Table VIII.2.3 Bulk Terminal Storage Construction (Costs

(USD 1983)
Size Unit Cost
Storage shed (top conveyor fged)
with load capacity 2-4 ton/m 100,000 m2 $150/m2
Paving for open storage - $ 10.8/m2
Silo (High rise) 100,000 m3 $180/m3

Source: World Bank project files.
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VIII.3 Equipment Costs

A number of manufacturers were surveyed to develop price ranges on
bulk handling equipment. Figures VIII.3.l to VIII.3.5 graph the responses.
Prices do not include shipping costs. Prices, not displayed as a range, are
for equipment built to an "economical” standard. We note that these price

ranges are based on budgetary estimates.

For the World Bank project mentioned in the last section, the
equipment costs are summarized in Table VIII.3.1l. A compilation of some
additional bulk handling equipment data is provided in Table VIII.3.2. This
is a sampling of data being gathered as part of an ongoing effort to create

a database of port project costs.

Table VIII.3.1 Bulk Terminal Eguipment Costs

(1983 USD)
Capacity Cost
Ship unloaders 25 t. grab 500 tph $4.92 million
50 t. grab 800 tph $7.15 million
Continuous 800 tph $4.39 million
Convevors including support 300 tph $780/m
Frames, Drives, Etec. 500 tph $960/m
800 tph $1200/m
1000 tph $1420/m
Scraping/reclaimers $1 million each
Bagging machines $100,000 each
Bag stacker/reclaimer $700,000 each
Bag loaders/unloaders $108,000 each

Source: World Bank project files.
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FIGURSZ VIII.3.1 SdIP UNLOADER COST3 (1983)

L ]
P
//
s 7 .
37 .
- ”
[
/0/
[
1
L Fl | |
0 375 750 1125

Rated capacity (tons/hour)

1300

Rated capacity (tons/hour)

Note: Costs are in millions of US dollars per unloader converted
from quotation in yen at rate of 239 per §
Source: Mitsubishi Heavy Industries
FIGURE VIII.3.2 COST OF RAIL LIOUNTSD PNEUMATIC GRAIN
UNLOADERS (1983)
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FIGURE VIiI.3.3 PRICE OF CRAWLEE MOUNTED BUCKIT
THEEL SXCAVa SRS (1983
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Rated capacity {cubic meters/hour)
Note: Quotation in millions of US dollars per unit
Source: American Hoist and Derrick-Mechanical Excavators Division
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Note: <Cost in millions of dollars per unit
Source: Amerfican Chain and Hoist-Mechanical Excavators Division



FIGURE VIII.3.5 BELT CONVEYOR PRICES (1983)
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Source: Louis Berger Inc.
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Table VIII.3.2 Selected Bulk Equipment Project Cost Data

Description Capacity Unit Cost(USD) Year
Ship Unloaders 600 tph each 1.6 million 1979
" 540 tph each 2.0 million 1981
1000 tph each 2,24 million 1979
1800 tph each 3.47 million 1979
Ship Loaders 500 tph each 0.54 million 1981
" 1000 tph each 0.90 million 1981
Conveyors 300 tph metre 816 1979
" 600 tph " 1,122 1979
600 tph ' 2,000 1981
1000 tph " 1.530 1979
1200 tph 1,735 1979
1500 tph 2,040 1979
" 1200 tph 2.200 1981
’ 1500 tph “ 2,500 1981
1800 tph 2.347 1979
2000 tph 2,551 1979
Stackers 600 tph each 0.61 million 1979
B 1000 tph each 0.73 million 1979
1800 tph each 0.97 million 1979
Reclaimers 600 tph each 1.22 million 1979
" 1000 tph each 1.53 million 1979
1800 tph each 2.14 million 1979
Stacker/Reclaimer
{(Rec. Cap) 1000 tph each 1.8 million 1981
Tripper Cars - each 0.13 million 1979
Wagon Loading
Station - each 0.35 million 1979
Truck Loading
Station - each 0.30 million 1979
Major Surge Bin - each 0.3]1 million 1979
Minor Surge Bin - each 0.09 million 1979
Transfer Cars - each 0.27 million 1979
Rail Weigh Bridge - a2ach 0.055 million 1982
Road Weigh Bridge - each 0.055 million 1881
Electronic Scales - each 0.011 million 1981

Source: World Bank Project Files
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VIII.4 Bid Invitatiom-and Evaluation

This section provides some general guidelines for procurement of port
equipment. Some common conditions and evaluation factors are highlighted and

can serve as a check-list in organizing procurement activities.

The following factors must be covered by the purchasing department

in evaluating bids:

1. Comparison of net price
2. Comparison of payment terms
3. Comparison of transportation charges

4., Existence of escalation terms and the probable impact of
final cost

5. Charges for optional items including:
- spares requirements
- service and erection engineers fees
- prices of additional work options
6. Availability of spares with respect to:
- extent to which locally available
- factory stocking policy of manufacturer

- need to order for factory production and lead time

7. Comparison of rights to manufacturing drawings and ability
to purchase locally

8. Equipment delivery and erection schedules

9., Manufacturer's shop loading and capacity available for this
project

10. Extent of warranties and engineering responsibility
- sgcope of coverage
-~ manufacturers liability in event of failures or

performance inadequacies

11. Financial responsibility of bidders.



At times evaluation procedures may eliminate a manufacturer who is normally
competitive, reputable and qualified. The purchasing department should
review the specifications for lack of clarity or ambiguity when such a

manufacturer fails to make the competitive range.

Invitations for bids on material handling equipment should
comprise three sections broken down as follows:
1. General Project Description:
a. Outline of the material handling requirements;

b. Location with applicable environmental condition and
site limitation;

¢. Arrangement drawings;

d. Statement defining responsibilities of supplier for
engineering, schedule, and financial aspects.

2. Equipment Specifications:
a. performance or insistence on specific types or features;
b. minimum acceptable design conditions;
c. component performance;

d. requirement to provide drawings and technical
descriptions;

e. equipment evaluation criteria.
3. Commercial Specifications:
a. procedure and timing for proposed submission;

b. requirements to be satisfied before contract award and
procedure for award;

¢. estimate of project implementation schedule;

d. special requirements,
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The purchase contract must cover the following provisions.

Engineering Provisions

a.

requirements for successful handling of material and
interface with other systems;

limits of engineering responsibility of supplier;

list of drawings to be provided;

requirements for engineering coordination;

safety features to be provided;

installation and testing responsibility

- obtaining permits and certification;

-~ site preparation, excavation and laying of foundations;

- provision for storage and safekeeping of delivered
equipment;

- temporary power and wiring provisionsj

- procedures for examination, testing and acceptance;

~ requirements for clean-up and operatiomal start-up;

responsibility to train operators and provide training
materials.

Equipment Provisions

a.

detailed specifications of material handling equipment and
accessories;

references to control drawings;

listing of buyer furnished equipment and their specifica-
tions;

specifications of painting, protective coatings, and
corrosion control equipment;

provisions for acceptance of substitute equipment and
materials.
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Commercial & Legal Provisions

a.

b.

Ce

dQ

Identification of supplier and buyer, and individual
points of contact for technical and contractual matters;

summary of work description and location of work
identifying all applicable specifications;

delivery and erection schedules;
applicable penalties for delays and failure to complete;
provision if supplier is delayed by buyer;

price and payment schedule including withholding and
final payment;

assessment of trangportation charges;
insurance requirements;
responsibility for person and property;

procedures for negotiating work deletions, additions or
change orders;

provision for buyer approval of sub-contracts;

inspection of work in progress by buyer and correction
of deficiencies;

responsibility for work in progress and associated equipment;

procedure for buyer's acceptance of work and transfer
of ownership;

liability for taxes including payroll, sales, excise and
other taxes;

provision for payment of Workmen's Compensation, social
security, unemployment contribution, and emplovee insurance;

responsibility for permits, licenses, certificates, and
payments for same;

definition of warranty terms, including provisions for
correcting inadequacies;

responsibility for use of patents and copyrights;

buyer's use of supplier drawings and rights to data;
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Organizing for a project requires careful delineation of

functions between the various groups involved. The breakdown of activities

among the groups are as follows:

1.

Buyer's Engineering Department Functions:

a.

complete definition of material handling problem (could
include preliminary arrangement drawings);

develop detailed specifications:

evaluate bids for technical parameters;

coordinate engineering activities;

supervise installation and fine tuning of equipment;

implement training programs for operating and maintenance
personnel.

Buyer's Purchasing Department Functions:

€.

handle all commercial aspects;
send inquiries and receive proposals;

make commercial evaluations of bids integrating
technical evaluations made by engineering;

select supplier and award contract;

monitor progress and take expediting actions.

Equipment Manufacturer Functions:

a.

prepare and submit bid, coordinating with buver's
technical group to ensure responsiveness;

refine preliminary engineering - review and correct
as necessary

design equipment and accessories for fabrication;
coordinate engineering with other engineering contractors;
purchase necessary equipment;

schedule fabrication and shipment;

fabricate, install and turn over equipment;
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h. train operators and provide operating manuals;
i. stock spares inventory;

4, Consulting Engineer Functions:
a. provide expert personnel on temporary basis;
b. engineering services;
c. procurement services;

d. installation and training services.

Quality and performance of material handling equipment will
depend on a number of factors. Even very tightly written specifications can
be variously interpreted by vendors. Consequently, bids on identical
specifications can vary a good deal, Evaluation of bids on first cost
alone is usually not desirable; egually important are the life cvcle costs
which will be incurred. The life cycle costs will depend on inherent design

features as well as the application in which the equipment is used.
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APPENDIX A, REGIONAL DEVELOPMENT ANALYSIS

As mentioned in Chapter V.6, it is in the national interest to
balance regional development by increasing the income of depressed
regions. Development of a new port in a region will generate a new
source of income for the region and can thus contribute to the objective
of balancing regional development.

Therefore, it should be emphasized that, when deciding on a port
site, planners should consider a broader aspect of balancing regional
development. This can be achieved by undertaking such regional
development analysis as the one described below while trying to minimize
the necessary total investment costs.

Parameters Used in the Analysis

Rp = Regions (1 to n).

agy = the marginal average propensity of reglon i to spend
its income in region j.

n

(Note that | ajy; = .
I=1
A = Exchange Matrix = 8] a12 .+ » . a]p |

31 322 + . . g

4n1 3pn2 « » + 3pp

Y; = Total income of Region i

a ;
= Z a1j¥5 = Sum of income of region i spent {n { and
i=1 incomes of other regions spent in 1.

Y = Equilibrium income vector of regions which
satisfies the equation A'Y = Y.
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Methodologw

The foliowing simple example based on a Markov chain analysis
with three regions will illustrate the method of computing the
equilibrium incomes of regions relative to others.

Assume that we have the exchange matrix of

The above system of homogeneous linear equations can be solved by
writing it into A'Y = Y formulation as below:

0.5Y; + 0.2Y3 = ¥
0.2Y; + 0.6Y, =Y
0.3Y1 + O.&Yz + 008‘1{3 = Y3
and we get the equilibrium income vector of
T = (Y, 0.5Yy , 2.5Y;)

in terms of Y.

Interpretation

The resulting equilibrium income vector shows that, with given pro-
pensities to spend and using the income of region 1 as the basis, the
equilibrium income of region 2 is half of the income of region 1 and the
income of region 3 is 2.5 times the income of region 1.

From the equilibrium income vector, one can see that region 2 is
the most depressed region in terms of the total income and, to increase
the absolute amount of its income, the incomes of region 1 and 3 should be
increased by an even greater amount to maintain the equilibrium conditions.

The equilibrium growth can take place in this model as long as the
growth rate is the same for each region, but this will increase the

relative income difference among regions further.
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Dynamic Regional Growth

In order to increase the income of a depressed region, it is
necessary to inject one period or continuous income into the region
and the development of a port in a region can provide a continuous
source of increased income for the regionm.

The following analysis, based on a Markov chain solution method,
will indicate the effect of this new investment on the total equilibrium
income of the region and on that of others.

By introducing index t to represent different time periods the
following results:

Vij(t) = element of the row i in the
exchange matrix in time period t

which satisfies the condition of

il
v,.(t) =1
=1 1

and,

n
Viyle v )= jglvij(t)aij

Then, the equilibrium income vector becomes

Y(1) = Y(0)A
Y(2) = Y(1)A = Y(0)A®
Y(3) = Y(2)A = Y(0)AS

which are generalized into
Y(t) = Y(t-1)A = Y(0)AtL.

As an example, consider a simple two regions case with the following
exchange matrix

= P 1-p
A= g, 1-g } ,

and by performing Markov's chain analysis, the equilibrium income
vector becomes .

Yy=1{rv, Sl%&l Y, }



If a capital investment, such as the development of a port, is put
into a region so that its income increases by an amount equal to X in
period 1 and all following periods, the region's relative income will
be increased. Following are the resulting equilibrium income vectors

for each time period.

Y(0) = IYl » (1=p) Y1

q
() = [(Y) +x), (1 -p) Y]
q

D =, +x a+p)y, « =) (4 4 0))

.

L]

Summary

The method of analysis presented so far assumes that the propensities
to spend remain comstant throughout the periods., From the static analysis
of the equilibrium income for regions, one can determine the most relatively
depressed region. From the dynamic growth analysis, the effect of continuous
additional income on the equilibrium income distribution among regions in each
time period resulting from capital investment to a depressed area, can also

be determined.

Methodology summarized from:
Smith, Paul E., "Markov Chains, Exchange Matrices, and Regional
Development," in Regional Analysis and Development (Chapter 9),
edited by John Blunden and others, The Open University Press, Harper
& Row, Publishers, New York, 1973.
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APPENDTX B. TECHNIQUES FOR PORT DEVELOPMENT ANALYSIS

In this appendix a number of computer~based optimization techniques
are briefly described. Then, simple linear programming models are
developed which will support the decision-making process of choosing
a port site from available alternatives (see Chapter V) and the desired

inland transportation modes from the site to the demand centers.

B.1 Description of Available Optimization Techniques

Linear progrémming and dynamic programming methods, which are two
of the most widely used computer-based optimization techniques, are

described below along with the simulation method, which does not produce

optimum solutions, but compares alternative solutions.
In applying the above mathematical methods to real world problems,
such as port logistics problems, the users should bear in mind that these

methods are to be used only as guidelines to support human judgement in

their decision-making process.

Linear Programming (LP)

Linear Programming is a powerful optimization method developed which
can be applied to a wide wvariety of problems. By optimally allocating
constrained resources among activities, it maximizes profit or minimizes
the cost. Although the objective function is restricted to being linear,
non~linear functions can be linearized through piecewiée linear approxima-
tion.

Due to the development of an efficient simplex algorithm and the

availability of high-speed digital computers, LP problems can be solved
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quickly and inexpensively when compared to other methods.

Another major advantage of LP is the ability to perform sensitivity
analysis. It gives ranges on the objective function coefficients and
in the righthand side values of constraints for which the optimum solution
remains unchanged.

It also calculates shadow price (or opportunity cost) of a constraint
which 1is defined as the amount of change in the optimal objective function
value per one unit increase in the righthand side wvalue of that constraint,
given all others remain constant. This is valuable information since, by
pricing out an activity with shadow prices, one can tell whether the

activity is worth undertaking.

Dynamic Programming (DP)

Dynamic Programming is an optimization technique that simplifies a
complex problem into a series of multi-stage, more easily analyzable
problems. The stages are treated as independent of each other.

For each stage optimal value for different states 1s calculated
using a recursive relationship that is applicable to every stage. Sub~-
sequently when the optimal solution is found at the final stage, one
can track back to the beginning for the states of each stage that consti-

tute the optimal solution.

Simulation

When a given problem for which mathematical programming models cannot
be formulated, such as LP or DP, the simulation approach is resorted to.
The difference is that simulation models do not generate alternatives
or produce an optimum answer to the problem under study. Rather, it

merely evaluates alternatives developed by the decision-maker.
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Simulation computer programs are usually a series of logical arith~
metic operations which are arranged and executed in a sequence closely
resembling the actual operation of the svstem. Thus, it usually requires
extra time and effort to develop simulation models and it may be more
difficult to track back to the source of the error,

The formulation of simulation models is very flexible and it can be
made as realistic as needed by incorporat ing c¢onditions which can be
expressed in logical arithmetic expressions.

One disadvantage of simulation is that decision~makers are required
to provide flexible alternatives to be evaluated by the model. The
decision-makers should also have a good understanding of the optimal
solution for the problem under study in order to judge the accuracy of
the model.

B.2 Analysis for the Optimum Choice of the Inland Transportation Model

In the general methodology for bulk terminal logistics described in
Chapter V.2, the information on the total inland transportation costs
from each prospective port site to demand centers are required in order
to choose a minimum cost port site.

A method of determining the minimum cost inland transportation mode
from each port site using a Linear Programming (LP) model is illustrated
by the following simple example. More detailed LP description is pre-

sented in Appendix B.3.

Example

Assume that there exist the following prospective port sites of A,
B and € and demand centers of 1,2 and 3 in a region and that they are
located as in Figure B-1.

Assume also that the available alternate inland transportation modes
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are road, rail and barges with transportation cost per ton as in Figure

B-2.

Figure B-1 Alternate Port Sites and Demand Centers
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Objective:

Methodology:

LP Formulation:

Minimize

Sabject to
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The objective is to determine the minimum cost trans-
portation mode from each prospective port site to
demand centers.

The optimal way to solve the above transportation problem
is to set up a simple LP model that minimizes total in-
land transportation cost subject to constraints on the
capacities of each transportatiocn mode for each link, and
the demand sufficiency condition for each demand center.

By utilizing cost and capacity information, LP model is
formulated for each prospective port site of A, B and C.

) % €%kl

ik
(1) E Xypp = d5p for all j and 1
(2) Z Xjpp S CAPy for all 1
jk
all X, ;2 0

Where subscripts j refers to demand centers,

and

Cir1 =

Xyk1 =

djl =

CAP; =

k refers to transportation modes, and

1 refers to commodities,

transportation cost from a site to demand center j

through inland transportation mode k for commodity 1.

amount of bulk flow from and to demand center j

through mode k¥ for commodity 1.

amount of bulk handling (inflow and outflow) required

at j for commodity 1.

capacity of a port for handling commodity 1.



The constraint (1) states that bulk handling requirement at demand center has
to be satisfied for all commodities and the constraint (2) states that the
total amount of bulk flow from/to a port for commodity 1 cannot exceed the
port's handling capacity for that commodity. TIf Xikl = 0, it means that
the mode k is not used in transporting commodity 1 from a terminal site to
i.

This LP model determines the minimum total inland transportation cost
from each port site and the resulting choice of inland transportation mode
for each transportation link. This model assumes that the transportation
costs are linear and different for each commodity. In addition to the
total inland transportation cost, initial investment costs for port and
inland transportation facilities have to be considered in making the final

choice of the port site and the inland transportation mode from it.

B.3 Detailed LP Formulation for Bulk Termipal Logistics

In Appendix B.2 a simple LP model was developed to determine the
minimum cost inland transportation mode. This is a simple LP formulation
because it only considers demand and capacity constraints. In this
Appendix the usefulness and power of the LP method is illustrated by
presenting a more detailed formulation for solving bulk port logistics
problems using the same example as in Appendix B.2.

Define the subscripts and variables as follows:

Subscripts i = prospective port sites

j = demand centers or regions

L i e RS e 3 i St 1 o
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k = modes of inland transpertation. (Depending on the
quality of a mode, thevy can be subdivided further -

e.g. gravel road, paved road, highway)

1 = commodities

t = time period

Variables

COSTijklt and VOLijklt = Inland transportation cost per unit

volume and amount of volume transported respectively, from

port i to demand center i throueh transportation mode k for

comnodity 1 in time period t.

PEXCAFj 1 r and PNEWCAPj 1 t = existing and new additional

handling capacity, respectively, in port i for

commodity 1 during time period t.

DEMAN?j’l’t = required bulk handling (from/to) in a demand
¥

center j for commodity 1 during time period t.

BUDGET,. = available financial resource for port expansion

during time period t.

INVCOSTi,l,: = investment cost per unit capacity increase in

port i for commodity 1 during time period t.

ICAPj 4,k,t = 1inland transportation capacity of mode k from

port 1 to demand center j during time period t.
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The LP formulation is as follows:

Objective Function

Minimize ) J J J | (COST x VOL )
{jikle 1ik1lt 1iklt

This objective function aminimizes the total inland

transportation costs..

Constraints

{1} Demand Constraints

1iklt = DEMANDj,l,t for all j,1,t

[P

! voL
k

These constraints assure that the total amount of bulk
volume transported from all ports (i) to demand center j
through all traunsportation modes (k) for commodity 1

during time period t should be equal to DEﬂAxDj,l,t_
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(2) Port Capacity Sufficlency Conditions

7Y ovoL £ PNEWCAP + PEXCAP,
j ’

1jklt i,1,t 1,t

for all i,1,t

These constraints prevent the total amount of bulk
volume transported from exceeding the available
{(existing plus new) capacity for handling commodity 1 in
port i during time period t. Here, we assumed that new

capacity become available instantly.

(3) Updating the Port Capacity

PEXCAPi’l’t + PNEWCAPi,l’t = PEXCAPi,l,t + 1

for all 1,1,t

Existing port capacity during time period t+l for
handling commodity 1 in port 1 is updated by adding new
capacity, which is to be determined by the LP model, to

the existing capacity in time period t,



(4) Budget Constraiant for Port Capacity Expansion

) (PNEWCAP x INVCOST ) 4 BUDGET,
11

,1,¢t 1,1,t

for all ¢t.

These constraints prevent the total investment for
expanding bulk material handling capacity of all
commodiries (1) in all ports (i) from exceeding the

available financial resource during time period t.

(5) Inland Transportation Capacity Sufficiency Conditions

§ VOL; pe < TCAPY 5 k¢ for all 1 j k t

These constraints prevent the total amount of bulk
volume transported from port i to demand center j
through mode k during time period t from exceeding the
available transportation capacity of mode k from port 1
to demand center j during time period t.

The inland transportation capacities can be updated, and
the required investment costs for inland transportation
capacity expansion are added to the left hand side of

constraint (4).
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Output

The output of this LP forﬁulation is somewhat different from the
output of the general methodology for bulk terminal logistics presented
in Chapter V. 2. The general methodology selects one port site among
several alternatives and the minimum cost inland transportation mode
from that port site.

The LP model formulated in Appendix B-3 does not just select one
port site, but may select a number of port sites, which may already
exist or which should be newly developed. This is done in order to
achieve the minimum total port investment and inland distribution costs.

This model can also determine the timing and the amount of port
and inland transportation capacity expansions subject to budget con-
straints.

More importantly, by incorporating the time period into the model
it is possible to evaluate the proposal for its entire project life and
the availability of efficient LP packages in most computers is a great

advantage for other similar applications.

Shortfall

One shortfall of this LP formulation is in comstraint (2). This
constraint assumes that new capacity can be added whenever the required
bulk handling demand exceeds the available handling capacity in the
ports. But, as pointed out in Step 4 of the methodology for bulk
terminal logistics in Chapter V.2, this may not be the optimal port
capacity expansion strategy. Due to inflation, fixed cost involved in
starting port expansion project and economies of scale, it may be
better to expand the capacity so that it can satisfy the bulk handling

demand for several years into the future rather than expanding the
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capacity every one oOr two vears.

A dynamic programming approach can solve this expansion problem
most efficiently. It essentially considers all the available expansion
strategies and selects the one which results in the minimum total
investment cost over the project life. The optimum expansion strategy
obtained from a dynamic programming model specifies when and by what
amount the port capacity should be expanded subject to demand require-

ment and budget constraints.
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APPENDIX C. (UEUEING THEORY

This appendix is intended to provide a summary of the more common
queueing theory models. The cases selected are sufficient renderings
of ballpark estimates of the utilization and waiting times experienced
for most queues commonly encountered in facility design.

By using this information a rough evaluation of a system is
possible with a few minutes’ work. It is not intended as an exposition
of the mathematics behind the queueing process, but merely as a presenta-
tion of summary formulae actually used. Readers wishing to learn more

about the subject should consult a book such as, Elements of Queueing Theory,

by T.L. Saaty.
Four classes of queues are congidered:

1, Single channel-exponential interarrival time and exponential
service rate.

Here there is a single waiting line for a single service facility.
The time between arrivals in the queue and the time required to
service them are both assumed to be exponentially distributed.

The exponential distribution assumes that any service time is
possible, both very long and very short (although very long times
are unlikely as the probability of a service which requires a
great time falls rapidly as the time increases). Tor the
exponential distribution the mean is equal to the variance.

2. Single channel-exponential arrival arbitrary service.

This queue is similar to the simple queue above except that anv
service time distribution can be used. This includes a fizxed
service time. The parameter varied to model the arbitrarv service
time affects standard deviation. When this is zero a constant
service time results, when one, an exponentially distributed time,
etc.

3. Limited queue length.

This is a single channel queue similar to the first, where
waiting line can only accommodate a maximum number of units.

When the queue is full, additional arrivals are lost and never
pass through the system. An example of this would be the
departure of patrons at a cinema when a very long line is present.
In many situations the results from a queue of limited length
approach that of unlimited for a2 small maximum queue length.



4, Limited number of customers for a single queue

This system can be used to model systems for machinery repair.
Here a few machines break down randomly and are repaired by a
single repairman. Other interesting applications are possible.

5. Multiple servers serving a single queue

Here one line feeds a number of services as is common at highway
toll booths and other situations.

6. Single server-Erlang arrivals Poisson service

This is similar to case 2 except the distribution of inter-
arrival times is the parameter rather than the service time.
The Erlang distribution has two parameters, the mean and "K ";
when K is on