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EUROPEAN THEATER NETWORK ANAIYSIS MODEL (ETNAM)

SYSTEM DESCRIPTION - VOL IV

DATA BASE - PART ONE

FOR THE

LOGI DIRECTORATE (j-4), JOINT STAFF

ABSTRACT:

1. This document is part of the S4 stems Description for the
European 7hepter Network Analysis Model (ETNAM) which consists offour volumes:

Vol I - User's Manual.
Vol II - Operator's Manual
Vol III - Analytical Manual
Vol IV - Data Base, Part One
Vol IV - Data Base, Part Two

2. As indicated Vol IV is in two parts. Part two contains the
classified data base, including the transportation netwcrks and related
data for BENELUX/West Germany, France Thailand, South Vietnam and
South Korea. Part One (this document) contains background material for
the use of the data base, including discussions of the various methods
used or proposed for the estimation of capacity of highways, railroads,
inland waterways, pipelines, water terminals, beaches and airfields.
Resource data on capacity and productivity of the various transpor-
tation modes are also included.
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capacities to assist the user in structuring a nttwork; assembles and
documents network data for Central Europe, France, Southeast Asia, and
Northeast Asia; develops labels for the nodes of each network; and
analyzes and explains factors that influence the productivities of
resources. The effort involved was limited to the collection of data
that was available in the existing literature.

d. Data Base Elements.

(1) ETNAM data base elements may be divided into two parts:
"environmental" or theater-oriented, and "scenario" or problem-oriented.

The environmental data base lends itself to retention on a permanent or
semi-permanent basis, and is the only one for which data was collected.
It consists of the transportation networks of a country, military and
host nation transportation resources that may be used on ;hose networks,
and the capabilities of those resources.

(2) The problem-oriented data are derived by the model user from
information generally presented to the use. in the form of a scenario or
plan, but which may be simply a number of assumptions or problem con-
ditions. By their nature, these data are rot contained in a permanent
data base and were excluded. Included are phased movement requirements,
percentages of network capacities made available by the host nation.
toll coefficients on network links, commodiiies permissible on specific
transport modes, resource substitutions on ;hese modes, origin-destina-
tion pairs, development of phased movement xequirements, and other input
data requiring a user quantification.

(3) The data base itself is contained in Part Two of Volume IV
and has been structured to correspond with the requirements of the
System Description, Volume III - Analytical 1 anual, of the ETNAM,
January 1971, and is organized around the networks of the specific
countries. These networks are portrayed graphically in separate chap-
ters, each devoted to a specific country or area. The characteristics
of each link in the networks are listed in the same chapter together
with a listing of the host nation's transportation resources, taken from
the latest information available.

(4) The links of the transportation networks ",were chosen for
their military value. Secondary roads or canals were not included
because of their low capacities. The planner may expand the network
data by including these and other existing links by using his own judg-
ment in de;eloping the capacity estimation methodology to be used.

(5) A major portion of Part One is devoted to an explanation
of the methodologies employed to estimate capacities of the modal links.
Much of the material used in this endeavor is official doctrine adapted
to the specific objectives of the data base, and sources are documented
throughout.
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•M-P'ZM 2. FROMLM4 FiUOLATIONi

1. Introd• tion.

a. 'Me discussion that follows has been adal.ted from the guidancL
isz.etd to the irntratheater stwq group -Athln the i.O'MAP (70-74) Study.
It reflects the tinking of a-lyzst-s -ith signific~nt experience in
both strategic mbiLity yAroblems in gen-ral and. vitri the SNAM s,'tei
in errtic-alar. It is included In this docimuent Alue to its brief a:d
comprehensive s-.ry of the effort req ired to formulate e problen for

b. Indicated belov are the ]mrocederal steps, decisions, and quanti-
ficatiom of variables ,hat must be accomplished in order to form the
necessary data base for inputing a problemi to the "ElWI41.. Adjacent to
euth procedial step are listed representative factors which must be
taken Into account iu or4er to satisfactorily bound each step. All thr
steps, with the exception of Steep 1, aeed. not necessarily be accov:plisheL
11g the order presented in Figure 1.

2. .stablIsEM the Scenario. In establishing the scenario for the
emotingercr zaca to be examined, the following questions must be
answered:

a. Where is tbe contingency area?

b. What is the force .esture.

c. What is the time rWeiod to be examined!

d. Wbat is the tactical situation?

e. What is the troop strength to be s&ijported?

The htsweers to these questim.s have a direct iupact on those factors
v idih must subse-en-_tly -E addressedi in structuring the total problem.

3. Developing the Metvork. in developing z•etworks of the EBMW.. model
"the folloaiing -.st be ccnslde=-ed:

a. What types of networks are desired in the corxosite netwo),rk•.
'Me mdel_ is capable of handling data o- air, rail, highvay, pipeline,
an waterway i-etwm-rks.

b. ;&at iz the catec ity 07 each lin1k in the network' The .apacity
f. a Icy* is stated ir the total vehi,:les that !Wy transit that link in

c.- hat is the leEeth of each link. Each link oi-iginates at a
MW --ode and ternimates at a TO noae with the distance between stated

in ziles.
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d. What commodities are permitted to flow across each link? The
user has the option of permitting individual commodities, combinations
of commodities, or all commodities to transit any given link of the net-
work. For example, troops would be permitted to move over all links of
the network with the exception of those making up the pipeline network.

e. How are the nodes to be represented within the overall intra-
theater network? Th• user may model the nodes, and the functions per-
formed there, as miniature networks within the composite network.

f. What direction of flow is permitted on each link? The user may
specify for each and every link whether cargo flow is permitted in
either direction over the link or in only one direction.

g. What is the tactical situation? The tactical situation assumed
in the scenario will dictate the location of Lhe Seaports of Debarkation,
Aerial Ports of Debarkation, Forward Air Strips, Transfer Points, and
Depots.

4. Assembling Resource Data.

a. lWhat are the types of resources available for use? The user
must specify resources which are available for moving each commodity
type through the net'vork.

b. What are the numbers of resources available for use? This num-
ber may be stated as an actual available inventory or a hypothetically
unlimited inventory which will not constrain the problem (used in force
sizing type probl.ems).

c. What are the resource productivities? The productivity for
each resource type must be stated in terms of its short tons (STOINS)
capability per 24-hour period, e.g., a truck company might have the
capability of moving 1,800 STONS 100 miles in one day.

d. What are the resource ccsts? The cost per resource type must
be stated in meaningful terms at the productivity assigned.

5. Developing Movemtt Requirements and Origin-Destination Pairs.

a. What are the cargo commodities to be considered? The user must

specify the number and types of commodity classes to be moved through
the system, i.e., PFX, POL, AMMO, containers, etc.

b. If the link capacities are given ir short tons, what is the
equivalent weight in (STONS) of the average component of each commodity
class? The user must specify this weight for each class of cargo,
e.g., the average weight of a container might be determined to be 10
STONS, and the average weight of a break bulk component might be
determined to be .6 STON.

2-3



c. What are the movement requirements? From the troop strength and
force posture developed in the scenario, the user must establish the
volume of movement requirements by commodity class, necessary to support
the deployed, force.

d. What are the origine and destinations of the movement require-
ments? The user must specify the point or points of origin of the move-
ment requirements and the point or points of their termination.

6. Establishing Solution Parameters.

a. What are the modes to be used? The modes are the various methods
of moving cargo from origin to destination, within which are contained
the resources i.e., road, rail, air, waterway, and pipeline. The user
may identify up to a maximum of twenty modes End may specify modes which
portray work unit activities such as loading, unloading, transferring, etc.

b. What is the optimizing criteria? The user may elect to optimize
on any one of three criteria: minimum cost, maximum flow, or minimum time.

c. What are the mode speeds? The user must specify the speed in
miles per hour that a link lift resource may move in that mode.

2-4
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CHAPTER 3. DATA BASE ELEMENTS

1. Definition.

a. A data base, for the purpose of this document, is defined as a
formatted assembly of all those collectible data, of a permanent or semi-
permanent nature, required by ETNAM as input for the solution of those
problems for which it was designed. More specifically, the elements of
the data base will consist of those transportation data of the environ-
mental or theater-oriented aspects of the intratheater transportation

system within so-lected theaters, and will include problem or scenario-
oriented data unique to the problem in hand, such as movement require-
ments, destinations, and arc tolls. 1

b. Governed by this interpretation, the data base elenents are

described below.

2. Transportation Networks.

a. The major surface networks, considered by trensportation mode,
are highway, rail, inland waterway, and pipeline, and consist of a reTire-
sentation o• all physical links in the network, the intersectionz of
which define nodes. When two or more modal networks have a common node,
the node becomes a potential transshipment node.

b. Those nodes that interface inter and intratheater transportation
systems are called origins with respect to intratheater transport. They
are permanent in nature and include the terminals of intertheater trans-
port nodes (i.e., scaports and aerial ports).

c. Certain other no~es, at which requirements exist for men or
materiel, are designated as destinations. These are problem-oriented,
subject to change during the solution process, and are not included in
the data base.

. The network of the air mode is defined by treating airports as
a transportation mode. For consistency seaports are also dcfined as a
transportation mode.

e Depots, or other storage areas, may be designated as destinations
for movement from the rear, and as origins for movement forward, depend-
ing on the structuring of the problem.

f. Each node in the syitem has a unique code number and each link
is uniquely designated by the code numbers of the nodes which it connects.

S1 ee ETNAM System Description, RAC 1969 (Parts I and II)
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g. As long as each node is assigned a unique number, the cards con-
taining data on network links may be input to the computer in any order.
The ETNAM system assigns its own internal identifying code to each link.
The program sorts all link data records by the FROM node code and they
are listed in this order in the input report. If the coding system in
this data base is used the list will be in order alphabetically by
country, numerically by node number, and alphabetically by mod, designa-
tion.

3. Major Modes. In intratheater usage there are at present five major
modes, i.e., rail, highway, airway, waterway, and pipeline. Depot
services are not usually considered as a mode, but depot services do
require time and resources that are of interest to the mobility planner.
The ETNAM was, therefore, designed to permit depot services to be repre-
sented as a mode and a necessary function that must be performed in the
process of moving men and materials from the ports of entry to the con-
suming unit. In order to distinguish the special modes they are referred
to in this document as Quasi-modes.

4. Quasi-modes. Quasi-modes are chosen or designated by the planner as
necessary for a p&rticular problem, or to analyze specific transportation
movements. The number of possible quasi-modes is almost limitless, and
can range from the primitive mode/media to the drawing board items in
research and development, e.g., pack animals and porters, helicopters,
logistic missiles.

5. Link Distance. The distance between nodes in a network is naturally
defined for most highway, pipeline, waterway, airway, and rail links as
the physical distance to be traveled between nodes. Transfer links
between nodes, at transshipment points, present a different problem in
that the actual physical distance may be quite small, but the time,
effort, and resources required to traverse the link maj be large. For
mathematical convenience the distance traversed in the transfer link is
:set equal to one unit of distance. The time, effort, and resources
required to accomplish the transfer may be presented by the condition
coefficient element described below.

6. Link Capacit

a. Within the ETMAM model link capacity is simply the maximum
flow that is to be permitted over the designated link. This maximum
flow may be a careful estimate of the mtaximum physical flow that may
pass over the link under an assumed set of conditions or it may be simply
an arbitrary number established by the plc.nner or by other authority.
For example, the ca.pacity of a link may be the maximum desired flow as
determined by vulnerability or other considerations. Link capacity may
be expressed in tons per time period or in vehicles per time period
depending on the method chosen by the planner.

b. In most cases the link capacity used in the ETNAM model will ie
a careful estimate of the physical capacity of the link. Unfortunately
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there is no single, universally accepted method of estimating link cupa-
city. Most of the available methods are discussed at length in Chapters
4 to 9, Part One, which cover the major todes of transportation. Chapters
1 to 5, Part Two, contain network maps and supplementary data for each of
the covered theaters. In some cases, e.g., South Vietnam, the capacity
data comes directly from official sources. In these cases the precise
methods used to obtain the capacity data is not knc~m. Data for The
European network were developed by Research Analysis Corporation analysts
using the accepted U. S. Army techniques as described in FM 55-15.

c. The capacity of a transportation link is a difficult and some-
times controversial concept that is still. undergoing change and improve-
ment. A brief discussion of the concept of capacity is c.rntained in the
mode chapters (4 through 9).

7.Link Condition Coefficient.

a. The link condition coefficient is 11sed to express the difference
between the quality of various links of the same mode and therefore the
difference in resource utilization. The use of the arc condition coeffi-
cient is perhaps best indicated by example.

b. Two highways may connect city A and city B. One highway may be a
four-lane, limited access, first quality road while the other, although
shorter in length, is a two-lane, secondary highway with poor surface
condition. ETiAM will choose the shorter route although the superhighway
is operationally the preferred route. The condition coefficient is pro-
vided to resolve this problem.

c. An extensive highway net, as in Europe, is particularly sensitive
to the value of the condition coefficient because of the number of compet-
ing links. On all other major modes the condition coefficient is rarely,
if ever, different from 1.0. The method used to quantity the condition
coefficient for highways in the data base is based on delay caused by
physical characteristics of the route. It is an artificial lengthening
of a route to reflect differences in the quality of the links.

8. Mode Speed.

a. The operating speed on each mode is used in ETNAM to calculate
link ti'aversal time, used in the minimum time solution type.

b. Speed may vary on the separate modes, particularly on highways in
the several methods of capacity estimation, but ETNAM only accepts a
single speed per mode. If, in a given network, there are some routes with
one speed and other routes in the same mode with a different speed, it
will be necessary for the planner to designate two separate ioodes, each
with its own unique speed.

c. In the absence of information to the contrary, doctrine designate:3
the following speeds:

3.-3



(i) Inlana watvŽ'ays, 8 knots in open water interpreted as 4
knots upstream against :3 4-knot current (12 knots downstream).

/2) Rail, iO miles in the hour. (Much higher speeds are recorded 71
in Janes World Railvays).

(3) Pipeline, not designated specifically but velocity up to
5 feet per second (0.34 miles per hour).

(4) Highways, 3j miles per hour on primary roads and 25 mph on
secondary roads. (The Iighway Research Board observed higher speeds for
different "levels of service" in CONUS, and RAC observed truck speeds of
50 mph on primary roads in Central Europe.)

(5) Air, speeds vary by type aircraft.

9. Transfer Points (Transshipment Points).

a. A potential transfer point exists at any node where two or more
modes intersect. In the lists of node. furnished in the country annexes,
each node of this type is identified with the modes intersecting at that
node by appropriate suffix symbols, so that the user may make a selection
of the transfer points desired for the problem.

b. To select a transfer point requires the introduction of a new
link or links as illustrated below. At portq or other origins there may
be a multiplicity of mode intersections and several types of transfer may
be desired.

c. For example, at a seaport such as Rotterdam (NOO1 - Netherlands
node number 1) there may be highway, rail, IWW, and pipeline links, and
a co-located airfield accessible only by highway from the seaport. In
addition some of The materiel may be used in the immediate area. The
links of this port complex are:

NOOIS - NOOD (seaport to local storage depot)

NOOIS - NO01H (seaport to highway)

NO01S - NO01R (seaport to rail)

N001S - NOIP (seaport to pipeline)

NOOS - NOOlW (seaport to inland waterway)

NO01H - NOOIA (highway to airfield)

NOOH - HOIR (highway to rail)

d. There are several other possible links, e.g., NOOIS - NOOIA,
which maý be used for belicopter discharge of ships.
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10. Origins. The interfaces between intertheater and intratheater trans-
portation systems are represented by that portion of intertheater input
to seaports and airfields that becomes input to the int.Catheater system.
Seaports and airfields are normally origins, but forward, airfields may
also be intertheater destinations. Origins are always paired with one
or more destina-lons.

11. Destinations.

a. The location of destinatic~is is problem-oriented and is not part
of the data base. However, for the present oitiaations and where known,
the locations of existing depots and storage p-r-nts are shown on the net-

work maps for each country. Other destinatio'.s used in Europe -t the
present writing are given in the European Theater Transportation System

(ETrS) 1969, DCA Control Number 292345, obtainable from the Defense Docu-
mentation Center.

b. In establishing destinations for specific problems it is neces-
sary to determine the phased requirements for men and materiel at each,
and to estimate the materials handling resources required to receive,
store, and issue the incoming materiel. All destinations are paired
with one or more origins.

12. Transportation Resources. Transportation resources may be presented
as the men-equipment combinations that actually handle or move the com-
modities (including passengers), and control the movements (including
documentation). They are presented as TOE units with given capabilities,
functional components that consist of single units manned directly (e.g.,
forklift truck with operator) or indirectly (e.g., boxcar), and host
nation capabilities (e.g., capability of a stevedor crew).

13. Master Resource Vectors. The link resource requirereiits are assigned
by mode-commodity pair; e.g., a single master resource vector 2 is estab-
lished for each mobility mode and cc-modity. Thus a single master vector
provides the resource data for all links of a particular mode, for all
movements of the specified commodity. For example, for POL as a com-
modity there is a POL/highway master vector wh4ch expressed the mobility
resources required to sustain a unit flow of POL over a unit distance by
highway. Likewise a master vector can be defined for POL/rail.

14. Resource Inventories.

a. The quantity of each allocatable resource available is a neces-
sary data element. This may be the actual or planned inventory of th-se

2 A vector is simply a list of numbers each corresponding to a

specific resource type. Thus for a given mode-commodity !air there may
be several types of resources required.
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resources or may be some other figure established by the user as the
upper limit of resources to be allocated. In the max flow mode, the
quantity of resources available will ofton be the limiting factor. In
the min cost mode, it may be desirable for some analytical purposes to
set available resources at high levels so as to permit the system to
select the best set of resources regardless of current inventory levels.
Thus tie quantities to be input as resource inventories will vary widely
dependiag on the analyst's purpose.

b. Total military inventories are problem-oriented and are subject
to considerable variation. The composition and capabilities of the
military units are prescribed and are furnished in the mode chapters,
Part One. The latest inventories of host nations are furnished in the
appropriate chapters, Part Two. The entire hos.. nation inventory will
probably never be made available to US forces; however, the size of the
inventory may indicate a reasonable support level that could be provided
by the host nation should it be necessary.

15. Resource Costs.

a. Resource prices, as used in the ETNAM system, reflect value
judgments of preferences for use of the allocatable resources. These
prices are not necessarily the operating cost of the resources in the
theate.c, but may be a life cycle cost or any other relative index.

b. Prices are required simply because the various resources are
not of equal value. If barges and trucks are priced equally, barges with
their large capacity will be used to the limit of their ability, consis-
tent with the constraints of the network. The vehicle with the greatest
capacity would appear to be the best choice in every case. With a rela-
tive price assigned each resource type, for a minimum cost solution type
the allocation will be based on economic advantages.

c. Unfortunately, reliable resource cost data for the ETNAM data
base are either not readily available or have not been validated. Rather
than risk misleading the user inadvertently, it was deemed the better
policy not to enter cost data in the data base. If the min cost solution
is desired by the user, it will be necessary for him to obtain c(ost data
directly from the Services.

16. Resource Productivity.

a. Transportation r-sources are defined as the combination of labor,
equipment and available facilities for the transport and handling of
cargo or passengers (PAX) while enroute from an origin to a destination.
Facilities and infrastructure are discussed in terms of capacity as in a
prerrious section. The man-machine combinations are discussed in terms
of capability or average productivity.

b. The prod'ictivity of any transportation resource unit normally
varies daily because of certain, not necessarily predictable, combinations
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of circumstances. However, over a long period the average iproductivity
should approach the capability about which the resource unit was designed.
The circumstinces may include all favorable or umfavorable factors, gen-
erally defying quantification, that can possibly arise in the movement of
cargo -- momentary or lasting, sporadic or steady.

c. Probably the predominant factor affecting productivity, with
respect to tonnage output, lies in the type of commodities handled or
transported, particularly if the originating intertheater carrier sho-uld
happen to be comiodity loaded. 3

d. To illustrate, Army general cargo4 is shown in the accompanying
Table 1 to have a density of 27.8 l.bs/cu. ft. (This is the general basis
for the determination of certain resource capabilities.) The Terminal
Service Co. has a capability (estimated average productivity) of dis-
charging 720 STONS/day and at the above density this equates to a tneo-
retical 52000 cu. ft./day (720 STONS x 2000 lbe divided by 27.8). All
other things being equal, and assuming circumstances favorable to the
operation, the daily productivity of this unit can vary theoretically
from 1675 STONS of army ammunition (50 hb/cu. ft.) to 31 STONS of army
aircraft (0.93 ib.3/cu. ft.) if only the single commodity is dischargea.
Zero productivity days, when there is no ship in port, or operations are
suspended, are deliberately ignored for the purpose of the illustration.
The daily productivity of the connecting intratheater carriers would be
similarly affected if both commodities could be moved by the same
carriers.

e. Resource capabilities are compared with the estimated work-
loads to obtain resource requirements. Chapters 4 to 9 iniclude design
capabilities and type resouxce requirement computations.

3See types of loadings in FM 55-35 or FM 101-10-1.
4Measurement tons.
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CHAPTER 4. HIGHWAY

I. Highway Capacity Estimitions.

a. The Aam method of highway capacity estimation, hereinafter
called the "current" method, is contained in FM 55-15 and FM 101-10-1.
It is a condensed version of the more complicated method given in FM 55-
5k, which it supersedes. The current method was used in deriving the
capacity estimates for the European data base, in spite of its almost
unanimous rejection by the participants in the 1968 seminar on this
subject, hosted by the Engineer Strategic Studies G•-oup at the National
Bureau of Standards. However, at the moment it enjoys official sanction
byi the Arcj and for this reason was the natural choice.

b. The literature is replete with papers on the subject, but the
theory of traffic flow has not yet produced a single methodology accept-
able to all concerned. Proponents of various methods freely admit that
much more txperimentatioc and validation is necessary before such
methodoogy can be deveicped.

c. A niumber of these methods are discussed in this cha.pter, not
only to afford the planner a selection, but to illustrate the more
prominent approaches to capacity estimation, and to compare the results
obtained from each as closely as possible.

d. Closely related to the current method are the NATO method and
the proposed DIA method. The NATO methodology was used in developing
the PH 5 5-54 methodolngy and is still used, at this writing, by the
Defense Intelligence Agency (DIA). The DIA prcposal (still under review)
contains some new featuras and permits a great deal of subjectivity in
selecting factor values -- the common fault of most methods. Generally,
these factors are multiplicative such that minor differences in fector
-values, even in the same method, can give unacceptedly divergent results.

e. In addition to the zurrent method, a "quick" method presented
in W 55-15, for use when very little data ý.re ai.ailable, is discussed.

f. The convp-y method, used principally for unit moves but available
for large logistic movements, is also discussed. The convoy is a highly
regulated movement and places more emphasis on control rather than cargo
lift. European regullations were used in--tead of the more general regu-
latioms in FM 55-15 and FM 101_-10-1.

g. The Highway Research Board has developed a method which is based
on extensive study of passenger cars movirg c.-. sophisticated roads and
evaluates potential truck volume on the basis of passenger car equiva-
lents (pee).

h. Fimally, a method developed -by RAND is presented. This is based
4) on a limited experimentation with trucks on the secondary and tfrtiary
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roads in Asia. Comparison of the RAND method -rith others is difficult
because of lesser permissible speeds and great gaps between vehicles
because of dust.

i. The RAC study team, in compiling the European Thea.ter Trianspor-
tation System (ETTS), traveled in excess of 3000 miles in Europe on
autobahns andi other primary roads, measuring traffic flow and the salient
features of the roads and the traffic using them. The findings of this
study pertaining to highway traffic are presented for consideration and,
although no method is proposed as such, the significant influence of some
physical and operational characteristics on capacity emerge in the deriva-
tion of a "zondition coefficient,' one of "he important elements of ETNAM.

j. Finally, the military transportation resource capabilities and
sample produ:tivities are discussed. ½ost nation transportation reso-Lrces
are always included in the chapter pertaining to a specific country.

k. In comparing the results of the various methods for highway
capacity estimation, a single hypothetical highway was chosen to which
each of the methods w•as applied. The hypothetical road has the character-
istics described below. It will be noted that some characteristics are
considered necessary in one method but completely ignored in another.
The evidence strongly -ndicates that the quantitative influence of certain
characteristics has not been ascertained accurately or satisfactorily.

1. The road connects origin A with destination B and has the follow-
ing physical and operational characteristics:

Length: 103 miles

Road type: Bituminous concrete, type 2, 7" sub-b,se,
4" base, 4" pavement

Location: COMMZ

Width: Narrow, 20 feet wide, 10 feet lanes

undivided

Use: Sustained, operation (20 hours/'day)

Vehicle type: 5 ton

Vehicle l.oad: 3.5 STONS average for all trucks

Shoulder width: Varies 2-9 feet

Ruling gradients 5% to 7%, hilly
(terrain):

Curvature: All radii greater than 500 ft.
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Condition: Dry

Bridges: All adeql:ate capac'ty

Engress/ingress loss: 1.5% (factor of 0.85)

Maintenance: (Factor of 1.00)

Speed Average: 33. rr:ph (except as noteý), 20nph
in citie-

Cities: Origin is 5 -iles within city A

DLstination is 1 *-Žiie -.ithin city

Towns: , averaging 1 mile in length

Controlled isolated 3 near city A (2 minutes alterLating
intersections t.affic signals)

1 rai zrosslng near cit- 31 (- times
daily, 5 minmtes dplay each)

City intersections: 5 ter rile

Speedometer nultiplier: .

m. Certain speciaL as :Rptionr -are in-lu-jed in the sl--i.e coaruta-
tions as required.

n. Capacities are obtained in vehicles -er lane zez- day an-- the
equivalent tonnage comparison may be obtained by multirlying the n-=ber
of vehicles by the average payioad per vehicle. The tonnage ca. "ty i
a user c.ntion and is a function of the vehicle rayload that =a- vry T oan-
siderably, as shown on Table 2.

o. The b,.sic vehicle used in the comrutations to cb"-aiz r_ý ..
capacity in vehicles rer day (v'pd) was the 5-ton truck. A -'•its -e
the vpd to obtain equivalent nu=bers of other type vehicles, obtai-redi
from FM 55-54 are as fnllows: Whein using 10-12 ton truýcks the ---d iz
95 percent of the n,•mber of basic vehicles, for 18-20 ten tro-s only
80 percent, and for 20+ tons only 59 pŽercent.

p. A summary of the results cf each method in eztia_-•-inrz :-aaef-y
of the specimen road shows:

"eh, cles
Method -er day (v~A)

F..N 55-15 (curl-et) 252-2:
NATO
DIA (pro'xýsed) 3030
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Ve Ii f-, .z
M4ethod :.er daý, (-;-Pd)

FM ""5-15 (quiet.,) 23k~

ffiighvra Reseazvh Bcmird 6.pl
RAIM 21

For g! i'-,en roa-, Lased 14FtC ffInings or. Drope-arn roads, the
Caracit.; is Of '.he follviirz Ordiez-:

2.Rci Ciassifficatimri Since the type of road ]a~ys an i-~e'-tant raxr,
in camicity estimaticz. it is ccrsiiered advisabcle to` fc the- Us-
cussioni of est~imatioc. mlh~doicgies v&-Ith definitimss amd chect-itc
of the terom4& that vil- ze ccrsjierecd.

a. I1-.ue 1. Cemeaet Zzt.Cret.e (oWte.rproof). 7"-12"~~~ihe re--
irnforce! slat.s withk latere-I and lgtuiir~ai Joint'1s. Ekie it:r~.d.
and w.ell de-fimied. Ql~er mads ma b-,- laid di-rectly or, br-s. t-
maern rceods bav'e a Erm-n-ar Imse. Cwatale of takim~g maxcisti
loads for i-xterde±- tericds. Cc~crm- ca-~sez of feailure are-'-;aig
(Fewr base matterill -- =ei2enCr;:ent formes U--er and-r.% partl-
Cles i !-~eneath- the za:-mern) -i sciia:ý (a-rez.s ef er' s.-

imixing an s.. egesaic

Z.pe 2. ?it~iavjs Ccr-rete (aiaterTrocf). --ýýe in tw
courses (v.eaz-irzg surfacte iE flne -ýg--egate and the .--cier cezu-.se ~eae
both %Ix-eid with tkitumpm) m a &'*ý-12' grwanalaz base. C!Jer r~
Su~rface we 5-I -mse, With --CL- :riodac :resuzzracing. Reguar e -e

bu r-&t arr sfj-tp as ctnm :-mcret~e. Cwxacm fballures are pc-t hae a--
smrftce e~in caused I: Cs-rU.e Jrxre, ie-,e-.te zsez erc-
-rated su~rface bmd, i:prorper nixE. or :cor mmtera-Is. The -'04;=e
tends to ýýUs=dIace Urder Ihm-y tre.tfit toc form a tmnzverse
Lader .;y:* ;srffaLees tbaz ~-h:e ha V.az'isrface ~rae~tor r~-ear
exce-m*izrAIE, zhick, -e-a- -. ase Curst a-re ulace!i :Zs ss.

e. --m-nd 3.asszhaerzo) -oi r.asa:-rý
mat on macm4maaese. Mbe olier tlock w i ith a st..r ier iac.
and gr-te-.d U~ceks. are not- a~se~. t fti h..re. ~s ae:
ten~d to., t-ec~ weven and -resený a -v;: wh;. sunrmae

vateriproon. he-se are mix3E-- in wi~ rd laid k;y a pavng rmch-:n-e.

-- -1 -u -z!-

meter eaddiir To obtaiz. zhe emý- dsacŽtt~r-

g~e. >C:(2:~ z (4 S H )



ill-defiztd edges. "Under heavy traffic tends to fail by ravellna at
the edges and forming pot holes. Disfigurerent eft-en apr-w s in the
for- of logitudinal ridges and transverse corrugationm.

e. 7~p 5. Bitw'dnous Surface. Leatment fWaterproof). Depth
varies accordir. t, type of bit-=ircus uaterial, method of applicatioa,
type of aggregate, and number ol" additilnua treatuents. Irregular,
raggee- fdges. Noraly =any patches were ravelling and pot holes have
been repaired. Wcak because no effort is =ually made to iwrove the
subqrade.

f . 6. 7raf fic-bound -Macadam or Gr•vel (Metalled). (kmmatted
gravel and crushed rock. Successive layers ef d-'creasingly si=ed stohe,
uszgaCI' vith a claW-d binder. Fails by dusting, and spalling of larger
si:e naterial- With optirmm mcistire content these are excellent roads.

c. _Tyce 7. Iu--ced Earth. Natural ground with ninor i.crovement
such as provision for drainage. Hay be -ze impassible in wet weather.

h. Type 8. tbimproved Ea_-th. Usually ony a track on =atural
ground, impassible in wet weather.

(1) Sand~ and gravel. Quick-draining and nouplastic. Provides
satisff.•-tory all-weather surface vhen -nolst. Zenerally mist have a
clayry adt.ix re.

(2) Clay. Varies greatly -=&x dIff"erent noistcre conditions.
With optiin =oisture it is a gued surftce. Prom to -ulmize and dust
under dry ec•ditions.

(3) S-_Its. Extremely imstable unless mixed with other mcils.
D*fcrus in wet weather.

. Frozen surface. Practically a!l earth r-cas can su•pyort
heavy traffic dTring the freeze -_re•oa.

. FM 55-15 Methodology (OWIent 3et•iod).

a. This is the current doctrinal method used in estLmati•g highway
cimacity that was used fbr the ighiuey data base of E'MW for Europe.
Me capacities giver. in intelligeiiwe docz=.ents vwre presumbly computed
by this method and were extracted fron these doci ten for all other
countries in the data base. 'he meedecessor to this nathod was the more
etailed 55-54, b no means obsolete but superseded by the condensed

FM 55-15 version.

b. The FM 55-15 method combines capacity and capability factors in
arri.ing at a caracity expvrssed in SITM/day. The method starts with
several vehicle type classes. Using a fixed gap between vehicles and a
fixed speed, the 'sUsi'" or maximum capacity in vehicles per 2* hour day
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c. B.sic capacities for this method are flixed. Values for average
speeds and the fixed vehicle intervals were obtained by Judgment cnly.
3asiz2 capacities arre comutaed from the formula:

vpd per lane = inevlx speed x 2'4 hours

d. Reductions in basic capacity start with t~he applizatiixi of a
combir-d surface and shoulder width factor. Alinemnent factors further

reeted axle loadsofaNtotrcwiha4topyad ?e r-

ingandcros mrveez.fteor f 085 s sggetedas gudeintended

e. An operational ef-4ficlency 'factor is introdiaced, the application
of vhich is entire~y judgmiental. As a guide to plane-rs the faUcowikmg
values are smggested:

-. % t.-

.8 norm

-~or belwv ine-!icie=:1

.These values are bas-ed cc such cansideraticas as doctrine,
'Logistical plannixg and tanAgemet, traininug, ex erierce, and driver
ebaxactteristics.

g. The bait fcwto be applied Is ass~ed as a constant O.5.
Ju~mlgnt Is required In applyfrg a iieather factor such tbat The on

effect is not applied amre t.':m 2ce. Th index truck Is the 2i-ten
viths average 4-SM( Malcad. Capacity by- this stha at nrmon- a thbe

sU~gbxa:.- Coaditioes is- 3:-3(. rek'1aelday

c- .:ckE stimation Netbcd (IFN 55-15).

a. '!his method is cx-l to be ussed vhen Inforeation necessary for
morca letailed estimation Is lack-Ing. 'it is test. described by the tabu-
latic= in Txahe 8. Speed f-actora are -c giv~ for this i~nth4
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T2) ?ki wc~er~c l vl't frixa 1kt1e a is %he flrý-t
sý, I=he mthod- ?ct-r emp1-. an a ?" bighmW wi1th a restricte~d

awd-sma sped a, 5-Z- aga- but. withb an- ec~eat~Iu speed eq'tal to orgeae
then~ 315 zq~h (level Lo; the mau1m nvmk--%r of pcph is 15(X total for boU.
di rtct I cn

(3) oWaever, to Previde am acceijtable leel ir of aerce, vrolum
vwot be Izaer tlmzi cap3c t-y. In the boe exmqae, for- instaunce, it
vmzld se~e advisable to -.*&Ace opeWatzC speed to 30 "kh an tis I~-a
creeese roiine to 20C pch Wit Level R Is not conIOL-red az accejitable

of service.

()In rural a~reas or an lmited access roads travel speed Is
zW=i as the aemergiz speed (mphi). Uz areas the averae overall
-.peed (udk) Is r-sed as t* per 4ia speed-

(5) ?b Ottaln -tOC~etICS! MAXIM r~ ciapmit In mixed
Teldcles wer hour use t~w reIlatic.uship:

C (Maaltip3L.Tim t 2.0 so &-en~t is a
T -T a vbckle mater)

V4- T mx1~a pcph taken 11rms ftbe 19 JI~o ;vstlcted spee.ds
was~uiated level- of serwlie

C' caincli'ý In mixed vebicles per brA-r for m dtirecti c
r -4ex of ljL-es 2a ate -U--et~~cn

& austrent ccefficilm-t frin ~It~ 1,5
P =percent of trucks

V asseuer-car eqadvalents from TV;MIb. 11 f the
1owerafl estimte.

Me uo~dar zmatr of trc~ per bor is~ obtalined tW :ettiM

P' = 0

e. La.-e Width and Laterial Clearanice.

The next ste- I-- the vaetbo is to coasider lane width and
lwtersal clearaence and the other ,ert inet characteristics. Edac of
these el ~ ciffect. flowm indivit~i34:Vz but in pzmacti-e tII!7 are iflte.-
relaxed and Table U, givw-s theva lues fw- a camb"-Pd adjstmnt. The

-'r~rite acter Talue (ii) frcm the table Is used in the formula
sine-7ýLles ---3t sbiow-i my bee i-nze--oated. Foz- ewaaple, if the !a nee

r Aith is 1: feet w' a 2-lane road ar.4 there are 4 foot shoulders aL

~t!h sides- of the rcwd, at levell D the inzterpolated factor is 3,4

(2) The arseiice of sboaMgers (.-aterial clearance) affect-s flow
II f a lzoe fcr- a sh-,rt zim wien- bzavckei -b a di-A~led vehicle. Not
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cn!1.j -Ls '-i' Ltz - Zloc~ed Wit the ot;-tr ~Inns 6411l be sloved by curious
-i4,lers. Cý ý. atýhe az"!r WR states tha-, a 14 foot shcalder increases
,he effe--ie vidt., cr the adJjcen-. lane k! I '.tat.

A. Lane DiS.•.buftio-:. .A1:hoh zi- irant " speical adjustment
is netessar- for thni variable.

9. 'Nraffic Lterru~rtios. Each is a special case and must be
e .1wte4i &l-d aop•lie to the P-re.-vicr results.

. Surfa-ee Con~liti•. ln.uficient data a-re as yet available to
pe.rui. d-!velowient of ,%dustnent factors, sa uiadgmmt is required In
the seif ction of suri fa-t-rs in th MB me%-.hoe Further research is
requi.!ed to quantir:r these factors. (Factors used in other methlds
=ýr be used as a guide). The uuitiil.Laive factor selected is thEn
azrlied.

L. Alinement. The effect of the quli- ty of alinemeat on ca.pacity

is discussed in ter•a of average highwayj speed and the percentage of the
_gh;jay having l•C•-ft passing sighiT distsaces (for 2 or 3 lane highwavs).

These effects are Ln-r.orated in 'he traffic volibls given In Table 9
and 3C not requite iadependent consideratim.

e_ 1a-des. Passenger cars are usually able to saintain travel
speed up--e . grades, whereas that of t rucks tends to deteriorate with
tthe petercen; of grade. the length of graLe, and the existence of verti-
call -cu-ves v•thin the grade. Grade is convenie-•"y measw-ed by the
reductir. Iin speed. However, these values are not used directly in
the ERB nethd -bt are converted in+.o passenger car equivalents (PCE).

k. Passenger Car Equivalents.

(i) In leel terrain it has beeL found that the typical truck
is touiv!e.-.-o *two passenger cars o ruiltilane highways and between
two a: i three on two-lane highways. Or- ug•rades the PdE my vary
"Wide-:" :e.endi:ng on steepnness and length of grade and number of lanes.

(2) On two-lane highh-ys PCE are relatively easy to obtain,
but considerably meire research is necessary on multilane highways.
haz study- haz bee-n. ade is at the Level B and extrapolated to Level E

t capacitk). A-verage DCE are given in Telle 11 to be used when detailed
if-ormazit, is lac•ý.-'g.
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TABI- 11. AVi';E 12VE FCR TWIMc (Ey

Level of service Ievel rolling i muaatainous

I ITWO I1AME

A H3
B and C 2.5 1In

2 - 12

ML•I!IANE URAL ARD FK 'S

A Wilely Variable. Use PCE for
remaining levels.

Sthru E 2 - i

S. ýaaple: Caprcity of hjpothetical highw" from A to B. Because
of the inability to evaluate all of the significant factors from the
data furnished, onk- the theoretical maximum is computed as an illus-
tratiorn. The practical maxiwm is norm 11j lower than the theoretical,
"nut the theiretical vil- serv•e for comparison. For instance, the
lateral clearance factor discussed abova is evaluated at 0C.74 and car
be applied to the result of the examtle by7 taking 74 percent of the
theoretical maxinue. This is not done because the application of one
factor and none of the others may tend to be misleading.

Level of ser,.ice: E (3U mph)(capecity). then v- 20Cr-
From Table 10. W = .81, From Table 11. E =5

100 X 2MI• X 1 .8!
C = i0i(5-I) = 324 trucks ver he',"

10a + 10~0 (5-1)

324 x 20 = 640 trucks Der da.y (theoretical maximlm)

R. RAND -Method (Manual for Computing RoaA CaDazi%,, 1:64).

a. The IA) method relates truck requirements to road capacity.
Penalties for terrain, surface condition, anu narrow widths are paid
in terms of extra trucks required rather than in terms of reduced
capacity.

b. Before -his method can be used, it is necessary to convert
input data on roads into standard categories as follows:

h-21



Roads

Waterproof Surface, Road Typeo 1, 2, 4, 5
Mtalled Surface, Road Type 6
Natural Surface, Road 'lypes 7, 8

Terrain

Flat Grade up to 5%, Radius of Curce >150'
Hilly Grade up to 5-7%, Radius of Curve >100-150'
Mo-ntainous Crade up to 7-11%, Radius of Curve <100'

Width

Adequate 2-0'
NNarrow <0'

Condit.ion

Poor Not definod
Fair Not de-fined
Good Vot defined

c. T') eliminate the riecessity for roadway and tr-. 'ic adjastment
factors, observations were taken on road speeds naturally assumed by
the drivers of the four test trucks and reduced 20 percent to allow
for large scale micvemeuts. (See Table 12.)

d. Th: truct rate, or trucks forward per hour, io a function of
the ratio if lecd to speed--the speedometer-multiplier concept. The
ratios obtained from the field test were modified to convert to convoy
operation by (1) multiplying 1.87T o allow for space between narch
elements, (2) increasing the ratios to allow for mcderate to heavy
dust conditions, and (3) turther increasing the ratio in the case of
two-way roads to allow for breathing space after trucks had passed
opposing traffic.

e. Headways ads) observed, after modification, usually corres-
ponded to at le. -.. nose for open ý.olunr in convoy azd often to those
for infiltration.

f. (xi'wm road capacities, in terms of vehicies per hour in one
direction, and reversing flow on one-way roads to allow for return
empty, are given in Table 13.

4-L-22
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TABLE 13. K[NIM[JM TRUCK RATES (TRUCES FORWARD PER HOUR
WITH NO ENROUTE STOPS)

-urface Season Dust 2-Way !-Way

Waterproof All None 147 55

Light 76 37

Metalled
or Dry Moderate 62 30

Natural
Heavy 51 25

Wet Light 76 37

g. The RAND Method is convoy oriented and includes consideration
of a "stop factor" (halts) and cargo handling time. Table 13 gives
maximum capacities and does not include these two factors. The stop
factor is the fraction of travel time for routine stops (rest meals,
refueling, etc.) plus non-routine stops (ferries, fords, etc. plus 1.0.

h. Values must be assumed for the operating period, in-commission
rate, cargo handling time, truck payloads, interference with other
traffic, and number of trucks available if capability is to be computed
rather than capacity.

i. The method is best illustrated by the use of a worksheet, as
shown in Fig 2. The method was cbtained from the number of trials dur-
ing in situ experiment. No attempt was made, in comparing results of
the methods applied to a standard example, to extrapolate to the con-
ditions of the standard, since sophisticated roads did not exist in
the area in which the experiment was conducted. The comparison is
therefore incomplete. The manner in which cepacity estimations are
derived is illustrated in the computations following the work sheet.

•. Route Calculations.

MWximum route capacity (vehs) (lowest truck rate) x (operating
period. )

.Maximum route capacity (STONS) = (max. vehs) x (payload).
Maximum number of trucks = (lowest truck rate) x (route

turnaround time) j- (in-commission rate).
Truck limited route capacity = (max. route capacity) x (trucks

available)-+ (max. number of trucks).

k. Example.

M3.x route capacity (vehs) = 60.8 x 20 1216
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SMax number of trucks - 0.7x = 13200. 75

Truck limited route capacity ('rehL) = 1216 x 1001320 = 921

10. Vindin•g of the RAC in Situ Study of European Roads.

a. This section documents the findings of extensive observation
of European traffic on autobahms and primary roads, and as an adjunct
to the requirement to structure the amassed data in a data base for the
ETNAM. It has no official status as yet anid was not used in forming
the data base.

b. The findings of the European Theater Transportation System
(ETTS) study are considered important to the identification and quan-
tification of the factors influencing the estimation of capacity.
These findings are summarized briefly, as follows:

(1) Road construction characteristics.

Autobahns (routes, strada, freeways, etc.) and primary
roads: well-drained; types 1 or 2 (with some 3) surface; generally
multi-laned but with some two-lane primaries; land width 10' to 12';
shoulder width varying from 2' to 6' on each link, frequently with
short posts to discourage traffic; bridges 80 to 100 tons capacity.
No towns or cities on autobahns. Secondary roads: for comparatively
short stretches some secondaries were as good as, or better than, some
of the primaries; most had surfaces well above the surrounding area
indicating many resurfacing layers; type 4 and 5 surface; mostly two-
laned; lane width 9' to 12'; shoulders frequently blocked by large
trees but widths generally 0' to 2'; bridges 40 to 80 ton capacity.

(2) Alinement.

Autobahns and primary roads: no sharp curves observed
in 3000 miles of travel; gradas up to 7 percent, varying in length
from 1 mile to 3 miles, with one exception, about 5 miles; grades of
these magnitudes were infrequent. Secondary roads: characterized by
sharp, almost right angle curves, either isolated or occurring in
rapid sequence, however, there were many long level tangents; fre-
quent towns and some cittes; grades 7 percent and abcve usuplly not
long except in mountainous country where there were grades 7 percent
and above, with several hairpin curves, and about 2 or 3 miles long.

(3) Maintenance.

All roads: most damage seemed to be caused by frost,
evidenced by surface spalling, aggravated by hea% traffic unless
immediately repaired; some evidence of cracking repaired by realing
on L-l1 roads. New constructton and recorstruction on multi-laned
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highways reduced speed but not flow. In minor repair or resurfacing

on two-lane highways one lane was blocked and the other used to alter-

nate flow. Many towns were installing underground structures and a

lane waz blocked for months, usually taken care of by detours, but on

an aprreciable percentage no detour was possible and flow was reversed

at frequent inter-vals.

(4) Speed and gap between vehicles.

It is in this feature that the greatest disagreement

aiwong most methods appeared. On autobahns and primary roads, always

with a heavy truck flow, the truck lane sustained speed seldom varied

from 50 mph, the left lane (passenger cars) varying from 60 mph to

well over 100 mph. There was no discernible effect on speed caused by

narrow shoulders. On secondary roads, trucks sustained a speed of 35
mph on tangents but slowed to 10 to 20 mph on curves or curved stretches.

On all roads heavy grades slowed trucks. Generally lines of trucks on

the grade at crawl speed (5-7.5 mph) prevented following trucks from

hitting the grade at the normal speed, so the entire length of the
grade was at crawl speed. Curves on these grades had no additional
effect on speed. The gap between trucks on all roads was almost
invariable measured by a speedometer multiplier SM of 1 or less. In
rain it rose to 2 or 3 (with about 30 perc .At increase in speed), and
with snowcover to 3 or 4 with a corresponding decrease in speed seldom
exceeding 25 mph. In fog, speed decreased, depending on visibility,
down to actual road closure. When moving in fog some drivers drove at
an SM less than 1 and others drove at the limit of visibility of the
tail light.

Very few convoys were observed but those that were were
using SM = 2 or 3, speed 25-35 mph.

In towns and cities mandatorj speed limits are specified
and speed ranged from 20 ti 25 mph.

(5) Truck payloads.

(a) This is ancther area of disagreement with present

capacity estimation. Payloads of 20 tons to 40 tons (with trailer)
were the mode on the line hauls. Local truck traffic varied too

greatly to b. estimated. A major finding was the difference in the
observed increase in rpeed and reduction of the gap between vehicles
as compared to values used in the standard method. Table 14 is the
computation of the theoretical vehs/hr/lane of various speeds and
gaps, the values of which are obtained from the equation:

(SM x 1760 yds x speed (mph)

P (SM x spee~ + vehicle length (yds)

4-. 2



TABIY 1.4. VEHICLES PER HOUR PER LANE*

SM 10 MPH 15 MPH 20 MPH 25 MPH 30 MPH 35 MPH 40oPH '0 o

5 295 310 320 325 330 333 335 340

4 350 375 390 400 405 411 415 420

3 44o 4o8 505 520 530 536 54o 550

2 590 665 705 703 755 770 785 88o

1 88o 1055 llT0 1260 1320 1370 1410 1470

*For Table 14, vehicle length is taken as 10 yds.

(b) Existing methods •ssume constant Ppeeds on highway
routes. Theoretical capacity is reduced by more or less subject've
evaluations of the factors associated with the physical characteristics
of the routes, day/night operation, and seasonal variation. No method
considers 3peed or time varit2.ons within towns en route or in which
the origins or destinations are located, or attempts to examine accu-
rately the delays caused by controlled intersections, railroad cross-
ings, repair or preventive maintenanie expectancy, weather prob-bilities,
etc.

(c) General. The effect of shoulder width is debatable.
A fairly constant speed was observed all along routes where shoulder
width varied considerably. Where accidents occurred the shoulder was
used by disabled vehicles and the inevitable "rubberneck" factor was
observed, but this also occurred when shoulder width was very small
and the disabled cars were pushed into a ditch. The questian arose as
to the evaluation of this factor wher. the sho'lder width was narrow for
a small percentage of the route (as on bridges) or prevailed for over
50 percent. There are no guidelines for shoulder evaluation in any of
the methods, and a variation of 40-10 percent may result from the selec-
ted factor values by different persons, since all factors are multipli-
cative.

(d) No basis could be discovered for the range of factor
values asociated with maintenance. Subjective selection of these
values also contribute to large variations in capacity estimates.

(e) Extrapolation of tbe effects of factors not con-
sidered, or aggregat-d in standard methodologles, indicated that with
a,, SM of 1 at 35 mph as marV as 17000 vehicles per day could be accom-
modated. By way of comparison, a history of the European Theater in
WW II reports lTOO vehn/hr passing a given point on one road during

6 Ruppenthal, Logistical Support of the Ar~mies, Vol I. The Office
of the Chief of Military History.
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"the Normandy invasion. At an SM of 4 the road would accommodate only
5550 vpd at a speed of 35 mph instead of a maximum of 34000 vpd as
indicated by the 1700 vehicle volume.

(f) All this indicates is that highway capacity esti-
mates may be far too restrictive and that estimate met' .dology should
be re-examined. Underestimation (or overestimation for that matter)
may result in faulty mobility force structures, faulty estimations of
the size force that can be supported, or force faulty utilization of
lesser preferred modes.

11. Computation of Condition Coefficients. The computation of con-
dition coefficients, as required in the ETNAM data base for highways,
is best described by an example. Consider the following road:

Length: 103 miles
Cities: Origin is 5 miles within City A

Destination is 1 mile within City B
Towns: 5, averaging 2. mile in length
Controlled

Intersections: 3 near City A
1 railcrossing near City B (4 trains

daily, 5 minutes delay each)
Road width: 20 ft., 1 lane in each direction
Surface: Ty'ie 2
Road: Primary rural
Alinement: 7% gradients (2) each 1 mile lug - with

3 sharp curves
Bridges: Adequate
Observed speed,

lane: 35 mph
urban: 20 mph

Observwi SM: 1
City Intersections: 5 per mile

The computations are:

103 29 r
Length = 103 miles, 3 2.m phrs35 mph
(1.71 mins/mile or O0,8 nidles/min)

3 isolated intersections: signal timing a' 1 minute interval
each direction. Reducing speed to 0 and then accelerating to 35 mph
In another minute.

Probability of o. 6 minute delay- .125 (3 oignals)
Probability of EL 4 minute delty 0. 37-(2 3 ziinals)
Probability of a 2 minute doltia .371 (1 signal)
Proab•lity of no de~lay 1.]2'.: (!o signal's)



Average delay per vehicle

6(0.125) + 4(0.375) + 2(0.375) + 0(0.125) = 3 minutas

3 minutes @ 35 mph = 1.74 miles

5 towns: Reduce from 35 mph to 20 mph (20 mph = 3 mins/mile

0.33 miles/min).

3 - 1.71 = 1.29 mins/mile
1.29 x 5 miles = 5.45 minutes
or a.74 miles @ 35 mph

6 city miles: 35 mph to 20 mph
1.29 x 6 miles = 7.74 minute or 4.49 miles

5 city intersections per mile = 30 intersections
= 30 minutes or 10 miles @ 20 mph

(since the currection has already been made on speed reduction)

1 railcrossing: 4 trains per day x 5 minutes per train = 20
minutes or 11.6 mile- @ 35 mph (on the assumption
that the gaps created are not made up by subse-
quent speedups).

2 7% grades 1 mile long. Speed reduction 35 mph to 5 mph, curves
have no independent effect.

35 mph to 5 mph = 7 miles per grade or 14 miles.

Total equivalent length of the A 'to B link =

103 + 1.74 + 3.74 + 4.49 + l.o + i1.60 + 14 = 148.57 miles;

1 = 4.24 hours or 4.24 - 2.94 1.30 hours delay

148.57 miles equivalent length = 1.4 (condition coefficient)
103 miles physical length

This is the penalty placed on the rcad that assurie selection of

a better, olthough possibly longer, road.

12. Highway Transportation Resources.

a. The host nation census of vehicles is given in each of the
country annexes to furnish soma notion of the highwvay support level
to be expected.
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b. Actual production of units vary, and an insight into this
variation may be obtained from a recent report 7 concerLing daily pro-
ductivity in South Vietnam (Table 15). The design capabilities of
military truck units are given in Table 16.

TABLE 15. DAILY PRODUCTIVITY, SOUTH VIET1AM

Port clearance Local haul Line haul

Ay.load Trips Av.load Trips Dist Av.load frips Dist
Type truck (STONS) per daj (STONS) per day (miles) (STONS) per day (miles)

2½ ton 3.2 6.8 2.2 2.0 16.6 3.8 1.07 55.9

5 ton 5.1 1.91 5.8 2.1 12.8 4.9 1.1 79.7

5 ton w/ 13.7 1.02 4.0 3.5 15.0 2.9 1.05 31.7
trailer

5 ton S&P 11.6 11.54 12.9 1.3 18.9 10.7 1.14 71.5

6½- ton Cor- 4.1 3.!:5 3.9 3.9 15.6
mercial

c. Ccmparison of the military unit daily productivity with design

cpability shows:

Actual productivity 7 Design capability 7

Local Line Local Line8
haul haul haul haul 8

(STONS) (ton miles) (STONS) (ton miles)

22500 q 2L STONS pay-
Lt. Truck Co.(2-j) 299.1 8385 720 load (off road)

36000 @ 4 STONS paylxid

3K750 @ 3 3/4 STONS

Lt. Truck Co. (5) 24".4 15709 1080 parload (off

k 54000 ?, 6 STONS payload)

67500 4 T STONS payload
MeO. Truck Co. 337 15287 2160 (off Load)

L108000 @ 12 STUNS payload

Plaining Research Corp. R-1240 Vol I, Mar 1,- 1, pp iI 285-289(U)

8 Line haul average distance takcn as 100 milec one way.
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d. The low productiviLy is explained by very low vehicle avail-
ability, low driver a•nide .bility, and restriction of operations to
daylight, hours.

e. SimiLar information was not available for Europe.
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CYAPTER 5. RAIL

3. Rail Capacity Estimation I

a. Two methods for r&U! capacity are discussed in this chapter.
Method 2, used in the references for determining rail capacity and the
determination of engine and rolling stock requirements, makes use of a
number of basic formulas in the detai.ed computavions. These basic
formulas are introduced below to furnish background to the later dis-
cussion of the two methods. Method 2 requires a know'ledge of and
operational data on the rail system in considerable detail. Sin2e this
information was not available, Method 1 was used in obtaining capacities
for the data base.

b. Basic Formulas.

(1) Tractive Effort, Starting (T ) ar'.. Continuous (T ).

Tractive effort is the horizontal force exerted by the locomotive.

Normally, the adhesion factor dry is 30% of the weight on drivers, the
adhesion factor wet is 20%, and for general planning 25% is used.
Continuous tractive effort is one-half the starting effort. The US Army
loccmotives used for foreign and domestic service are:

Weigat on Ts Min Gals fuel
drivers (Ibs) Te P Radius per train

. ). 5% b.bs) (lbs) (ft) mile

131 ton, DE, 0-6-6-0, 131 05,500 32,750 30,120 231 2.5
Road Eng.

127 ton, DE, !ioad Eng. 127 63,500 31-,750 29,210 231 2.5
45 ton, DE, 0-4-4-0, 45 22,500 11,250 10,350 50 0.7

Switcher
60 ton, DE, 0-4-4-0, 60 30,000 l13,000 13,800 75 0.9

Combina.ticn

(2) Drawbar Pull (PE. Drawbar iill iz that L:ce required to
start the locomotive on straight, level tiack. For Ceneral planning 20
pounds per ton of locomotive -.eight :; subtracted from Tc (shown in the
above tablc). Maximum P is --,erted up to 10 mph. At higher opeeas
dikcsel-electric (D2) locomotive drawbar pull diminishes- rapidly.

(3) Rolling ReAsitance (R). Thiz is the reoultant of" the force
componentsý acting an a train parallel witi ttx track in un L.ppoýite
direction. There is no aosolutc fixurQ but uxkvrienre e dic:dts •afc
average wiluej au followsa:

.ourccz: [In. 55-20, P'4 55-11, t;erman Feducr'l 1iRtilrouid Freight Car;-
0D11 Pmphict), June.-. World lwazya 2j'.,• uturwn+zcn I)ur 1\utýchcn

!1ndosbnqhn (DAta Sjheetn)1

.-1



Condition of track Pounds per ton of train

Excellent 5
Good to fair 6
Fair to poor 7
Poor 8
Very poor 9 and 10

(") Grade Resistance (G). For general planning the factor of
20 pound5 per ton of train per percent of grade is used. The ruling
grade usually is the determining characteristic, but if the grade is
excessive, P may be increased by double-headtng.

(5) Curve Resistance (Q). In the US engineers usually allow
0.8 to 1.0 pound per ton of train per degree of curve. In rilitary
planning the factor of 0.8 is generally used. See Table 17.

TABLE 17. RELATIONSHIP BETWEEN RADIUS AND DEGREE OF CURVATURE

Degree Radius (ft) Degre, Radiuus (ft)

1 5730 JO 573
2 2865 11 521
3 1910 12 478
4 1433 13 441
5n146 14 409
6 955 15 382
7 819 16 358
8 716 17 3379 637 18 318

(6) Weather Fac~tor (W). Ordinarily wet weather is regarded as
local and temporary and is considered absorbed by average figures. In
countries having extended wet seasons the applicable- .-:duntion factor i3
a matter of judgment. In general, tractive effort (T.) will not be
reduced to less than 20% of the w--.ght on drivers. The temperature
below 32 0 F has a graduated effect on the tractive effort as shown in the
following:

Most adverse
temp in deg. F Weather factor

Above +32 1.0
+16 to +32 0.95
0 to +15 0.90
-1 to -10 0.85
-11 to -20 0.80
-21 to -25 0.75
-26 to -30 0.70
-31 to -35 0.65
-36 to o 0.60
-41 to -45 0.55
-46 to -50 0.50

5-2



(7) Gross Training Load (L). Gross trailing load is the maximum
weight that a locomotive may safely pull under given nonditions. The
formula for computation is:

PxW
R +G +C

When more than one lo'2omotive is used the total L is the
sum of the L for all locomotives.

(8) Net Train Load (N). Net train load is the payload carried
by the train. The total weight of the train (Payload plus curs) is
the gross weight. The weight of the :ars empty is the tare weight. The
difference is the payload. A common value in military planning is:
N = 0r50L

q) Train Density (K).

(a) Train density is the number of trains operating over
a division in each direction during a 24 hour period and may vary greatly
over various divisions. Train density is a function of:

Condition and length of the main line
Number of location of passing tracks
Yard and terminal facilities
Movement control facilities and procedures
Availability of crews, motive power, and rolling stock.

The formulas for estimating K for single tracks is:

J+ 24xSK = I
2 D

where J = number of passing tracks
1 = constant (number of trains possible when J =0)
2 = constant to convert to one direction

24 = constant (number of hours per day)
D - Length of division, in mile.
S -Average speed in miles in the hour (mih)

S is obtained from the followln:

Condition of -Percent of Average .peed ýmih)
truck grade Sirgle traek Double trurcj,

Excellent 1.0 or Ie. i? I.
fo, to fair 1.5 or lear I 12
Ft ir to poor 2.5 or lez.: lo
Poor 3.0



(b) If the condition or the percent grade is not nown,
use 8 mih for single and 10 mih for double tracks. Where the gradient
is heavier than 3%, reduce the tonnage to increase speed- d 2% reduc-
tion in gross tonnage will increase speed 1 riih.

(c) For example: (a mininaum condition) 4

D = 90 miles
J = 13 passing treoks
S = 8 mih single track

then K = 13+ 24 x 8 = 15 trains per day :n oza direc-
2 x 90 1

tion (compare with 10-12 trains per day standard planning factor)

For double tracks the fcrmula is

24
Interval between trains (in hours either direction)

(a) This assumes continuous operation which makes the
capacity independent of length of division. For example with 45 minutes

24
between trains in the above equation K =3- = 32. For the 90 mi.e

division with an average speed of 10 mih, there is 7.5 miles between

trains, or ' = 12 on the line but it takes only 9 hours to make the

trip. Then 2.7 trips, and 2.7 x 12 - 32 as above.

c. Method 1.

(1) The general planning factors shown below are averages
based on experience gained in theaters of operations. These factors are
increased tp to 20% as the influence of enemy activlt.es decrease and
the areas of rail operations become casonably secure.

Single-track lines - 10 trains per day in each direction
Double-track lines - 30 trains per day It: each direction
Multiple-track lines - 71e extra tracks are used to main-

tain the doable tracks in operation.
Single engine net trainloed - 400 STONS (20 cars @ 20

STORS Aer car)
Narrow gauge single engine net trainload - 300 STONS (20

car; * 15 STOW
per ctr)

(Z) Froo this it is to be inferred that a singie track cn,-.cty,
,Onc way., ia 10W0 STONS (10 trains per -tay x 400 STOAS per trainload) per
day and a double or multiple track a; 12,000 STONS per day. In the



steady state conteot, without c;nemy influei,.e, these may be increa ed
by 20% P.rJ they become 4800 STONS an,t 14,400 ST(YWS per day respec-
tively. In the absenoe of details these values represent a conserva-
tive estibiate of operation in reasonably secure areas under wartime
conditions.

d. Method 2. See basic formulas (para lb(l) thrrAigh lb(9)].

(I) Determine the train density (K) for each division or link.

(K __--1 2x S

(2) Determint the capacity for each division or link:

(a) Select T. = (25% weight on drivers) in lbs

(b) Compute Tc = (TB/2) in lbs

(c) Compute P = (Tc - 20 lbs/ton of locomotive) in lbs

(d) Compute L = (- W )in STONSR+ G + C

(e) Compute N (.50L)

(f) Compute each link capacity = (N x K) in STONS/day
(EThAM input)

(3) Determine network caacity using ETNAM.

2. Rail Transportation Resources.2

a. It is necessary, in all therxers, to make use of indigenous
rolling s" ock even though augmented by some equipment from COiNUS.
Generally the census of equipment indicates a more than adequate supply
for military transportation alone, but it must be remembered that the
host nation economy requires mosT of this equipment and, in friendly
countries, takes precedence. In order to arrive at a fair estimate
of military requirements for quantitative negotiation, the folloOi~ng
computations are presented.

(1) Rolling Sto~ck Requirementz..

(a) Estimate %• f' network capacity carried in box ears

(b) Estinte % of nFtvork cz.pactty carried -.. .

(C) ut'mate -.' w iotwork c--city carriod in flat cara

2Source: FY ji--24:$



(d) Compute average payload per type freight car -"rom t
the relationship average payload per type car =

rated capacity of each type freight car
2

(e) Compute % of network capacity carried in tankers

(f) Compute % of network capacity carried in passenger
cars (average payload of (e) and (f) cars = rated
capacity)

(g) Compute turnaround time

Allow 2 days at origin, I day at destination, and 2
days transit time for each divisicn to be traversed
(division is 90 to 150 miles). Delays are accounted
for by this computation.

(h) Compute rolling stock requirements for I day of
dispatch =

a b c +e + (each is -ounded up. d = total
da dO d c d e d

days of dispatch).

(i) Compute total requirements for each type car from:

End delivery tonnage (Per type car)
Av. paylaod per type car x turnaround time x 1.1 (reserve factor)

requirements for type car.

(2) Road and switch-engine requirements.

(a) Compute road engine requirements for each division or

D
link = K x - x 2 x 1.2

where I = terminal time (in hours)
2 = constant for 2 way traffic

1.2 constant for reserve

(b) Compute total road engine requirements sum of
division or lInk requirements.

"(c) Compute Switcher requiremertr,. (1 per-6T cars at
origin or destination; 1 pce" I'D c0rs paesing
divizion terminal per day.) Add 20% reserve.

5-6



(3) Train crew requirements.

(a) Road crews.

DK x 2 x + 3 x 1.25

12

where 2 = constant for 2 way operation
3 2 hour call period + 1 hour at terminal

12 12 hour shift per road crew per day
1.25 = constant to allow for ineffectives

(b) Switcher crews.

Number of switchers x 2 x 1.25

where 2 = 2 crews per engine (do not include reserve
engines)

1.25 = constant to allow for ineffective-

b. Rail Rolling Stock Characteristics. The following table of
cars used in foreign service is furnished as a reference in the above
computations, all units are standard gauge. See Table 18.

c. Military Rail Units. TY design capabilities of military rail
operating units are given in Tab! 19.



TABIZ 18. FOREIGN SERVICE ROLLING STOCK CHARACTERISTICS

Maximum

Capacity Av.Payload Tare Weight Length
Type of car (STONS) (STONS) (STONS) (feet)

United States
Box, 40 ton 40 20 18.5 40.5
Flat, 40 ton 40 20 14.5 4o.8
Flat, 80 ton 80 40 35.3 46.3
Flat, 70 ton, 70 35 41.5 50.6

Depressed Center
Gondola, Hi side, 40 20 18.0 40.0

40 ton
Gondola, Lo side, 40 20 16.0 40.4

40 ton
Tank, 10,000 gal 35 35 19.0 NA

Europe
Lumber car(4) 17.5 9 NA 30.5
Box car (Gmbs) 21 11 11.4 34.7
Box car (IEmnik.) 24 12 11.8-15.0 32.8
Refr car T(mehs) 20 10 NA 38.4
Flat car Sm) 21 11 10.8 47.2
Flat car Sslms) 56 28 24.3 65.6
Flat car SSy) 52 26 16.0 35.4
Flat car (SSyl) 58 29 20.0 46.6
Flat car (Ssym) 32 41 22.3 43.3
Flat car (Rlmms) 27 14 12.7 45.6
Flat car pmms) 25.5 13 10.5 39.7
Flat car (2hs) 21 1V 13.0 42.0
Gondola (Omm) 30 15 10.0 32.8
Gondola (Xlm 21 10 8.9 34.8
Gondola XXo 25 i-) 12.0 44.0
Container (Btnms) 31.5 16 8.3 44.3
Flat car FFlm) c5 48 32.5 51.0
Flat car FFI) 47 24 31.8 67.0
Flat car FF) 50 25 18.2 44.8
Tank car 16,000 gal) 69.3 69.3 23.9 40.7
Tank car 9,900 gal) 40 40 17.4 40.8
Tank car 10,000 gal) 4o 4u 18.6 42.1

m = less than 21 ton cap. Y = 52 tons
mm = more than 21 tcn cap. ýl = 5C tons

e or h = heated ym = 82 tons
s = 60 mph o = immovable walls
I = loading length at least 59' k = sliding roof

CapJtol letter designates car type. Single letter is two axle, double
letter is four axle.

Note. Full capacity can bt a&hieved ty high density cargo (%mo, wire,
z-nd, stone, cement, rifles, enginetr tools, etc-.

5-8
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CHAPTER 6. INLAND WATERWVYS

1. Inland Waterway Capacity Estimation.'

a. In underdeveloped areas where other modes are lacking or in-
sufficient, inland waterwals (IWW) are utilized for military purposes
when available. In all areas IWW, if they exist, can be used to re-
lieve the pressure on the preferred modes of transportation by moving
the bulk of civilian tonnage.

b. In most cases all or a portion of the infoniiation required is
unavailable or unknown. Certain average factors have been developed
for use when this is the case. These vralues are generally used in
lieu of' definite data values but Pre intended as guides only and should
not be used arbitrarily without some knowledge of waterway facilities
and practices in the areas under consideration.

c. There are three basic factor classes shovw1 below affecting
the capacity of a, waterway, any of which may contain the limiting
factor.

(1) Route char'acteristics.

(a) Degree of meander

(b) Current velocity and turbulence

(c) Limiting depth

(d) Tide and current reversal

(e) Lock cycle -)f the limiting lock

(f) Size of the limiting lock

(g) Navigatior-l aids

(n) Seasonal iciig

(i) Drought arid flood

(j) Channel width

(k) Border crcsiings

(1) Number of locks

Agreed Methodology for Computing Capuý)ilitj of I'U4." (Working
Group Report, i')6, composed of reprscentativ,,s of CE, TIA, Navy,
AFOIN, CIA, and Commerce.)
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(2) Characteristics of terminal facilities.

(a) Quay length (prepared and unprepared)

(b) Depth at quays

(c) Materials handling equipment

(d) -Ia.-)iiity of labor

(e) I;torage capacity

(f) Clearance capacity

(g) Discharge capacity or rate

(h) Lighting

(i) Operating hours

(3) Fleet characteristics.

(a) Barge size and tow makeup (including self-propelled
(SP) barges)

(b) Towboat capability (including SP barges)

(c) Draft

(d) Barge capacities

(e) Operational hours

(f) Size of the fleet

(g) Availability of labor

d. Route Characteristics.

(1) The study of the route characteristics as in (1) above
results in a determination of the route limitations and the pin-pointing
of the single most limitirg restriction.

(2) Limitations fall into two categories: (a) time limitations
caused by route characteristics; and (b) limitation on the size of
craft accommodated. The most limiting of all single-point reptrictions
on time and size is used for determining the route limitation. The
usual restriction is the longest locking cycle (t)h in 4ne absence of
information, this cycle may bQ taken as 3/4 hours, modified to reflect

2FM 55-15, Feb 1968
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significant details that may be in the possession of the planner. Such
details may include: maneuvering efficiency of the craft, adequacy of
guide walls, size and lift of the lock, availability of supplementarj
motive power, etc. If there are no locks on the route, it may be that
the longest delay is caused by meander, turbulence, tide, awaiuing
bridge openings, speed restr'ictions because of wash or scour, etc.
The IWW data base was developed using the standard locking cycle of
3/4 hour. When there are no single-point restrictions, the limiting
factor lies in either the terina] or fleet characteristics. Where
there are single-poinb restrictions the following formula is used to
estimate the maximum route productivity.

P = cCrhl

t

hThere P = productivity of the route in STONS/day per channel
(where two-vay flow is permitted, P is the samefor each channel).

C r = rated cargo .apabillt,, .,7o largest lift unit (sa~ngle
barge or multiple tow) that can pass the most limit-

ing restriction per passage (usually a lock) in
STONS.

c = percent of rated ca'pacity available considering
commodity or type of cargo hauled. (See Resoarce
Productivity.)

h = number of operating hours per day (floating craft).

G =longest delay, in hours (usually the locking cycle).

(If there are no locks or other restrictions, then t = 0,
and the capacity of the route tec;mes indeterminate and ceases to be a
limiting factor.)

(3) The number of operating hours per day (h1 ) is not the same
for all waterways and ma:' vary with the season. There are many other
factors that may influence the length of the operating day. In the
absence of definite information, however, it must be assumed that
operation is limited to daylight hours.

e. Terminal Characteristics.

(1) These fall into three categories: (i) bcrthiiin s'pc, :t
discussed below; (b) cargo handling capubilit>': and (c) c.,ar".nc
capacity all expressed as STONS/day haniling poL ,itial. Aloln'2zai'
berthing space is usually, prepared ,;pa(-:. lbu m, Lc •hc "-x LI' the
lengths of prepared and unnreciared qua.y:. it which hdo: iw -

cient to accommodate the llft unit' using th,: terminal ,:.i :'o:" :1;
there is a factor to convert thi 1:Ac, i 01n11a 'c L ruO l i'l
(reception vapaclty,'). Cargo h1%(nd. I1n7 (ocr di :Ic ry',.i L.

Is usually measurel as the rWC 0"e ot t 1on .' :'•k. t:L. .' Q!'



space per day. Reception capacity, is thus equal to or greater than
the discharge (loeding) capacity and need not be considered for an
estimation of terminal productivity.

(P1 The formula used for discharge capacity estimation is
simply:

P brhd 2

Where P discharge capacity of the terminal (STONS/day)
d

b = length of usable berthing space, in linear feet
r = cargo handling rate in STONS per linear foot of

berthing space per hour
h2 = number of port operating hours per day

(3) The cargo handling rate in STONS per foot of usable berth-
ing space per hour (r) varies considerably. In the US the rates for
general (packaged) cargo lie between 1.6 to 10 STONS per 20-hour day,
or 0.075 to 0.5 STONS per hour. This range is accounted for by:
degree of mechanization (fixed and mobile); adequacy of working space;
distance to set down; efficiency of stevedore gsigs; etc. A rule of
thumb for commercial barges is 10 STONS/hr/barge without materials
handling equipment (MIE) and 30 STCNS/hr/barge with mechanical ME. 3

(4) The number of operating hours per day (hl) is not the
same for all waterways and may vary with the season. There are many
other factors that may influence the length of the operating day. In
the absence of definite information, however, it must be assumed that
operation is limited to daylight hours.

(5) The length of the working day at the terminal (h2) is
usually taken as 20 hours, but actually reflects around the clock
operation and delays inherent in this operation. This is also subject
to modification when some details of information are available (i.e.,
lighting, labor, availability, local practice, etc.).

(6) Terminal clearance tonnage capacity is the capacity of
entrances and exits for clearing all cargo from the terminal. For
effiiAent operation discharge should be equal, or nearly so, to the
amount of cargo brought into the terminal for outloading. Storage
facilities permit daily variations in productivity. Terminal capacity
is the lesser of terminal reception capacity, terminal discharge
capacity, or terminal clearance capacity.

3FM55-15, Feb ,,68.
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(7) The details and factors of the IWW networks of th- several
countries under consideration are given ir the appropriate chapters in
Part Two, Volume IV.

2. Inland Waterway Resource Productivities.

a. Fleet productivitiez fall into two categories: (1) capability
of the cargo craft; and (2) capability of the towing .raft. Self-
propelled cargo craft have both capabilities and may be computed separ-
ately. They have a longer turnaround time than tugs, that must be
taken into accoun• when they are included in the towing craft inventory.
The lower of the two categories is the capability of the standing fleet.

b. The total cargo carrying capability of the fleet of IWW craft
is:

F = QAb

Where F = the total usable cargo craft capacity (STCNS)
Q = sum of the cargo craft rated capabilities
A b =availability of cargo craft (percent not deadlined)

c. The availability of cargo craft (Ah), taking consideration of
craft out of service for repair, is normally taken as 85 percent of
the total cargo craft inventory. Tnis may be modified by such infor-
mation as: the intensity of use of the waterway; the proportion of
dumb to self-propelled barges; type oP barge; availability and capabil-
ity of repair facilities; age of the fleet; seasonal time available
for repairs, etc.

d. The average barge load forward is:

U --

Where U = average barge load (STONS)
c percent of rated (-apabiity -;ai1able considering

commodity or type of .argo hauled
Ib number of cargo craft in inve.nzto;r

e. The percent of ratA:d cargo apbilility aLi1abi,• (C) W.rieo with
the otowve factcr (typ:e ,)f cargo). From obpcrv'aion i:. pr•ictice,
military cargo utilizes orily, zaibt 6u pi:rcent of the wei.it cwryng
eupacity. PtAlk c -rn . -gov- .. uch as coal, ur,. or WO :•oF-r.1 cu. bc
loaded in L-ffif!Ient volume to utfiliz-, th,: Les'u'i% n'xhfiun wI''e:h.

f. Thec pr.du:: ity of tC! Lr,-j'i cIfr'-r• rte•t • . l,ývu-n,
:nd r~'utu e;mpty I•:



CF 4
Shl + + -Sh h~r h
1 24

where Pf = productivity of the fleet, in STONS/day

D = length of the haul one way, in miles
S = average speed in still water, in mph
U = everage barge load (when the terminal is also out-

loading for the return trip use 2U)
hI = number of operating hours per day (floating craft)

h2 = number of operating hours per day (terminal)

r = rate of handling cargo in STMNS/hr/ft of .arf
N = number of reatrictions on the route (generally locks)
t = longest delay, in hours (usually the lock cycle)

g The average speed of craft in mph- in still (open) water (S)
varius within somewhat narrow limits. Representative averages for
several countries are given in Table 20. If speed is unknown, 4 mph
is generally used. This is the factor used in the 1W data base
except in the few cases where other information was cited by other
authentic docuiments.

h. Requirements for cargo craft may be computad from the above

factors as follows: 4

[P or PI, 2 + U + ]
Rr t Sh1  hjr 1

c-b

where Rf is the requirements for cargo craft representing the aggregate
tonnage of craft required to meet etther the water route capability or
waterway terminnl capability.

i. The formula used for the estimation of towing craft capability
is similar to that for cargo craft.

It BUAt
P - it 3At

P 2D-

Sh•• h

4 Te epre~in L- +-I + Nt - turnaroundi time (TAT) when tLhere"" I "~ h 1 D U N

2D 2U FtI:: no retrograde cargo, and + +- = turnarowid tUre when there

i: outni•dir, for retrogr.de movement. The elemonts of the expresaion
' *t i.-,,%,.r, tim-- plus port time plus lock time.
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TABLE 20. 8PEED IN OPEN WATER

Type Speed (mph) Remarks

Towed Junks 6.1

Motorized Junks . 60 ton capacity
Packets 7. 0-10. 0 300-970 PAX plus

36- '0 STONS cargo
ilssenger vessels 5.5-10.0

"2000 ton SP Barge 10.5
1000 ton SP Barge lC.0-1i.5
600 ton SP Barge 8.5
5vO ton SP Barge 5
200 ton SP Barge 8.75

Barge tows 2.5-3.0 Upstream on Vol-a
only

Ge rmany
(locked SP Barges 5.0

warge tows 2.5-2.7

water) SP commercial vessels 4.8 Basra to Baihdad,
hi;-h wter

SP commercial vessels 4.o Basra to Fahdad
low water

Us

Barge tows 3.5-6.0 Mississippi
:..rpe tows 4.O-8. Columl4a and San

Joaqulrn Eivers
Pa.cket Boat 6. n-11.0 Colutni Ia and San

JRaquin Rýivers



Wherc. P productivity of the 'owing craft fleet

B numbcr of barges per tow
I total inventory of tugot
W - time spent in port by tugs
At availability rate (percent not deadlined) of tugs

ti

All. othur symbols the same as before.

2. The availability of tugs (At) is usually taken as 80 percent of

the total powered craft inventory, subject ti modifications as above.

k. Requirements for towing craft may be computed from the above
values as tollows:

IbAb( + W + )

t BktAt-- (2D + Nt

S1  h2 r 1

where R is the requirement for towing craft to handle a given number

of carg8 craft.

3. Vessel Caparity Based on Dimensions.

a. The computation of vessel capacity from its dimensiorsis based
on an examination of barges in Germany where it was found that:

rated capacity = 0.02 average (dumb and self-propolled)
craft displacement

b. Where maximum capacity is unknown and only the dimension of the
maximum sire craft that can pass through the limiting lock arc3 known
1,ien :

Approximate capacity of craft = 0.02 lwd (in feet
z 0.7 lwd (in meters)

1 length of craft
w width of craft
d - loaded draft of craft

c. •TŽ a craft iL adapted to the locks, a utilization of 85 per-
... of tj. vulume of the lok is realizable (deri-.2d from examination

of r' l u, craf. or, the Finow, S.i-i, Rhein-Herne Kanal, and Peniche
-T8is ltiado to the fo.owing:



d. Where the dimersions of the limr!trng lock are ]klown, but neither
the maximum capacity nor The dimensions of the largest craft that canpass through the lock are known then:

tonnage that can pass the most limitinL lo,:k -- .017 lwd (in feet)
or 0.6 lwd (in

meters)

where 1 = length of lock chamber
w = width of lock chamber
d = depth over sill

4. Military terminal and -WW operating unit capabilities are given in
Chapter b.
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CHAPTER 7. PIPELINES

1. Pipeline Capacity Estimation.

a. As with all transportation modes, the capacity of a pipeline
cannot be estimated with any degree of precision without accurate
information concerning the many factors influencing its rate of flow.
Obtaining this information iC most difficult in the case of pipelines,
since the most crucial determinants are inside the pipe and not dis-
cernible by external inspection.

b. Methods.

(1) Method 1. The simplest and, by all odds, the most accu-
rate determination of capacity, is a measurement of output on the
ground or by an examination of the records from any of the pumping
stations or storage areas downstream from the initial input. Presum-
ably intelligence of the area would include capacity data. Using this
method, pipeline capacities in the data base were taken entirely from
intelligence documents, except in Europe where capacity information
was furnished by the Petroleum Distribution Command.

(2) Method 2.

(a) A second method is to use the theoretical and decep-
tively simple standard formula for rate of discharge:

Q = 0.7854 D2 V
where Q = rate of discharge, in ft 3 /se.

D = inside diameter of pipe, in feet (ID)
V = mean velocity of fluid, in ft/sec

The ID of a pipe in place is not determinable without direct measure-
ment but may be estimated reasonably close. However, the velocity is
most difficult to estimate, influenced as it is by the size and ccn-

dition of the pipe, the condition and location of the pumps, working
pressure, hydraulic gradient, fluid viscosity and spccific gravity,
among othe. things.

(b) It has been stated (FM 55-15) that economical veloc-
ities for American Petroleum Institute (API) pipe are ordinarily in
the range of 3.5 - 5.5 ft/sec. (This may be true for commercial pipe
but the rate of discharge for the pipes in the NATO Centril European
Pipeline System (CFPS) indicate a ve.ocity of less than 1 ft/sec.)
Thus an estimate of capacity may be obtained by substitutinC the
assumed ID and using a velocity estimate, based on the outward appear-
ance of the condition of the pipe, in the above foniul%. This is a
quick estimate of .ncertain reliability.

(c) When Q is obtained in f't</sec, as it is in this for-
mula, it is readily converted to other mensliereent units :is follows:

i- I



Rate of discharge in gals per second (gps) = 7.4805 Q
Rate of disclarge in gals per minute (gpm) =

448.8300 Q
Rate of discharge in gals per hour (gph) =

26929.8000 Q
Rate of discharge in gals per 20 hr day (gpd) =

538'96.C q
Rate rf discharge in bbls per hour (bph) = 641.1857 Q
Rate of discharge in bbls per 20 hr day (bpd) -

12323.7140 Q
Rate of discharge in cu ft per hour (ft 3 /hr) = 3600 Q
Rate of discharge in cu ft per 20 hr day = 72000 Q
Rate of discharge in cu meters per hour (me/h) =

lO19.4065 Q
Avgas rate of discharge in STONS per hour - 79.38 Q
Avgas rate of discharge in STONS per 20 hour day -

1587.6 Q
Mogas rate of discharge in STONS per hour = 82.26 Q
Mogas rate of discharge in STONS per 20 hr day =

1645.2 Q
Diesel rate of discharge in STONS per hour = 94.14 Q
Diesel rate of discharge in STONS per 20 hr day =

1882.8 Q
Gals per ft of length = 0.0408 D2 (in inches)

I bbl = 5.61 cu ft = 42 gals
1 g9" = 0.13368 cu ft
1 liter = 0.264172 gals
1 cubic meter = 1.307950 cu yds

= 35.314667 cu ft
= 264.171366 gals
= 6.28979 bbls

(d) Example:

Estimated ID of 6" tubing = .535 ft
V = 5.5 ft/sec
Q = 0.7854 D9v
Q = 0.7854 x (.535)2 x 5.5 = 1.238 ft 3 /sec
1.238 x 12823.714 = 15875 bbls/day

(3) M•ethod 3.

(a) A third method, an extension of the second method, is
to make use of the known values of the API pipe and military tubing, as
given in Table 21, as a comparative guide. The size and the outside
diameter (OD) are given in the table for nominal sizes 4" to 30" OD
(including military tubing). The exact ID is also given, and a veloc-
ity rntio equalizing capucity for all pipes in th4 nominal size class.
The fluid usually examined is mogac, specific gravity 0.725.

Y -2



(b) The capacity of the pipe is given in the commonly
used terms at a velocity of I ft/sec. Pipeline fill for the static
condition is also shown. Note that these values are at 60OF Lnd a
correction factor is necessary to convert fluid at any flow temperature
to the standard 60 0F.

(c) Example:

A 6" military line is being examined. From
Table "-l the ID is 6.415" and the capacity at V = 1 ft/sec is .2244 ft3/
sec or 143.882 bpl-.

143.882 bph x 20 hr day = 2877.6 bbls/day

From Table 21, taking V = 5.4 ft/sec, the estimated capacity is
2877.6 x 5.4 = 15540 bbls/day.

(4) There is a fourth method in TM 5-343 that reauires a
higher degree of engineering knowledge and skill than that normally
possessed by transportation planners. The method of capacity estima-
tion i. a reversal of the design steps outlined in TM 5-3)43. Because
of its complexity and, perhaps, limited value at the planning level,
it is not included in this presentation.

2. Pipeline Resources Estimation.

a. lnformatior was not readily obtainable on the strength or
capabilities of civilian pipeline operating elements in Europe or Asia.
The military unit design capabilities are given in Table 22, and if
cIvilian labor is available it is a reasonable assumption that oper-
ating skill is exchangeable on a one-for-one basis.

b. Productivity of any pipeline operating unit is just the flow
through the pipe and there can be considerable variation for the same
emount of personnel nnd effort.

I -
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t@ CHAPTER 8. WATER TERMINALS

1. Water Terminal Capacity Estimation'.

a. There are three methods for estimating maximum port capacity in
the absence of a'tual productivity reports, each of which is described
in this chapter. Practically all ports have a potential capacity greater
than that normally used in peacetime but, expanston above the routine
traffic is nct generally justifiable except as a gamble for increased
traffic. However, many minor ports are doing just this in a bid for a
portion of the "container revolution" traffic and the future may see
some of these ports becoming major contenders in this field. The most
accurate determination of port capacity is to take the daily average
commercial traffic as the planning capacity of the port. SIch information
from the ports wav used in the water terminal data base for Europe. In
all other countries the port capacities were extracted from intelligence
reports since productivity by reports or detailed information required
by each of the three methods was not made available to the study. The
maximum port capacity may, in all cases, be greater than the traffic
shows, when analyzed by any of the methods presented here.

b. Introductory to the discussion of these methods is a description
of the general conditions upon which these methods are based.

2. Ports

a. General Conditions.

(1) Port capacity estimates are based on the utilization of all
wharfage that is suitable for the transfer of cargo.

(2) In the selection of suitable wharfage, consideration is
given to the datum to which depths are referred. Two are presently
beiilg used: (1) chart datum, and (2) mean low water (MIW). Chart datum
is more widely used and reflects a conservative depth figure as compared
to MLW. Chart datum applies only in open basins. In wet docks the level
is controlled by locks or gates.

(3) Wharves must have sufficient working space for transfer of
cargo, or have the capacity appropriately reduced. There should be a
minimum width of 60 ft. between the coping and any obstruction on a
marginal quay or an any one side of a pier. When two sides of a pier are
used and there are no obstructions a width of 90 ft. is deemed adequate.
In all cases the approach to the wharf must have sufficient width for two-
way truck or rail traffic and an avenue of egress from the approach root.

1 F55-15
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(4) Allowances and adjustments are made to compensate for

certain static conditions that would retard cargo handling.

(5) Port capacity estimates assume:

(a) 20 effective cargo working hours per day.

(b) No allowance for adverse sea or weather conditions,
enemy interference, or civil requirements.

(c) Adequate labor, stevedore gear, harbor craft, and
cranage.

(d) Discharge is by ships gear only. Suitable allowance
must be made for the use of shore gear, particularly in the discharge of
containers.

(6) Berthing space is taken to be the length of the vessel plus
its beam, the latter constituting a space considered necessary for maneu-
verability and safety.

b. Terminal Capacity.

(1) Terminal capacity, given in STONS/day, is the least value
of terminal reception capacity, terminal discharge capacity, and terminal
clearance capacity. The two types of water terminals to be discussed
are: seaports and beaches. Inland waterway terminals have been discussed
in the section, Inland Waterway Capacity Estimation (Chapter 6).

(2) There has been no formulation for the estimation of water
terminal capacity That has been satisfactory to all planners. This is
because of the extreme range of factor value and the presence of
irreconcilable variables. Ports vary with each cther and even within
themselves.

c. Factor M9thod. In the application of the factor method, it is
required to estimate the discharge capacity of each individual wharf or
facility. To do this the actual wharfage length must be adjusted, on
the basis of standard berthing requirements of ships, to obtain the actual
length of the usable wharf. Vessel elements (number of hatches, gear,
stowage dunnage, etc.) all have a bearing on the discharge rate ,t, in
the application of the factor method, no evaluation is required since
the factor reflects these conditions. However, coiisideration must be
given to:

(1) The largest vessel entering the harbor that can be accommodated
alongside with a loaded draft, as indicated below:
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Discharge per
Berth Length Depth wharf foot
class (feet) (feet) (STONS/day)

A 565 31-30 1.3 Large cargo vessel (C4, C3)

B 460 29-23 1.3 Standard cargo vessel (C2, Cl-b)
C 350 22-18 1.4 Small cargo vessel (CI-M)
D 250 17 2.0 Standard coaster (N3-5)
E 200 13 1.8 Small coaster
F 100 7 1.8 Lighter

(2) Wharf Factors.

(a) Location.

(b) Use (open or covered storage, repair and fitting out
wharves, special purpose wharves; used to determine suitability of the
port).

(c) Type (T-head, L-head, off-shore wbarves, whose dis-
charge rate is less than direct access wharves).

(d) Layout (structures and obstacles, stacking, tracks,
curbs, fences, bins, terrain, deck surfacing, inadequacy of transit shed
cargo doors, insuffic.ient transit space).

(e) Alignment of face of wharf 'angles and curvature).

(f) Condition deterioiation limiting full utilization).

(g) Load capacity of deck (what commodity is discharged
here, has it adequate load and bearing capacity).

high water). (h) Height of deck "should be at least 5 ft. above mean

(i) Length of berth (100 ft. is required for each ha;th or
each lighter. For example: 350 ft. will accommodate only 3 lichters
and the remainder is not usable).

(Q) Tidal variation 'ships may take advantage of high tide
to reach their berths. Effective discharge may be reduced w:en along-
wide depths are reduced by tide).

(3) Clearance. The sL= of the clearance capacities of the exit,
modes.

(4) Anchorages. The number of suitable anchoragýes is i ased on
the requirements of a class II anchorage (5V0-800 yds. in di.-meter, 30
ft. depthW for oceangoing cari'o vesselc.

(5) During WWII planners used th,: factor oif 1 LTON (1.1 -3TON,'
per foot of usable wharf per day. After the war It was ag-reed ci the I!K
Ministry of Transport and the !JS Chief Ervineer FT0 th:1O. thc: waS ,t



minimumn planning figure that could be guaranteed. In 1955 a joint work-
in,. 1roup was formed for the purpose of determining how much this should

be increased in the light of technological advance.

(6) This group found that there had been only one significant
change in the alongside factor (double gearing of hatches) that raised
the factor from I LTON to 1.2 TONS (1.3 STONS). In the last 19 60's,
the introduction of massive use of large size containers forced many ports
into reconstruction to handle the increasing number cf container ships
and the end is not in sight. Suff.'ice to say that containerships (with
-eay or without) have been discharged in no more than 10 hours and
loaded in another 10 hours - and these ships are now being built 800 ft.
or more long. The US Maritime Commission has announced the planned con-
struction, by 27 ship operators, of 173 new ships, of which 58 are con-
tainerships and 28 Lighter Aboard Ship Handling (LASH) ships, the rest
being bulk carriers and tankers. The typical LASH ship carries 49
lighters of 400 ton capacity and 356 containers of about 20 tons capac-
ity each or a total of approximately 25,000 ton burden. It is irdicated
that for these ships the alongside factor value may be almost doubled.
Therefore it is necessary to know the proportion of wharfage in a
specific port that has been set aside for container handling and then
reevaluate the alongside factor accordingly.

(7) Some factor values obtained from the study of military gang
productivity during WWI! over a 21 year period in several areas are
given as guidance for the planner as follows:

Discharge rate in STONS/day
Area per foot of wharf

I ndia-Burma 3.0
Middle Pacific 2.8
European '1.4
Caribbean 1.4
Mediterranean 1.2
North Ameri can 1.2
SW and West Pacific 0.9
All areas 1.3

(8) The lightering factor is larger than the alongside factor
since discharge is more rapid than from a ship's hold. The adopted factor
for planning has been taken as 1.6 LTONS (1.8 STONS) per foot of usable
wharf per day.

(9) There are many problems in discharging cargo from ship to
lightur in-stream. Winds of 15 knots or more, swells of over 3 ft.,
heavy rains, and tidal rips and currents may -etard or hault such opera-
tion. However, once alongside these retardations no longer exist.

(10) The proportion of wharfage in a specific port set aside for
liý,htero should be known. This is generally taken as that quayage with
les.; than 18 ft. depth alongside, or where the wharf has not been designed
for the accommodation of deep draft vessels.
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d. Formula Method. Based on the hypothesis thvt the rate of' dis-
charge to and clearance from the wharf apron is a function of stevedore
productivity, type of cargo, and vessel characteri;-dics, the fo~lowin.;
formula was derived:

C 1 c2 cC c
-- + - •. 

.• . 4 -l

r1  r 2  r, r3 

n

where S stevedore gang average capauility, in 2,LS,/hour
n

T = total tons discharged c c.

c. tons of cargo by type of' commodity i to be dischargIed

r. rate of discharge per gang per hour per co=modity type i

(1) Data such as these are difficult, if not impossible, for
the planner to obtain. During WWII a comparative study was made of thc
loading productivity rate.; of civilian and military stevedore gangs: the
result showed a ratio of 1.47 to 1.0. At that time the national average
for a civilian gang was 13.9 LTONS (15.3 STONS) per hour. Applying the
ratio to this average indicated a military gang rate as 9.46 LTCNS (10.4
STONS) per hour. On the other hand, the 720 STONS/day capability of the
Terminal Service Company indicates an average %6 STýiIS/hour sustained
for a 20-hour day for the military gangs. It could very well be, in the
light of recent technological advances, that this latter rate should bre
restudied, especially for the advisability of stating rates by type of
commodity, (e.g., containers, brsakeulk, ammunition, etc.). For example,
it is repeated that, in discharging containers from a containership, it
has been demonstrated that an entire ship can be discharged in one-half
day. Having determined stevedore productivity, S, it is next necessary
to examine the hatch rate. The hatch requiring the maximum number of
hours represents the minimum time, in hours, that the vessel can be dis-
charged, and is therefore the controlling hatch, H (in STCNS). Examining
each hatch (H) separately, H is the maximum value of the following
cxpressions:

H, H2 3 H

elS' e V e S' e eS
1 2 3 n

where e 1 = number of gangs working The hatch.-

(2) For example, a 02-S vessel is 455 ft. long with a eam of
(62 ft. (total 517 ft.). Total cargo weighs 5665 tons and it is wor!ed

CWhen wcrking break-bui.k hatches: .,•ith double riggcin;: -L:m ia.
assigned to each hook however due to normal interference the max,'.im.
output of the two gang.; is expressed as: 1 gang plus C0" of , e0cn 01
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20 hours/day. The discharge characteristics of the hatches are as
follows:

Hatch Tons Rig

1 880 Single HI/eS = 880/s = 880/s

2 960 Single H2 /eS = 960/S = 960/S controlling hatch, H

3 1702 Double H3/eS = 1702/1.8S = 946/S

4 1254 Double H 4/eS = 1254/1.8S = 697,/S

5 869 Single H5/eS = 869/S = 869/s

Then the namber of days at berth is given by the expression

HH- = minimum days at berth = B
ehS

In the above example B = x S

lx2OxS S •

where h - number of working hours per day.

It follows that:

T = average tonnage discharged per dayB

(3) To relate tit -ormula method to the factor method, it is
necessary to consid - the delays caused by breakdowns, repairs, op2ning
and closing hatches, shifting rigs, and other delays as dictated by
experience. These delays may be aggregated in an average delay co-
efficient, d. WWI! experience (the only data available) indicates that
d = 0.927 on the average. To determine the factor equivalent, P, which
is the tons per day per linear foot of usable general cargo wharfage used
in the factor method:

dB
L

where L = length of berthing spane.

(4) However, when S z 10.4 then 0.157S = 1.6 STONS/hr per foot
of wharf. In the case of containerships civilian gangs have achieved a
factor rate of 1.2 STONSihour per foot of wharf or 24.0 STONS/day per
foot for a 20 hour day. This was for 40 feet containers, discharging
960 STONS/hour from an 800 foot vessel and is an extremal value. The
above illustrates the fact that the planner must exercise some judg-
ment in his selection of values.
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(5) The formula method provides a means of considering develop-
ments that are likely to iffect port discharge capacity. These include
the Rollon/Rolloff ship, electric ship cranes, the LASH ship and improved
shipping techniques in unitization.

e. On Berth Method. A departure from the factor method is the on
berth method that bases computations on total ship time on berth for
representation operations. Tt has two advantages: (1) it recognizes
that while a ship is on berth no other ship can use the berth; and (2)
it would include such elerrents as stevedore productivity, opening and
closing hatches, switching cars, awaiting empty cars or trucks, shifting
rigs, dischavging dunnage, shifting cargo, lost time on berth, minor
ship repair, etc. It does not consider the time the berth is unoccupied.

(1) Relating this method to the factor method: tons per foot
total tons to discharge x 24 hours per day

per day total hours on berth Y length of' berth, in feet

f. Recapitulation. It will be noticed that the theme of most oi the
above is actual discharge, which is not entirely satisfactory as an
estimator of port discharge capacity. A much better estimator is the
berthing cycle, or time in port, e.g., time, in days, from arrival along-
side of the first vessel to arrival alongside of the second vessel, or
from a point in the first cycle to the same point in the second cycle
(i.e., the cycle period). Although not indicated in any available
publication, it is believed tha •he productivity of the Terminal
Service Company is derived from consideration of the berth time lost
(not invalidating the prenise that this factor may be improved).

(1) Information gathered on over 4000 ships all over the world
in a wartime environment, with respect to time in port, showed that t-le
average days in port was 17.4, with 74.4 lost hours, indicating a delay
coefficient of 0.704 instead or 0.927. Among the delays were:

Waiting convoy 22.1
Repairs 8.4
Waiting labor 5.2
Waiting cargo 5.0
Bad weather 3.4
During discharging 3.2
Waiting berth 1.7
Shifting berth -5
Berthing, unberthing and other

74.4 hours

(2) . other variable is congestion. A single smtip in a port
with no other ships in port is turned around much faster than a single
ship when there are many ships in port. Surveys have shown that thc
discharge rate of the latter may be cut by as much as L,.. Again,



stevedore capability in congested periods varies from port to port and
from commodity to commodity.

(3) It appears incumbent on the planner to validate port
capacity by consideration of all information in his possession in
relationship to the above data, including port traffic volume trends.
The capacities in the European data base are computed on the factor valae
of 1.3 STONS per day per foot of usable wharf. For Asian ports the
factor of 1.09 STONS per day is used, taken from Table 23.

TABLE 23. SUMMARY OF DAILY SHORT TONS HANDLED PER LINEAR FOOT
OF DEEP-DRAFT WHARFAGE AT THE MAJOR SOUTH VIETNAM PORTS

Linear feet Average daily
of deep-draft short tons handled

Port Wharfage per linear foot

Saigon 4,772 1.03
Cam Ranh Bay 4,423 1.14
Qui Nhon 2,320 1.15
Danang _ 1.08

South Vietnam-Wide 15,015 1.09

Note: Jan 1967 thru May 1968

(4) If other information available to the planner indicates any
justifiable deviation frcm this value, a suitable maltiplier may be
generated that will proportionately increase or decrease the capacities
given.

3. Beaches.

a. The use of beaches as a port of entry must be considered supple-

mentary to the use of built-up ports (SPOD), although in certain situa-
tions logistical-over-the-shore (LOTS) operations may be the only means
available. The many factors that affect the capacity of the beach in
LOTS, either affect SPODs to a much lesser degree or are unique to
beaches alone.

b. One method of estimating capacity is to estimate the ideal con-
dition with respect to the beach characteristics and then to degrade
the estimated capacity first by the effect of natural constraints and
then by the effect of operating constraints. This method is used in the
following illustration of estimating beach capacity.

c. Because of the many unquantifiable factors influencing the use
of beaches, no tidy formula packages have ever been developed to estimate
capacity. More often than not existing beach capacity is precisely the
clearance capacity because of limited surface exit routes and beach
capacity is estimated by using the methods used in highway capacity
estimations. On the other hand when actually using the beach considerable
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effort is devoted to the continuous improvement of the surface exits,
thus increasing capacity. Air exit by means of helicopters will
increase the ship discharge rate and will .Lncrease beach clearance
capacity if, and only if, the helic-opter origin is the beach maintenance
area.

3

d. The first step in estimating capacity is to examine the beach
characteristics individually. Although many are clearly interactive,
the combidatorial impact is difficult to quantify. Perhaps to ignore
the combinatorial effect is to err, somewhat safely, on the conservative
side. The planner is encouraged to exercise his judgment in modifying
the values of the individual effects of beach characteristics, weather,
and operations when they are in combination since it will be perfectly
clear, in most instances, what the modification should be.

e. For the overall guidance of the planner, experience has indicated
that a beach will accommodate 3000 STONS of cargo per day per mile of
beach - or 0.57 STONS per foot per day. On the 7900 yd OYIMAA beach in
WWII the maximum daily discharge was 0.63 STONS per foot, and on the
9000 yd UTAH beach the maximum was 0.35 STONS per foot - or an average
maximum of 0,49 STONS per foot. The discrepancy is partially explained
by the difference in exit route capacities. Similar information on
beaches in the Pacific is not readily available.

f. Beach Characteristics

(1) Length. By this is meant continuous usable length. This
is the length in which the nearshore bottom is fairly smooth and firm,
with acceptable gradients, reasonably clear of natural obstacles (under-
water and ashore), and satisfactorily meeting all other requirements for
a usable beach enumerated below.

(2) Width. The effective width of the beach, with res.ect to
capacity, is called the backshore - or the distance from the li:ý:it of
wave wash to the extreme limit of storm wave action. It is this urea
in which discharged cargo is held or in which cargo transfer takes place.
Discharge is generally limited to the foreshore or the distance from
low water to the limit of wave wash. On beaches wi-zh flat gradieats
some discharge takes place on the near shore (between low water and the

3 1n the foreseeable future helicopter may bypass the beach by operat-
ing directly from the ship to the clearance storage area. This must be
considered as a separate operation having little to do with the port/
beach capacity. The capability of the helicopter fleet in STONS/day iL
additive - the actual port of entry is the clearance storage area and
not necessarily the port/beach.

4FM 55-58, FPH 55-50-1, F4 55-55-1.
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5 fathom depth of low water) but this is generally wet discharge. Beach
clearance exits beyond the backshore may have constraining capacities.
and may be the governing factor in estimating beach capacity (See Road
Capacity Estimation). The product of length times width gives the size
of the holding area, or, in other words, furnishes an estimate of the
size cushion between cargo discharge and cargo clearance. Transhipment
operations are generally conducted in this area. If cargo discharge is
equal to, or less than, cargo clearance, this area may be utilized for
purposes other than intransit storage. On the other hand if cargo dis-
charge is greater than cargo clearance, the holding area becomes
saturated and discharge operations are inevitably reduced to the level
of cargo clearance. For discharge or amphibians see Hinterland (para
3f(lO) which follows).

(3) Surfacc. The surface must be reasonably negotiable by
wheeled cargo ehiMcles, either naturally or by artificial stabilization.
This includes removal or leveling of natural obstructions. In LOTS
operations negotiability may be assumed becalise of planned preparation.
As a general rule the surface on an ocean b cý may be taken as Bureau
of Public Roads classification A-4 (fine sand)- which, when unprepared,
has a factor value of 0.10 when dry, 0.25 when moist and 0.05 when wet,
compared with the Value of 1.00 for a concrete road. Chespaling, plank-
ing, matting, or othei means of surfacing will raise these factor values
to about 0.40. Silts (A4 and AS) have factor values of about one-half
that of A-3.

(4) Offshore Anchorage. For large cargo ships a minimum depth
of 5 fathoms (30 feet) is required to accommodate maximum draft and
ground swells, and a maximum depth of 35 fathoms (23.0 feet) imposed by
the length and weight of anchor chain. The bottom must not be too rocky
or too slushy. A clear radius of at least 800 feet is necessary.

(5) Offshore routes to the beach. The route to the shore must
be reasonably zlear of sandbars, reefs, rocks and shoals since they may
preclude the use of LCM's, LCTJ's, or barges, and necessitate marking,
the use of amphibians, or extensive clearance. A minimum of 6 feet of
water over these obstacles is necessary for amphibian operation and 11
feet for heavier landing craft. Pathces of seaweed (kelp, rockweed, sea
lettuce, etc.) tend to clog propellers and cooling systems. Underwater
obstructiors such as these are "go, no-go" factors. These conditions
terd to limit operations severely.

(6) Gradient.

(a) The followinr: scale is customarily employed tc describe
beach gradients:

"Or the Unified Clissification SP.
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Steep More than 1:15 (one foot More than 7%
rise in 15 feet)

Moderate 1:15 to 1:30 about 6.5% to 3.5%
Gentle 1:30 to 1:60 about 3% to 1.5%
Mild 1:60 to l:12o about 1.5% to 0.8%
Flat Less than 1:120 less than 0.5%

(b) A gradient of 1:20 (5%) on the nearshore is considered
ideal--anything less causes the craft to ground at some distance from the
water line and anything more is vulnerable to heavy surf. In the latter
case the steep gradient usually extends shoreward through the backshore
from the water line and presents -ome difficulty in uphill movement.
Amphibians are not affected by flat gradients alone.

(7) Surf. ý;utrf may be caused by wind, by storms many miles off-
shore, by current rips, or other causes. Surf may be predictable at times
or unpredictable at others. Wave motion, another contributing cause, is
the composite result of many cyclic variations and has a certain predic-
tability through the use of analyzers. Suffice to say that normal surf
at a specific beach is reasonably predictable for strategic planning pur-
poses. However vessels differ in their broaching to and swamping vul-
nerability to surf conditions provided they are not overloaded. The
following figure, derived from the data furnished in FM 101-10-1, is
illustrative of the effect of surf, assuming linearity:

100

80 n Z-,

0 60

r.Y

~20

0

Height in Surf, in Feet

FIGURE 3. EFFECT ON SURF ON EFFICIENCY
(8) Tide. Tidal ranges are different for each prospective beach

-location. Al•o'•h hi4ghly predictable for the normal, there are freak
tides thJ~t occur infrequently. For planning purposes these latter may'
be ignored. Taken in conj}unction with beach gradient It is possible to

b Seampirq is rarely caused by surf alone. In many cases it is the-

result of improper bcat handling.
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plan perations to include "drying out"7 of large vessels, provided
there is a small danger of "hogging" (i.e., heavier weight of bow and
stern tending to arch or "hog" the vessel's keel on cortain types of
beach surfaces). Tide also determines the dimensions of the backshore
and the forerhore. About every 2 weeks when the moon is new or full the
highest and lowest water occur (spring tides). When the moon is in the
first and third quarters the tide range is smallest (neap tides). In
general it is prefezable to make a landing 2-3 hours before high tide
where the craft may be beached and retracted readily.

(9) Current. A st'rong alongshore (littoral) current may be a
contributing factor to broaching to of craft. Rip currents flow out
from the shore in narrow bands or rips and are formed on almost all
open coasts. They consist of the feeder currents (parallel to the
shore inside breakers), the neck (where the feeder currents converge
and flow through the breakers in a rir), and the head (where the
current slackens and widens outstde the breakers). Rips cut troughs
in the sand and may form hazards for landing craft.

(10) Hinterland. The transportation network capacities in the
hinterland behind the beaches must be sufficient to move the tonnage
in the LOTS opera+ on. This il.cludes the exits and links connecting
the exits to the main networks. If these networks have capacities
below the planned discharge requirements, the network capacities may be
the limiting capacity of the beach. Amphibians should discharge as
close to the beachi as possible, preferably not more than 6 miles for
the LARC-3, 3 mriles for the LARC-15, and ½ mile for the LARC-60.

(11) Weather Effects.

(a) Wind velocity, the distance spanned by the wind, dura-
tion, and decay or attenuation distance, influence the amount of sea,
swell, and surf conditions on the beach. The growth of waves, aside
from cyclical influences, is governed by the velocity, euration, and
area influence of wind. Swells are waves that have escaped wi d
influence. Less than 10 mph is considered ideal; 10 to 15 mph favor-
able; 15 to 25 mph difficult; and above 30 mph to tend to make operations
infeasible. From this information a wind scalc may be developed, assum-
inF linearity, as follows:

7PBeanhed during high tide, resting on the u'-ach during low tide,
an. withdrawn in the next high tide.

3-12



100

8 o
~60

40

S20

010 15 20 25 30
mph

FTGURE 14. EFFECT OF WIND ON EFFICIENCY

(b) The distance at which objects can be seen in a horizontal
direction at the surface may reduce or even halt operations. Visibility
may be restricted by fog haze, rain, sleet, or snow. The major effect
is on offshore operations but there is also some considerable effect on
clearance operations. Radar and infrared devices extend the visibility
range to some extent but smaller craft are, in general, not equipped
with such sensing devices. If the operator can see the destination from
the origin (ani vice versa) then full operations are likely. As a rule,
if visibility is such that there is a possibility of collision or of
getting IoEt then operations must be suspended. Gradations between
these extremes are in a very narrow range.

(c) For planning purposes statistical studies of the area
are valueble for estimating weather conditions on a probabilistic basis,
including the effects of temperature and excessive precipitation.
Winter weather magnifies the effect of these conditions and generally
precludes beach operations.

(12) Clearance.

(a) The exits and the hinterland network are estimated by
the highway and/or rail method.

(b) Ii, tne example given it is clear that the holding area
is more than adequate, holding 18 times the daily discharge rate. If
the exits and network can accommodate the daily discharge, then the
capacity of the beach is the maximum daily discharge. If the exits are
restricLed then the beach capacity is the clearance capacity.

4. Recapitulation of Beach Capacity Estimation Factors.

a. The length of usable beach, in feet, when divided by ýhe safe
interval between craft (150-300 feet), gives the number of landing
locations. Under favorable conditions this is 35 locations per mile
and under less than favorable conditions this is 18 locations.

b. The backshore width tiues the length f beach is the potential
storage area. The factor of 100 lbs. per square foot is an average
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factor. POL and ammunition must be dispersed for safety even if there
is no enemy action. Stacks for open storage are no more than 6 feet
high.

c. For planning purposes, prepared beach surface has a load bear-
ing capacity no more than 40% that of a good road. (See Highway
Capacity Estimation, Chapter 4.)

d. Suitable offshore anchorage must exist in sufficient quantity
to accommodate all of the vessels necessary to meet daily tonnage
discharge requirements.

e. The term "usable beach" excludes those areas of underwater
obstructions.

f. A gradient of 1:20 has a factor value of 1.00 for all craft.
Lesser gradients do not normally impede amphibians but, in combination
with the tidal range, may reduce productivity of other landing craft.
On the basis of using the beaching procedure at high tides and retrac-
tion at the next high tide, productivity for the approximately 12-hour
period may be limited to the load carrying capacity of the craft.
Greater gradients are dangerous if accompanied by heavy surf and/or
littoral current and are presumably excluded by the selection of
"usable beach."

g. Surf has a more deleterious effect on amphibian operation (see
surf chart) than on loading craft. A surf of over 8 feet is considered
sufficient to halt operations.

h. Tide, in conjunction with fairly flat gradient as stated pre-
viously, may reduce discharge to that of the capacity cf the craft for
a 12 hour period.

i. Currents are either negotiable through operating skill or that
portion of beach iq excluded from selection of usable beach.

J. The capacity of the networks in the hinterlands may be computed
oy rail or highway capacity estimation. If the beach is adjacent to an
inland waterway the capacity of the IWW may augment beach discharge and
should be considered. However this is not part of beach capacity.

k. Wind factors are shown in the windscale chart.

1. Visibility factors, on a probabilistic basis, are obtainable
froLi climatic briefs of the aea.

m. The theoretical maximum capacity of a beach is achieved with
the exclusive use of the largest landing craft.
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5. Water Terminal Transportation Resources.

a. One of the determinants of por'. capacity is the capability of
the labor force (and equipment) for cargo discharge, and for this
reason a large part of the resource capability discussion was included
in the previous section on water terminal capacity estimation.

b. The design capabilities of the military terminal units, as
taken from the TOEs, are presented later in Table 24. F;oductivities
of these units may vary considerably depending on the situation. One
major consideration, aside from the commodity handled, is the lack of
cargo to handle. For military units, present for duty under all cir-
cumstances, the zero productivity when this occurs was considered in
arriving at the design capability. For civilian labor only productive
time is considered; thus comparisons between civilian and military gangs
frequently disparages military gang productivity. A recent study in
Vietnam8 showed 14.37 STONS per gang hour for military and 23.72 STONS
per gang hour for imported Korean nationals in discharging general cargo.
The comparable productivities for ammunition were 6 STONS/military gang
hour and 14.17 STONS/civilian gang hour. The average productivity of
the Terminal Service Company was very close to the design capability
(685 to 720 STONS). The comparison is almost meaningless, not only for
the above reason, but because in addition the Koreans were offered
incentives and could change the composition of their gangs as necessary.
This is mentioned to point out to the planner the necessity for exercis-
ing considerable Judgment in assessing the productivity of host nation
labor in comparing it with the productivity of military labor.

c. Furthermore the type of handling affects productivity. For
example, the same study shows the difference in average military pro-
ductivity P.s follows:

Ships hold to barge 2.35 STONS/mh av. gang 12.9
Ships holdi to vehicle 2.30 STONS/mh av. gang 14.0
Ships hold to wharf 4.35 STONS/mh av. gang 10.3

d. It is also pointed out that, in peacetime at least, where civil-
ian labor productivity is controlled by labor unions, the prcductivity
may be severely lower than the actual capability of the gangs.

e. Since staging is generally within the port complex, the staging
unit capabilitJes are given at the end of this chapter in Table 25.

f. The elements of LOTS operations are as follows:

(1) Mix of the Landing Craft and Amphibiar Fleet. This is an
estimate of the capability to utilize the capacity of the beach. At

Planning .esearch Corp., R-1240, Vol II, 196), Development of
Logi3•ics Plarning FactorO in S. Vietnam, pp II 313-321 (U).
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present, the landing craft fleet includes the following type craft:

Nominal LOTS
Craft Loadings (STONS)

LST 550-990
BDL 66o
LCU 180
LIM 55LC VP 4
LVTP 6

nUI9 2.5
LARC-5 5
LARC-Ir, 15
LARC-60 6o
APA 770-1650
AKA 1670-4800
AP 2350-4000
LSV 8850

Under less than favorable conditions these loadings may
be reduced by as much as 50%. Ranges reflect the several designs
included in the class.

(2) Lateral Safe Distances Between LOTS Vehicles. This series
with wind and surf conditions and the size and type of the vehicles.
For vehicles landing simultaneously FM 101-10-1 giv is these distances
as between 150 feet (45 meters) to 300 feet (90 meters). However,
under conditions of wind and surf that are above normal, the danger of
broaching to the 442' IST indicates a safe interval of at least 450' to

port and starboard. After beaching (and awaiting "drying out") this
interval may be reduced by smaller craft for more efficient usage of
the shore. However, in the foreseeable future, the new LASH (Lighter
Aboard Ship) ships with 49 to 79 lighters carrying 400 STONS each and

measuring 62; long may replace the lIST for this type of operation and
the 150-300 foot interval comes into better perspective.

(3) Discharge and Loading Times. A terminal service company
has the rated capabilities under ideal conditions of discharging 1200

STONS of genera]. cargo or 1800 STONS of vehicles per day over the beach.
Under the same conditions it can load 600 STONS of general cargo or 900

STONS of vehicles per day. The worldwide planning factor is 720 STONS
discharge per day and the loading factor is 500 STONS per day because
of many unpredictable conditions. These latter values are used for
estimating the requirements for terminal service companies. The values
for ideal conditions will be used in computing beach capabilities to
avoid double correction (as will be shown). Loading time is thus 30
STONS/hour and discharge 60 STONSihour for a 20 hour day.
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(4) Transhipment Time. The terminal transfer company has three
operating platoons each capable of transhipping an average of 300 STONS
per day. The company can thus tranship 45 STONS/hour.

(5) Turnaround Time. This is computed for amphibians from the
following formula:

2D x 60 2D Ix 6o
T = + -1 + T + T + DSw S1  1 2

where T = turnarouid time, in minutes
Dw = water diz:anc., one way, in miles

D1 = land distance, one vay, in miles

S = water speed, in mph (average 8 mph)
w

S = land speed, in mph (average 20 mph)T = loading time, in minutes (1 STON per 5 minutes)

T = discharge time, in minutes (2 STON per 5 minutes)

2
D = delay, in minutes

(6) Craft Availability Factor. Usually taken as 75% Of total
number of craft.

(7) Craft Requirements, Total Daily Cargo.

L CL VxT3

T

where L = craft requirements (75% of total)
C = cargo total tonnage, in STONS
V average load, in STONS
T3 = operational time, in minutes

T = turnaround time, in mir es

(8) Craft Requirement, Per Hat,

T
L YzR

where XI1

R: MAX T2  = most restric~ive factor

D

(9) Tonnage Capabilities of a Fleet
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T x VxL
TC = T

T

where TC = Tonnage capabilities of a fleet
V = tonnage per lighter
L = number of lighters

6. Computations.

a. The LST carrying an average loading of 600 STONS will be used
to illustrate the capacity formulation. The LARC-15 (15 STONS) will be
used to illustrate the derivation of capacity using amphibians exclu-
sively. Availability of sufficient craft is assumed.

b. Discharge on the beach is at the ideal rate of 60 STONS/hour per
terminal service (TS) company. Transhipment from ship to lighter is 30
STONS/hour per company. Transhipment from amphibian to truck or from
holding area to truck is 45 STONS/hour per terminal traneufer company.

(1) Beach holding area capacity
B x W x 100

2000 = Capacity = BC(STONS)

where B = Length of usable beach, in feet
W = Width of beach, in feet
100 = pounds per square foot
2000 = pounds per STON

For example: B = 5280 feet
W - 200 feet

BC = Capacity of holding area

BC = 5280 x 203 x 100
2000

BC = 52,800

(2) Fleet discharge per mile

Beach capacity, per mile

D x V x F x F x F x ain 4 xN
1 2 3 1F5 6xN

where N = number of landing locations per mile
D = utilization \craft per 20 hour day) =

20 x 60
Turnaround time, T, in minutec
averiie load, in STONS

F surf factor

1J



F = wind factor
2

F3 = gradient factor

F4 = visibility factor

F5 = weather factor

F6 = reduction factor to avoid queues

(3) For example:

D = 1.10 (for LST), 12.0 (for LARC-15)
V = 600 STONS (for LST), 15 STONS (fcr LARC-15)
N = 18 (for LST), 35 (for LARC-15)
F = 0.5

F2 =0.8

F = gradient of 1:20 = 1.003
F = probability of good visibility = 0.9

F5 = spring, probability of good weather = 0.83

F6 = o.86

(4) Then, Beach Capac-ity per mile =

1.1 x 600 x 18 x 0.5 x 0.8 x 0.83 x 0.86 =

3392 STONS/day (using LST's)

12.0 x 15 x 35 x 0.5 x 0.8 x 0.83 x 0.86 =

1799 STONS/day /using LARC-15's)
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CHAPTER 9. AIR TERMINALS

I. Airfield Capacity Estimation.

a. Except for certain emergency conditions, logistical airlift in
wartime is always in competition for space with either tactical aircraft
at military fields or commercial aircraft at commercial airfields.
Furthermore, the airfields may only be used by airlift aircraft whose
characteristics are compatible with those of the airfields.

b. Generally speaking, the largest and/or most productive aircraft
accommodated by the field is used in estimating capacity, on the assump-
tion that all aircraft lesser than this can also be accommodated. Cargo
handling and beddown space available is seldom used optimally because
the exact mix of aircraft making maximum use of this space occurs only
'by chance.

c. Lastly, cargo handling crews are designed for the sustained
daily workload, not the maximum, and a queue is inevitable if the
arrival rate equals or exceeds the service rate. Thus the sortie rate
must be controlled because of space handling considerations.

d. The first step in caracity estimation is to determane the type
aircraft that may use a specific field. This is done by comparing the
runway length, wi.dth, and bearing capacity of the field in equivalent
single-wheel loads (ESWL) with the similar characteristics of the air-
craft. Navigational aids at the field must be adequate for the type
aircraft. Aircraft not accommodated by the field are eliminated from
considerat.on.

e. The next stcp is the determination of space available. Total
usable parking space is first computed. The space requirements of th:
units stationed at a military field, or routine users of commercial
fields, are deducced from this total and the result is the residual
space candidate for airlift aircraft. The requirements for space for
host aircraft is not easy to compute. Not only must they have parking
(beddown) space, but loading and service space as well -- and this
varies with the type unit and its mission responsibilities. It must
be expected that i-n operation these space requirements will vary from
time to time and even from day to day, resulting in sizable variations
in space available for airlift.

f. The next step is to devise a plan for the utilization of the
allotted space. ThIM is based on space requiremcits of the mix of
individual aircraft, and the ground time and thi auchorized cabin load
(ACL) of each. The parking space required for an aircraft length x



width x 3.5. The 3.5 takes care of wing up clearance, taxi lanes, and
service alongside.

g. From these data and the number of operating hours (determined
by lighting, navigation aids, and ,-. •onnel availability) the number
of 6ortieo may be compated and the tonnage capacity estimated.

h. Using the residual space as the point of departure, then, for
the ith type aircraft:

P h-- x -- =A.
P i gi i

where P residual space, in ft2 th
P beddown space required by I type aircraft, in ft 2

h ai.rfield hours of operation per day
gi =average ground time for ith type aircraft, in hours

Ai maximum sorties of ith type aircraft, per day

and 1i Ai = Li

where Ii = payload (ACL) of ith type aircraft

L. = rmaximum daily delivery of the fleet of ith type aircraft

and max Li = theoretical logistical capacity of the field in STONS

for the ith type aircraft

with the corresponding

max Ai = theoretical logistical capacity of the field in
airlift sorties for the ith type aircraft..

i. Obviously, the capacity of the field is dependent on the mix
of aircraft using it. Wr computirg sorties and capacities for a pure
fleet, the maximum delivery and number of sorties may be obtained by
comparison, or the capacity may be given for each type aircraft assumed
as sole users. One gross method, for planning purposes, is to take

the aggregated capacities of all airfields in the objectivc area
divided by the aggregated space-hour demands of thQ available fleet
and the result proportioned to the individual airfields by the per-
centage of the total capacity contributed by the individual airfield.,1

j. Practically, the theoretical capacity where +he arrival rate =

the ser'ice rate, inevitably leads to a queue, even though each flight
may be scheduled. It has been determined that the prc1c.bility of a
queue forming is very low wben a random arrival rate is 80% of a
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random service rate. Departures from schedule during ,artime are far
from rare and the adoption of the rule that the practical capacity is
80% of the theoretical tends to minimize the threat of a queue. 2

Furthermore, this reduction will also tend to absorb the combinatorial
effects of the variable mix of aircraft arriving daily, each type with
differing characteristics.

k. Average productivity is a function of many variables, included
among which are:

(1) Capacities and aggregated residual capacities of all air-
fields in the objective area, including airfield closings and openings.

(2) Delivery priorities at specified airfields.

(3) Size and composition of the airlift fleet, by type aircraft:

(a) Numbers

(b) Parking demands

(c) Payloads (ACL)

(d) Time on ground

(e) Utilization rates

(f) Avcwilability rates

(g) Attrition, replacement, and augmentation

(h) Stowage factors

(i) Block speeds

(j) ESWL

(4) Avai.Leuility of cargo at origin

(5) Adequac~y of unloading and clearing resources

(6) Weather factors

2Sorties may also be limited by other than space consideration,
e.g., tactical traffic may be such that the number of airlift sorties
permitted is much less than indicated by the residual space. Thus the
capacity must be reduced accordingly, or the type aircraft delivering
the maximum tonnage for the number of sorties permitted be used
exclusively and capacity obtained in this manner.



(7) Adequacy of lighting and. navigational aids

(8) Airfield hours of operation

(9) Sorties permissible

(10) Optimum allocation of aircraft

(11) Consideration of largest aircraft accommodated by the
airfield.

(12) Round trip and critical leg distances

(13) Air superiority

(14) Airfield damage control

(15) Requirements at airfields and the objective area

1. It is definitely possible that in given situations productivity
at any airfield may exceed the rated capacity. It is also possible that
an airfield productivity seldom attains the rated capacity.

m. The capacity of the airfields in the data base, in sorties per
day, was obtained from several sources that are indicated in each table.
Care must be exercised in their use since the distribution of tactical
units may influence the amount of residual space allotted to airlift
at specific airfields.

3
2. Air Terminal. Mobility Support Resource Requirements.

a. Joint regulations AR 59-106-AFR 76-7 asbign responsibilities
Lnd functions in connection with the operations at air terminals. The
Air Force and the Military Airlift Command (MAC) use units tailored to
the exact requirements for loading-unloading at specific terminals.
The three types of air terminals and the support forces at each are:

(1) Aerial Ports of Embarkation/Debarkation (APOE/D). These
terminals are usually supported by MAC aeria.l port squad is or detach-
ments, equipped in accordance dith the specific workload. The special
purpose materials handling equipment normally usEd is part of the 463L
system developed by the Air Force. All HEF are designed to reduce
aircraft (a/c) turnaround time to the minimum.

3J J, AR 59-106 and AFR 76-7.
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(2) Tactical (Intratheater) Air Terminals.

(a) Throe terminals are less sophisticated and the equip-
ment is predominantly oriented to the C-130 a/c. Teiminal support is
furnished by an Air Force Aerial Port Squadron or Detachment or cellular
fragments thereof.

(b) The TAC Aerial Port. Squadron is not comparable to a
VIAC operated terminal as the misrlon of each is quite different. The
TAC operated terminal is more of a transshipment terminal handling both
inbound and outbound cargo. A wide variety of cargo, both large and
small, is handled and it is generally in direct support of Army ground
forces forward of a fixed be',e. The squadron also provides Combat
Control Teams (CCT) in support of the Army and is required to set up
drop zones (DZ), landing zones (IZ), and extraction zones (EZ) in
combat areas. Further, the squadron also provides air traffic control
facilitiej in combat zones as well as a point-to-point HF communications
net for command and control. This squadron, with its CCT, is capable of
operating at several locations simultaneously with small tonnage capa-
cities in support of Armry operations. The squadr;:n is composcd of 10
officers and 20) airmen plus a CCT of 4 officers and 44 airmen. P.c one
location, on a 24-hour basis, day in a-'' day out, it has a 450 STONS/
day throughput capability (450 STONS ii-oound and 450 STONS outbound)
or 900 STONS/day handling capabilit,. It can peak and handle a much
higher tonnage for a 48-hour period but production would be lessened
after that time until personnel are rested. Typical PME and vehicles
authorized are as follows:

Air Transportation Terminal Trailers
Rouen Terrain Loaders
10K Heavy Dut-. Fork Lift
6K Fork Lift
1OK Fork Lift
25K Loader
Pallet Trailer
2 -ton Truck

5-ton Tractor
4o ft Trailer
Wrecker, ',-ton

(3) Forward Air Strips. These termainals are in the Army fc.ward
areas and ma.y be Lapported by AF Aerial Support D'-tachments or cells, or
by Army units. The equipment ic for rough terrain and is desig:ned to
load-unload bell-opters, C-'is, or C-130s.

b. ManTower. Under pc,,ct inc conditiouis the aerPal port lsquadrn
man will oave 170 productive houru and handle 43 STONS per month. In
war the man will have , pri2uctiwe hour's unrd handlo 71 ST(',ý'i 1-.
month (2.4 3TOUSida:/ nl)



c. Facilities.

(1) Passenger -- 50 sq.ft. each for first 500 passengers per
day. 20 sq. ft. for each passenger over 500.

(2) Freight -- 320 sq. ft. per ton for processing; 120 sq. ft.
per ton for marshalling of two-day backlog.

3) Covered space requirements for freight is based on approxi-
mately 1/3 of the total freight space required.

d. Materials Handling Equipment (MNE).

(1) Cargo Processing.

(a) Pallet Docks

50 to 19) tons per day = 75' of docks
200 to 399 tons per day = 300' of docks
400 to 999 tons per day = 600' of docks
1000 to 1499 tons per day = 900' of dockb
1500 to 2500 tons per day = 1200' of docks

(b) Pallets

3asic allotment of 32 pallets (required to turn a
C-5 around).

One days average tonnege divided by 2.5 tons (average
pallet weight) provides station pallet allotment.

(c) Pallet Dollies and/or Pallet Trailers (R/T)

Basic allotment of 32 units.

One days average tonnage divided by 2.5 tons (average
pallet weight) provides the station allotment.

(d) Forklifts, 6ooo# (463L and/or standard)

50 to 299 tons per day = 3 forklifts

One additional authorized for each additional C00
tons or a portion thereof.

(e) Forklift, l0,OO0# (463L standard and/or 463L rough
terrain)

5Q to 5u ' tons per day 3 fox 'lifts
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One additional for each additional 300 tons per day

or a portion thereof.

(2) Flight Line Loading Equipment Allocation Standards.

(a) Forklifts 6oo0# (463L standard and/or 463L rouph

terrain).

One per C-7 type aircraft being worked simultaneously
with minimum allocation of two per terminal.

(b) Forklifts 10,000# (463L standard and/or rough terrain).

One per 463L equipped aircraft being worked simul-
taneously with minimum of two per terminal.

One additional for C-5A, C-141, CL-44, DC-8F, B-T73
'r similar sized aircraft being worked simultaneously
with other aircraft.

(c) Aircraft Loader, lO,000# rough terrain. One per each
five pallets being handled on or off an aircraft
simultaneously where operating surfaces preclude the
use of 25K or 40K loaders.

(d) Aircraft Loader, 20,000# (20K).

Two per first 15 pallets being worked on or off air-
craft simultaneously.

One additional for each three pallets being handled

on or off an aircraft simultaneously.

(e) Aircraft Loader, 40,ooo# (40K).

Two per first 20 pallets being worked on or off an
aircraft simultaneously.

One additional for each aAditional five pallets
being wcrked on or off an aircraft simultaneously.

(3) Other Required Specialized Egupment Allocation Standards.

(a) Ramp Kit, (C-130) -- To per terminal ard two per each
mobility team.

(b) Tugs, Warehouse -- Two ptr each 2.; tors or -t po'tia
thereof handled per day.



(c) Trailers, Baggage -- Three per each tug (or substitute)

authorized.

(d) Floodlight Unit, portable, self-I~owered.

Two per terminal and two per each mobility team.

Two additional for each working area without fixed
flood lighting.

(e) Trailer, Lavatury Servicing.

Two per terminal handling recurring strategic airlift
passenger flights.

One additional for each strategic airlift passenger
flight over the basic two being worked simultaneously.
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(Team FL).

62. TCE 55-53OG, Beach Discharge Lighter (Team FM).

63. M( 55-530G, Lighter, Amphibious IA.RC-LX (Team FN).

64. M 55-5300 , Lge Squad (Team GB).

65. TOE 55-540G, Heavy ud Squad (Team GC

66. TOE 55-5400, Light Truck Squad (Team oc).

67. TCZ 55-5400, Ligh Truck Squad (Team GD).

68. TOE 55-5400, Trailer T'ransfer Point Operations (Team GF).
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69. Traffic Management Handbook, USATMACE, Jan 68.

70. Units of Weight and Measure, U. S. Dept of Commerce, MisC Publication

286.

71. US Maritime Commission Data Sheets.

72. US Navigation Co., Container Data Sheets.

73. Working Group Repo-t, 1955, Composed of Representatives of CE, TIA,
Navy, AFOIN, CIA and Comrerce Dept.

74. Institute of Inter-American Affairs.

75. JR AR 59-106 and APR 76-7

76. An Introduction to Transportation Engineering, William W. Hay,
John Wiley and Son, Inc.
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86. TOE 55-5300, Refrigerator Barge Crew, Non-Prcpelled (T,'am 7.7).

87. TOE 55-530G, Liquid, Dry or Refrigerated Cargo Barge, 216 ft. SP
(Team FL).

88. TOE 55-53(G, Beach Discharge Lighter (Team FM).

89. TOE 55-530G, Lighter, Amphibious LARC-LX (Team FN).

90. TOE 55-540G, Bus Squad (Team GB).

91. TOE 55-540G, Heary Truck Squad (Team GC).

92. TOE 55-540G, Light Truck Squad (Team GD).

93. TOE 55-540G, Medium Truck Squad (Team GE).

94. TOE 55-540G, Trailer Transfer Point Operations (Team GF).

95. Traffic Management Handbook, USATMACE, Jan 68.

96. Units of Weight and Measure, U.Sz Dept of Commerce, Misc Publication
286.

97. .USCINCEUR, Analysis of European Airlift Base Requirements 1968-1972,
Mar b6'.

98. US Maritime Canmission Data Sheets.

99. US Navigator~n Co., Container Data Sheets.

100. Working Group Report, 1955, Composed of Representatives off CE, TEA,
Navy, AFOIN, C'A and Commerce Dept.

101. Institute of Inter-American Affairs.

102. JR AR 59-i0l and AFR 76-7

103. An Introduction to Transportation Engineering, William d. Hay,
John Wiley and Son, Inc.
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ENCLOSURE 2. GLOSSARY OF TERMS

Accompanying Supplies. All classes of supplies carried by units into
the objective area. (JCS Pub. 1, AR 320°-)

Advance Logistical Command. A comnmand normally located in the forward
portion of the communications zone of a theater of operations,
responsible for furnishing administrative support, except per-
sonnel replacement, civil affairs, and intersectional services,
to forces in the combat zone as directed. (AR 320-5)

Advanced Base F.xctional Component. A grouping of personnel and/or
material designed to perform one of the specific tasks of an
advanced base. A functional compcnent contains the technical
personnel and equipment necessary for the performance of their
tasks, including, as pertinent, workshop housing, vehicles,
boats, shop and office equipment and a 30-90 C~ay initial. supply

of .onsumables. The functional components are given titles to
indicate their functions and unclassified codes each consisting
of an alphabetic/numeric combination. (RJWEPSINST 4040.1)

Aerial Port. A facility located on an air base, consisting of one or
more air terminals, and constituting an authorized port of entry
to Qnd clearance from a country. (AR 320-5, JCS Pub. 1)

Aerial Port Squadron. An Air Force organization which operates and
provides the Tunctions assigned to aerial ports to include the
processing o-2 persoamel and cargo, rigging for airdrop, packing
parachutes and loading equipment, preparing air cargo and load
plans, loading and securing aircraft, ejection of cargo for in-
flight delivery, and supervision of units engaged in aircraft
loading and imloading operations (JCS Pub. 1, AR 320-5)

Air Freight Terminal. A facility which provides administrative functions
aa.d srace for intransit storage: the receipt and proccssing
originating, terminating, and intransit air cargo; and the mar-
shalling, manifesting, and forwarding of air cargo to destination
of either domestic or oversea bases. (AFM 11-1)

Airfield. An area prepared for the accommodation, (including any
buildings, installations, and equipment), l.anding and taking-off
of aircraft. (JCS Pub. 1)

Airhead. A designated location in an area of op.eratlons used as a base
for supply and evacuation by air (JCS Put. 1)

A designated area in a hoatile or threatened territory which, when
seized and held, insures thq continuous air landlr4g of troops and
materiel %nd provdes maneuvc.r space necessar. for projected
operatlons. Normally, it Is the area seized Ln tUe a, sault phase
of an airborne operation. (Xs ! 1)
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Airlift. The carriage of personnel and/or cargo by air. (JC5 Pub. 1)

To transport passengers and cargo by use of aircraft. (JCS Pub. 1)

The total we.gight of persocn-.I and/or cargo that is, or caL tb. carried
by air, or that is ofifred fcr carriage by air. (JCS Pub. I)

Alinement, wharf. Angle points, indentations, or curvatures existing
along the face of a wharf.

Alongside. Adjacent to the head or face of a pier or to the side of
a pier or vessel; usually indicating a parallel arrangement.

Ammunition and explosives. Bombs fuses, TNT blocks, caps, handgrenades,
powder, dynamite, or any other commodity wh'ch must be allocated
isolated and specialized stowage space Lr a cargo ihip or be
carried in an ammunition ship cr bo loaded and discharged at an
ammunition pier because of its highly explosive nature. Does not
include small arms ammunition.

Anchorage. That portion of a harbor in which ships are permitted to lie
anchored so as not to interfere with harbor traffic, cables, or
pipeline crossings, etc. Normally, the anchorage space assigned
to a vessel must include a circle of which the combined length of
anchor chain and, ship is the radius.

Approach root. The shore endi of a platform used in transporting cargo
between the shore and an off-shore wharf strucutre.

A_'on. That portion of a wharf or pier lying between the waterfront
edge and the (transit) shed. Strictly speaking, from the viewpoint
of constriction, that portion of the .,harf carried on piles beyond
the solid fill. Also called "Apron Wharf" and "Wharf Apron".

Arm Wholesale Logistics. The -.rmy Logistir-. System less army in the
field logistics; includes complete logistic support of the Army
Wholesale Logistics complex itself, and of special Army activi-
ties retained under direct control of Headquarters, Department
of the Army-. (AR 320-5)

Army Wholesale Materiel. Army Wholesale Logistics less the services
activities (M.omuinicati ons, construct.'on, hospitalization and
evw.cuation, and support services) retaincd at the Department of
th, AM- level and loel3tics support of special Armur activities
retained under direct control of Herdquarters, Department of the

AutcomatIc Suppl . A sy-stem • which certain suppL, requirements are
ittomtIcally shipped or i sued for a predetert'ned pe•'iod of

time, without requi;ition Ly the usinr unit. 7t Is týasd upin
cstirmated or experience-usa.,,e factors. (.;CS PN. I, AR 320-)

F',



Available Equipment. Available equipment is any end item of equipment
'1 which is physically on hand within an organization and does not

"meet the criteria for being classified as nonavailable. (TM 38-750)

Avability (Equipment). The fraction of the total desired operating
time that material actually is operable. (NAVAIRINST 47002)

Aviation Fuel. Gasolina grades 115/145, 110/130, and 91/96, and jet
fuel grades JP-4 and JP-5. (AR 320-5)

Barge. A floating craft of full body and heavy construction, designed
for carrying cargo. Cranes or other cargo handling gear are often
mounted on barges. (The distinction between a .'arge and a lighter
is more in the manner of use than in form and equipment, the term
barge being more often used when the load is carried to its des-
tination, or a long distance, while the term lighter refers to a
short haul, generally in connection with loading or unloading
operations of deeper-draft vessels).

Large Tow. A group of one or more barges and a powered craft such as
a tug, towboat, pushboat or self-propelled barge.

Barrel. A measure of the volume of liquid petroleum products equal
to 42 U.S. gallons at 60F. Not to be confused with drum. See
Drum.

Base Depot. Supply point in a communications zone in a theater of
operations. (AR 320-5)

Base terminal. A base terminal is the upstream or initial storage
terminal of a p.peline, usually at or near a port of entry from which
a plpellno system originates.

Basin. A large sl1p or dock partially surrounded b;, qua..s.

neach Capacity. An estimate, expressed "n terms of measurement tons,
or weight tons, or vehicles, of cargo that may be unloaded over a
designated strip of shore per day. (JCS Pub. 1)

Beach Sup Area.. The area to the rear of a landing force or elements
thjreof9 established s-d operar;ed by shore party units, which con-
tains the facilities foze the unloading of troops and materiel and
the support of the forces ashore; it ,includes facilities for the
evacuation of wounded, prisoners of war, and captured materiel.
(JeS Pub. 3.)

Rert~hi espc. The water area fronting! a wharf or moorin, ut wh!-h
Inland aterws. craft may load or dAlscharre cawio. s s
uravll• expressed !n tcrt, of line-ei tet.

'kat space. The space ad weight factor used to dcerm'ne the ca:'c-t;:,
ofboats, landing craft and amphiious vehicles. ",peth rcspert to
landinr, cvaft and amphiious vahicles, it ised on
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A man is acsumed to weigh 224 pounds and to occupy 13.5 cubic feet
of space. (AR 320-5)

branch station. A punaping station on a branch pipeline taking off
from a mainline to supply an airfield or other large consumer that
cannot adequately or conveniently be supplied from an intermediate
supply point on the main lne.

Break %ulk Point. A transshipping activity to which umitized shipment
units for various ultimate consignees may be consigned for further
distribution as separate shipment units. (DOD 4500.32-R)

A transshipping activity to which multiple shipment units may be
consigned for further distribution within tVe transportation
system. (AR 320-5)

Rilk Cargo. Drx' or liquid cargo such as oils, coal, grain, ore, sulphur,
fertilizer, etc., that are shipped unpackaged and usually in large
quantities. (DOD 4500.32-R)

Bulk Load Method. In airborne usage, the bulk load method is generally
used for computing aircraft requirements to transport bulk supplies.
The method is based on the fact that the weight of the cargo is
the determining factor in computing aircraft requirements. (AR
320-5)

Bulk Materials. Those ne:!essary constituents of an assembly or sub-
assembly such as oil, wax, solder, cement, ink, damping fluid,
grease, powdered graphite, flux, welding rod, thread, twine,
chain, etc. for which the quantity required is not readily pre-
determinable: or if knowing the quantity, the physical nature
of the material is such that it is not adaptable to depicting
on a drawing; or which carl be ut to finished ,size by the use
of such hand or bench tools as sheers, pliers, knives, etc.,
without any furt'. : machining operations and the configuration
is such that it can be fully described in writing without the
necessity of pictorial presentation. (IaL-D-70327, NAVAIRMIST
4700.2)

.1ik Petroleum. Liquid petroleum products which are normzl.J trans-
p orted-- .'peline, rail tank car, road tank truck, road tank
trailer, uarge, harbor or toautal tanker and ocean Coing tanker
and stored in a tank or container having a f-11 capacity Creater
tfn ';'5 U1!.rllons (45 Imperial rallons). n the -,ontext in

It is used in thia defht.itiOn, "petrcleum" also covers
'roductc which u rencralI. c-imlflar to pctroleum produets but

which have d'ffem-nt . (AR 32n--5)

[91k Pq:i! •An'. kirni of milltarl -Zupylla that are sent k't in vur,
lar:eq.%•.'•' •,:S. • l~i, •:•, ain, •uncvdcr, etc., Lra:

" xIM-.C:s of sik s.;pl., * 'pl-os ar. masrd :n W
o-f wc.:-ht or w-i .m• 'ther than. in '_arms el the numlter of .nit.



CF.pability. The practical maximum amount of cargo, expressed in tons
per day, that may be handled on a cotinuing basis by given
transportation resources when the limitations of the major con-
tributing factors are considered to a practical degree.

Capacity. T2he theoretical maximum amount of cargo, expressed in •ehicleo
or tons per day, that rray be handled on a continuing basis by a
given facility or transportation mode link, with all contributing
factors, such as facilities, personnel, and weather introduced into
the system to an optimum degree.

Cargo. Includes all items of supplies, macerials, stores, baggage,
or equipment which arý classified and transported as freight
in contrast to those items which are classified and transported
incidental to passenger movements. (DOD 4500.32-R)

Channel Airlift. Common-user airlift service provided on a scheduled
basis between two points. (JCS Pub. 1, AR 320-5)

Channel Traffic. The movement of personnel and cargo over established
world-wide routes, serviced by either scheduled military aircraft
or commercial aircraft under contract to and scheduled by MAC.
(DOD 5160.2)

Traffic moved between established aerial ports of embarkation and
debarkation of MAC scheduled flights. (DOD 4100.31)

Characteristic. A segment of a functional area subject to analysis
or review. Characteristics may be reviewed by statistical sampling
or by other means. (AFSCM 78-1)

Chart datum. The datum to which soundings on a chart are referred.
It is usually taken to correspond to a low-water state of the tide.

h.ril requirements. Regulations governing commercial shipping and
carf;o handling in the port. Usually under the jurisdiction and
enforcement of the port authority.

Civil Reserve Air Fleet. A group of commercial aircraft with crews
which is allocated in time of emergency for exclusive militar,
use in both international and domestic service. (.CS Pub. 1)

Aircraft owned and opei-ated by private industry which are can-
vertible to goverument use on a contract oasis in ti~me of .-mergcnc.
to insure immediatte and contiinuous loCiztical support i varti=.
(AFM 6T-l)

Transport aircraft of cotnerci4. alr carrier: which, .. &r tlhc
Emercrncy War Plrut, have boen al* vat.:d to the . of
Defense by the Department of Comcree to taub-mcnt th,- tV.'C fleet.
(DOD 4loo.31)
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Civilian Supplics. Conmodities, goods or services made available to
the civilian population, government or economy in areas adminiseOred
by armed forces. (AR 320-5)

Classification Yard. A group of railroad tracks used for receiving,
shipping and switching rail cars. (AFM li-i)

A network of railroad tracks where cars of incoming trains are
separated :uid reformed into new trains preparatory to dispatch
over separate outgoing lines. (AR 320-5)

Clearance Capacity. An estimate expressed in ttrms of vehicles or weight
tons per day of the cargo that may be transported inland from a
beach or a port over the available means of inland communication,
including, roads, railroads, and inland waterways. The estimate
is based on an evaluation of the physical characteristics of the
transportation facility in the area. (JIS Pub. 1, AR 320-5)

Comba. Service Support Elements. Those elements whose primary adssions
are to provide service support to combat foices and which are a
part, or prepared to become a part, of a theater, command or
task force formed for combat operations. (AR 320-5, JCS Pub. 1)

Commercial Transportation. Transportation commercially owned and
operated, such as buses, streetcars, trains, subways, taxicabs,
boats, or other mode wi.th fares or tokens furnished or paid by
the Government. (AR-55-34)

Commodity. A grouping or range of items which possess similar charac-
teristics, have similar applications, or are susceptible to
similar supply =nagement methods. (DOD ?000.8, AFM 67-3/AFLC
Sup 1, AFM (7-1)

Construction Materials. Construction materials meams articles, m.terials,
and supplies, which are brought to the construction site for Jncor-
poration in the building or work. (ASPR 18-506.2)

Container. A box used to consolidate shipments, prtserving the integrity
of the shipment against pilfera-ge sni the effects of the elements.
%illta'•° ý.ontainerc of the CCUEX variet.7 are exsmplerz. Comtercial
containers may cirry cargo up to 41 STONS.

Contract•, 2happirz. Slhippig ceont-acts r.re executed bctwven the
Militttr Sea Transportation Service and commercial ocean common
c.rrierj providinr for ooean transportation of cargo at special
ratl, usually on reFularly ztchedulcd shipa oporat~ng on eaotVL-

ledhc, trad rmites .,huch contrmat provide thnt cta-md-orin-
cr urv to c vfor•de duri:n ovcr-Amc hours t ';M re•1utest

tof vh-, carrier,. a.ll ermina!. overtimI difrcrentim. cocts required
t-.rn•, the c--atlcn !tro for tho %coumnt 4' li.. carrier.

Ri
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Controlling Depth. Controlling depth 's the minimum depth which car
be expected at a specified datum level; usually a lcw water datum
or chart datum level. Note: Occasionally during extreme tidral
conditions, the water level could conceivably Pall below that
level which is indicated as a controlling depth.

Convoy. A number of merchant ships or naval auxiliaries, or both
usually escorted by warships and/br aircraft, or a single merchant
ship or nava.l auxiliary under surface esccrt, assembled ana, or-
ganized for the purpos3 of passage together. (AR 320-5)

A number of vehicles travelling as a unit or set of uniits under
military control.

Craf-; Capability. The amount of cargo expressed in sized barges or
tons per day that may be moved by a given number of inland water-
way craft on a continuing basis, exclusive of any restrictions
Imposed by the terminal facilitles.

Datum Plane. A plane used as a reference from which to reckon \eights
or depths. A plane is called a tidal datum when defined by a
certain phase of the tide. The datum may be based on mean sea
level, but for hydrographic work, including soundings on charts
and tidal predictions, a low-water datum is usually perferred.

Deadlined Equipment. Any major end item of authorized equipment
charged to a using unit or agency which has been remcved from
operation or immediate operational readiness because of actual
or potential mechanical, electrical or safety device failure.
It does not include equipment scheduled for routine preventive
maintenance or inspection. (AR 320-5)

Deadlinin& Loss (vaterEays). Amount of inoperable Inland waterway
craft, usually expressed in percentage of total cargo carrying
tonnage for cargo carrying craft, and in number of units for
towing craft.

Dead WeightCargo. Those commodities having a stowage factor les•i than
40 cu. ft. per ton of 2,000 lbs., or ',240 lvs. as ,:he custom of
the service (trade) ma• be.

.Dead Weight n O arrcity. The difference in tons of ,240 llt,
between the, displacement of the ship when light %nd when fWII
loaded to the maximum Iraft allowed b- law. In other vords, dend
weight carrying capacity ýs the "eight in l'nr tons of cargo,
fuel, wuter, stores, crow, 1,engers, • heir etc'.tA, that
can to carried tt hfp: .n tE indh;. It. it u,;•mt; a h. neth-iz:-•
of the displ4c0Ivwnt tuxinagr and 21 lf3 to 2; 3) 1 c~t o -
tared toniWao.: t heoor 1call,- at ":0C



.wpot. A facility for the receipt, classification, storage, accounting,
issue, maintenance, procurement, manufacture, assembly, research Aor salvage of supplies, or for the reception, processing, training,

assignment, and forwarding of personnel replacements. It may be
an installation or activity of the zone of the interior or area

of operations. (JCS Pub. 1)

]irect Support. A mission requiring a force to support another
specific force and authorizing it to answer directly the supported
force's request for assistance. (JCS Pub. 1)

diurnal Tide. Having a period or cycle of approximately one lunar day.
Thus, the tide is said to be diurnal when there is a single flood
and a single ebb period in the lunar day.

Downtime. That portion of calendar time during which the item is not
in condition to perform its intended function. (NAVAIRINST 4700.2)

Time during which any material that is not available for use be-
cause of maintenance requirements. (AR 320-5)

Interval between receipt of a request for supplies at a supply
depot and their delivery to the troops. (AR 320-5)

Interval between the arrival of ai empty aumnunition train at an
ammunition supply point and its departure with a load. (AR 320-5)

Driveaway Service. The transporting or moving of a vehicle under its
own powrer by a driver furnished by an authorized commercial motor
"carrier. This method also includes the movement of one or more
vehicles including other than self-supported vehicles when towed
or mounted (either full or saddle mount) upon a vehicle moving in
driveaway service. (DSAR 4500.3)

Drum. Container. ustally of metal, for fuels. Most common capacities
in -ArM-° use are 5 gallons and 55 gallons. Five-gallon drums are
usually referred to as cans.

Dumb Craft. inland rater way craft which have no self-contairied means
of prupulc on.

.. Loose material used around cargo to prevent damage.

h(necncy Head Capalzty. Pressure in feet of head which a pumping
unit produces at maximum ruce of discharge.

F'tciL&tGes. %.1dings, structures, or other real-property improvements
Is separatcly; identifled on the real-property records, including
Itaem of rea!-property insta!, Id equipment attached to or installed
1i• renl proport;. (AYSCM 375-i)

A. *.l.iwt or integroted logctic uupport, consisting of physical.
... ~•,..uch as .•,i.i estate eind c.'nrovwments thereto, including-

±iAi:•. -. :•cld structual equipment und utilities which
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are required for or contribute to support of the systems,
)i - subsystems, or equipments. (DOD 4100.35)

Factor. Planning. A properly selected multipliur, used in planning
to estimate the amount and type of effort involved in a contem-
plated operation. Planning factors are oftEi expressed as rates,
ratios, or lengths of time. (DOD 5000.8)

Fairway. The channels which must be left unobstructed f r free navi-
gation in a harbor.

Feet of Head. The measure of pressure in terms of the height in feet
of a column of a given fuel. This measurement is convenient
for use in hydraulic design of pipelines, since it can be
applied directly to terrain elevations.

Field Army Depot. A supply unit under field army control which normally
receives supplies from theater depots in the communications zone.
Army depots have the mission ofreceiving, storing, and. issuing
supplies for the field army. (AR 320-5)

FleetCapability. The amount of cargo, expressed in tons per day, that

may be moved by a given unit fleet on a continuing basis, exclu-
sive of any restriction imposed by the terminal facilities.

Floating Crane. A (- ne mounted on a barge or ponton. Almost any type
of crane ca. be -led; thus the variety and size of floating cranes
are especially greet.

Floatinr cranes may re either self-propelled or non-self-propelled,
and the float may range from a simple wooden barge to an elaborate
molded-steel hull with built-in balancing tanks and pumps.

Fork Lift Truck. A self-propelled vehicle having two or more prongs
or tj nes which may be elevated and used for handling packaged,
crated or baled cargo.

Forward Base. An overseas base (not the home station of the tactical
unit concerned) which either has rn it a tactical unit (or poition
thereof) being supported or is located near such a base and
"mrnishes materiel directly to such a unit. A base which is not
the home base of thc combat forces but will be used for war
operations. Erch base may be required for several uses simul-
taneously, such as staging turn-arounds, operating, and transit
use. (AFM 67-I)

Function1 Component. A clearly defined type of operations assigned to
an "operating unit" in order to c~irry out a "primary function."
For example, materiel receiving and issue functions of depot
supply operations. Also, installation-support functions are
component functions with respect to depot supply operations.
(DOD 5000.8)
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Functional component. The smallest unit capable of performing a specific
function, e.g., flat car for containers, tractor with operator,
hatch gang. These units are building blocks used in forming a
force, a train, a ship discharge unit, etc., for a specified
mission.

General Cargo. Cargo which is susceptible for loading in general,
non-specialized stowage areas, e.g., boxes, barrels, bales, crates,
packages, bundles and pallets. (AR 320-5).

Cargu which is susceptible of loading in any place, such as boxes,
bales, barrels, crates packages, bundles, and pallets. (JCS Pub. 1) )

The pay load, freight or burden of a vessel exclusive
of ship's stores, passengers, fuel and ballast, and consistir.g
of aticles in various forms and sizes, but capable of being
loaded and unloaded by ship's gear and/or ordinary shore-based
handling equipment.

Any commodity other than aircraft, ammunition and
explosives, reefer, and special cargo.

General Depot. A supply establishment for the receipt, storage, and
issue of -cwo or more commodities or types of' supplies.

General Supplies. Intraservice classification as applied to ordnance,
quartermaster and transportation supplies. Crdnance general
supplies include all ordnance supplies, with the exception of
ammunition, required for the maintenance of an organization.
Quartermaster general supplies include quatermaster materials and
equipment reqvired for housing, feedi.ng and maintaining a command
but excluding fixed installations in builý Lngs, subsistence, fuel,
clothing and individual ecuipr-ent. Transportation general supplies
include shelf items not ordinarily subject to special controls.
(AR 320-5)

General Support. That support vhich is given the supported force as
a whole and not to any particular subdivision thereof. (JCS Pub. 1)

Gravity, API. The gravity scale developed by the American Petroleum
Institute to express the density of petroleum products. In this
scale, water nas a gravity of 1OAPI and liquids lighter than water,
such as petioleuL fuels, have AP1 gravities greater then 100

Gravitk, specifin. The ratio of weight, per unit volume, of a riven
substance tc t!•e w~ight of Uhe aame volume of water. The specific
gravity of subst&nces lighter than water, such as petrolium liquid
fuels, ts less then I-0.

Gross Vehicle Weight. Weight of a vehicle including fuel, lubricants,
coolant, on vehicle materiel, payload and operating personnel.
(AR~ 320-5)
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Hatcn. The opening in a ship's decks used for loading or discharging
"cargo. It is an opening from the hold up and an all-over hatch

is carried through all the decks; a blind hatch is not.

Head, Terminal. Tank farm at a pipehead.

Height of Deck. The height of the wharf, pier, or quay deck above the

water level at a specified. datum.

high Water (HW). The maximum height reached by a rising tide. The
height may be due solely to the periodic tidal forces, or it may

have superimposed upon it the effects of prevailing meteorologi-
cal conditions.

Highway Capacity. The number of vehicles or the number of short tons
payload which can be moved over a highway with proper consideration
of type of roadway, maintenance, hills, curves, weather, other
traffic, type of vehicle employed, etc.

Maximum traffic flow obtainable on a given roadway

using ail available lanes. (AR 320-5)

Hydraulic Gradient Triangle. A right triangle so constructed that the
slope of its hypotenuse represents the rate of pressure loss due
to friction of a given fluid flowing through pipeline of a given
size at a given initial pressure. Altitude of the triangle repre-
sents the initial pressure; base of the triangle represents the
total length of pipe through which the fluid can be moved against
friction alone by the initial pressure; when applied to the pro-
file of the pipeline route drawn to the same scale, this triangle
locates the point where pressure losses due to both friction and
elevation require the location of another pump station.

Incremental Pressure. The difference between the suction and discharge
pressure of a pump or of a multi-pump pumping station.

Index Number. A ratio of a numerical quantity or value of a subject
item, or items, to the numerical quantity or value of a similar
item or items taken as a standard for purposes of comparison.
May be expressed as percent. For example: a price index of an
item is the ratio of its price at a given time to its price at
some other timel usually previously (and referred to as a base
price or base-period price). (DOD 5000.8)

Infrastructure-Facilities. A generic term used to cover all fixed and
permanent installations and facilities for the support and control
of military forces. Excludes personnel, stores, and supplies to
operate the installations and facilities. A term used generally
in connection with NATO jointly sponsored support facilities.
(DOD 5000.8)

Initial auiLment. Prescribed TA and TOE equipment deployed with a unit.
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Inland Waterway. A river, canal, lake, or other body of water, situated
in the interior part of a country or region, used as a route or way
of travel or transport. In the broad sense of the term, cuctstal
route3 utilizing prote.'ted bays, inlets, sounds, and connecting
channels, such as the Atlantic and Gulf Sections of the Intracoastal
Waterway in the U.S., may be considered inland waterways.

Interchange. Fleet Equipment. Military owned railroad rolling stock
registered for interchange service other than that permanently

assigned to intrabase or intraplant operations. (AR 55-650)

Intertheater Traffic. Traffic between oversea command areas, exclusive
of that between the United States oversea command areas. (AR 50-30)

Traffic between theaters exclusive of that between CONUS and
theater. (AR 55-23)

Intratheater Traffic. Traffic within a theater. (AR 55-23)

Traffic within an oversea command, area or theater. (AR 50-30)

Length of Haul. The distance between the origin and destination in
which cargo is moved (one way only).

Level of Service. A term which, broadly interpreted, denotes any one
of an infinite number of differing combinations of operating
conditions that may occur on a given lane or roadway when it is
accommodating various traffic volumes. Level of service is a
qualitative measure of the effect of a number of factors, which
include speed and travel time, traffic interruptions, freedom
to maneuver, safety, driving comfort and convenioeince, and operating
cost. In practice, selected specific levels are dpfined in terms
of particular limiting values of certain of these factors.

A given lane or roadway may provide a wide range of levels of
service. The various levels for any specific roadway are functions
of the volume and composition of traffic and of the speeds attained.
A lane or roadway designed for a certain level of service at a
specified volume will actually operate at many diffarent levels of
service as the flow varies during an hour, and as the volume varies
during different hours of the day, days of the week, periods of the
year, and du, 4ng different years with traffic growth. Further,
different types of highways, roads and streets, such as freeways,
expressways at grade, major multilane highways, local tý::o-lane
rural roads, urban arterial streets, and downtown streets, nearly
always provide different levels of service that cannot be directly,
related to one another because each must be measured by a different
standard or scale.

Lightering. The transshipment between ships and wharves of commodities
or passengers, by floating equipment.
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Line Haul. Transportation of freight over thc tracks of a railroad or
over the routes of a tricking company from point of origin to the"" destination, excluding loca] pickup, delivery and switching.
(DSAR 4500.3)

Transportation of freight over the tracks of a railroad or over
the routes of a trucking company, airline, or steamship company
from point of origin to the destination excluding local pickup,
delivery and switching (DOD 4500.32-R)

In highway transportation, a type of haul invclving long trips
over the road wherein the proportion of running time is high in
relation to time consumed in loading and unloading. Line hauls
usually are evaluated on the basis of ton miles forward per day.
In rail transportation, this term applies to the movement or
carriage of material over tracks of a carrier from one point to
another, but excluding switching service. (AR 320-5)

Link (Arc). That portion of a routp lying between, or connecting, twc
nodes.

Lock. The system of valves, wet docks and watergates permitting ships
to pass from a higher to lower or a lower to a higher water level.

Locking Cycle. The time required for the passage of craft through a
lock and the return of craft in the opposite direction, returning
the lock to its original state.

Logistics Over the Shore Operations* The loading and unloading of
ships without the benefit of fixed port facilities, in friendly
or non-defended territory, and, in time of war, during phases of
theater development in which there is no oppobition by the enemy.
(JCS Pub. i)

Low Water (LW). The minimum height reached by a falling tide.

Maior End Item. A final combination of end products, component parts
and/or materials which is ready for its intended use, e.g., ships,
tank, mobile, shop, aircraft. (SECNAVlNST 4423.8, AR 701-5).

A finished item complete within itself, whether a simple piece or
made up of many pieces, and ready for its intended use. Often
used as a catalogingi term in supply. (AFM 67-1)

Ma~or Port. Any port with two or more berths and facilities and equip-
ment capable of discharging 100,000 tons of cargo per month from
oceangoing ships. Such porte will be designated asprobable
nuclear targets. (AR 320-5 JCS Pub. 1)

Irinal Wharf. A berthing structure, usually supported by open piling
and built against and parallel to the shoreline.
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%,terials Handling Equipment. A self-propelled engine or motor drive
vehicle designed to facilitete the handling of material in ware-
housing, loading and unloading. (DOD 4150.2)

A self-propelled item of equipment designed for lifting, moving
and placing material within a warehouse or a specific area. Under
this category are self-propelled materials handling equipment such
as gasoline, diesel, or electric-powered forklifts and trucks and
sirn',rl:° p'.ered warehouse towing tractors, gasoline or electric-
ponterýa platform lift trucks and wheeled warehouse cranes; straddle
tra.cks; and pallet-type gasoline and electric-powered cargo trans-
porters. (APiM 66-12)

Mechanical devices for handling of supplies with greater ease and
economy. Examples: forklift truck, roller conveyor, str'Iddle
truck. (AR 320-5)

FcrklJ ft trucks, towing tractors, wa.rehousing industrial cranes,
straddle-carry trucks, pallet trucks, platform trucks, warehousing-
trailers, and conveyor systems, used in storage and handling
operations. (NAVSUP Pub. 284).

Materiel. All items of personal propertý necessary for the equipment,
maintenance, operation and support of military activities without
distinction as to their application for administrative or combat
purposes; excluding ships or aircraft. (DOD 4000.19)

All tangible items (including ships, tanks, self-propelled weapons,
aircraft, etc., and related spares, repair parts and support equip-
ment; but, excluding real property, installations, and utilities)
necessary to equip, operate, maintain, and support military acti-
vities without distinction as to its application for administrative
or combat purposes. (AFR 66-1, DOD 3232.1, DOD 4151.1, DOD 7220.21)

All items of personal property necessary for the equipment mainten-
ance, operation, and support of military activities without distinc-
tion as to their application for administrative or combat purposes.
(DOD 4I40.36, AnM 67-1, DOD 5000.8)

All items necessary for the equipment maintenance, operation, and
support of military activities without distinction as to their
application for administrative or combat purposes; excluding ships
or naval aircraft. (AFM 11-1, AR 320-5, JCS Pub. 1)

All items necessary for the equipment maintenance, operations,, and
support of military activities without distinction as to their
application for administrative or combat purposes. (AYR 84.2)

Mean High Water Springs (MOWS). The average height above datum of
high waters occurring at the time of spring tides as determined
over a long period of time.
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Mean Low Water %W). The average height of all low waters in any
locality as determined over a considerable period of time.

Mean Low Water Springs (MLws). The average height of low waters occurr-
ing at the time of spring tides. It is usually derived by taking
a plane depressed below the mean tide level by an ,mount eqaal to
one-half the spring range of tide, necessary corrections being
applied to reduce the result to a mean value. This plane is used
to a considerable extent for hydrographic work outside the U.S.

Mean Range of Tide. The difference in height between the mean of all
high waters and the mean of all low waters.

Mean Sea Level (MSL). The average height of the surface of the sea
for all states of the tide, usually determined from hourly readings
over a period of 19 years.

Media. Types of transportaticm vehicles or carriers. This includes
trucks, rail cars, pipe, aircraft, barges, etc.

Mode•. A specific transportation routing. Major modes include highway,
air, rail, inland waterways, pipeline, intertheater ocýen, etc.

Node,. The intersection of two links, an origin or destination, the
point of change of mode characteristics, or a transfer point.

Offshore Wharf. A berthing ostructure usually supported by open piling
Sand buit parallel to but in an insular position off the snore

and connected to it by one or mo.e approaches or gangways.

Open Waterway. A natural stream or artificial canal in which there are
no man-made obstructions such as locks and dams cr shiplifts.

Outsize Cargo. All wheeled equipment and all other items of cargo,
programmed for transportation by any mode, for which any single
dimension exceeds: 100 inchew in length, 74 inches in width or 67
inches in height, or exceeds 10,000 pounds in weight. (TACM 400-j.)

Packed Line. The condition in which the pipeline is kept full of
product and under pQsitive pressure whether the pipeline is operating
or not*

Packaged Products. Petroleum products stored, transported, and issued
in drums, cans, and similar containers as distinguished frCri bulk
products.

Pier. A vertical support of an engineering structure. A wharf running
at an angle with the shoreline of the body of water, providing a
landing place to discharge cargo, passengers, stores or Vlul.
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Pipehead. The tanks, pumps, bulk reduction and other facilities at the 4

downst-.-eam end of a pipeline where fuel is transferred to other x
transport media for distribution to users or Class III supply
points.

Pipeline System. One or more pipelines ,ith appurtenances organized
and operated by the same controlling headquarters.

Planning Factor (Logistics). A properly selected multiplier, used in
planning to estimate the amount and type of effort involved in a
contemplated operation. Planning factors are often expressed as
rates, ratios, or lengtlz. of time. (AR 320-5, AFM1 ii-, JCS Pub. 1)

Port Throughput Capacity. A planning factor used in determining the
volume of cargo and/or passengers a marine terminal can handle
and clear in one day, expressed both as a ioaling and unloading
capacity. Normally the factor to be used will represent recep-
tion capacity, clearance capacity or storage capacity, whichever
presents the most severe terminal limitation. (AR 320-5)

Prevailing Conditions. The capacity of a roadway depends on a number
of conditions. Composition of traffic, roadway alinement, and
number and width of lanes are- a few of those conditions which
may be referred to collectively as the prevailing conditions.

The prevailing conditions may be divided into two general groups --

(1) those that are established by the physical features of the
roadway, and (2) those that are dependent on the nature of traffic
on the roadway. Those inthe first 'group, none of which change
unless some construction or reconstruction is performed, are
referred to as the prevailing roadway conditions. Those in the
second group, any of which may change or be changed from hour to
hour or during various periods of the day, are referred to as the
prevailing traffic conditions.

In addition to these prevailing roadway and traffic conditions,
ambient conditions are present during all traffic flows. These
conditions relate primarily to weather and include measures such
as clear, dry, cold, warm, hot, rain, snow, fog, smog, smoke,
wet, or icy pavement, and wind. Visibility during different hours
of the day, particularly in daylight as compared to dark, also is
an ambient condition. These conditions affect the ability of a
roadway to accomeodate traffic.

Prime Airlift. The number of aircraft of a force that can be cctinuoualy
maintained in a flow from home beace to onload base to offload base,
hence to the recycle base. Spare and self-support aircraft are not
not included. (A, 11-1).

Productivity. Average number of work units produced per couponent over
a definie period Of time (day, week, month, etc.)., (AR 320-5)

The actual rate of output or production per unit of time worked,
when compared to a prior output rate on a measurable basis. (AMW 25-3)
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Pumping Station. The combination of two or more pui with connecting
manifolds.

Quayed Breakwater. A solid wall structure built against and parallel
to the inner or protected side of an artificial embankmient designed
to break the force of the sea and to furnish shelter behind it.
The top of the quay may support railroad tracks, buildings and
mechanical handling equipment.

Rail Organization. Each of the transportation railway supervisory and
co.Acnd units is capable of supervising and operating a railway
service within the stated capability of the unit. This provides
flexibility in organizing a transportation railway service since
theater requirements may be met by an organization ranging from
that requiring a general headquarters as the senior railway unit
down to a limited operation in which a battalion, as the largest
railway unit, would operate L aystem of 90-150 miles (145-24•2
kilaoeters) in length.

Range of Tide. The difference in height between consecutive high and
low waters; also the average of any number of such difVerences.
The mean difference between all high waters and all low waters
over a considerable period of time is known as the mean range and
the mean difference between the higher high waters and the lower
low waters is known as the great diurnal range.

Reefer. Perishable comnodities such as meats, vegetables, fruits,
butter eggs, and poultry, which require refrigerated (chill or
freezeS storele at prescribed temperatures while in transit to
prevent deterioration or loss. Does not include semiperishable
cargo stored in ventilated holds.

Reuirements. The need or demand for personnel, equipment, facilities,
other resources, or services, bý specific quantities, for specific
periods of time or at apecified times. (DOD 5000.8)

The plan or statement indicating the need or demand for personnel,
equipment, supplies, resources, facilities, or services !-y specific
quantity for specific periods of time or at a specific time.
(AR 310-44I)

Resource Census. A detailed descriptive inventory of inland waterway
Sc; -, htghvay or rail equipment, or materials handling equipment of
a boot nation. It may also include an inventory of available iator
and facilities. 14i1tan- resources are part of the troop list and
are treated separately.

Resource, Trans tion. The men, equipment and facilities necessar_

far the handl and transportation of passengers and cargo.

Retail Su Point. An activit-, of a military service where material
Is 'received, stored, A•d issued to using ")nits. (APLcm 7T2-2)
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Road Net. The system of roads available within a particular locality or
area. (JCS Pub. 1.) J

Rolling Stock. Rolling stock is assigned to the transportation railways
groups and w2IL be used over the entire system. Work equipment
may be assigned to transportation railway battalions as required
for use or. their divisions.

Root o" Pier (also foot of Pier). The shore cr land connected end of
the pier. The opposite end from the head end.

Safe Draft. The maximum vertical distance between the water surface and
the lowest part of a vessel feasible on a given water course with
reasonable assurance of not grounding whiI. navigating.

Shianent. A line item or group of line items packed, marked, and docu-
mented for movement to a single consignee as identified by the
requisitioner, supplementary address, and project codes. A ship-
ment normally is limited to a single transportation cornveyance.
(AR 725-50)

A consignment of goods from one place, furnished under one contract
or subcontract and released to a carrier for transportation to a
single destination. (c•MrNST 5000.3)

Ship's .Tckle. Blocks, rigging, and other working gear employed on a
ship for hoisting cargo.

Slack Line. The condition in which the pipeline is not operating and
may or may not be full of product; and in which that part of the
line ecctaining fuel is subject only to stiatic pressure.

Special Cargo. All wheeled and tracked vehicles and any commodity which
weighs more than 10,000 pounds or.measures 35 feet o• more in any
dimersi on.

Stackir•g Spce. Usually flat, unoccupied areas adjoining or readily
available to the wharves and provided with road and/or railroad
exit, and usable for the placing of general crgo In packages,
tiers or layers, wh.Ae awniting movement to other locations.

Stevedore 2LA. -A group of workers who iced or discharge *rgo oarryi g

Sorg The safekeeping of goods in warehouse or other repository.
Also the charge made for the care and responsibility of keeping
goo's tn storage. Warehouse storages are usually tK ted on a
monthly rate which in charged for the month or fraction thereof,
although storage periods may range for any period from one lav
to one year.

Stowage Factor. Relationship be.Veen meauurement of cargo and weight
or cargo. This relationship is based upon 10 cu. ft. per ton.
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Volume measurament var-..e froml 9 cu. ft. per ton for pig iron to
1,000 cu. ft. fcr unnosted wicker baskets. WA~s would result J.n a

corresponding stowage factor rangin from .225 to 25.0.

Submode. Any part of a tranrpa.-tation mode, e.g.., lighter tz-nsport,
helicopter, transport, A.,c.

SwichEnins. Switch engines are assigned to Yards and termin-ils accord-
1ing o e follo~wing general criteria:

(1) Installations and depots,:-ý one per 6'carse dispatched and
received per day.

S2) Raliheads.-- one' per 6T cars diel 3tched and received per day.
Intermediate yards and handling terminals--- one. per. 10.0 ears
passing or handled per- day.

Tactical Airlift.. The me ans. by. which pdrsonel, aupplies, and* equipie at,
ar-e delivered by air' on a sustained, scl..ectiv*e, or emergtvnc, 'basis.
to dispersed sites at any level of conflict throughout a wide spec-
trum of ciateM., terrain, and ecoditions of combat,* Air Forcc
tactical airlift forces enhence the battlefield mo4Alit;' of the
Arny in ground combat operations bý providing, a capability to:
airland or airdrop cmbet elements and prcividng" these -orces with.
sustained listical -support. -Air. loGisti-c support permits rapid
delivery with a rinjimam of.-tragis-chipmuents frcon source to f inal
user desti ntion. In fdrtheerance of thtý combat mission of the
ArnW., the.Air Forca- vill sustAin an Air Line of Communication
to division mod brigade- baatle Mrid Vil a eliver to lover eehelons
-4hen required b Actcl cnieai ons.,(P 11

TIMn arm. Actuzally cue or more t ban ore storaeL tank, but gener'ally
a group of storage tuMk connacted to a pApe-line or dispensing or
bulk reduction facility.,

Terminal. (1) The end of a transportattioi* movement, s.lso terminus.
A structure.,,or group of structuxeas operated as a :3 nge

unit, Jlocat-ed Iat a point. 6f interebangee between landý and "tter"L
carriers, 'or air And gijrface, eiariers, and used for handling and
c~ae of passengers andy or fe, h. 3 h freight sheds and
passenger static~ns at a 'aIlxroad, tterminus.-F

Towing The WSWount of cargo,, expressed in'tous per day.
cnbepropelle4 by'tug,, txpvboat,.' pushboat or self-propelled

bane., exclusive, of Anj rostrictions imposed ty the terminal
ftcilities or eargo carring fleet'

I w ftn*. Wnlsd Vat~rvey craft (slich ~se. powered tugs, towboatts,
pu -t~s-or walt-propelled trgeu,, sailing vessels, and manually -

propel",4 uraft) t-sed to Proelm- dumb: craft.

Tlraks. 'O single track lifts.. passing tracks ari generally 6 to 8
LMi.leesapart. Maltiple tracks (thre. or ra~re ) are gnemralU con.
uideree. as double track since it- is often necessary to reamo aL
-potion of all, of tho third and f o',rih tracks t' maitajn
louble truck line.
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Train Density. The number of trains that may be operated safely over adivision in each direction during a 24-hour period.

Transfer (transshipment). The removal of cargo from one mode and placing

It on another, e.v, rail to highway, rMw to highway, etc.

Transit Shed. Wheal structure for the short time storage and sorting
of merchandi-se in transit.

Transport Network. The complete system of the routes pertaining to
all means of transport available in a particular area. It is made
up of thaa network particular to each means of transport. (JCS
Pub. 1)

Turnaround Time. The estimated number of days required for a car to
make a complete circuit of the rail system. It is the days elapsed
from the time the car is placed at the point or origin for loading
until it is moved to its destination, unloaded, and re-returned
to its point of origin. Such time may ba computed as follows:
2 days at origin, 1 day at destination, and 2 days transit time
for each Civision or major portion thereof, which the cars must
traverse (1-day forward movement, 1-day return movement). This
method, rather than an actual-hour basis, is used to incorporate
delays due to terminal and way station switching as well as
intransit rehandllng of trains.

Turnaround Time. The time required for vehicles or inland waterway
craft to make a round trip between two points.

Vehicle. A self-propelled, boosted, or towed conveyance for trarxc'jrting
"a buirden on land, sea, or through air or space. (JCS Pub. 1, DOD
45000.-32-R)

Viscosity. The measure of internal friction of a sutstance, its
resistance to flow. Viscosity varies with temperature; as the
-temperature rises, viscosity decreases.

Viscosity, kinemtic. The absolute viscosity of fluid divided by its
density. The resulting number is referred to as the kinematic
viscosity of the fluid.

Waterwa Facility. All arrangements, meara, structures, or group, or
series of structures used to facilitate the handling or passage
of cargo and passengers at a v-terway terminal or along the water

L route.

Wiaterway System. A group or series of Interconnected rivers, canals,
lakas, or other b-dies of water, used as an integrated route or
way of tr;'•l or transport.

Wet Dcvk. An artificIal tasin In which water is retained bý caissons
or i-ates and is kept at a !ertatn level. The entrance is frequentl1
thrýowh a lock. The wet dock Is uoed where tidal rwnes are great.
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particularly ia northwestern Europe. The dock walls are quayed
for alongside berthing.

Wharf. A be.,thrng place for vessels to facilitate direct loading and
discharge. Place for loading or unloading ships or vessels, usually
a platform of timber, stone, or other material, along the shore
of a harbor or bank of a navigable river, against which vessels
may lie and dischargv their cargo or be loaded. Piers and quays
are distinctive forms of wharves.

Working Space. That space on a wharf, quay, or pier necessary for the
cargo handling operation, including the apron and Firansit shed.
In the event there is no transit shed, the open space to the rear
of the apron.

Workload. The amount of work in terms of predetermined work units
which organizations or individuals perform or are responsible for
performing. (TM 38-750-1, DOD 5ooo.8)
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