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Military forces consume prodigious volumes of fuel during the conduct of combat

operations. It is the fundamental mission of specific elements of the Army to insure
that the Tactical Commander’s actions are not constrained by an actual or a perceived
shortage of fuel. Fulfilling that mission requ ires an integrated mix of contemporary
doctrine , organizations , and materiel. This investigation concerns itself with coastal
characteristics and their effect on tanker discharge operations; such operation s are the
initial link in the chain which connects commercial supplier to the combat user.

The coastal characteristics to be investigated are of the uncontrollable variety, 1
• meaning that their numerical values are set by natural processes beyond the control of

man. The variables var y with time ; and their numerical values at a given instant
uniquely establish : the suitabili ty of discrete coastal sites for tanker operati ons, the
universality of specific design mooring and discha rge systems , and the ability to trans-
fer fuel using a system already in place. The now standard multi-leg tanker mooring
(and discharge) system capabilities and the capabilities of a hypothetical , advanced ,
but state-of-the-art system were compared with the worldwi de coastal data; and the
following conclusions were drawn :

a. The standard system would be usable off a randomly selected landing beach
approximately 47 percent of the time compared with 71 percent for the advanced
system if nearshore gradient alone is considered.

b. The standard system would be usable off a random ly selected landing beach
approximat ely 56 percent of the time compared with 88 percent for the advanced
system if current velocity alone is considered.

c. Once installed, the standard system would be usable approximately 40 per-
cent of the time during the worst month of the year and 70 percent of the time on an
annual avera ge If upp er seastate limit alone is considered ; an advanced system would be
usabk approximately 63 percent of the time during the worst month and 85 percent
on an annual average.

d. The statistical distributions of the three variables are at least partially cone-
lated so that the probability of a given landing beach being confpatib le with the
capabilities of a given mooring and discharge system and their probability of delivering
fuel from a vessel positioned off a randomly selected landing beach on a randomly

-
: selected day must be represented as a range of values pending the acquisition of addi-

tional data. If the first of the two Is termed “site compatibility ” and the second
termed “unlverasllty!operablllty,” the standard system would be site-compatible off-



- 
- shore from between 20 and 50 percent of worl dwide landing beaches , compared with

between 60- and 70-percent coverage for th e advanced system . Taking annual seastate
occurrence rates into account , the unive rsality/operability of the standard system

• would range between 18 and 47 percent compar ed with a range of 53 and 71 percent
for the advanced system.

e. The limited universality/operability of the standard system requires the use
of more tankers, discharge systems, and onshore gathering systems than would be re-

• quired should the hypothetical system be -available to the Tactical Commande r as a
substitute. - 4

f. The hypothetical advanced mooring and discharge system described herein
- - 

• appears to offer greater flexibility to the Tactical Commander than does the standard
• system ; the advanced system would appear to simultaneously reduce the number of

• systems needed to support a given fuel demand , thereby reducing the resources
required top ~~~~~, insta ll, and operate those systems.
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COASTAL CHARACTERISTICS AND THEIR EFFECT

ON TANKER DISCHARGE OPERATIONS

I. INTRODUCTION

1. Introduction. The bulk fuel used by müitary forces in time of conflict will
genera lly be delivered to the conflict area in large ocean-going tankers chartered and
controlled by the Military Sealift Command (MSC). The discharge of fuel from such
vessels is subject to two fundamen tal conditions: (a) The suitability of a given portion
of coastline in terms of physically accom modating a tanker , mooring, and conduit;
and (b) the local situation given a tanker which is physically moored offshore and
coupled to shore throug h a conduit. The first condition applies when the entire coast-
line within a theater of operations is examined and only some finite number of points
along the coastline are found which lend themselves to the mooring and discharge of a
tanker through a conduit; i.e., the probability of a randomly selected coastal site
accommodating a tanker and conduit is less than 1. The second condition arises after
one or more sites are selected, all fixed elements are in place , and a loaded tanker is
physically available for discha rge ; i.e., the probability of actually discharging a tanker
on a randomly selected day or hour is less than 1.

• If the basic mission of petroleum supply is to insure that the Tactical Com-
mander ’s actions are not constrained by an actual or perceived shortage of fuel, then
the task for which the offshore portions of a bulk fuel delivery system must be
designed is to insure that sufficient fuel Is delivered ashore to meet the demands
imposed by friendly forces, to include the accumulation of a fuel reserve adequate to
sustain the force during those periods when it is not possible to move additional fuel
ashore. A parallel concern is that the site requirements are not so restrictive as to
severely limit the num ber of suitable sites. Such a situa ’lon could possibly result in
logistical site acquisition objectives preempting acquisition of tactically superior objec-
tives. The problem then becomes one of evolving an offshore discharge system which
exhibits the greatest degree of universality consistent with the countervailing urge for a
reduction of sophistication, cost, and labor intensivity. The problem may be modeled
in its most basic form as follows:

P~~PA x P B. ( 1)

where:

P is the probability of delivering fuel from a vessel positioned off a randomly
selected landing beach on a randomly selected day,

--



• is the probability of a randomly selected landing beach being physically com-
patible with tanker discharge operations given a tanker mooring and discharge condui t
of finite and specified capability , and

is the probability of discharging a tanker on a ran domly selected day given the
prior existence of a suitable mooring and discharge conduit.

It is now appropriate to investigate the variables which are constituent ele-
ments of and P~ as previously defined as well as the standard systems developed for
the mooring and discharge function. Such an investigation must begin with an under-
standing of tankers, to include their capab ilities and limitations. Tankers in the
Military Sealift Command (MSC) fleet presen tly range from 25,000 to 35,000 dead-
weight tons (DWT) (22 ,680 to 31 ,751 metric tons) in size; the standard system (multi-
leg tanker mooring system) is limited to tan kers at the low end of this range , i.e.,
25,000 DWT (22 ,ó8O metric tons) . A fully loaded tanker of any size within that range
penetrates approximately 35 feet (10.7 meters) into still water. Additional water
depth must be provid ed to accommodate tidal fluctuations and wave-induced vertical
hull motions (heave). Thus, 45 feet (13.7 meters) of water depth becomes the abso-
lute minimum depth for purposes of planning tanker operations.

II. DiSCUSSION

2. Nearsbore Gradient. The world’s coastlines vary substantially in terms of
suitabilIty for nearshore tanker operations. A given coastline may have numerous , few,
or no harbors; and those harbors that exist may be either natural or artificial . Even
when harbors suitable for tankers exist, the Commander must decide if their
convenience is worth the risk to other facilities within the harbor area. Consider the
situation where a hostile force succeeds in destroying a tanker within the harbor and ,
thereby, unleashes a potentially devastating layer of fuel floating on the harbor surface
where it threatens other shipping, supplies, and port facilities; ammunition ships pose a
similar hazard when serviced In harbors accommodating a variety of port operations.
The use of existing ports is predicated, therefore, upon the following: (a) Ports
actually exist which are technically adequate; (b) ports have been made available to
US forces, 1..., they are not singularly esSential to support the civilian economy, or
they are of such size as to jointly service milita ry and civilian functions; (c) existing
ports have not been destroyed by either friendly or hostile forces prior to arrival of
US forces ; and (d) veuele within a harbor are relat ively immune to inte :diction by
hostile forces, be this because of local air superiority or a local concentration of air
defense weaponry .

The alternative to harbor operations as operation across an undeveloped
-: 

- •~~ coastline. it should be noted that worldwide coastlines vary markedly in terms of their

~~~ i r i
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physical characteristics. For example , a rugged coastline with sea cliffs and offshor e
obstacles would not constitute a good site. In contrast , a sandy beach of adequate size,
with access inland , and which allows vessels to approach reasonably close to the shore-
line would be highly desirable; those beaches which are suitable for military amphibi-
ous operations (both of an assault and logistical nature) are hereafter referred to by the

• generic term, “landing beaches.” The point regarding nonharbor operations is simply
that coastline physical attributes vary significantly ; therefore, over-the-shore move-
ment of personnel or materiel may be conducted only along some fraction of the
world’ s coastlines. The specific fraction may vary substantially from one coastal sector
to another since local climatology and geology jointly determine the nature of the local
coastal features. The variabilit y necessitates the deliberate and thou ghtful analysis of
potential landing beaches during the preliminary plannin g phase of a military opera-
tion . For example, the actual beach chosen physically dictates the closest distance to
which tankers and cargo vessels may appr oach . A landing beach whose offshore exten-
sion has a relatively flat seabottom slope (gradient) would preclude vessels from
approaching as close to shore as would be possible if a beach with a steeper gradient
were chosen. Therefore , the choice of beach is observed to have a significant impact
on the ultimate choice of cargo discharge system; a sufficiently flat gradient would
preclude the use of offshore causeways or pipelines. In such cases, shallow draft vessels
might be employed to shuttle cargo to shore ; however , shuttling is a very capital- and
labor-in tensive approach particularly as vessels are positioned further and further from
shore — along one actual coastline the distance to the 45-foot (I 3.7-meter ) water depth
contour varies between approximately I and 10 miles (1.6 and 16.1-kilomete rs) with
the longer distances predominating.

As the distance between ship and shore decreases , alternatives to shuttling
become increasingly amenable. For example , cargo vessels may be unloaded from
portable causeways if the seabottom slope allows the vessel to approach sufficien tly
cLose to shore. Given approach distances beyond those practical for efficient causeway
operation but within 5,000 feet (1 ,524 meters) , tankers may be discharged with aid of
existing pipelines and hoselines; however , shuttling is the only alternative now avail-
able If a tanker’s nearest approach is greater than 5,000 feet (1 ,524 -meters) of shore.
It should be cautioned that even this limited capability is conditional upon the 45-foot
(l3. 7 meter) water depth contour being no further than 3,750 feet (l , l43 .meters)
from shore. This additional constraint finds its origin in the poor maneuverability of
tankers; safe operation of tankers dictates that the appropriate depth of water , 45 feet

• (13.lineters) in this case, be provided for approximately 1,250 (381 meters) shore-
ward of the point where the vessel will be positioned durin g the actual discharge of
cargo. The 1 ,250 feet (381 meters ) between the 45-foot (13.7-meter ) depth contour
and tanker provides a safety zone in which the tanker may maneuver without danger.
The zone provides a measure of insurance against catastrophe by preventing the tanker
from grounding: (a) Should It override the mooring during initial entr y , (b) should
the mooring fail and the tanker drift toward shore, or (c) should the tanker lose power

3



unexp ectedly when arriving or depart ing the mooring.

The distance from shore to the 45-foot (13.7-meter) dep th contour will vary
dramatically from one beach to another; therefore , only some percentage of beaches -

will have 45 feet (13.7 meters) of water depth within the presently required 3 ,750 feet
(1 , 143 meters) of shore. If the conduit length is increased incr ementally beyond the
current 5 ,000-foot (1 ,524-meter) limit , it would be possible to discharge tankers
moored off an increasing percentage of landing beaches. In sum , the percentage occur-
re nce of the required water depth offshore from worldwide landing beaches would
increase as the conduit length incre ased. The significance of th is is that an otherwise
excellent landing beac h may not allow the direct ; i.e., by means other than shuttle ,
discharge of tankers because the availab le conduit (now limited to 5,000 feet (1 ,5 24-
meters)) could not extend to the 45-foot (13.7-meter) depth contour plus 1 ,250 feet
(381 meters) off all landing beaches. The clear implication is that the longer the
conduit , the larger the percentage of landing beaches which could be serviced given a
specific discharge system; a complementa ry observ ation is that the longer the condui t
length , the smaller the percent age of the time that shuttling would be required.

A knowledge of worldwide landing beach gradients would do much to objec-
tively demonstrate the rela tive merits of conduits whose lengths comprise a continuum
ranging from very s aort to very long. The raw dat a supporting such an inqu iry are
available from two primary sources — the CIA and DIA. The CIA publishes the
National Intelligen ce Survey (NIS), one portion of which identi ties landing beaches
along the majority of the world’ s coast lines; a compilation and analysis of the NI S
landing beach data has alr eady been performed by a navy investigator. ’ A more recent
and ongoing pffort presented here for the first time derives its data from a series of
documents generated by and/or in cooperation with the DIA , i.e., Amphibious Objec-
tive Studies (AOS), Special Amphibious Studies (SAS), and Amphibious Area Studies
(AAS). (See the appendix for a listing of the individual source documen ts screened.)
The two efforts present their findings in the form of cumulative probability curves.
Figure I is the curve prod uced using the preliminary DIA data ; the dashed lines m di-
cate that finding water of 45-foot (13.7-meter) depth within 3,500 feet (1 ,066.8
meters) of shore is expected to occur only 50 percent of the time. The curve shape is
also indicative of the problem which inherently prevents conduits of “practical ” length
in a military sense from achieving true universality. As the conduit length increases ,
the conduit may be used off a progressively higher percentage of landing beaches , but
the rate of increase in potential applicability slows with increasing conduit length.
Thus, as the length of a conduit increases, so does the probability that the conduit may
be usable off a randomly selected land ing beac h , but doubling the potential conduit
length will result in less than a doubling of the probability of its being useful. In

D. P. Scott , Sz.ttnk.l f r operties of A 4 t  Lending le.thes (U) (Clusãfled Confidential), Naval Ship Research
and Development Laboratory . Panama City, Flodds, Janusey 190.
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slightly different woids, doubling the length would result in less than a doubling of the
number of landing beaches offshore from which the conduit would be of at least a
sufficient length to function.

The cumulative probability of reaching the 45-foot (13.7-meter) water depth
contour within a range of distances such as are represented by Figure 2 must be
adjusted for the 1 ,250-foot (381-meter) tanker maneuvering room buffer zone. Recall
that if the required 45-foot (13.7-meter) water depth contour occurred 3 750 feet
(1,143-meters) from shore, the tanker could moor no closer than 5,000 feet (1 ,524
meters) from shore, and the required conduit length would , therefore , be 5,000 feet
(1 ,524 meters). I ~• 4

The entries in Table 1 reflect the percentage of landing beaches which could
be serviced given a series of hypothetical conduit lengths. The table reflects the values
obtained from each of the two data sources previously identified . It should be noted
that while the two sets of data are not exactly equivalent .— the Navy report addresses
distance to the 42-foot (12.8-meter) depth contour , while the Army study addresses
the 45-foot (13.7-meter) contour — the difference is considered minor given the
inherent lack of precision in t) ‘w data. The two curves are observed to be different
but to be of the same basic shape; they should be viewed as probably bounding the
true curve which will be estimated here as a third curve intermediate to (the average of)
the two principal curves.

- - 
TabLe 1. Relationship Between Conduit Length and Usefulness

~~obabthty That a Conduit Would be Usable off a Ran domly
Conduit Length Selected Landing 8each0’~(ft (m))(a) 

- 
Navy Rcport(C) Army(d) Average

1,500 (762) 0.15 0.11 0.13
5,000(1,524) 0.42 0.52 0.47
7,500 (2,286) 0.57 0.68 0.63

10,000 (3,048) 0.66 0.76 0.71
12 ,500 (3,810) 0.72 0.80 0.76
15,000 (4,572) 0.77 Not Determined Not Determined

Dto c. to the 45(00* (13.7.melor) (424oot (l2J meWr) lo lb. Navy report) waaor depth coato4ar plus the
I,2$Ofoos (311omsw) mansvwrln apace.

be lbcu t of ac the fraction of kadias = which a co.thJt of lb. ap.c~lud h~~* could accom-

~~ Pass D. P. knit. SMMZceI froprsk. of Asssfr ‘~~~~~~~~~~ ~~~~~ (U), ((1u~~~d coNFIDENTIAL), Naval 
-
:

• .~~ ~~~ ?~~~th d D thpmeat Lchsssbgy t~~~ .. (by. Flodla, han.y l%9. which wac dorhud from the

- 

- - - - 
- - 

bashed it.. A0S’s, SAl’s, d AAI’s, pIe~~~ asy l’ di - 
-

6

i_I- --c : - - . - ~~~~~~~~~~~



7
1 %

I i  §
1 %  II
I ‘I t
I I 0

- -1

c,J - - 
-

1 1

1$) ~ IM1fl33O do Ai11ISV~~ d 3AlLvlmlfl3

____ 

.7



The table clearly indicates the relative inadequacy of the current Army and
Navy standard tanker discharge systems which are limited to a maximum conduit
Length of 5,000 feet (1 ,524 meters). The two studies indica te that a 5,000-foot-long
(1,524-meter-long) conduit would be usable between only 42 and 52 percent of the
time. It should be remem bered that the values presented in the table are strictly
probabilities derived from the study of actual landing beaches worldw ide. It should be
noted that a given length of coastline may have a series of landing beaches all of which
possess a gradient which allows vessels to approach close to shore, or all of which pre-
vent vessels from approaching closely, or a mixture of the first two cases whereby
gradients range from flat to steep along a single nation ’s coast.

• -~ 

-. 

3. Current Velocity. The second parameter which influences the utility of a
random landing beach is the current velocity in the region between shore and the vessel
mooring. The distribution of worldw ide currents as established by Scott 2 are sum-
marized in Table 2.

Table 2. Worldwide Current Velocity Occurrence Rates
Current Velocity Cumulative Probability of Occurrence
1.0 Knot or Less 0.56
1.5 Knot or Less 0.72
2.0 Knot or Less 0.88

Thus, even if a random landing beach had a suitable gradient, it would be
unusable if the local current velocity is in excess of what the discharge system can
accommodate. For example, the current standard system is limited to a 1-knot
current, a value which occurs slightly more than half the time.

The final choice of which landing beaches may be used to discharge tankers
is, therefore, made after : (1) A list is prepared of all landing beaches within the
theater of operatIons, (2) those beaches with gradients and current velocities within
the operating envelope of the available discharge system are Identified for further in-
vestigation, and (3) the discharge systems are earmarked for one or more beaches on
the truncated list of possibilities after consldCration Is given to the locations which are
in the closest proximity to the points of heaviest fuel consumption.

- 

* 

The discussion may now switch to the factoss which control whether an in-
• .~~~ stalled discharge facility is actually capable of transferring fuel from vessel to shore. t 

-,Three such conditions must be met: Pkst, environmental conditions within the design
envelope for the conduit and vessel mooring; aecoad, the 0.s~~ t, mooring, and vessel
2 D. P• keel, .t*C~~~ w wti.. ~~~~~~~ ~~~~~ ~ (U) ~(~~~~~d CONFIDENTIAL), Na~~ S~~kesuch d Dsr~ ,~~ani L busin~. P.~~~~ a.,, FIssik, u neasy 1N5.
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pumps operable ; and , third , fuel storage tanks on shore are partially empty. The first
• factor is dependent upon the actual site chosen, while the others are substantially in-

dependent of the site and should be app roximately constant for any discharge facility.

4. Environmental Factors. In the sense intended here , environmental factors
refer to the wave and wind climatology off individual landing beaches. Both waves and
wind interact with tankers, be the tankers moving or moored. For example, if the sea-
state — a measure of wave height and , therefore , intensity — becomes elevated beyond
a certain level, it would not be physically possible to moor a tanker. Therefore , it

) would be physically impossible to discharge fuel which could either be in adequate or
short supply at that particular moment. Should the seastate become elevated beyond a

j  certajn value while a tanker is discharging its cargo , the discharge operation would havef to be termin ated prematurely with the tanker moving further offshore unt il conditions• -1 subside. 
-

The forces imposed on a vessel mooring increase with increasing seastate and
with increasing wind velocity. Local winds may generate waves (sea), but those waves
will generally have relatively short wavelengths and , therefore, have little effect on a
tanker. However, the local winds may be of sufficien t magnitude to require aborting
a discharge mission even though the sea may not be a problem. Waves generated by

• distant storms will tend to selectively propagate longer waves (swell) which may inter-
act strongly with a free or moored tanker, introducing very substantial mooring loads
in the latter case. it is possible that the occurrence Of high local winds could coincide
with the arr ival of swell originating from some distance; such a situation would gene-
rate the maximum mooring forces and, thereby, produce the maximum probability of
aborting the discharge operation. If seastate alone is considered as the controlling dc-
ment for purposes of facilitating the analysis, the occurrence rates of various seastates
may be established from a study of worldwide data.3 Such an investigation leads one
to the qualitative conclusion that the occurrence of elevs’ted sea conditions Is not uni-
formly distributed throughout the year but, rather, is monoinodal or bimodal, i.e.,
exhibits a peak value during one or two not consecutive months, while the incidence
rate during the remainder of the year will generally be a much lower value. A seastate
incidence model has been formulated around this observed nonuniformity. Seastate
data have been gathered from a number of worldwide sites In terms of annual averages
and wont months, La., months In which a given level of seastate occurs with the
greatest frequency. Figure 3 illustrates the two relationships as a function of wave
height. The annual data are observed to emphasize the smaller waves while simul- -

•taneously deemphaslzlng the larger waves. This occurs since the highest waves• typically occur during only one or two months nf the year and Infrequently even then.

• F. N. C~,sseo, NNf tSLq 7~~*w Jk,.*v $elsu and LP t uri,, :~~~~~ Syssem Model end ReliebSisyAne~~~, Ripest 2I~3, Us Aimy M~~isiy E~~~~ u R. asck sad Osiulopsint Command, Eon Beko~r ,Vk . Jansuy iSid.
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Thus, if the few observat ions are averaged over an entire year, the computed probabil-
ity will be numerically small; however , if the few observations are averaged over the
month in which they occur, their incidence will be magnified proportionatel y. The
worst month distribution curve is, therefore, observed to be skewed toward the higher

1 - waves, the reason for which should now be readily appreciated .

• If the impact of elevated aeaatates is examined in the context of the existing
mooring and discharge system, one finds an upper operating limit of seastate 2. Thus,
the existing system would be operable 40 percent of the time during the worst month
of the year and 70 pcicent of the tlme for thc remainlng llmonths . The relative
merits of increasing the seastate tolerance are made readil y evident through inspection
of the values in Tab le 3.

• - Table 3. Worldwide Seastate Occurrence Rate

Upper Seastate Limit Probability of Being Operational in:
Wont Month Remaining Months

2 0.40 0.70
3 0.63 0.85

Ill. ANALYSIS

- • S. Analysis. The principal factors which influence the relative universality of a
tanker discharge system have now been addressed. The model presented as equation
(I ) may now be expanded to incorporate each of the factors discussed as well as two
others which are of major Importance:

P z P o X Pc X P~~.X R + C , (2)

where:

P Ia the probability of d.Uverimg fisel from a vessel positioned off a randomly
selected landing beach on a randomly selected day;

P0 Is the probability of the offshore gradlent being compatible with the maxi-
mum conduit length; -

- 

• P
~ 

is the probability of the current velocity being within the design envelope;

~, Is the pe of the envkoninental factors (wind and wave) beluig within
the ~~~

11
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I
R is the reliability of the conduit, mooring, and vessel pumps; and

C is an adjustment which compensates for any correlations among 
~G’ ‘~~and R.

The reliability, which may be best visualized in terms of the mean time
between failure, impacts directly upon the fuel transfer operation since no fuel may be
conveyed through a system which has physically malfunctioned even though the
gradient, current velocity, and environmental parameters may all be within acceptable
limits. Reliability, while an important factor, will not receive further attention within
this report ; the reader interested in such matters I. referred to an earlier report from
which this derived.4

Thus, before fuel may be transferred from a tanker to shore off a randomly
selected landing beach on a randomly selected day, four conditions corresponding to
the first four terms on the right side of equation (2) must b~ satisfied. The sequential
multiplication of a series of numbers, all of which are less than 1.0, inherently
produces a result which is numerically leas than any of the constituents. Consider a
variation of equation (2) which is applicable once a site has been selected and a dis-
charge facility installed :

P ’ P ~~x R + C ’, (3)

where:

is the probability of delivering fuel from a vessel on a randomly selected day
_____ an existing discharge facility ;

P, Is the probability of the environmental factors (wind and wave) being within
the deu~ n envelope;

R la th, reliability of tis. conduit, mooring, and vessel pumps; and

C’ is an adjustment which compensates for any correlations between P and ft.

The reader is cautioned about overreacting to the numerical values for’ P and
Y obtained by the slinpis multiplication of the individual values pr’esiousiy presented
hi the f~wes and tables. ni. individual values represent the estimated probability of

P. N. ~~~e., M~~ Lq ~~~~~ .~~~~.. ... , * ~~d ~~~~~~~ ~~~~~: ~~ f li P,
4 ,  Ripest 2i~3, UI A s y  Nab q Iq~p-- Rsuu~~ d D.rL~~ u.* Ci— -

~ 
. P.it luiesE,

v~~~~ Jm..y W%.
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occurrence; however , there may be a relationship among them. For example , it is rea-
sonable to posit a relationship between the gradient and the probability of experi-
encing elevated seastates. While the two-dimensional data required to test this particu-
Jar hypothesis are not currently available, existence of the postulated relationship must
be acknowledged before computing estimated values for P and P’, The overall
probability of transferring fuel would be artificially depressed should equations (2) or
(3) be applied without knowledge of the correction factor. For purposes of illustra-
tion, it is of interest to investigate the universality of the curr ent multi-leg tanker
mooring system in terms of equat ion (2):

-~ 
P~~~PG xP C xP w x R + C

0.47 x 0.56 x 0.70 x R t C = 0.18 x R + C.5

The results show that for reliabilities close to 1.0 there is only one chance
out of five of discharging a tanker off a randoml y selected landing beach on a
randomly selected day using the current standard system; however , if P~ and P,, were
strongly correlated with PC, the product of the first three terms would be close to the

~G value, raising the numerical result to a theoretical maximum of 0.47 given the
earlier reliability assumption . The inherent uncertainty makes it appropriate to express
P values in the form of ranges using P0 as the basic variable , while P~ and P ,, are rele-
gated to a lesser status. The preceding is an admittedly heui istic ar gument but is con-

• sistent with the preliminary nature of this investigation. - .

IV. CONCLUSION S

6. Conclusions. The capabilities of the present system and a hypothetica l
advanc ed genera tion system are presented in Table 4 for purposes of comparison.

Table 4. Comparison of System Capabilities
System Capabili ty

Parameter Present Tar get
Seastate 2 3
Current Velocity (kts) 1 2
Coadult Length (ft (m)) 5,000 (f524) 10,000 (3,048)
Tanker Saa.çDWT (metric tons)) 25,000 (22,680) 38,000 (34,473)

If th. above capabilities are transfonned into probabilities and the resultant
values subedtuted Into equations (2) and (3), one obtains the measures of utility listed
hs Tabls 5.

~~~~~~~~~ ~~~~~~~~~~ ~~~.. ~ a.
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Table 5. Fuel Transfer Probabilities
Probability of Being Able to Transfer Fuel, Given:

Parameter Present System Advanced System
P 0.18 — 0.47 0.53 — 0.71
P’ 0.70 0.85

Fos await oc~~~escs rates of ssutates above the uppos operational limit.

it is apparent that a totally universal tanker discharge system (P = 1.00)
which the Tactical Commander may direct to be placed on any landing beach and
which is continuously on call is not physically achievable ; however , an advanced
generation system which provides a relatively high probability (0.80 < F’ < 1 .00) of

• being operational once installed appears feasible. if planners are willing to accept the
• need to carefully scrutinize coastlines for prospective tanker discharge facilities, the

seastate keeping capability and system reliability then control how much of the time
the discharge system is truly available for use. However , It is simultaneously desirable
to reduce the Initial site selection constraints from their current levels. The latter
reduction would offer planners the greatest likelihood of placing needed facilities in
close proximity to the coastal locations which coincide with maximum fuel consump-
tion as well as at those points where major lines of communication extend from the
coast to forces concentrated inland.

it is evident that an advanced system would make its greatest contribution
by allowing the Commander a greater choice in locating his tanker discharge facilities 4
and In the enhanced operability during the worst month of the year. From Tables I
and 2 It may be estimated that th~ present system could be installed offshore from
approximately 20 to 70 percent of worldwide landing beaches, while the advanced sys-
tern would be suta bkfo ru aeoffshor sfrom6oto 7o per nt of the~~~ e~~ t o f
beaches. If the advanced system also embodied enhanced scastate tolerance, the values
recorded In Table S indicate that It would be compatible and operable for between 53
and 71 percent of the possible combinations of coastal sites and times. This stands in
significant contrast with the lesser 18- to 47-percent range recorded for the present
system.

The decreased site selection constraints would magnify the Tactical Com-
mander’s options, perhaps alleviating the need for him to capture terrain for purely
logistical motives The cumulative increase in the time the advanced system is func-
tional vis.a.,k the current system would reduce the number of systems required to
support a given hostility. Both advantages preiented arc judged as being highly

• 
• • • 

• 
desirable from a coat-operational effectiveness viewpoint.
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APPENDIX

SOURCE DOCUMENTS

• I . DIA Pub AP-I-385-l-9-65 Int , Amphibious Objective Study (AOS) (U) (Classi-
fied SECRET ).

2. DIA Pub AP-l-385-l-IO -65 int , Amphibious Objective Study (AOS) (U) (Classi-
fied SECRET).

3. DIA Pub AP-l-385-l-14-65 Int , Amphibious Objective Study (AOS) (U) (Classi-
fied SECRET).

4. DR Pub AP-l-385-l-l 7-66 Int , Amphibious Objective Study (AOS) (U) (Classi-
fied SECRET).

5. DIA Pub AP-l-385-I-15-65 Int , Amphibious Objective atudy (AOS) (U) (Classi-
• fued SECRET).

6. S-158-63, Special Mnphibious Stud y (SAS) (U) (Classified SECRET).

7. DIA Pub AP-l-385-l-16-66 Int , Amphibious Objective Study (AOS) (U) (Classi-
fied SECRET).

8. DR Pub S-62.63, Amphibious Objective Study (AOS) (U) (Classified SECRET).

9. DR Pub AP-l-385-l-l3.65 Int , Amphibious Objective Study (AOS) (U) (Classi-
fled SECRET).

10. DIA Pub R-385-l-l-63, Amphibious Objective Study (AOS) (U) (Classified
SECRET).

11. AAS-58 Amphibious Area Study (U) (Classified SECRET) By G-2 FMFLANT &
NAIRU-79-1.
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