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13 ABSTRACT

The objectives of the research conducted were: (I) co validate the analytic
rrocedures, specifically, the computer transfer similation model and associated
procedures, developed in the 1963 NWRC/SRI research entitled, "A Study of Systems
for Replenishment of Naval Forces at Sea" (U) for their employment in the analysis
of current and future underway replenishment operations; and (2) to identify the
significant factors affecting the efficiency of replenishment at sea as it
evolved in Southeast Asia operations.

Major conclusions are: (1) the NWRC/SRI Replenishment at Sea Computer
Transfer Mpdel simulates actual operations validly; (2) potentially, simulation
of underway transfer could be used as an operational, planning, and training
tool; (3) two factors dominate transfer rate: volume of cargo transfsrred and
ship type; (4) vertical replenishment transfer rates are (a) improved by the
use of two helicopters to a single receiving ship, and (b) within the ranges

reported, appesr to be sensitive to replenishment range only over large range
increments,
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PREFACE

This volume is the final report of research conducted under the
Office of Naval Research iunded task "Analysis of Southeast Asia Under-
way Replenishrment Operations " rs originaily conceived this research
task consisted of three phases. The first two phases, Transfer Simula-
tion Model Validation and Significant Factors Identification are re-
ported herein. The third phase, a follow-on study to identify the im-
pact of what was lcarned about Southeast Asia replenishment at sea opera-
tion: on future underway replenishment, was not implemented, As a result,
this repori is essentially histcrical in nature and is restricted to an
analysis of Unrep (underway replenishment) data collectad by ComServPac
(Commander Service Force Pacific Fleet) atteniant to the support of
operations at sea off Southeast Asia between December 1967 and April 1969.
The reader is requested to bear in mind that the findings of this research
are specific to those operations during that period. The nature of naval
operations during tha* time in that theater of operations certainly af-
fected the nature of underway replenishment operations. Further, many
of the specific procedures and equipm=»nt characteristics typical of those
operations may have been overcome by subsequent developments in the con-
tinuing programs conducted by the U.S. Navy to improve underway replen-
ishment. However, differentiation between the operations analyzed and
other underway replenishments elsewhere or in the future was beyond the

assigned scope of this task.

The project was conducted under ONR research contract NO0014-68-A-
0243, Project 7590-217, administered by J. R. Marvin, and later by R. L.
Miller, Director of Naval Analysis Programs, Office of Naval Research

(Code 462), Arlington, Virginia, The work was conducted by the Naval
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Warfare Research Center (NWRC) of SRI, L. J. Low, Director. The project
leader was H. B. Wilder, Jr., Manager, Tactical Logistics and Mobility
Program, NWRC. Members of the project team from the NWRC staff.-were

W. L. Edwards, E. H. Means, R, B. Ringo, G. A, Miller, C. J. Fortier,
and R. R. Newman, Professor Donald Guthrie served as consultant on
statistical analysis. Professor F, R. McFadden, author of the original

computer transfer model, participated as a consultant to the model vali-
dation process.
This final report supersedes the interim Précis Report of the same

title, dated July 1971, Holders are requested to destroy the Précis

Report as it is no longer the best source of information on these analyses,

| |



I INTRCDUCTION

A, Background

In 1964 the Naval Warfare Research Center and the Logistics Systems
Group of Stanford Research Institute completed a program of systems
analysis of replenishment at sea for the Office of Naval Research and
the U, S. Navy Bureau of Ships. The time periods of that study emphasis
were 1965-68 and 1972-75.* In the course of conducting that study,
various analytic techniques were developed to examine the broad variety
of replenishment at sea operations. Chief among these was a computer
program that permitted simulation of the truansfer process. Pursuant to
the use of the model, a group of handling rates was developed for the
future periods. These rates vary by product, ship class, and handling
system, This model was not exercised subsequent to completion of the

study.

By 1968 interest in the support of combat ships at sea was renewed

and brought into focus as a result of the Southeast Asia conflict,
Because changes had occurred in the interval since completion of the
1964 study and although many of these changes had been anticipated by
that study, there was a need to examine their effect on the way repien-
ishments were actually accomplished. For example, modified ship classes

had joined the fleet. Some old replenishment equipment had been replaced

* "A Study of Systems for Replenishment of Naval Forces at Sea" (U),
Final Report, SECRET, SRI, Menlo Park, July 1963, and '"'Replenishment
at Sea: Description of Transfer Model," (U), NWRC/LSR, Research Memo-
random 26, UNCLASSIFIED, SRI, Menlo Park, March 1964, are the reports
produced by the earlier research program that bear on the current
research,




by improved gear. Techniques of replenishment had been improved. Prob-
ably one of the most significant changes that had occurred was not in
the equipment field, but in the base of fleet operating experience.
Southeast Asia logistic requirements had caused underway replenishment
of signiricant volumes of ordnance to be the rule rather than the excep-
tion in contrast to the prevailing environment of training operations
and token transfers that had served for the prior study. Moreover,

frequency of replenishment at sea was much increased.

In the normal course of operational and supply system record keep-
ing, a great deal of data were accumulating concerning underway replen-
ishments, especially in Southeast Asia. These data required analysis
to identify the salient features of the currently evolved systems for
replenishment, and to determine the significant factors affecting the
efficiency of these operations. The data also provided the opportunity
to validate the existing Replenishment at Sea Transfer Model and to test
its potential use in subsequent analyses of current and future underway
replenishment operations, It was fcr these purposes, and in view of the
previous work of the Stanford Research Institute team in underway replen-
ishment, that the Operations Evaluation Group, Southeast Asia Combat
Analysis Division, and ihe Office of Naval Research requested the Naval

Warfare Research Center to undertake this study.

At the time the task was inaugurated the research team was fully
committed to pressing prior assignments. liowever, changes to fleet
operations in the Southeast Asiasn campaign impending in mid-1968 made it
imperative that an experienced observer witness actual replenishments
at sea before the "bombing standdown" to place in context subsequent
analysis of data that had accumulated. This field trip was made in the
fall of 1968, with subsequent analysis of data collected by ComServPac

to follow at a later time., A cut-off date of April 1969 was established




for data to be processed, since neither funds nor time permitted addi-
tional visits tc the Seventh Fleet for observation of operatioms. A
series of otier urgent demands on the time of the anzlysts has delayed
publication of this report far later than its anticipated schedule.
However, no similar effort of this scope appears to have been conducted
in this subject area and its documentation, although late, should serve

a useful purpose.
B. Objectives
The objectives of the research conducted were to:

(1) Vvalidate the analytic procedures, specifically, the
computer transfer simulation model and asscciated
procedures, developed in the 1963 NWRC/SRI research
entitled, "A Study of Systems for Replenishment of
Naval Forces at Sea” (U) for their employment in the
analysis of current and future underway replenish-

ment operations, updating them as required.

(2) 1Identify the significant factors affecting the
efficiency of replenishment at sea as it evolved in

Southeast Asia operations.

C. Research Activity Recapitulation

The research effort was expended in three areas of activity: {field
trips, simulation of underway transfers, and statistical analysis of
underway replenishments reported to Commander Service Force, U.S. Pacific

Fleet (ComServPac).
1. Field Trips

Field trips included observation of replenishment at sea opera-

tions conducted in the waters off Vietnam (primarily in the vicinity of
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Yankee Station) for approximately two weeks in August 1968, as well as
several visits to CozServPac.

The observer, who had exteasive prior experience in both under-
way replenishment operations ard analysis, was based with CiG73.5 for
the at—sea phases of this field trip. Representative coxbatant, as well
a2s service force ships, were visited during replernisnzent operations.
Extensive interviews were conducted withk the host staff, Comnander
Service Squadron Three (sho visited the fleet curing this period), and
officers ard pesrsoneel of delivery and receiving ships. Various back-
ground information was collected in the process to pat data from othker

operations not actually observed in proper perspective.

2. Sipulation Validation

Cooputer sinulation of underway transfers was cade of three
actual transfers to CVis selected by the staff of Co=ServPac. In addi-
tion, another group of transfer cases was selected by the NWRC staff for
simulation. All of these cases were limited to transfer of ordnance and
armunition since suificiently detailed records of material transferred

were availabie only in that broad commodity class.

The computer model operates through the use of a series of
handling rates and area capacities at the various steps in the movement
of products from origin on delivery ship to destination on receiving
ship. These rates and capacities are a function of product (e.g., 5"
38 caliber projectiie), ship type (e.g., AOE 1 Class), and equipment
(e.g., Burton transfer rig). The principal modification made to the
original factors projected for the 1968 era underway replenishment in
the 1963 NWRC/SRI study was to update handling rates to reflect inter-
vening changes in packaging of unit loads. For the cases selected by

NWRC, rates for retrograde cargo were estimated and used in the simula-

tion of those cases., Assignment of cargo to various transfer routes




wzs then made and the tramsier was simulated usirg expected values,
i.2., deterministic valuess, for tike various steps irn the transfer process.
The transfer time produced by this simulation was compared with the trans—
fer time reported to ComServPzac for the actual operation. Additicmal
analysis to examire the effect of improved rates at each state of trans-
fer oa overall transfer times was performed by imcreasicg the original
rate at each transfer stzge ir increments of 10%.

3. Statistical Amazlysis

”

The statisticzl arzlysis was performed on reports of uwmderway

replernisiments made in accordarce with ConServPac Tpstruction 3180.37F.
T=e data a2ralyzed covered underway repienishmenf gperationc conducted by
the U.S. Pacific Fleet during tke period December 1967 through April 1285.
These reports are made for each underway replenishmelt by thke delivery
ship. Taey are divided infto niwve groups: surface transfer of ammunitioan,
provisions, and stores; surfzce transfer of JP, XSF0O, and aviation gaso—
line; and vertical (kelicopter) transfer of ammunition, provisions, and
stores. Each record contains about 20 elements of information that
collectively identify and summarize the transfer operaticn. These data
were received ir punched card format from ComServPac. The first stage

in the analysis was to veriiy the actual card recoxrds with the stated
format, detect format errors, correct errors which could be corrected,
and elininate irreconcilable records. A cozmputer routine was constructed
to periorn this screening. MMore than 15,000 records survived this test.
Other checks indicated that the records are neither complete, i.e., do
not contain reports of all transfers made, nor consistent, i.e., in some
records reported estimated delay times have been subtracted from trans-
fer or pumping times reported, in others the delay times are reported

as part of transfer or pumping times. Other records wese found to




T

B T S e T o

comtain odbvicus irmzccuracies in mmmerical datza reported, eve: thowzh
they survived tke format test. Wzerever possible these iraccurate
records were screened out and discarded.

Another prodlem with the data was that the records do mot
contain sufficient infommaeticn to permit unenbiguous definition of the
natore of simnltaceous or mlitiple repleniskrents. As 2 result, amzlysis
of the full effectiveness of the rexw multiprodiuct ships, AGE zné AFS,
is ot carplete. Despite its imperfections, bowever, &the datz bose used
represents 2 very large and useful sanmple of historical data for amzlysis
of significant fzctors affecting the efficiency of replenisiment at sea

in Southeast Asiza operatiozs.

Teese a2tz were divided into different categories (e.g., Gy
delivers ship class, by receiving class, night, day, and so forih), and
varicus statisticzl amalyvses were conducted on the resulting subpopula-
tions. Tire principal tool im this zmalysis was the productio2 by the
conputer of 2 guadratic regression plot of tramsier rate versus volumne
transferred. Tke progran performed the regression and recorded the data.
It tken plotted the data points as well as the regressiocn curve directly

on a cathode ray tube, and 2 photograpnic record of the plot was made.

Another facet of this analysis was a stepeise regression of
selected CVA transier records. Two dependent variables—-Total Alongside
Tize Trzansier Rate and Transfer Tizme Transfer Rate—were exanined against
u_, to 24 independent variables (e.g., Quantity Transferred, Logarithm
of Quantity Transferred, Rig/Unrig Tize, Number of Lifts, ané so forth).
This program cross correlated all 26 variables and then selected succes-
sively the independent variables in order of their contribution to the
regression solution, recording the various data at each step. Similar
analysis was performed for the vertical replenishment data. Except for

Jne nonrecurring report on handling rates, no new reports from the fleet




were occasicued by this research project. Ratber, the research proceeded
throegh the use of reports zlrezdy reguired foxr the adnirmistration amd
manzgenent of Service Force, Pacific Fleéet, by ConServPzc. Pecapitnla-
tioz of vnderway repleniskments cozducted is the subiect of recurring
reports issmed by the Service Force znd mo attempt was mzde to duplicatze

these maecrostatistics in this research.

Duripg the early stages of the statistical axaliysis, IOIR
C. D. Bouglas, TSN, was assigred to the study tean for a2 sumer experi-
ence {our from the t3.S. Xaval Postgradeate School. During this time be
hegan work that resulted in his master®s thesis, "PDelay Arz2lysis of
Pacific Fleet Underwey Pepleniskments” (), GSW Postgraduate Sciool,
Aprit 1970. 7This work is excellent in quality =nd comprekensive in

scope anG Dy prior arrargement was pot duplicated im the NNBC effori.

LU Benort Orgenizetion

in this report, Ckapter II presents the major conclusiozns of the
research with a2 brief discussion of eack fimding. Chapter III rewiexs
the validation of the NWRC/SRI Repleniskment a2t Sez Coumputer Transfer
Model simulatiorn of actual transfers. Chkapter IV contzsins the discus-
sions of tke various analyses cornducted to identify significant factors
affecting the efficiency of repienishmeat at sea as it evolved in the
Southeast Asia operations. Chapter IV is organized by the three generail
categories of CozmServPac symbol 3180/1 reports: Dry Cargo Connected
Transfers, Fuel Traesfers, and Vertical Replenishments. Because of the
voluce of data underlving the analysis in Chapter 17, only those cuadra-
tic regression plots that directly illustrate the results of final stages
of the analysis are presented in the chapter itself. The other quadratic
regression plots, which were used ir earlier stages of the analysis,

are presented in the Appendix.




II SASOR COOSCLIUSEIGRS

a. The NIEC/S2I Repleniskment at Sez Comouter Tramsfer Hodel
simalates zctezl operztions validliy.

For exzmple, o 8 June 1968 ACGE 1 trarsferred 595 toms of
ordrznce/zmmeniticon to CVANX 45 in 3 kours, 17 mimntes
reported a2ctwal time. Simmlation time wes 2 hours, 57
mizutes. Oz 28 May 1968 AE 25 tramsferred 543 tons of

ordrznce/zmmemition to CVA 63 ir 3 kours, 59 mimutes

-

L 4

139

reported actueai time. Simmiation time was 3 hours,

mizntes., Otker exzmples are reported in Chapter IxX.

B. Potentizlly, simulation of underway transier could be used
] 2s an operatiozal, piannirg, and traipirg tool.

1. For the cases simulated, tbe computer simnlaiion
produced 2 much more a2ccurate prediction of transfer

time than either the simplistic toas per hour approach

or the more complex regression an2lysis. Ope explana-
tion is that the mix of products transferred is a

rajor factor in determining transfer time.

2. Sizulation cffers 2 quick nethod of detecting bottle-
necks. 1iIn the exauples given in conclusion A, further
analysis of the transfers by simulating improved stages
of transfer indicates that improved transfer times
were dependent on improved receiving ship conditions
in the AOE 1-CVAX 65 case; the AE 25-CVA 63 case,
conversely, required improved delivery ship conditions.

Preceding page blank
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3. Simmlation may offer 2 device for trainmiry purposes.
For exzuple, datz collected during an actea? training
uzderway replenistment of exly token amounts of cargo
might be introduced to the simmlatior model fo estimate
performance during 2z full replenisiment. The stepwise
regression aralysis, for exzmple, indicates tkhere is a
statistically significant relatiozchip between rig anmd

varig time axmd total tramsfer rate ever thongh the rig-

mnrig times are a2 mizor fraction of totzl transfer
time. MNore extensive zmnalysis than was within the
scope of this work might develop suck predictors for

this use.

C. Tzo factors dominzte trapmsfer rate: volume of carge ftransferred
and ship type; but peither of these is 2 valid predictor of
transfer rate.

3. Tke predominzant charzacteristic of the ComServPac
3080/) datza is thke wide variability in transfer

rates, \Tkether based on total alongside time or

transfer tipe. Undoubtedly, part of this variation

is 2 result o. errors either in the original report

or in subsequent keypunch transcription. However, even
when sets of the data were hand screened to elinminate
apparent errors and ' outliers,” the rates are still
characterized by great variation for a given sudbpopu-

lation or sort by parameter.

2. Of all the different factors examined, the single most
doninating effect on transfer rate was volume of cargo
transferred. While some low volume transfers were

achieved at higl rates and some high volume transfers

12




occurred at relatively low rates, the pattern of
higher volune ecuals higher rate was consisteat
for all product types, all ship classes, and all
transfer methods. Obviously, at some point this
improvement in transfer rate levels off. The
relatively low coefficient of correlation obtained
in some cases verifies the noncontinuous lirezrity
of the data. However, the data suggest that most
of tre undersay replenishments were conducted at

voiumes under this point.

The vast m2jority of transfer (83%) used either
four or five rigs. Consequently, the observed
pattern of higher voluze resulting in a higher
transfer rate was not a discernible function of
the number of rigs used in making the traasfer,
Although the number of rigs could logically he
expected to influence transfer rate, the low
correlation between these factors indicated that

the influence was nminor.

The general applicability of the effect of volume
transferred on transfer rates was corroborated by a
comparison of transfer rates reported for ServPac
ships in 1364 with rates for the same ships in 1968.
Transfer rates for ordnance and ammunition increased
in 1968 about proportionately to the increased
voclumes transferred per replenishment. Similarly,
the provisions, stores, and fuel transfer rates

for the later period actually declined from the 1964
rates approximately the same as the volumes trans-

ferred per replenishment.




Certainly other factors contributed to the observed
decline in provisions, stores, and fuel transfer
rates. Receiving ship command ewphasis, for example,
probably concentrated on achieving high provision
transfer rates in 1964 when rzplenishment of that
cargo was the chief means of demonstrating dry

cargo underway replenishment efficiency. In 1968
ammunition transfer times usually predominated
periods allotted to combat ships for replenishment
and so those transfers probably received more empha-
sis than the provisions transfers, which were not
only smaller in volume but more frequently scheduled

than during pesacetime,

The effect of volume transferred on transfer rate has
implications to the scheduling of underway replenish-
ments. The effect should be reflected in planning
factors for operational or study use. It also
complicates the evaluation of training operations
where only token transfers are made. There is a
strong suggestion that underway replenishment stan-

dards of excellence should reflect this effect.

The next most influential factor affecting transfer
rate was ship type. This would be expected since
ship type characterizes the type of transfer methods
and handling facilities available, the type of cargo
to be transferred (e.g., bombs to CVA, 5" 38 caliber
projectiles to DD) and generally, within broad
limits, for receiving ships the volume of cargo

usually transferred.
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While data aggregated for all transfers of a product
class indicate that ordnance is transferred at
slightly lower rates than provisions or scores,

this condition does not always obtain for trans-
fers to individual classes of ships. For example,
aircraft carriers (CVA, CVAN, CVS) received ordnance
at an average rate of about 144 tons/hr, provisions
at an average rate of 84 tons/hr, and stores at an

average rate of 63 tuns/hr.

The following discussion on delivery ships and
receiving ships is a result of a detailed statistical
analysis of recorded transfers to CVs via connected

rigs.

a. Delivery Ships

(1) Ordnance (AE, AOE): Although some differ-
ences in average transfer rates for the
different ordnance occur (140.1 tons/hr
to 154.6 tons/hr) for AOE and AE classes,
these differences do not pass tests for
statistical significance, i.e., tests of
the constituent records indicate the ob-
served differences in averages could occur
in samples taken from the same population.
Therefore, transfer rates among the ship
classes for this product taken separately

are about the same,

15




(2) Provisions (AF, AFS, AO¥): Mean transfer
time transfer rate for AP was 91.5 tons/hr,
for AFS 75.6 tons/hr, and for ACE 37.8 tons/hr.
Al) differences are statistically significant

at the 1% level.

€3) Stores (AFS, AKS): AFS and AKS iransfer
rates (56.2 tons/hr and 71 tons/hz),
although ostensibly quite different, do not
pass tests for statistical significance,
and irsnsfer rate for this product taken
separately therefore was about the same
for these ship types. Insuificient AOE
stores transfers were recorded to include

in che tec*

(4) Fuel (AC, ACE): Mean pumping rate to CV for
A0 105 class was 7352 barrels/hr, for AO 143
‘ class 6552 barrels/hr, ACE 1 class 5817
. barreis/hr, and A0 22 class 5110 barrels/hr.
All of these differences in mean pumping
rate are statiscally significant at the 1%
level. On the basis of pumping rate per
hose used, this same order of transfer rates
prevails. However, the difference between
) ACE rate per hose and those of the adjacent
c'asses (A0 143 and AO 22) are not statistically

significant.
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Receiving Ships

(1)

2

Crdnance: CVA classes and the CVAN received
ordnance at mean rates ranging from 154 tons/hr
to 131.6 tons/hr (with CVAN 65 lowest), but

the calculated differences in receiving rates
do not pass tests for statistical significance.
Ovdnarnice receiving rate for all CVA classes
{average 148 tons/hr) was found to be statis-
tically significantly different from the

CVS average of 121.6 tons/hr.

Fuel: Overall average pumping rate (to all
CV) for NSFO was 5718.3 barrels/hr and for
JP 6233.8 barrels/hr, a significant difference.
However, NSFO rates to CVA were almost iden-
tical to JP rates to CVA (6285.9 and 6246.8
barrels/hr, respectively). NSFO rates to
CVA were significantly greater than s ailar
transfers to CVS (4742.8 barrles/hr), as
were JP transfers (4687.6 barrels/hr to CVS),.
Conversely, JP transfer rates to CVA were

not significantly different from JP transfers
to the CVAN (6727 barrels/hr). Average
quantities pumped suggest one explanation

for the differences in CVA/CVAN and CVS
pumping rates in that the average JP transfer
to CVA/CYAN was 10,502 barrels and to CVS
only 5357 barrels (means significant at 1%

level),

17
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Although factors other than volume transferred and ship type were

identified as having some effect on connected transfer rates, none
of these other factors taken singly or in combination appears to

have had a major effect.

1. In the case of ordnance transfers to aircraft carriers,
Total Alongside Transfer Rates reflected a statistically
significant (at the 1% level) positive effect (i.e., effect
tending to increase transfer rates) of transfers made in
WestPac versus EastPac transfers, and negative effects of
siraltaneous operations and of increased delay times.
When Quantity Transferred and Total Alongside Transfer
Time were eliminated as explanatory variables, thereby
increasing the relative power of the other explanatory
variables, rig and unrig time was also identified as
having a significant negative effect at the 1% level.

The effects of these factors were small compared with

the effect of Quantity Transferred.

Transfer Time Transfer Rates, (i.e., Transfer Rates com~
puted on the basis of Transfer Time) for ordnance transfers
to aircraft carriers showed no significant dependence

on any of these other factors until Quantity Transferred
and Transfer Time were eliminated as explanatory variables,
When this was done, a significant (at the 1% level)
positive effect of WestPac versus EastPac transfers, and
negative effect of increased rig and unrig times, were
identified. In addition, nighttime transfers were

found to have a significant negative effect at the 5%
level. The effects of these factors were small compared

with the effect of Quantity Transferred.
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2. No discernible pattern of transfer rate could be detected
as a fuaction of how long the ship had been deployed to
WestPac, how long it had been oa the replenishment line
(i.e., at sea during 2 period), or even frequency of
replenishments during a period. Two explanations are
suggested for this. First, it is quite probable thkat
by late 1967 the general state of training in underway
replenishnent was sufficiently high to eliminate the
expected "learning curve” effect of improvement during
a given deployment. Second, although there were differ-
ences in work loads of replenishment ships from time to
time, the scheduling procedures followed by the CIF 73
representative at sea in Southeast Asian waters probably
prevented saturation of an underway replenishment ship

to the point of observable declining transfer efficiency.

E. Vertical replenishment rates were improved about 20% overall by
the use of two helicopters to a single receiving ship with
increasing improvement occurring as replenishment range increased.

For all ranges, vertical replenishments to non-CV receiving ships
averaged 13.62 tons/hr for one helicopter and 16.46 tons/hr for two
helicopters (difference significant at 1% level). Between 101 and 1000
yards (i.e., close-in but not alongside) one-helicopter rates averaged
14.66 tons/hr and two-helicopter rates averaged 18.2 tons/hr (differ-
ence significant at 1% level)., At 5001 to 6000 yard ranges one-
helicopter rates averaged 6.9 tons/hr and two-helicopter deliveries

averaged 14.2 tons/hr (differences significant at 5% level).
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F. Yertical replernisiment rates decrease with replenisiment rarmge,
BEut orly in broad increments of distance.

Overall average for vertical replepisiments to pmoz-C¥VA receiving
ships was 14.4 tous/hr. Ween vertical repleniskments to ships a2lomgside
were eliminated, the overall vertical repleniskment zverage was 13.94
tons/hr. For 101 to 1000 yards the average was 15.7 tons/kr. From
1001 to S000 yards average transfer rate was about 12.5 tons/ar for
each of the 1000 yard ircrements. At 6000 yards and beyozd, vertical
replenishmert rates decline to about 8.8 to 8.3 tons/hr. Thke higbest
transfer rate recorded for replerishwent ranges greater than 1000 yards

was 39 tons/hr at a2 range of 14,080 yards.

G. Of the reported delays to cozpletion of transfer, the predoninant
cause of the prolongment of alongside time sas return of “enpty
brass”.*

1. About 40% of all delays reported by ships delivering
solid cargo alongside were attendant to the retura of
"empty brass" (shell casings, aviation ordnance con-
tainers, and so forth). This category of prolonged
alongside time accounted for more than 50% of all
delay time reported in dry cargo coanected transfers
and added about 10% more total time to the transfer

operation.

" Analysis supporting this conclusion appears in ICDR C. D. Douglas,
USN, "Delay Analysis of Pacific Fleet Underwzy Replenishment” (1),
USN Postgraduate School Master's Thesis, April 1970.
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2.

About 23% of 231 delays reported by skips deliverimg POY
czrgo wers attendant to the retwrm of "enpty brass,” accormt-
ing for a2bout coe-third of =13 delzy time reposted z=d
extexdirg total trarsfer tine zbout 5%.

Durirg the Seventh Fleet field trip it was evideot that

©o provisicn for the kandlirg and storzge of enpty conmtairers
E2d been placmed into amy of the urderway repleniciment ships,
including the most recent to join the fleet. Each ship ~juory
rigged for the retrogrzde. Yet trends, especizlly ir the
coatairerization of sophisticated weaposs, indicate this

activity will coztinue and possibly ircrezse in the future,

Delay ir net return was the major proloogment reported im
vertical replerishknent, accounting for z2bout £40% of 211
vertical replenisiment delays reported both in freguency and
time. Totai time spent in vertical replenisiment was extended

about 7.5% by this delav alorne.
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I¥F SIXTLAFEON MDEE TRLSIITION

The first chjective of Ihis recezrch project was to validate the
SNSC/SAE Beplenisiment at Sez Camputer Tramsfer Xodel.. This simatien
model w2s developed 2c pert of 2 progrem of systens zz=zligsis of replen—
iskment at sea coampleted by SRE im 1964, 2l it Bad oot beer exercised

sThseguently.

The simrlation medel operztes tikrouzh vse of 2 series of kandlirg
rates and z2rea capecities at the different steps in the movement of
products £from their origir on 2 delivery ship to their destimaticn on
2 receiving ship. The rates and capecities zre fuxzections of predoct,
ship type, and eguipment. Products are identified in comsiderzdle
detail, e.g., separate bardling rates have bDeen establisheé for itens

such as 5" 38 caliber projectiles a2nd 6" 47 czliber projectiles. Ship
types are actually defired to the class level, e.g., ACE 1 class.
Eguipment is ideatified by the punbers and types of traasfier equipmest,
e.g., Burton transfer rig. Rates and capacities projected for 1258

by the 1963 SRI/N#RC replenishment at sea study+ were used, handling
rates were updated to reflect intervening changes in packaging of unit

loads.

"Replenishment at Sea: Description of Transfer Model"” (U), NWRC/iSR,
Research Memorandum 26, UXCIASSIFIED, SRI, Menlo Park, March 1964.

T "A Study of Systems for Replenishment of Naval Forces at Sea" (U),

Final Report, SECRET, SRI, Menlo Park, July 1963.
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TxiRfdarfom of the sfmiztiom model entriled compering mesxlits of
actrel replenfsiments with correspomdime sfmlated trersfers. e
sEimizred trrocfers were stroeivred to regoodinee the acteel trorcfers
zs clocely &s possible. There were o soorves «f dote for specifxfimy
frpmis to the simiztiom: SexvPae report 3080, 2lso wsed inm the stetfis-
tica? zxxlysis of Chkeprer IT; zod SertPrc repor: S025-1, zmrrdriom
traccactiom reports, wsed primzrily to maintain Pacifie Fleet zmmeerftfion

irventsry comtrol.

Two principel fzctors limited the mmber of trensfers tizi were
simzlated. First, SemxPac §015-3 datz overizpped 3080 éatz for 2prild
throasgh Soventer 1958 onin. Naichirg of records from the tww sonrees
was difficnit Decemse zm2iysis kad to conduct detailed inwestigatioes
of the freguent izcoosistencies between them. Second, neither of the
two reporis provided 2 complefe description of the parzmeters of the
2ctuz2l traemsfer. The $015-1 data provided detailed imfomration o2 items
of ordemance, but mo similar information o2 stores cor provisions was
avaiilzble. The 3080 dzata provided the munders and isypes of rigs used,
and tpe punbers of 1lifts mede Dy ez2ckh type. Neither source specified
what zach 1ift consisted of, por were movereat paths descrived. It was
therefore necessary for amalysts to menuaily assign movement paths to

the various packages and to approximately balance rig operations.

¥orking within these tzo constraints, 16 actual transiers, repre-
senting a variety of delivery and receiving ship types, were selected
and sinulated. The transfer times of the sinulated and actual traasfers,
including time required for return of rctrograde brass to the delivery
ship, were conputed. They are listed in Table 1. Delays resulting from
causes other than retrograde brass transfer are not included in transfer

time.
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Iz is fmportent to oole that e percemtzre differecces betwess
el ood sEncizated times showm im Tadle R mzy Be somendet misiezdiog
2 mezsmres of the velidivy of the sinmiztiom. The treesfer times
reporied frun actezl tramsfers mzy Dot De the true tramsfer times;
delzy times zre reported in mmitiples of ten mirmtes, keoce the reported
times zre zocorzste only wiithinm ples or mires five mizntes, or im the
czse of mxitiple delays evem more. Dexotiry five mirmies zbove or below
the reporied trencfer time as a= wrertzinty rarge, ooe sbhould measure
percentzze differexces Detween simmiated zrd a2otez2l times oxly as they
lie beyord the limits of the weertainty rorge.

Figare 1 skoxs ithe results of the 16 cases, plottipz percentaze
deviation of time computed by simmiaticn from the reported transfer time
2s a fumction of reported time. Tie linmes dezcted "0” represent the
wmncertainty rarge, which decreases in width as reported transfer time
increases. The lines labeled "5% ard "10% 7, resmectively, delireate
ihe points iying 5% and 10% (of thke reported time) beyond the urcertainty

range.

Examinatior of Figure 1 reveals that seven out of the 16 cases fall
within the uncertainty range. Ten of the points fa2ll within the 5%
linits, and 12 within the 10% limits. It therefore appears that sigu-

lation is a reasonably valid method of predicting actual trancfer times.

Further evidence of the validity of the simulation as applied to
these 16 cases is seen in Figures 2 and 3--scatter diagrams of transfer
rate versus simulated and reported times respectively. Notice that the
two least squares quadratic fits yield regression curves of very nearly
the same shape, and that the scatter of points is very similar in the

two figures.
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iz is fnpoonterl to mole that the percentrge differnerces Between
actoel ood sEmizted tines showz i Teale I mey Be sonewdel misEeadfmg
Zs mexsores of the gelfidiny of the sfnmiztiom. The trecsfer times
reported frun acteel treccfers mey rot be the troe treccfer Ttines;
delzy times azre reported im mitiples of teo mirctes, Beonce the meporied
tines zre zocoreie omly wilkim plims or mires fime mirotes, or im the
c2se of meltiple delzys eren more. Desotirg five mirmtes zbore or bBelow
the reported trezmsfer time zs an weertziniy rege, coe shruld meastre
percentazre differecces between simmiated zd a2ctrel tines ooliyx a5 they
iie bevord the Iimits of the weeriaimty rozpe.

Figure 1 shows the resuits of fhe 16 cases, plotiims percentaze
Ceviation of time corputed by simmiaticn from the reported tramsfer Time
2s z fizction of reported time. The limes descied "0 represent tie
wneertainty rarze, wikich decreases irm width a2s reported transfer time
ircrezses. The lines izbeled "5% =znd "10% , resmectively, delireate
ihe points iyirg 5% 2=d 10% (of the reported tine) beyond the uncerizinty

range.

Examiratior of Figure 1 revezals that seven out of tke 16 cases fall
within the uncertainty range. Ten of tbhe points fall within the 5%
limits, and 12 within the 10% 1limits, It therefore appears that simu-

lation is a 1easona2bly valid method of predicting actual trancsfer times.

Further evidence of the validity of the simulation as applied to
these 16 cases is seen in Figures 2 and 3--scatter diagrams of transfer
rate versus simulated and reported times respectively. Notice that the
two least squares quadratic fits yield regression curves of very nearly
the same shape, and that the scatter of points is very similar in the

two figures.
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The validity of the simulation model makes it potentially useful
as an operations, planning, and training tool. 1Its ability to predict
transfer time is better than either the simplistic tons per hour approach
or the more complex regression analysis., One explanation is that the
mix of products transferred is a major factor in determining transfer

time,

Simulation also offers a quick method of detecting bottlenecks.
In the cases simulated, further analysis of the transfers by simulating
improved stages of transfer indicates that improved transfer times were
dependent on improved receiving ship conditions in the AOE 1-CVAN 65
case; the AE 25-CVA 63 case, conversely, required improved delivery

ship conditions.

Simulation may also offer a device for training purposes. For
example, data collected during a training underway replenishment of
only token amounts of cargo might be introduced to the simulation model
to estimate performance during a full replenishment. A stepwise regres-
sion analysis, for example, indicated there is a statistically signifi-
cant relationship between rig and unrig time and total transfer rate
even though the rig/unrig times are a minor fraction of total transfer
time. More extensive analysis than was within the scope of this work

might develop such predictors for this use,

Another training application of the simulation model might be in
training transfer ship officers in scheduling transfers, The sensitivity
of the model to distribution of cargo among rigs could rapidly show
officer trainees the effects of different scheduling methods, and pro-

vide them with insights that would increase their future efficiency.
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IV EFFECTIVENESS FACTORS INVESTIGATION

A, Geperzl

: The data in the ServPac 3080 reports reflected the phenomenon that
the tramsfer rafe attained in a given replenishment appeared to be highly
correlzted with the quantity of material transferred. The phenomenon
aopecred in conmected transfers of both wet and dry commodities and in

ierticz} replenishiments. Thke appearance of this phenomenon suggested

tikzt anaiysis would be facilitated if scatter diagrams of transfer rate
rersus cuantity transierred were prepared and empirical curves were
fivted to the data. Accordingly, a computer program was written that
pernitted extracticn of any desired subset of the data; plotting of the
subset 6 datza o1 a2 scatter diagram; computation of a second-degree,
least sqguares curve and its associated statistics; and plotting of this

erpirical curve.

W O By A T SREREY, VY TSR A PR S

To deternine whether the increase in transfer rate with quantity
transferred could possibly result from the use of more rigs when larger
guantities were transferred, the following -orrelations were made with

the indicated results:

1 (1) Correlation between quantity transferred and number of rigs
was 0.215. While this correlation coefficient differs at the
1% significance level from zero, thereby indicating that a
positive correlation does exist, it is too small to be of any

*
explanatory value.

quency (82.6% of the transfers) of use of either four or five rigs
per transfer.

g *
Tbhis low correlation was appavently caused, in part, by the high fre-~
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(2) Correlation between transfer time transfer rate and number of
rigs was 0,065, which does not differ significantly from zero,

Thus no correlation could be determined between these factors.

The next step was to determine which subsets of data constituted
logical groupings for analysis, It was initially decided to consider
connected transfers of dry commodities, connected transfers of fuels

and vertical replenishments separately.

Analysis of the scatter diagrams for each of these groupings showed
that transfer rate is correlated with quantity transferred. However,
in no case was the empirical curve a very close fit to the data, even
though it was the best possible second degree fit. This looseness of
fit dictated an investigation of other factors that might bear on replen-
ishment effectiveness. Investigations of possible effectiveness factors
for each of the major groupings of replenishments are described in sub-

sequent sections,

B. Connected Transfers of Dyry Commodities

Connected transfers of dry commodities were further subdivided into
ordnance, provisions, apd stores transfers., Scatter diagrams were pre-
pared for each of these commodity groups, and empirical curves were
fitted., The empirical fits for individual commodity groups were better
than the fit for all dry connected transfers, but still not sufficiently

close to be adequately explanatory.

Transfers in which the receiving ships were CVA, CVAN, and CVS were
selected for more detailed analysis. Scatter diagrams and empirical
curves were prepared for all connected transfers of dry commodities and
for transfers of each commodity group to this group of ship types.

Each curve fit was an improvement over the corresponding curve fit for

all receiving ship types. Also, fits for individual commodity groups




were better than the fit for all connected transfers. Again, however,

the fits were not sufficientiy good to be adquately explanatory.

Next, each comrodity group was individually analyzed to deteimine
whether transfer effectiveness, measured by transfer time transfer rate,
varied among different delivery ship types or classes or among different
receiving ship types of classes within the group of receiving ship types
already selected. This analysis led to identification of homogeneous
subdivisions of delivery and ireceiving ship types. Scatter diagrams
were prepared for these subdivisions, and empirical curves were fitted.
Additional detailed analysis was made of the ordnance transfers; this

will be described in the ordnance subsection below.

Differences among delivery and receiving ship types and classes
were analyzed by seeking statistically significant differences between
the average transfer time transfer rates of the different types and
classes, Because of the statistical nature of the data, it could not be
known positively whether the existence of differences in the observed
average rates for the different categories meant that the categories
actually had different mean rates. Following standard statistical
practice, one of the following statements could be made about such

differences:

(1) 1If differences as great as those observed between averages
would be expected to occur less than 5% of the time, given
that the mean category rates were not actually different,
the mean category rates were adjudged different at the 5%

significance level.

(2) 1If the observed differences were so large that they would
be expected to occur less than 1% of the time, again given
that the mean category rates were not actually different,
the mean category rates were adjudged different at the 1%

significance level,
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(3) If the observed differences were sufficiently srall so that
they would be expected tc occur rore than 5% of the time,
given that the mean category rates were not actually differ-
ent, the mean category rates were adjudged equal.

The following subsections will discuss ordnance, prcvisions, and
stores transfers, respectively. In each subsection, the effects on
replenishment effectiveness of delivery ship type and class, receiving
ship type and class, quantity transferred, and other factors will be

discussed.
1. OrGnance

a. Delivery Ship Type and Class

Average ordnance transfer time transfer rates to CVs
from different delivery ship types and classes are given in the following
tabulation, with the standard devintion of transfer rate and tke number

of observations,

Standard Deviation of
Delivery Average Transfer Time Transfer Time Transfer Number of

Ship Type Transfer Rate (tons/hr) Rate (tons/hr) Observations
A¥ 3 142.81 56.35 272
AE 21 154.61 62.34 61
AE 26 140.18 43.25 55
All AE 144,29 55.75 388
Classes
AOE 1 125,64 56.03 40
ACE 2 151.67 57.52 104
Both AOE 144.44 58,10 144

Usiug analyses of variances and tests of differences between the means,
significant differences in ordnanze transfer rates were sought and

results were found as fcllows:
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(2) Between AZ 2s 2 sirgle type and ACE =25 2 sirgle type,
no significant differerce was fourd. Herce, it was
concluded that tkhe delivery ship type does mot affect
ordnance transfer rate.

(2) Among all five classes of both AE and ACE (3CEl and
ACE2 were treated as separate classes for this aralysis),
no significant diiferences were fournd. Her~e, it was
concluded that the delivery ship class does not affect
ordnance transfer rate when Toth AE apd ACE classes

are considered.

(3) Among the three classes of AE, no significant differences
could be found. Hence, it was concluded that the class

of AE does not affect the ordnance transfer rate froa AEs.

(4) Between ACEl1l and ACE2, a significant difference was
found at the 5% level. 1t was therefore concluded that
AQE2 did perform better in terms of the sate of trans-
ferring ordnance to CVs than did AOEl. The reason for
this performance difierence could not “e determined from

the data.

b. Receiving Ship Type and Class

Average ordnance transfer time transfer rates from AE
and ACE to the CVA type, the CVAN type, and the CVS type are given in
the tabulation below, with the standard deviation of the transfer rate

and the number of observations.
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Stardzrd Deviation of
Beceivirg Averzge Traosfer Time Trarsfer Time Trazmsfer Xumber of

Skip Type Traosfer Bate (tozs/kr) Rate (Lons/&r) cervatices
Cid 1£48.05 35.73 223
C¥ax 131.60 27.72 43
C¥s 121.62 62.87 £8

No significant difference was found between C¥A azd CPAN trzmsfer rates
or between CVAN and CVS rates. Bowever, the CVS was sigrificantly

slower at the 1% level in receiving ordnance than was the CVA.

¥ithin tke C¥A type, no significant difierences ir tramsfer rates
anopg classes were found. Observed average transfer rates for the CVA

classes were as shown in the following tabulation.

Average Transfer Tice
CVA Class Transfer Rate (tons/hr)

14 143.24
43 143.26
59 150.74
63 153.99

C. Quantity Transferred

The results described above suggest that the effect on

transfer rate of quantity of ordnance transferred bte subdivided as
follows:

(1) Ordnance transferred tc CVA and CVAN from AE and ACE.
(2) Ordnance transfers to CVS from AE and AQE.

Separate analysis of the effect of quantity on transfers from AOE1l and

ACE2 did not appear justified in view of the dispersion in the data.
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Piots of orxdirarce transfiers ffrom AT ad 20E to CVA a—d
*
CiiX 2=t to CVS zre presected 2s Figures 4 and 5, respectively. The
paraneters znd correlation coefficients cf the s2cond-degree. least

sguares curves are stowm in the followirz tabmiatigr:

Carve Pzrzmeters
efficient of
Cocfficient of Sgurare of
Quanticy Quantity Correlzation
Beceiving Class Intercept Transferred Transferred Coefficient

cra, Cvax 2.6659 6.3839 -95.0003 0.70
Cvs 1.1304 0.88z8 -0.001° 0.77

The low correlation coefficientéT indicate that the
enpirical curves do not provide a2 good fit to the data. This may be
confirmed visually by observing Figures 4 and 5. Therefore, it was con-
cluded that veze of the least squares empirical curves to predict trans-
fer rate based on quantity transferred is not justified, even when these
curves are particular to honogereous perfornmance groupings of delivery

and receiving ship types.

The quadratic regression plots of transfer rate versus volume that
appear in this chapter are only those that directly illustrate the
results of the final stages of analysis. The remainder of the plots,
used in earlier stages of the analysis, appear in the Appendix.

Statistical zignificance of the correlation coefficient is often a
misleadinyg criterion for evaluating predictability., Thke correlation
r between two measurements X and Y indicates that 100 r2 % of the
variance of Y is "explained by" its association with X. 1-r2 gives
the amount cf Y--dispersion remaining after allowing for linear depen-
dence on X. Thus if r = 0,70, /1-r2 = 0.71; i.e., 71% as much dis-
persion in Y remains after adjusting for X as was present without
considering X. The numerical value of /1-r2 is therefore a more
suitable measure of goodness of a model to be used for prediction
purposes. (Continued on page 40.)
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d. Ctker Factors

Otbher factors that might bave 2 beariry oz replenisiment
effectiveness were excmired throwsh stepwise regression amelysis and
throvzh additiconz) anzlysis of the besic data. The regression amalysis
inclided regression of tramsfer time transfier rate o2: quantity trapms-
fer-ed, minber of rigs used, rig-umris time, total zloxgside time, traps-—
fer time, delay time, skip speed, whether simultareous replepishnents
were in progress, wketker replenisiments were made during daytime or at
night, 2nd vhether operations were in EasiPac or WestPac. The EastPac-
WestPac factor was also examired ir greater detail through additioral
analysis of the basic data. The basic data were a2lso used to reconstruct
the operational histories of seiected ships to determine whether efiec-
tiveness was affected by duration of deployment, by lepgth of operational

periods within the deployment, or by daily workload.

The first step in the regression analysis confirzed the
finding of subsection c above that the quantity transferred has a pre-
doninating effect on transfer rate. This effect is so stirong that no
other factor except transfer time showed any significant effect at the
5% or higher level (recall that 1% is a higher significance level than
5%). To determine whether any other factors had secondary effects

(i.e., effects that would be significant in analyzing replenishments

(Continued from page 37.)

In the application considered here, Y is the transfer rate and X is

the quantity transferred. (Actually both X and X2 are used as predic-
tors, but the same principles apply.) For the transfer rate to be 50%
predictable from the quantity transferred, i.e., that the dispersion

of transfer rates around their predicted values {using transfer quanti-
ties) be one-half that of the rates alone, lerz must be 0,50, hence
the correlation coefficient r must be 0,87, Since prediction of trans-
fer rates is our principal objective, we will not interpret r as being
large unless it is at least 0.9.




in which guantities transferred are egual), the cuzntity transfermad

and trarmsfer time were elimirated from the regressiom model. Wiern this

was dooe, the followirg results ermsued:

(6 )

2

(&)

(C))

Rig-unrig time kad a megative effect oa transfer
rate (i.e., loxger rig-unrig time was associated
with reduced transfer rate), which was significant

at the 1% level.

WestPac transfer rates were higher than EastPac

rates at tie 1% significance level.

Daytime transfer rates were higher than nighttice

transfer rates at the 5% significance level.

The number of 1lifts had a significant positive
effect on transfer rate at the 1% level. Since
the correlation between number of 1lifts and-
quantity transferred was 0.934, this result
was not unexpected when quantity transferred

was eliminated from the model.

Since the EastPac-WestPac factor was secondarily signi-

ficant, it was examined further by reference to the basic data. Because

of the strong relationship between transfer rate and quantity trans-

ferred, the data were exarined to determine whether the EastPac-WestPac

difference could be attributable to a difference in average quantity

transferred in the two areas. 1t was found, however, that the average

quantity of ordnance transferred was almost identical in EastPac and

WestPac, as shown in the following tabulation:

EastPac WestPac
Average quantity of
ordnance transferred (tons) 329.5 329.3
Standard deviation (tons) 150.,0 170.9
Number of observations 37 449
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It appears, therefore, that the transfer rate difference between EastPac

and ¥WestPac was in fict real and not a function of differences in other

variables.

Effects of deployment duration, length of operational
periods within the deployment, and daily workload were explored through
detailed analysis of the operational histories of three representative
HE deployments to WestPac. The deployments were divided into operational
periods, defined as intervals in which replenishments were made on most
days. A break of more than two days between replenishments would end
a period. Thus, a period represented an interval of relatively sus-
tained workload. Transfer rates in periods were analyzed sequentially
to determine whether transfer rates changed as the length of the deploy-
ment increased; no significant temporal change could be found. Transfer
rates within periods were also analyzed against period length to deter-
mine whether sustained operations affected transfer rates; no signifi-
cant effect could be found. Transfer rates within periods were further
analyzed against workload, which was measured both in terms of the
average numver of tons transferred per day and the average number of
receiving ships serviced per day. No significant effect on transfer
rate of either measure of workload could be found. Therefore, it was
concluded that within the range of the observed data replenishment
effectiveness was not affected by deployment duration, length of opera-
tional periods within the deployments, or average daily workload within

the operational periods.
2. Provisions

a. Delivery Ship Type and Class

Average transfer time transfer rates for provisions trans-
ferred to CVs from different delivery ship types are given in the tabu-
lation below, with the standard deviation of transfer rate and the number
of observations.
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Standard Deviation of
Delivery Average Transfer Time Transfer Time Transfer Number of

Ship Type Transfer Rate (tons/hr) Rate (tons/hr) Observations
AF 91.45 36.07 90
AFS 75.64 25.43 29
AOE 37.81 49.20 9

Transfer rate for the AF class was significantly better
than for the AFS at the 3% level, and significantly better than for the
AOE at the 1% level. The AFS transfer rate was also better than the
ACE rate at the 1% significance level. Thus, delivery ship type did
have a strong effect on replenishment effectiveness in the case of pro-

visions.

Before computing the average transfer rate for the AF
type in the table above, a comparison was made of the transfer rates of
the AF56 class, which comprises AF56-AF59, and the rates ol the other
AF ships. No significant difference could be found between the two

groups.,

b, Receiving Ship Type

Based on the analysis made in connection with ordnance
transfers, it was considered appropriate to break the receiving ships
into two groups, CVA-CVAN and CVS., The CVS would be expected to receive

provisions at a lower transfer rate than the CVA-CVAN,

c. Quantity Transferred

The results described in the two foregoing subsections
suggest that the effect on transfer rate of quantity of provisions

transferred be subdivided as shown:
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Delivery Class Receiving Class
AF CVA-CVAN
AF Cvs
AFS CVA-CVAN
AFS CvVs
ACE CVA-CVAN
AQE Cvs

Plots of transfer rate versus quantity of provisions transferred are
presented for each of the above subdivisions, except AOE to CVS, as
Figures 6 through 10, respectively., Since only one provisions transfer
from ACE to CVS was observed, thi: subdivision was not plotted., The
correlation coefficients for the second-degree, least squares curves

and the curve parameters are shown in the fcllowing tabulation,

Curve Parameters

Coefficent of

Coefficient of Square of

Delivery Receiving Quantity Quantity Correlation
Class Class Intercept Transferred Transferred Coefficient
AF CVA-CVAN 21.8147 0.5997 -0,0C"1 0.65
AF Cvs 11,7499 0.5924 -0,0008 0.81
AFS CVA-CVAN 13,372¢ 0,3812 -0,0004 0.84
AF'S CVs -6,1749 1,2652 ~0,0065 0.83
ACE CVA-CVAN 0.8558 0,4382 -0,0012 0,98

The coefficients of correlation indicate that in most

cases the empirical curves do not provide a gocd fit to the data.

This may be confirmed visually by observing Figures 6 through 10. There-

fore, it was concluded that use of the least squares empirical curves
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to predict transfer rate based on quantity transferred is not justified,
even when tnese curves are particular to hozogeneous perfor=ance group-

ings of delivery and receiving ship types.
3. Stores

a. Delivery Ship Type

Average transfer time transfer rates for stores trans-
ferred to CVs from different delivery ship types are given in the tabu-
lation below, with the standaxd deviation of transfer rate and the

number of observations.

Standard Deviation of
Delivery Average Transfer Time Transfer Time Transfer Number of

Ship Type Transfer Rate (tons/hr) Rate (tons/hr) Observations
AFS 56,23 32.93 11
AKS 70.97 29.83 37
ACE 8.43 2,98 4

No significant difference in transfer rate could be found
between the AFS and AKS types. The AOE sample was too small to permit
any conclusions to be made about its performance, either in absolute

terms or relative to AFS-AKS performance.

b. Receiving Ship Type

Based on the analysis made in connection with ordnance
transfers, it was considered appropriate to divide the receiving ships
into two groups--CVA-CVAN and CVS. The CVS would be expected to receive

storex at a lower transfer rate than the CVA~CVAN,

50




c. Quantity Transferred

The results described in the two foregoing subsections
suggest that the effect of guantity of stores transferred be subdivided
and that the ACE be sliminated from further consideration. The sub-

divisions would be as follows:

(1) Stores transfers to CVA and CVAN from AFS and AKS.
(2) Stores transfers to CVS from AFS and AEKS.

Plots of transfer rates versus quantity of stores transferred are pre-

,:.\ ,(W? -\g_):é\ \{{Iﬁ:‘u‘a " t-"l-

sented for each of these subdivisionz as Figures 11 and 12, respectively.
The correlation coefficients for the seconc¢ degree, least squares curves

and their parameters are shown in the following tabulation.

Curve Parameters

Coefficient of

Coefficient of Square of
Quantity Quantity Correlation
Receiving Class Intercept Transferred Transfexrred Coefficient
CVA-CVAN 3.0006 1.1085 -0.0046 0.81
CvVs -0.9787 1.2699 -0.0014 0.65

The coefficients of correlation indicate that the quantity
transferred is not by itself an aaequate predictor of transfer rate. This
may be confirmed visually by observing Figures 11 and 12, It was therefore
concluded that use of the least squares empirical curves to predict trans-
fer rate based on quantity transferred is not justified, even when these
curves are particular to homogeneous performance groupings of delivery

and receiving ship types.
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C. Connected Transiers of Fuel

Connected transfers of fuel to CVA, CVAN, and CVS ship types were
analyzed in detail. This group of ships was selected for detailed
analysis because, being relatively homogeneous, it would be expected
to extibit minimal intership variability. The types of fuel were NSFO
ship fuel (not used by the CVAN) and JP fuel for turbine-powered air-
craft. The following subsections present the reculis $f detailed analy-
sis of fusl transfers by type of receiving ship and by type and class

of delivery ship, respectively.

1. Receiving Ship Class

The mean pumping rates at which the CVAN, CVA and CVS types

received JP and at which the CVA and CVS received NSFO are shown below.

Mean Pumping Rates (bbl/hr)

Jp NSEO
CVAN 6727 N/A

CVA 6247 6286
CVs 4688 4743

No significant difference was found between the JP and NSFO
receiving rates for either the CVA or CVS type. The CVS categories
received JP significantly more slowly (at the 1% level) than did the
CVAs and the CVAN, There was no significant difference bhetween the
receiving rates of the CVAs and of the CVAN, The CVSs also received
NSFO significantly more slowly (at the 1% level) than did the CVAs.

As will be explained in the following paragraphs, part of these differ-

ences is attributable to differences in quantlities transferred.
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A regression analysis was conducted on transfers of JP to the
CVA-CVAN group to determine whether pumping rate is significantly depen-

dent on any one or more of the following variables:

* Quantity transferred

¢ Ship speed

* Rig-unrig time

* Number of hoses

* Delay time

¢* Whether replenishment occurred in daytime or at night

* Whether replenishment was in EastPac or WestPac.

The results of the regression analysis showed pumping rate to be depen-
dent at the 1% significance level on quaatity transferred and on number
of hoses. None of the other variables was significant. (In another
analys.s that was made of JP transfers to the CVA-CVAN group from the
AO 105 class only, delay time was also significant, but only at the 5%
level.) This dependence on quantity transferred accounts for part of
the difference in pumping rates between the CVA-~CVAN group and the CVSs;
in the case of JP, the average quantity received by the CVA~CVAN group
was 10,502 barrels, whereas the average quantity received by the CVSs
was 5357 barrels. This difference in quantities is significant at the
1% level.

2, Delivery Ship Type and Class

Detailed analysis of fuel transiers by delivery ship typ? and
clagss was limited to transfers of JP and NSFO to CVAs. Presented below,
in descending order of pumping rates, are the mean pumping rate, mean
pumping rate per hose, mean number of hoses used per replenishment, and

*number of cases examined.
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Delivery Ship Mean Pumping Mean Pumping Rate Mean Number Number of

Type and Class Rate (bbl/hr) per Hose (bbl/hr) of Hoses Cases
A0 105 7332 3354 2.25 131
AO 143 6552 2915 2,38 181
ACE 5817 2865 2.14 147
AQC 22 5110 2580 2.08 95

All differences in mean pumping rate were significant at the
1% level; however, this was not the case with mean pumping rate per hose.
The mean pumping rate per hose of the AO 105 class was significantly
higher at the 1% level than all the other rates, and the rate for the
AO 143 class was significantly higher at the 1% level than the rate for
the A0 22 class. However, no statistically significant difference could
be found between the mean pumping rates per hose of the AO 143 class and
AOE type or between those of the AOE type and the A0 22 class. Thus,
differences in overall pumping rates among AO classes appear to be
attributable chiefly to differences in pumping rates per hose, whereas
differences in overall pumping rates between the AO 143 class and the
ACE type, and between the AQE type and the AO 22 clags, are probably
attributable largely to differences in the number of hoses used and in

average quantities of fuel transferred per replenishment.

D. Vertical Replenishments

The analysis of vertical replenishments was directed toward deter-
mining:
(1) Whether and under what conditions the use of two
helicopters from a single delivery ship improved
replenishment rate over the rate resulting from

use of a single helicopter,

(2) The effect of replenishment range on vertiical

replenishment rate.




1. Vertical Replenishment Rate Improvement Using Two Helicopters

The data for vertical replenishments to non~CV ships from AFS

and ACE classes were analyzed to investigate whether replenishment rates

were improved when two helicopters instead of one where used to a single

receiving ship. A total of 690 vertical replenishment cases, broken

down as shown in Table 2, were examined.

BREAKDOWN OF 690 VERTICAL REPLENISHMENT CASES

Table 2

Range Interval Number of Cases Included in Analysis*
(yds) Single Helicopter | Two Helicopters | All Cases
All distances 498 192 690
50 78 2 80
100 10 2 12
101-1000 260 110 370
1001-2000 68 23 91
2001-3000 15 12 27
3001-4000 23 9 32
4001~-5000 3 4 7
5001-6000 14 5 19
6001-7000 2 0 2
More than 7000 25 28 50

%
Editing for cousistency and credibility resulted in some reported

transfers being removed from consideration in the analysis.
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Table 3 presents the average replenishment rates for all
vertical replenishments (i.e., both single-helicopter and two-~helicopter
replenishments). Average rates for single-helicopter and two-heticopter
replenishments are also presented, along with the significance level
and the percentage improvement resulting from using a second helicopter.
The overall improvement in observed average rates varied from range to
range; however, in no case did the addition of the second helicopter

significantly decrease the average replenishment rate.

Whenever the average replenishment rates for single-helicopter
and two-helicopter deliveries are not significantly different, the com-
bined average transfer rate for all replenishments is the appropriate
estimate of the individual rates for single-helicopter and two-helicopter
replenishments, Admitting judgment to the analysis permits some addi-

tional inferences, such as the following, to be drawn,

* At a replenishm2nt range of 50 yards, only two
two-helicopter replenishments occurred out of
the 80 replenishments observed. (The data editing
process removed three single~helicopter replenish-
ments, thus only 77 of the 80 cbserved replenish-
ments were included in the analysis.) Primarily
because of the small number of occurrences of
two-helicopter replenishments, the average transfer
rates were not determined to be significantly differ-
ent. However, the observed average two-helicopter
rate was 2.8 tons/hr below the single-helicopter rate,
The fact that there were so few two-helicopter
replenishments at this short range implies that
previous experience had uncovered problems or inef-

ficiencies in using two helicopters. If this
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inference is correct, it couss be further inferred
“that use of two helicopters at 50 yards would result

in lower replenishment rates.

At a replenishment range of 100 yards, two-~
helicopter replenishments occurred out of the
total of 12 replenishments., Again primarily
because of the small number of two-helicopter
replenishments, no significant difference was
determined between the average transfer rates.

At this range, however, the observed two-helicopter
replenishment rate was higher than the observed
single~helicopter rate. The increased frequency
of two-helicopter replenishments at 100 yards
versus 50 yards (17% vs. 2.5%) suggests that two-
helicopter replenishments may begin to become

practical at about 100 yards.

Observations in the range intervals 2001 to 3000
yards, 3001 to 4000 yards, and more than 7000 yards
were so variable that no significant differences
were found. It should be noted, however, that

the 2001 to 3000 yard case was very nearly signi-
ficant at the 5% level, and that in both the other
cases the observed average two-helicopter rates
were somewhat higher than the observed average
single-helicopter rates. In view of the consistent
pattern of higher two-helicopter rates in other
range intervals more than 100 yards, it is probable
that true rate differences exist in these intervals

also.
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Additiocnal analysis was performed to determine whether the
type of delivery ship (i.e., whether AFS or AOE) had any effect on the
improvement of replenishment rate resulting from the use of two heli-
copters rather than one. Only replenishment ranges greater than 100
yards were included in this analysis. In the case of the AFS, it was
found that use of two helicopters increased replenishment rate to 16.48
tons/hr from the 12,73 tons/hr single-helicopter replenishment rate.
This 29% increment, significant at the 1% level, compares with the 28%
increment presented in Table 3 for replenishments from both AFS and AOE
at ranges of more than 100 yards. No significant increment could bhe
found in the case of the AOE, probably because there were only three
two-helicopter replenishments in the 47 total replenishments from AOQE
at more than 100 yards. Therefore, it was concluded that delivery ship
type had no discernible effect on the improvement in replenishment rate

resulting from the use of two helicopters.

2, Effect of Range on Vertical Replenishment Rate

An investigation was conducted to determine the effect of
replenishment range on vertical replenisiment rate. It was previously
shown in Table 3 that the rate appears to decrease in more distant
range intervals; however, a more thorough analysis appeared to be neces-

sary.

To analyze the effects of range on replenishment rate, three
regressions of range on replenishment rate were made, The first regres-
sion was made using the complete set of 830 cases that included single-
helicopter and two~helicopter replenishments to all ship types including
CVs. The second regression included only the 604 single-helicopter
cases extracted from this set, and the third included only the 226 two-

helicopter cases extracted from the set,
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The regressions were performed by computer, which computed and
plotted the second-degree, least squares regression lines., These lines
and the raw data points for all cases, for the single-~helicopter cases
and for the two-helicopter cases, are presented in Figures 13, 14, and 15,

respectively. The correlation coefficients for these curves are as

follows:
Correlation
Coefficients
All cases 0.251
Single-helicopter cases 0,251
Two-helicopter cases 0,31°

The curves in Figures 13, 14, and 15 appear to indicate that
vertical replenishment rate decreased with range. However, the small
correlations indicate that the curves, although they are the best possible
second-degree fits to the data, do not fit the data closely. Therefore,
to determine whether replenishment rate was indeed affected by range,
an analysis of variance of data in different range intervals was made.

The analysis included data for both single-helicopter and two~helicopter

replenishments, The intervals were as follows:

Range Interval (yds)

101 - 1000
1001 -~ 2000
2001 -~ 3000
3001 - 4000
4001 - 5000
5001 ~ 6000
6001 ~ 7000

more than 7000
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Considering the above intervals as a grouping, no statistically
significant differences among replenishment rates could be found, How-
ever, the 101 to 1000 yard interval replenishment rate was significantly
higher at the 1% level than the other intervals combined and than each
of the other intervals taken individually. In addition, the 1001 to
2000 yard interval replenishment rate and the 2001 to 3000 yard rate
were significantly higher (at the 1% and 5% levels, respectively) than
the rate for the more than 7000 yard interval. No other significant
differences were found between any other pairs of intervals. Therefore,
replenishment rates did not change significantly with increasing range
in replenishments at more than 1000 yards except in broad increments of

distance.

The lack of an identifiable continuous relationship between
replenishment rate and range may be partly attributable to the relation-
ship between replenishment rate and quantity transferred. This relation-
ship, which has already been shown in the case of connected replenish-
ments, also exists among vertical replenishments. In fact, in the pair-
wise correlations of variables made as a part of the analysis described
earlier, the correlation between replenishment rate and quantity trans-
ferred was 0,54, This was higher than any other pairwise correlation
except those between variables that are inherently highly correlated
(e.g., quantity transferred and number of 1lifts)., By contrast, the
correlation between replenishment rate and range was only -0,25, or
less than one-half the absolute value of the rate~quantity correlation.
The relatiouship between vertical replenishment rate and guantity trans-
ferred is shown in Figure 16; the second-degree, least squares curve
fitted to these data has a correlation coefficient of 0,55, which is
considerably higher than the value of 0,251 computed for the rate-range

data.

66




SINAWHS INTIdTY TVOLLYIA TIV ¥0Jd QIHYFISNVYL ALIINVAD SNSYIA LV YHISNVUL

SUOI HOUS-—OIUUIISNVEL INMIO0A

002 001 0% ae o] S [ i
. o
— cL9pe* = X . ) n
o ogg = u -
- -
| C— ~Pb A 4 - 4 - -D £ 4 4 _ 4 1 — \b

>4

ov

8

Wsuol UousS—3IVY YIJASNVUL

8

o
p S

9T 2an3dtd

67

PRENAT S BV T 4 - .
RSO TEIOR 2 HO NI LAV TON .1 St SILLUA POPIE S PR S SV 23

PPNV SR R

[ENEPNRPC- ELTL 0 AU




APPENDIX

This Appendix presents quadratic regression plots of transfer rate
versus quantity transferred that were used in the analysis but do not
appear in the main report. The plots are organized generally by commo-~
dity type, and within commodity type of transfer conditions and location,
by receiving ship type and by delivery ship type. Most of the plots

have logarithmic scales on the abscissa: however, some have linear scales.

Preceding page blank
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