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with the analysis of workload demand on one of these activities——the Naval
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Personnel Department , personnel services to fleet personnel.
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FOREWORD

The effort described in this report supports the Fleet Impact on Shore
Requirements subproject , an advanced development under the Manpower Require-
ments Development System Project (Z0109—PN). The overall objective of this
subproject is to apply econometric and manpower modelling technologies in
the prediction and allocation of shore activity level manpower resources as
a function of workload and operational force levels. The main effort of FY77
was an empirical study of the fleet and shore demands placed on major shore
activities in the 11th Naval District , with the objective of developing an
input—output (I/O) model of the fleet—support demand network. This report
focuses on one of the major shore activities——the Naval Station (NAVSTA),
San Diego.

Acknowledgments are due to the following NAVSTA personnel: CDR Alexander,
Waterfront Operations Department ; CDR Goll, Military Personnel Department ; and
CDR Edwards, Executive Officer. The staffs of both the Waterfront Operations
and Military Personnel Departments were extremely helpful and cooperative
throughout the data collection and analyses stages of this study.

J.  J. CLARKIN
Commanding O f f i c e r
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SUMMARY

Problem

A system for determining Navy manpower requirements and allocating man-
power resources must be based on the workload and economic relation among
individual shore—support activities. The demand network that links one shore
activity to another, and to the fleet, constitutes the economic system of the
Navy. To represent this network structure, an input—outpu t (I/O) model of
the 11th Naval District (11ND) is being developed to forecast the workload of
shore activities based on the size and distribution of the fleet. An I/O
model of this size requires a significant effort to collect, organize, and
analyze data on the source and intensity of demands.

Obj ective

This study is concerned with the analysis of workload demands placed on
the Naval Station (NAVSTA), San Diego by the fleet and shore activities. The
results will be used in developing a full—ccale model of the fleet—support
demand network of the 11th Naval District.

Approach

To capture the scope of demands on NAVSTA, San Diego, the structure of
demands on its two major departments——Waterfront Operations (WATEROPS) and
Military Personnel (MILPERS)——wa s analyzed in detail. Hours of port service
per day in port and number of personnel actions per fleet people day were used
as workload measures for WATEROPS and MILPERS, respectively. These data were
used to determine the distribution of workload in each department as a function
of the number and type of ships in port.

Findings

WATEROPS provides three types port service—tug; landing craft , mechanized
(LOl); and oiler——with tug service accounting for 69 percent of total port
service hours. The largest customers of tug service were frigates (FFs), nuc lear
submarines (SSN5), dock landing ships (LSDs), destroyers (DDs), and cruisers
(CGs), in that order. These five ship types accounted for 43 percent of tug
service demand . Average demand rates and standard deviations were computed
for each ship type for tug, LCM, and oiler service, and for an aggregate
measure called port service. Comparison of computations for the four service
categories showed that the consolidated port service category improved
the relative variance of demands on WATEROPS of ships within a ship type.

The numbe r of fleet personnel in port appears to reflect the number of
personnel actions handled by MILPERS. Analysis of these personnel actions
showed that 73 percent were activity—related; and 27 percent, Navy—related.
Nearly 90 percent were nondisciplinary. A mean coefficient (for use in the I/O
model) was obtained by averaging the coefficients for each of the 13 months
observed. The variance about the mean coefficient reduced by removing seasonal
influences.

vii



Conclusions

1. Data are available to measure a variety of demands on NAVSTA,
San Diego and will easily conform to an I/o framework. However, collection,
organization, and computerization of the data proved to be time—consuming
and very expensive .

2. Since ship type clearly affected demands placed on WATEROPS, the I/O
model must not ignore the differences in workload attributable to, for example,
a submarine vs. an aircraft carrier.

3. Since WATEROPS services primarily San Diego—homeported ships, changing
the homeport of ships is very likely to affect  the workload of that department.
Such changes could, in turn, affect MILPERS workload by altering the number of
f leet people days per mon th at NAVSTA , San Diego .

Recommendations

1. The variance in the MILPERS demand coefficient was reduced by removing
some seasonal influence. Thus, data collection should continue to provide suf-
ficient data for obtaining more reliable estimates through the use of more
sophisticated statistical techniques.

2. A naval station’s workload var ies in terms of the functions it provides
to the fleet and the particular port complex in which it resides . Thus , it is
recommended that similar kinds of analyses be performed at other naval stations
before this community is included in a Navy—wide I/O model.

viii
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1NT R OI)U CTION

Problem

The Navy ’s efforts in developing a system for allocating manpower resources
h~ive emphasized th e design of an input—output (I/o) model to forecast the work-
load of shore/support activities , based on the size , configuration , and operat-
ing tempo of the fleet. Manpower requirements can then be derived from the
model ’s workl oad forecasts. The I/O structure will link the activities of the
fleet (ships, aircraft) to individual shore/support activities (shipyards , sup—
ply centers , etc.), a~ well as indicate linkages among shore activities. By
organizing Navy activities in the I /O ma t r ix , the ex ten t  to which each a c t i v i t y
depends on every other activity to produce support can be quantified using
historical data. For example , I/O anal ysis can not only determine the impact
on the workload of a shipyard of introducing an additional destroyer into the
overhaul schedul e, hut also , and more importantly, it can estimate the increased
workload that will be required at a supply center to support the new overhaul.
Thus, both direct and indirect effects of the fleet are captured . It is hoped
tha t the I/O model will answer a variety of Navy management questions , such as:

1. For changes in fleet size or mix , wha t changes in workl oad can be
expected at each shore activity ?

2. What is the impact of changes in the shore establishment on the level
of fl eet support?

3. If ships are transferred from one homeport to another , what will be the
effect on the workload of ac tivities at each port?

An I / O  model representing the fleet—support demand network of the 11th Naval
District (llND ) is being developed for use by Navy managers. It requires data
on t~~e output of each shore activity and the destination of this output in
the fleet and at other shore activities. Fleet demands must be broken out by
ship type and aircraft model and by their movement and status. Since a large
da t a  base is e s sen t i a l  to an I/O model , curren t e f f o r t s  are devoted to col lect-
ing, organizing, and anal yzing data for use in describing a fleet—support demand
network.

Purpose

This data analysis effort focuses on workload demands placed on 10 11ND
shore activities. 1 These activities were selected for their wide range of
functions , outputs , and data problems ; their manpower intensities; and their
d irect and indirect linkages to the fleet. Further , they comprise about 42
percent of the total llND workforce.

1 These activities are the Long Beach Naval Shipyard , Long Beach; Naval
Supp ly Cen ter , San Diego ; Naval Air Rework Facility, North Island ; Naval
Air Stations , North Island and Miramar; Naval Regional Medical Center , San
Diego ; Naval Training Center , San Diego; Naval Station , San Diego; Public
Works Center , San Diego ; and the Development and Training Center , San Diego .
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The purpose of this report is to provide an anal ysis of demands on the
Naval Station , San I)iego (NAVSTA , San Diego).2

Bac kground

There are 13 U.S. naval stations located throughout the world . All arc
under t he supervision of thc Ccminanders In Chief , Atlantic , Pacific , and
European fleets depending on their location. Naval stations provide a large
var iety of support functions ranging from docking and berthing of ships to
processing personnel and maintaining a shore patrol. The size of each of these
functions varies from one station to another because of the number of ships
frequenting the station and the physical configuration of the port complex
where the station resides.

At NAVSTA , San D iego , there are nine major departments. However , two——
Waterfront Operations (WATEROPS) and Military Personnel (MILPERS)——not only
capture the scope of fleet support provided there but also comprise a sig—
n i f l c i n t  por t ion  of i ts  workload and manpower. 3 These two departments , plus
the Security Department , employ over 70 percent of the entire NAVSTA workforce .

L

The WATEROPS Depar tmen t prov ides thre e types of port services: tug; landing
cra f t , mechanized (LCM); and oiler . The first involves providing t’ig and pilot
services to ships as they arrive or depart the San Diego Naval Complex (SDNC),
change berths (“move”), or leave their berthing temporarily to allow another
sh ip to dock or depart (“holdoff”). The LCM tasks performed by WATEROPS include
“donut ” control (oil separation), paint float movement , shi p ass istance , and
“camel” delivery (ship separator placement). Finally, WATEROPS maintains several
nonseif—propelled oilers for fueling ships in the SDNC.

The MILPERS Department processes orders for separations, reenlistme nts,
transfers (PCS and TAD), and transients awaiting assignment. Thousands of
actio ns are handled annually for enl isted personnel and o f f i c e r s  pass ing thro ugh
NAVSTA , San Diego to and from the fleet and for similar personnel stationed at
the 22 tenant activities on board NAVSTA , San Diego .

2This is the eighth in a series of reports from the empirical study of work-
load demands p laced on 11ND shore activities. The first seven are listed in
the bibliograp hy.

3The remaining seven departments are: Legal Office , Admin istration , Chap—
lain ’s Off ice , Shore Patrol Department, Security Department , Degaussing Depart—
ment , and Suppl y Department.

~The demands on the Security Department were not analyzed in detail , since
most of its workload is generated by the physical plant at NAVSTA, ra ther than
by the fleet (e.g., security guard 3 for ingress and egress physical security).

2
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APPROAC h

Dat i Sources and I n i t i al  Process ing

A s t a t  i s t  1 ( ‘ L I  ( !e(o r i p t i o n  and ana l ysis of the work load  demands  p laced
on t h e  W a t e r f r o n t  O p e r a t i o n s  ( 1JATEROI’S) D e p a r t m e n t  by t he f l e e t  r equ I ri’; ii
large d a t a  base t h a t  i d en t i f  ies  the  t y p e  of sh ip  r e c e i v i n g  o er v i c e , t i l e  kind
of  service rendered , and some measure of the workload generated by the servi~’o .
Similarly , an analysis of the Militar y Personnel (MILPERS) Department workload
demands needs data that emphasizes the types and amounts of personnel actions
processed . Such data for WATEROPS were obtained from the NAVSTA , San Diego via
Bradford Computer and Systems , Inc., who constructed a computerized data base
from the “flat paper ” records maintained at WATEROPS. The data , obtained for
calendar year 1975, were in the form of daily logs for each service craft in
each of t h e  three port service categories of WATEROPS——tugs ; landing craft ,
mechanized (LC~1s); and oilers. These logs contained a record of each service
action performed for the year . From the first two service category logs ,
“st art ” and “stop ” t imes on each record allowed a computation of the hours
expended in the service action. However , since no “stop” time was available in
the oiler records , the workload measure for oiler service used in this anal ysis
was derived by sampling individual , handwritten oiler logs maintained monthly
by each oiler crew. All ship types receiving oiler services were sampled and
an “average hours expended in oiler service” demand rate was derived for each.
These rates ~;ere multi plied by the number of oiler actions a ship of the ap-
propriate type received to produce an estimate of the hours of oiler service
demand fo r  each ship  dur ing 1975.

“Hours expended ” in the various service categories was selected as the
workload measure for WATEROPS rather than such alternatives as “the number of
ships serviced ,” for several reasons. The latter , f or examp le , does not dis-
tinguish the difference in workload between provid ing tug service to a cruiser
or a patrol gunboat. NAVSTA , San Diego also uses this “hours expended” measure
in dail y workload planning.

Because these data permit an analysis of demands on WATEROPS in terms of
individual ship customers , it was possible to determine the feasibility of (1)
grouping ships by type , and (2) combining the three service categories into
an aggrega te  measure  ca l led  “hours  of port  service. ” It was also p o s s i b l e  to
derive tile proportion of total WATEROPS workload accruing to each ship type
and k ind of service provided and to determine the difference in WATEROPS work-
load for different ship types. If ships of the same type have similar demand
patterns , the fleet can be represented in an I/O model by ship types , w i t h
each type  having a f~ na1 d emand c o n s i s t i n g  of the number of ships in each t y p e .
When these data are included in an I/O model with data from other activities ,
the impot tance of second and higher order effects can be determined.

Initial processing involved calculating the total annual workload for each
ship  in ea ch h~TATEROPS service category . The results were used to  der ive  dis—
tribut Ions of workload by ship type and service category.

3
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A at  ud v ot  the work I oad g e ner a t e d  b y the  Ml  iA’ERS D e p a r t m e n t  wa .s made by
c,  11 ec t ing  da t  a on t he p e r s o n n e l  a l t  ions processed.  That da t a , obtained
d i  r e et  l y I ron the ~l I L}’ERS AIM’ sec t  ion , i n d i c a t e d  the  numher  of each type of
pt r SOIITW I let ion  I or each month o f  a I rI_ mon th  p e r i o d  f r o m  ~Janua ry 1975 t hr oug h
~~ * r~ Ii I 9 /  . (M l  LPE RS al ~~ uses “uurnbe  r of act  Ions p rocessed” as a measu r , of
wor~~1 o a d .)  Pre l i m i n a r y  p r o c e s s i n g  of the  d a t a  produced a d i s t r i b u t i o n  of wor l .’ —
lead by type of personnel act  on hand led .

A sid~ t r o m  the type of a c t i o n , i t  was h y p o t he s i ze d  tha t  the demands t o t
personn~’ 1 a c t  ions at M I L P E R S  we r In fluenced by the number  of people  pas s ing
t~i r ou g h the SA’~~~1A d u r i n g  a p a r t i c u l a r  pe r iod . To test t h i s  notion , a m e a su r e
of the demand p e p u l a t  ion , “ f l e e t  peop le days ” (per  m o n t h ) ,  was d e r i v e d . I t
i n v o l v e d  produ cing a r e l a t i v e l y  ac c u r a te  count  of the number of ac t ive  d u t y
N i v ’.’ pt ’rsetlllt ’l  s t a t i o n e d  on board shi ps in the SDNC per d a y .  The d a i l y logs
f or  M a r c h  1975—March l~~76 (J iniia rv and February 1975 were not a v a i l a b l e )  f r o m
NAVSTA were examined to determine which Navy ship~ were in port each day.F i n a l l y , a f t e r  compiling a l i s t  of a l l  th e U n i t  Identification Codes (UICs) for
tIlt appropria t. shi ps in  the  SDNC , month l y manpower da ta  were ob ta ined  f r o m  the
En l  i s t t d  }~~rsor,nt l M.inage’mcnt Center (EPMAC) in New Orleans fo r  e n l i s t e d  men
and f r o m  the 1’. rs( tl!l& l Diary Sect ion , PERS— 36 14 , in Washington , D .C .  fo r  o f f i ce r s .
The d a i l y r e su l t s  ~~ re aggrega ted  by month fo r  purposes of t h i s  ana lys i s .  T h i s
p r o v i d e d  a a su re  01 active duty Navy strength in the SDNC fo r  each of the  13
months of observation and established a basis for studying the relationship
between the size and configuration of the fleet and MILPERS workload .

An~~1 v sj s ot  ~ lt r front yj~erations (WATEROPS) Department Demand

11u a n a ly s i s  oi fl , t demand on WATEROPS focused on the ship type and the

~rrvice category as indicators of the source and intensity of demand . Ave rage
demand rates and standard deviations were computed for each ship type receiving
s e r v i c e  in e a ch  s e rv ic e  c a t e g o ry .  This involved looking at 116 ships , 25 sh ip
types , and 3 service categories. The d emand ra te  for  a shi p was measured in
‘ hours  of t u g ,  lP~f , and o i l e r  serv ice  per day in po r t . ” Demand data  were corn—
p i l e d  f o r  sh ips  w i t h i n  a t ype  fo r  the e n t i r e  year (1975).  If  a shi p was in por t
b r  15 days or nor e d u r i n g  3 consecut ive  months , data  for  that  shi p were incl uded
in the c a l cu l a t i on s . S The demand ra te  fo r  a shi p was ca lcula ted by d i v i d i n g  the
numbe r of hou r s  of service received in each service category by the t o t a l  number
of days in port during 1975. The demand rates for all ships w ithin a given typ e
and service category were then averaged to obtain the average demand rate for a
shi p of tha t type and service category.

,~s a genera ’  r u l e , I / O  a n a l y s t s  s t r i v e  fo r  the maximum amount of disaggrega—
t i o n  p o s s i b le  when  c l ) n s r r l J ( L i n g  an I/ O  mode l .  Use of a g g r e g a t i o n  r e s u l t s  in
loss of the a b i l i t y  to d i r e c t  I m p a c t s  to p a r t i c u l a r  functions within an I n d u s t r y
or activity. Howeve r, consolidation may be useful when there is a need to focus
attention on one or two p a rt icular areas or a desire to economize on processing
costs. It may be necessary when data on inputs iato or outputs from some or all
of the constituents are not available or incomp le te , bu t da ta for  the compos ite
measure are obtainable.

5lixclusions of ship data were made to eliminate possible outliers or data
extremes . Tile exclusion process limited the data base to predominately San
Diego—homeported ships. “In  por t ,” in our analysis , is def ined as being docked
or on local operations in the San l)iego area.

4
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In s t r u c t u r i n g  ti le Navy short  workload  I /O model , I t  is des i r ab le  t o
aggregate the three WATEROPS service categories , beca use Navy data do not
t r a c e  i n p u t s  ( r e q u i s i t i o n s , e t c . )  beyond the  ma jo r  depa r tmen t  level .  I t  i s
i m p o s s i b l e , f o r  example , t o  t e l l  how many r e q u i s i t i o n s  are r e qu i r e d  to pro-
duct ’ an hour of t u g  se rv ice .  Because t h e  o u t p u t s  of t he  service ( a t e g o r i t s
are i l l  measured in term s ot “hours of por t  service , ” average demand r a t e s
and s t a n d a r d  d e v i a t i o n s  were c a l c u l a t e d  fo r  each ship type  receiving se rv ice
using t h i s  new , consol ida ted  workload measure. 6 These demand r a t es  were
der ived  by summing the individual  shi p d~ mand r a tes  (hours per day in p o r t )
for each of t he  t h r e e  service ca tegor ies , and then  averag ing  over each shi p
t vpe

Wh ile aggregation may be necessary if input data to some of the constituents
are not known , it may also be beneficial by improving the accuracy of the fore-
casts of the various “final demand ” specifications imposed on an i/O model.
This hypothesis was tested in the case of final demands from the fleet on
WATEROPS. Forecasting accuracy was measured in terms of the relative variance
of demands within a ship type. Relative variance was calculated by dividing
the standard deviation of demand s of ships within a ship tYpe by t h e  aggregate
mean demand rat’ for ships within that type. Aggregation Is helpful if the
r e l a t i v e  v a r i a n c e  of por t  service  average demand r a t e  f o r  a ship type is less
t han  t h o s e  of t he  t h r e e  se rv ice  c a t e g o r i e s .

Ana ly s i s  of M i l i t a r y  P er sonne l  ( M I L P E R S )  l t j~ar tmen t Demand

l f lc  .inajvsi s of demands on M I L P E R S  c o n c e nt r a t e d  on d e r i v i n g  a c o e f f i c i e n t
r e l a t i n g  t o r i l  m o n ’h l v  ~I c t  i on s  and i t s  d r i v i n g  f a c t o r , “ f l e e t  peop le  da ’.’s per
m o n t h . ” A mean coe f f ie  ~e~l t  and s t a n d a r d  dev i a t  i n  were ~. i l c ~i 1 t t e d  by i~ e r a g in g
the  coe ’f i c  l e n t  f o r  each of t h e  13 m o n t h s  ohserved . An a t t e m p t  was made co
reduce t u e  v a r i a t i o n  t h e  cot ’ t t  i~ i . n t  by re ’nev in g  st a s o t t i l  in ~ lu t n c e s .
I n t u i t i v e ly , It was a n t i c i pa t e d  t h i t  c o t I f i c i e n t s  d e r i v e d  d u r i n g  t h e  h o l i d a y
p e r i o d s  ( : ;ov ember—Jan t i r y )  w o u l d  be u n r e a s o n a b l y  low ht c tu se  of t h e  reduced
number of p e r s on n e l  i t ions and i n f l a t e d  n u m b e r s  of  f l e e t  p e o p l e  d a y s .

1 Blanco and Rowe , in t h e i r  paper entitled Problems and benefits of aggrega-
tion in a Navy workload forecast ing input—output model , which was presented at
the joint nationa l meeting of the Opera t ions Research Soc iety of America and
the institute of Management Sciences , May 1977 , San Franc isco, discussed the
justification for aggregation in I/O models. They determined that aggregation
of the three serv i~ e 

( itegorles of the WATEROPS Departmen t was allowable on the
basis that their outputs wer constnned in the relativel y same propor t ion dur ing
the four quarters of 1975.
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RESULTS

Wa ter f r o n t Operations (WATEROPS) Department Demand

The Initial processing of WATEROPS data involved isolating the demand of
each sh ip for each type of service provided . During 1975, over 227 sh ips in
47 d ifferent ship types received some form of WATEROPS service. WATEROPS
provided 7499 and 1475 hours of tug and LCM service, respectively, and an
estimated 2479 hours of oil service.

Larges t Cus tomers

As indicated previously, NAVSTA provides four types of tug services to
the fleet: assistance in ship arrival , assistance in shi p depar ture , rearrange-
ment of a berthing configuration (“holdoff”), and moving a ship from one ber th
to another (“move”). A breakdown of tug workload by type of service in 1975
is presented in Table 1.

Table 1

Distribution of Tug Service Workload
NAVSTA , San Diego , 1975

Percen t of
Type of Tug Service Hours of Service Total Hours

Arrivals 1382 18

Departures 1413 19

Moves 2834 38
Holdof f s  1870 25

Total 7499 100

When ships were aggregated by type , it was found tha t the largest cus tomers
of tug services were frigates (FFs), nuclear submarines (SSN5), dock landing
ships (LSDs), destroyers (DDs), and cruisers (CGs), in that order. These five
ship types accounted for 43 percent .of tug service demand . The hours of tug
serv ice for  these shi p types are included in Table 2.
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Table 2

Tug Service Customers
NAVSTA , San Diego , 1975

Number of Ships Total Hours Percent of
Sh ip Type Observed in Type Expended Total Hours

FF 19 1137 15.2

SSN 15 625 8.3

LSD 7 502 6.7

DD 22 494 6.6

cc 8 483 6.4

All others 156 4258 56.8

Total 227 7499 100.0

WATEROPS provides four  types of land ing craf t , mechanized (LCM) services ,
w i t h  “donut ” control  (oil separt ion)  accounting for  83 percent (1219 hours)  of
LCM demand . The other services are paint float movement, “came l” delivery
(ship separator placement), and ship assistance. Analysis of LCM demand re-
vealed that the five largest LCN customers were frigates (FFs), destroyers (DDs),
tank landing ships (LSTs), guided missile destroyers (DDGs), and dock landing
ships (LSDs), in that order. These ships (N = 67) accounted for approximately
53 perc ent of all LCM workload during 1975. The LCM hours for these ship types
are included in Table 3.

Table 3

LCM Service Customers
NAVSTA , San Diego , 1975

Number of Ships Total Hours Percent of
Ship Type Observed in Type Expended Total Hours

FF 19 251 17.0

DD 20 183 12.4

1ST 10 135 9.1

DDG 11 110 7.5

LSD 7 107 7.3

All others 54 689 46.7

Total 121 1475 100.0
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F i n a l l y ,  WATEROPS o i ler  service consists of either pump ing oil of f of
a shi p (“ p u m p — o f f ” )  or t ak ing  oi l  onto an o i ler  (“ pump—on ”) at t he  Naval
Fuel F a ci l i t y  ( N F F ) .  Roughly 78 percent  (1945 hours) of total oiler hours
is spent  performing the former service. During 1975, 22 sh ip types r eceived
“ p u m p — o f f ”  o i 1e r  service , hu t  demands t rom only f ive accoun ted f or an es tima ted
53 percent of that workload . The “pump—off” oiler workload attributable
to those shi p types is included in Table 4.

Table’ 4

Oiler “Pump—Off” Cus tomers
NAVSTA , San Diego , 1975

Number of Ships Total Hours Percent of
Shi p Type Observed in Type Expended a Total Hours

FF 19 266 13.7

CC 8 202 10.4

DD 19 193 9.9

LSD 7 189 9 .7

DDC 9 185 9.5

All o the r s  52 910 46 .8

Total 114 1945 100.0

a
These oiler service hours are es t imates  derived by multiplying the total

number of oiler actions fo r  each ship type by an average hour expenditure per
ac t ion  obta ined f rom a sample of oiler crew logs.

Average Demand Rates

As indicated previously, the anal ysis of fleet demand on WATEROPS
identified the ship type and the service category as determinants of that demand .
Average demand rates (hours of service per day in port) and standard deviations
were calculated for each ship type and service category. Calculations included
da ta ~~~~ for those ships that were in port for 15 days or more during 3 con-
secutive months. Results appear in Table 5.

Although ships of the same type and service category generally had
similar demand patterns during 1975, there were some exceptions. First , for
some ship types, there were no t enough shi ps in the data base to conclude that
all ships of a type had similar workload demands. For examp le , in the o iler
service category, onl y one ship was observed in 5 of the 19 ship types. Similar
deficiencies occurred in the other categories. Second , in the tug service
category, 5 of the 21 ship types observed having two or more ships had a
standard dev iation of over 40 percent of their mean demand rate (last column).
Again , this problem was equally troublesome in the other two service categories.
Fina l ly ,  the o iler serv ice ra tes, while no t erra tic , migh t have been more reli-
able if it were not necessary to depend on estimates of oiler service hours,
which themselves were variable.

9



Table 5

Average Service Hours Per Day in Port by Ship
Type——NAVSTA . San Diego. 1975

Percent
Re l a t i ve
Vat lance

No. ShiPSa (S.D.. De—
Observed inand Rate

Symbol Shi p Type Demand Rate S .D.  in Type x 100)

Tug Service

AD Destroyer Tender 0.17 0.12 3 71
AGSS Auxiliary Submarine 0.03 0.00 1 0
AR Repair Ship 0.19 0.03 2 16
AS Submarine Tender 0.09 0.01 2 11
ASR Submarine Rescue Ship 0.25 0.30 2 120
ATF Fleet Ocean Tug 0.04 0.04 8 100
AU Oiler  0.58 0.19 2 33
CC Guided Missile Cruiser 0.31 0.20 8 65
CGN Guided Missile Cruiser ,

Nuclear 0.39 0.00 1 0
CVA Attack Aircraft Carrier 0.93 0.09 2 10
PD Destroyer 0.22 0.07 9 32
DDG Guided Missile Destroyer 0.21 0.05 8 24
IF Frigate 0.35 0.10 19 29
FF’~ Guided Missile Frigate 0.34 0.10 3 29
LCC Amphibious Coninand Ship 0.33 0.00 1 0
LXA AmphibfDus Cargo Ship 0 .53  0.12 4 23
LPA AmphPiious Transport 0.49 0.00 1 0
LPD Amphibious Transport

Dock 0.38 0.05 6 13
LPR Amphibious Assault Ship 0.38 0.14 3 37
LSD Dock Landing Ship 0.46 0.12 7 26
LST Tank Landing Ship 0.17 0.04 8 24
MSO Ocean Minesweeper 0.04 0.00 2 0
PG Patrol Gunboat 0.01 0.00 2 0
SS Submarine 0.06 0.05 4 83
SSN Submarine (Nuclear) 0.37 0.14 8 38

Total 116

LCM Service

AD Destroyer Tender 0.13 0.02 3 15
AR Repair Ship 0.14 0.04 2 29
ASR Submarine Rescue Ship 0.03 0.01 2 33
ATF Fleet Ocean Tug 0.05 0.02 8 40
CC Guided Missile Cruiser 0.08 0.05 7 63
OP Destroyer 0.08 0.02 9 25
DOG Guided Missile Destroyer 0.07 0.03 8 63
FF Frigate 0.08 0.04 19 50
FVG Guided Missile Frigate 0.08 0.01 3 13
LCC Amphibious Co~~and Sh ip 0.65 0.00 1 0
LJtA Amphibious Cargo Ship 0.07 0.02 4 29
LPA Amphibious Transport 0.13 0.00 1 0
LPD Amphibious Transport Dock 0.06 0.02 6 33
LPH Amphibious Assault Ship 0.09 0.05 3 56
LSD Doc k Land ing Ship 0.09 0.03 7 33
LST Tank Landing Ship 0.08 0.07 8 88
MS0 Ocean Minesweeper 0.04 0.01 2 25
PC Patrol Gun boat 0.02 0.00 2 0

Total 95

5)Iua ber of ships observed in type included in this table do not agree with
those shown in Tables 2 , 3 , and 4 since average desand rate computations in-
clud ed data 

~~ x. for tho se ships that were in port for 15 days or more during
3 consecutive months.
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Tab le S (Con t inued)

4 Percent
R elative
Variance

No. ShI P S a (S .D .  Dc—
Obse rved sand R a t e

Symbol Sh ip  Type Demand Rate  S.D. in Type x 100 )

Oi l .  r Serv 1c~’

Al) Dvst ru y e r  Tender 0.07 0.04 3 57
Repair Ship 0.06 0.03 2 50

ASk Subwarin . ’ Rescue Ship 0.04 0.00 1 0
All Flee t  Ocean Tug 0.03 0.00 2 0
CC Guided Miss i l e  Cru i se r  0.13 0.06 8 46
CGR Guided M i s s i l e  Cruiser .

N u c l e a r  0.01 0.00 1 0
CVA A t t a c k  A i r c r a f t  Car r i e r  0.78 0.33 2 42
1)1) Destroyer  0.09 0.03 9 33
UDG Guided Miss i le  Destroyer  0.12 0.04 7 33
IF Frigate 0.08 0.03 18 38
FF(; Guided Missile Frigate 0.09 0.01 3 11
LCC Amphibious Command Ship 0.10 0.00 1 0
LKA Amphibious Cargo Ship 0.15 0.07 4 47
LPA Amphibious Transport 0.18 0.00 1 0
LPD Amp hibious Transport .

Dock 0.13 0.05 6 38
LPH Amphibious Assault Ship 0.17 0.11 3 65
LSD Dock Landing Ship 0.16 0.09 7 56
LST Tank Landing Ship 0.06 0.03 8 50
MSO Ocean Minesweeper 0.02 0.00 1 0

Total 87

Port Service (Aggregation of Tug, LCM , and Oiler Service)

AD Destroyer Tender 0.37 0.16 3 44
AGSS Auxiliary Submarine 0.03 0.00 1 0
AR Repair Ship 0.39 0.02 2 5
AS Submarine Tender 0.09 0.01 2 11
ASS Submarine Rescue Ship 0.30 0.35 2 115
ATF Fleet Ocean Tug 0.10 0.06 8 60
AD Oiler 0.58 0.19 2 33
CC Guided Missile Cruiser 0.52 0.22 8 43
CCN Guided Missile Cruiser ,

Nuclear 0.40 0.00 1 0
CVA Attack Aircraft Carrier 1.71 0.43 2 25
DII Destroyer 0.39 0.08 9 21
ULIG Guided Missile Destroyer 0.39 0.08 8 21
IF Frigate 0.51 0.13 19 25
FO~ Guided Mls~ 1le Frigate 0.50 0.10 3 20
LCC Amphibious Command Ship 1.08 0.00 1 0
LKA Amphibious Cargo Ship 0.75 0.18 4 24
LPA Amphibious Transport 0.70 0.00 1 0
LPZ) Amphibious Transport Dock 0.56 0.11 6 19
LPH Amphibious Assault Ship 0.64 0.18 3 28
LSD Dock Landing Ship 0.71 0.20 7 28
LST Tank Land i ng Ship 0.31 0.07 8 23
MSO 0~ean Mine sweeDer 0.09 0.01 2 11
PG Patrol Gunboat 0.03 0.00 2 0
SS Submarine 0.06 0.05 4 83
SSN Submarine, Nuclear 0.37 0.14 8 38

Total 116

*Nu~~.r ~‘f ships observed in type included in this table do not agree with
thos e shown in Tables 2 , 3, and 4 since average demand rate calculations in-
cl uded data .x for those ships that were in por t for 13 days or more during
3 consecutive months.
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Demand A g g r e gat i o n

Because data on productive i npu t s  to each of t he  t h r e e  In d i v i d u a l
service categori es were not available , the outputs of those categories were
summed to form the aggregate WATEROPS workload measure “hours of port service. ”
Average demand rates and standard deviations calculated for each ship type
u s i n g  t h i s  conso l ida ted  measure  appear in Tabl e 5, along with measures of the
relative variance of each demand r a t e .  When the r e l a t i v e  v a r i a n c e  of the  ag —
greyate or port service average demand rate for a ship type Is compared to
that of t h e three service categories individuall y, it is hypothesized that it
would be sma l l e r , indicating an improvement in the accuracy  of “final demand ”
fore~ asting as a result of us ing  the consolidated demand rate. To test this
hypothesis , the demand rates , standard deviations , and relative variances com-
puted for four large ship types——D1 )s, DD(s, FFs , and LSTs——f or the WATEROPS
serv ice categories shown in Table 5 were compared . Results are shown in
Tabl e 6, which ind icates that aggregation indeed was beneficial; that is, the
relative variance for the port service category is smallest in all four cases.

In several other ship types, the rela tive variance of the aggregate
demand rate was less than two of the relative variance of any of the con-
stituents , ind icating that aggregation is still quite useful. Even in cases
wher e there was li tt le or no reduc t ion in rela t ive var iance , aggrega t ion should
not necessarily be discarded . Such results simply indicate that an often use-
ful derivative of aggregation is not applicable under such conditions.

Military Personnel (MILPERS) Demand

Mil itary personnel actions were classified as either (1) gains or losses
to the Navy (reenlis tmen ts, retirements) or (2) gains or losses to the activity
(e.g., PCS , TAD , etc.). In addition , data were gathered to indicate whether
the a c t i o n  was of a disc i p l i n a r y  n a t u r e .  Resul ts  appear in Table 7. As shown ,
during the 13—month observation period , 42 ,772 personnel actions were pro-
cessed by MILPERS , 73 percent of which were activity related . Nearly 90
percent of the actions were nondisciplinary,

The coefficient (which links demand with the demand popula t ion ) to he used
as the demand ind icator for the MILPERS sector of the I/O model was obtained
by (1) computing a ratio relating the number of personnel ac t ions per f lee t
people day for each of the 13 months of data, and (2) averaging these monthly
coefficien ts to derive a mean monthly demand rate (coefficient) of .0051.

Several attempts were made to reduce variation in that mean demand rate
by removing seasonal fluctuation. This consisted of little more than simplistic
“smoothing,” since the lack of sufficient data precluded any sophisticated
anal ysis. In the first attempt , the mean coefficient was recalculated after
removing the data for the observations for the three seasonally e f f e c ted mon ths
(November and December 1975; January 1976). This smoothing process increased
the mean monthly coefficient to .0055 and reduced the relative variance from
20 to 15 percen t (a 25% reduction). In the second attempt , the seasonal in-
fluence was eliminated by substituting the coefficients for the three “seasonal”
months with the average of the 10 remaining observations. This method also in-
creased the mean coefficient to .0055; further , It decreased the relative
variance to only 13 percent. As more data becomes available, further attempts
to eliminate seasonal and other variations can be made.

12
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Table 6

Comparison of Statistics for WATEROPS Service Categories
for Selected Ship Types, NAVSTA , San Diego , 1975

No. Ships Percent Relative
Sh ip Service Demand Standard Observed Variance (S.D.
Type Category Rate Deviation in Type Demand Rate x 100)

DD Tug 0.22 0.07 9 32
LCII 0.08 0.02 9 25
Oiler 0.09 0.03 9 33
Port Service 0.39 0.08 9 21

DDG Tug 0.21 0.05 8 24
LCM 0.07 0.03 8 43
Oiler 0.12 0.04 7 33
Port Service 0.39 0.08 8 21

FF Tug 0.35 0.10 19 29
LC?1 0.08 0.04 19 50
Oiler 0.08 0.03 18 38
Port Service 0.51 0.13 19 25

LST Tug 0.17 0.04 8 24
LCM 0.08 0.07 8 88
Oiler 0.06 0.03 8 50
Port Service 0.31 0.07 8 23
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Table 7

Personnel Actions Processed , MILPERS, NAV STA, San Diego
(March 1975—March 1976)

Personnel Number Percent of
Action Observed Total

Navy—related

Gain:

Nondisciplinary 1020 2.4
Disciplinary 648 1.5

Total 1668 3.9

Loss:

Nondisciplinary 8867 20.7
Disc iplinary 1009 2.4

Total 9876 23.1

Total——Navy 11544 27.0

Activity—related

Gain:

Nondiscipl inary 17708 41.4
Disciplinary 1882 4.4

Total 19590 45.8

Loss:

Nondisciplinary 10510 24.6
Disc iplinary 1128 2.6

Total 11638 27.2
Total——Ac tivity 31228 73.0

GRAND TOTAL 42772 100.0
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The three mean coefficients , and their related statistics , appear in
Table 8.

Table 8

Mean Coeff ic ien ts Compu ted for
MILPERS Actions per Fleet People Day

NAVSTA , San Diego (March 1975—March 1976)

Percent
Mean Standard No. Relative Variance
Monthly Value Deviation Mos. (S.D. I Value x 100)

1 .0051 .0010 13 20

2 .0055 .0009 10 15

3 .0055 .0007 13 13

15
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CONCL U SIONS

The analysis of demands on the Nava l  Station , San Diego (NAVSTA , San liiego)
permits some general conclusions on t h e  feasibility of building an input—output
( I / O) model of t h e  f l e e t — s u p p o r t  demand n e t w o r k .

1. Data exist in several forms in several locations to measure a variety
o f dem ands on NAVSTA , San Diego. Although these data will fit Into an I/O
framework , collection and analysis of the data are difficult and expensive .
For exa mple , computerized Waterfront Operations (WATEROPS) workload data were
obta ined  on a “on e t i m e” basis by c o n t r a c t .  To update those da ta  in t h e  f u t u r e
may require extracting and organizing data from numerous flat paper reports
f r om NAVSTA , San Diego itself.

2. An I/O model of a national economy or of a Navy fleet—support network
is d i v i ded  i n t o  s e c t o r s .  In the  case of a na t iona l  model , sec tors  g e n e r a l ly
represent industries (automobiles , textiles , etc.) producing a single , measure—
able output. Similarl y, it was originall y hoped that each sector in the  N a v y
shore workload forecasting I/o model would be one of the 10 activities mentioned
above. However , this analysis af the workload indicates that at least two major
outputs exist at NAVSTA , San h)iego. Consequentl y, the 1/0 model should have at
least two sectors representing these two major workload areas.

3. Since ship type clearl y affected demand s placed on WATEROPS , the I/O
model must not ignore t h e differences in workload attributable to , for example ,
a submarine vs. an aircraft carrier.

4. The results of this study will he used to develop I/O coefficients for
the  NAVSTA , San Diego sectors  of the I/O  model .  These resu l t s  wi l l  he used in
c o m b i n a t i o n  w i t h  r e s u l t s  f r o m  anal yses of demands on o ther  major  shore a c t i v i t i e s .
For example , an I/O coefficient relating WATEROPS and the Naval Supply Center ,
San Diego  m i g h t  be measured In u n i t s  of r equ i s i t i ons  of supply  per hour of por t
s e rv i ce .

5. Since WATERO P S serv ices pr ima r i l y San Diego—homeported ships , changing
the homeport of ships is very likel y to affect the workload of that department.
Such changes could , in turn , af f e c t M IL PERS workl oad by altering the number of
fleet people days per month at NAVSTA , San Diego .

6. Because the services provided and workload generated by naval stat ions
tend to reflect the particular port complex in which they reside , it may be
difficult to use this analysis to represent other naval stations as part of a
Navy—wide 1/0 model. Consequentl y, it may he necessary to perform similar kinds
of analyses for other naval stations.
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RECOMMENDATIONS

1. The va r iance  in the M I LPERS demand c o e f f i c i e n t  was reduced by remov-
ing some of the seasonal influence. Since it may be possible to further
diminish this variability by employ ing t~~re sophisticated statistical tech-
niques , data collection should continue to provide sufficient data necessary
for  suc h t echniques .

2. A naval station ’s workload varies in terms of the functions it provides
to the fleet and the particular port comp lex it resides. Thus, it is recom-
mend ed that similar kinds of analyses be performed at other naval stations
belore this community is included in a Navy—wide I/O model.
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