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This report is composed of four volumes. Volume I contains a summary of
the IFRS management planning tool. A detailed discussion of each of the
five submodels and associated data files is contained in Volume II. A
manual discussing the use of the automated model is provided in Volume III
and the programmer ’s manual is contained in Volume IV.

•__~~~~~~~~~
.
~~~~~~~ j  L%iCAZ If ~

I
~J~~~ ~~MI J~~~ L(WfI~~~~ at a 1Ist.~~~ p..- ——.



9

OPERATIONS RES EARCH , Inc.
SILVFl ~ sI ’K IN ;. M..tR ~~I..ir ~fl

- DE VELOPMENT OF A PRE LIMINARY AUTOMATE D
TOTAL SYS TEM S MODEL FOR THE INTE GRATED

FACILITIES REQUIREMENTS STUDY (IFRS)
PHASE II

— VOLUME Il—APPENDICES A THROUGH M

9 February 1970

Pr.p.rü eide r Coutract N00025-67-C-0031
(NSy .7$672) for th e Navel FacUl t ies Iu~ius .riug Co..a.d

I D.part.. ut of t ie Navy
Washi.~toa D.C .

I
I
I

I 

~~~~~~~~~~~~~~~~~~~~~~~ 
— ,. -- —— .- — -- —-.- .



I
t

FOREWORD

This report documents the second phase of the multi-phase Integrated
Facilities Req uirements Study (IFRS) . It has been prepared for the Systems
Analysis  Division of the Office of the Assistant Commander for Facilities
Planning (Code 20), Nava l Facilities Engineering Command ( NAVFAC) ,
Depa rtment of the Navy,  as part of Contract N 000Z 5-67-C— 00 3 1 (NBy-7867 2)
awa rded to Operations Research , Inc. , in June 1969 .

In Phase I , two ana lytic submodels were developed . The first,  a
Logistics Support Requirements Generator , estimates personnel , aircra ft , and
fuel  requirements for each training phase. The second , a Pacing Facilities
Requirements Submodel , calculates facility requirements for each phase of

- 

- 

training .

The purpose of the Phase II study was to develop a prelimina ry tota l
systems IFRS model (Including the two submodels developed in Phase I , as
well as base loading , facil i t ies excess/deficiency, and total cost submodels),
and automate the model so tha t it provides quick , accurate , and relevant
information for use in the decision-making process. The present IFRS model
is working to provide useful information to the decision maker. Refinement
and expansion of the present Phase II model will be completed in Phase III.

This report is com posed of four volumes. Volume I contains a summary
of the IFRS management planning tool. A detailed discussion of each of the
five submodels and associated data files is contained in Volume II. A ma nua l
discussing the use of the automated model is provided in Volume III and the
programmer ’s manua l is contained in Volume 1V.
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p4
The IFRS model was developed and programme d by staff  members of the

Economic An alysis Division of Operations Research , Inc . , under the direction of
Dr . Wil l iam I. Leinin ger , Vice President and Division Director , and Thomas N .
Kyle , Projec t Manager . The project team members wr r v  Richard D. Hei lbron ,
John H .  Avila , Frederick L . McCoy , Thomas L. Shaffer , and Dr . Joan L. Turek .

Mr. Dennis Whancj of the Systems Analysis  Division of Facilitie s Plan-
ni ng was contract monitor for NAVFAC. In addition , valuable assistance was
provided by many other Navy personnel including , in particular , those in the
Office of the Staff Civil Engineer and the Training/Plans Division of the Na val
Air Training Command and in the Systems Analysis  Division of NAVFA C. The
authors grate fully acknowledge the contributions made by all of these people to
the development of the IFRS model.
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APP [ND IX A

I NTRODUCT ION

A .  1 The purpose of th i s  volume is to provide an in—dep th  d iscuss ion  of the
component parts of the Integrated Fac i l i t i e s  Requirement s (IFRS ) model .  The
overall r e l a t ionsh ip  of the submoclels and data f i les  programmed in the IFRS
model was  d i scussed  in Volume I and is shown in F’igure A .  1.

A . 2  Each submodel  is d iscussed separately in this  volume , wi th  inputs ,
methodology , and outputs  descr ibed.  The runway methodology developed is
also d iscussed separately herein , even though it is not ident i f ied as a separate
submode l .  Several data f i les  are incorporated in the model .  The use of data
f i l e s  permi t s  the same planning  factors to be accessed by di f ferent  submodels
wi thou t  dup l ica t ion  and also al lows the user to eas i ly  cha ng e the p lanning
factors at the termina l without  reprogramming . Furthermore , the data f i l e s
are organized so that  all data of the same category are included in a separate
f i l e . For ins tance , aircraft  related data are contained in the Aircraft  Data
File , 9pecif ic  base data in the Base Data File , etc . These data f i les , as
well  as the submode ls  and runway methodology , are described in Appendices

-- B through I .

A .3 The Performanc e Model developed by the Navy appears in Appendix J .
A discussion of some of the quan t i f i ca t ion  problems encountered appears in
Appe nd ix K .  A d i s cus s ion  of the sen s it ivi ty ana lys i s  completed in Phase II
appea rs in Ap pe ndix  L; a bibl i ogr aphy is provided in Appendix M.

A . 4  It is rn commended that  Volume I be studied i n i t i a l l y  and that  Volume II
be consulted when part icular  question s arise.

A -i

________ - — — -~~~~~~-- - -- -~~ — .- -



H 1 ~~~~~ 
M 

~~~~~
LT’ h-

— 
~~~~ ~haw~~~~Base - 

~~~~ L oa il ’ iq
‘a d i nq  __________ 

Data by

- ~~~~~~~~ e O a m a  
- 

~~~~~~~~ 

~~~~~~~~~~~~~~~~~~

1C ivu I  i F ac i l u t i es
Engin eering \ . ... J Requirements
Plannin g j I Submode l
Factors

~~~~~~~af t  

L~~~~~~

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

L 

~~~ S~~ PIanr iuc q

— ____-
~~~ lo tal Systems Cost (T5C) Subm odel

L 
~~~~~~~~~~~~~~~~~~~~~~~~~~

FIGURE A . I .  IFRS SIMUlATION CONCEPT

____ - - 
—-,  

~~~~~~~~~ 
- --

~~~~~~~~——~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
-• - - •  

~~~~~~~~ 
• • • i —

~~ - - -



r

A P P E N D I X  B

()( ;I~~U l ( S SUPPORT R E Q U I R E M E N T S  (LSR) GENE RA TOR

B.  1 The purpose of the LSR Generator is to develop the  personnel , a i rc ra f t ,
and bu lk  fuel  required to support a par t icu lar  PTR for each phase in the pilot
t r a in ing  program. The basic methodology was developed in the Phase I study
and autom lt ( l in Phase I I .

B .  2 While  au tomat ing  the L SP. Generator minor methodological  changes were
m a ~ n to provi le the MATRACOM wi th  a more accurate and f l ex ib le  p l ann in g  tool .
The changes are d i scussed  in th i s  append ix .  Also provided here , see Table B .  1 ,
is a l i s t  of the current pilot t ra in ing p lanning factors wh ich  serve as th e dat a
base for all examples  of the T S R  Generator . Sample computer  pr in touts  of
th T S R  Generator ap p  ir in Volume I of th is  report .

PHASE 11 CH A N C L S

B .3  The Phase I m tho  loloqy was changed by:

• Ad l i t i on  of l a n d i n g  support o f f ice r  requirements

• Changes in ai rcraf t  requirement s calculat ions

• Addi t ion  of m u l t i p l e  p i p e l i n e s .

T h s  m o d i f i c a t i o n s  are d i s c u s s er l  in the f ol lowing p aragraphs .

~ r’e integr ate d  F a c i l i t i e s  Requi rements  Study, Phase I, ORI TR 520 ,
5 D cemh r 196 R , for a d i s c u s s i o n  of the development  and methodology

• of t h e  two—model  s y s tem .
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I
l a n d i n g  Support O f f i c e r s

B.  4 To accoun t  for t h e  , l l I J i t i o n a l  o f f i c ’ rs who ar’ req ur ed  for the  ~e r cr a f t
car r i er  q u a l i f i c a t i o n s  t r a i n i n g  phases , the category of l an d i n g  support o f t l c ’ rs
(I SO) was ad ~ i ’  I to the T S R  Generator . The LSO r e q u i r em e n t s  for t r a i n i n g
phase  i , I SO~ , are c-omput ed by:

LSO~ = ST,~ / KL SO~ (B . 1)

where  SL~ = average s tuden t  load for t r a i n i n g  phase  i

KT SO~ = average number  of s t ud en t s  a s ing le  l a n d i n g
support o f f i ce  can support in the  1th t r a i n i n g
phase .

B .~ Since the l a n d i n g  support  o f f icers  genera l ly  requi re  less pre paratory
ins t ruc t ion  than  f l i g h t  ins t ructors  prior to the t i m e  they ar e permit ted to aid
in the l and ing  of s tudent  pilot s , the required number of l and ing  support
o f f i ce r s  is not increased to ref lect  a t r a in ing  period .

Air craf t_~~~ u i remcnt s Ca l cu l a t i ons

B. ’ The number  o~ a i rc ra f t  of type t that  are required in the ~th tr a in ing
phase  (ACt ) is computed by

t
Ac

t = (SO 1) ( F H j )  
(B . 2 )1 (AU t ) (AFD) (wX~)

1 1

wh ’ r SO . = a n n u a l  PTR for the ~th t r a i n i n g  p h a i s i ’

f ’ Il ~ = a ” r a q e  n u m b e r  of typ e  t a i rc raf t  f l i g h t
hours , both overhead and  s y l l a b u s ,
r e q u i r l for a s tudent  to s u c c e s s f u l l y
complete  the ~th  t r a i n i n g  phase

= average d a i l y  n u m b e r  of hour s an air—
cr af t  of type  t may  be u t i l i z e d  for the
t r a i n i n g  of pi lot s in th e  ~th t r a i n i n g
phase  as s um i n g  perfect  weather
p r ev a i l s ;  i . e . , no s c h e d u l e d  f l i g h t s
in - d e l a y e  I or Can e i ’ l i d  due to adverse

w eath er

B -  3
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AFF ) = a f l f luc1 l numb er  of days  w h i c h  are
schedu l ed  for f l i g h t  t r a i n i n g

p r i nt of the  a n n u a l  weather  w h i c h
is f lv ible for ai rcra f t  type  t in train-
i ng phase  i .

B. 7 The u1)OV e f o r m u l at i o n  of a i r c r a f t  r equ i remen t s  d i f f e r s  from the for~m u l at i on
developed in t he  1F11 5 Pha se  I F ina l  Report in two ways:  (a) weather  (WX~ ) is
developed w i t h  respect  to the a i rcraf t  type w i t h i n  a t ra in ing phase ra ther  than
be in g  ph ase  spec i f i c ;  and (b) annual  a ircraft  u t i l i z a t i o n  is computed (da i ly
u t i l i z a t i o n  t i m e s  a n n u a l  scheduled  f ly  days)  ra ther  t han  entered as a s ingle
planning  factor .

B. 8 Should d i f f e ren t  types of f l i g h t  ins t ruc t ion  exis t  w i t h i n  a pa r t i cu la r
t r a i n i n g  phase , viz , fl ight  and ‘ in— f l i gh t ’ i n s t r umen ta t i on , the  pre v a i l i n g
~,.i ca ther  may a f fec t  each ins t ruc t ion  type d i f f e r e n t l y .  For example , ins t rument
f l i g h t  requires  that  a q u a l i f i e d  instructor accompany th~ s tudent  pilot whi l e
he is f ly ing  on i n s t r u m e n t s .  Since the inst ructor  pilot is experienced in f ly ing
in a lvers e weather , a sortie migh t  not be canceled when the weather is marg ina l .
On the other hand , wi th  the same margina l  weather  condit ions , if a new student
were f l y i n g , a normal sortie could be canceled due to the weather . Consequent ly ,
orienting the weather  factor to the type  of a i rcraf t  ins t ruct ion resul ts  in a more
f l ex ib l e  methodology .

13.9 Annual  a i rc ra f t  u t i l i z a t i o n  ra tes  are computed in the automated IF RS
s”st em as th e  product of d a i l y  u t i l i z a t i o n  rates and the number of days which
are annua l l y  scheduled for f l i gh t  ins t ruc t ion .  This  permits  the user to rap id l y
eva lua te  the consequences associated with  an increase or decrease in the days
scheduled  for f l i gh t  ins t ruc t ion . Note that  if the I FRS Phase I methodology had
been used wi thout  change , the aircraft  u t i l i z a t i on  p lann ing  factors would have
had to be revised to evalua te  changes  in the scheduled f l i g h t  ins t ruc t ion  days .

Mul t ip le  Tra in ing  P ipe l i ne s

B . 10  The NATRACOM draws student  pilot s from various sources: Navy ,
Marines , Coast Gcca r ’I , and foreign governments .  The s tudent  curr iculum
varies as a func t ion  of the source of the student , e . g . ,  Marines are not
trained in Adva nce Prop , Coast Guard personnel do not part i cipate in carrier
qua l i f i ca t io ns , etc . Als o , histo ric attri t ion data indicate that  phase attri t ion
rates vary with respect to the source of the stud ent . To enhance the accuracy
of the LSR Generator , the methodolo gy was changed to enable the user to
incorporate several t r a in ing  p ipe l ines , i . e . , one for each student  source .

3 . 11 The comput at ional  procedure s for determinin g the student output and
student input for each t ra in in g phase are ident ica l  to those presented in the
IFR S Phase I Final  Report . The student  inputs , output s , a nd attrite s are
computed separately for each t ra inin g p ipe l in e , then agg regated over all phases .
The remainder  of the T S R  Generator is presented in the Phase I Report .
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A P P E N D I X  C

BAS E l OADING SI TBMOD EL

I N TRODU CT I ON

C. 1 The purpose of the Base Loading Submodel is to calculate  total personnel
ari d a ircraf t  a s s i g n m e n t s  and fuel  consumpt ion  for each base in the pilot t r a in ing
program . The fo l lowing  f u n c t i o n s  are performed wi th in  the Base Loading Submodel .

a .  The t i m e — s n a r i n g  operator a s s igns  each phase of
t r a i n i n g  to a spec i f ic  base . On th i s  bas i s , the
t ra in ing  phase data calculated in the LSR generator

1 are a s s i g n e d  to a spec i f ic  base .

b. Tenant personnel and aircraft  curr ently located
at each base are added to the t ra in ing phase
da ta .

I c. NAS personnel necessary to support the t ra ining
phase and t enant  personnel and a ircraft are calcu-
lated for each base .

I These base spec i f ic  data are then entered as inpu t  to the Fdcil it ies Requirements
and Total Sy stems Cost Submodels .

I OVERVI EW

C. 2  T h i s  submodel is an ext remely valuable tool for enhanc ing  the f l e x i b i l i t y

I of the IF RS by a l lowing the decision maker to exper imenta l ly  ass ign  a training
phase to any of th e  eight exis t ing pilot t ra ining bases or to a completely new , or
phantom base . C u r r e n t ly ,  i n d i v i d u a l  phases are assigned completely to one
base .  However , wi th  the  use of the submodel , either a complete or a par t ia l

I t r a ininc phase can be ass igned to a~~.oLth~ nine bases by the operator~by
typ ing  the appropriate  data into the t ime sharing te rminal .  With th is  f l o x i b i l i t \ ,

I
r



the ana lys t  could  conceivably  a s s ign  a t r a i n i n g  phase to as many as  nine
d i f f e r en t  l o c a t i o n s .  The seli ’ l u l e  cur ren t ly  used  in a s s i g n in g  phases  to bases
is presented in Table ( . 1

C .3  The fo l lowing  h y p o t h e t i c a l  var i at ions  i~f the  current a s s i g n m e n t s  of phase
to a base ~~c , i  h i  be

• Ass ign  a l l  t r a i n i n g  phases to one base

• Ass ign  Part s of one phase  to severa l bases

• Ass ign  a l l  phases to two or three bases

• Ass i gn  a part of each phase to each base .

This submodel permits the decis ion maker to examine  the ef fec t  of a change in
phase to base a s s i g n m e n t , e . g . ,  a change on the part of NATRACOM fro m a
m u l t i p l e  to a s ingle  base t ra in ing  concept .

C. -4 The p lacement  of the  Base Loading Subrn odel wi th in  the overall  context
of the  IFRS effor t  is shown in the  In t roduct io n to t h i s  v o l u m e . A mor e deta d e l
representation of the submodel  appears as Figure C.  1 , which shows the sub-
model w i t h  its associated inpu ts  and outputs . The data inputs  include the
phase to base a s s ignmen t  selected by the user , the I,SR Generator output s ,
the Base Data I ’ile , ari d the  Aircraft  Data File . The data outputs include the
complete spec i f ica t ion  of base loading data , including personnel , aircra ft ,
fuel , and runway requirements  for each base to which a phase ass ignment  has
been made.

Base Loading Submodel Inpu ts

C .5 Each of the  four input sources shown in Figure C. 1 is discussed in the
f o l l c a v i n n  p a r a g r a p h s .

C .6  LSR Generator. The following inputs fro m the  LSR Generator are indepen-
dent of any par t icular  geographic area: .1”

• Phase Personnel—Th e number of studen t s  (average
s tuden t  load) , officers , and enlisted men required
by each phase for a specific PTR , MIX , and MODE

• Aircraft —The number and types of operationa l air-
craft required by each pha se to support a specific
PTR , MIX , and MODE

• t~~~L—The amoun t  of each type of fuel  required
an n u a l l y  to support  each phase of pilot t ra ining g

• Runway  R e q u i r e m e n t s — T h e  number and type of “ pure ”
runways required for each phase of t ra ining .

See Appendix  B for T~SR methodology .

See Appendix H for a definition of “ pure ” runway re quirem ents.
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TABLE C . I

C I k L L N T  P HASE TO BASE A S S I G N M E N T  S C H E I ) I  I ,E*

Phase  NAS A m o u n t

Pr imary  Sau fl ey  1 . 0

2 AOC School Pensacola 1. 0

• 3 I ’l iqh t  Systems Pensaco la I . 0

1 Basic Jet A Meridia n 1 . 0

5 Basic Jet B Meridian 1 .0

6 Basic Jet CO Pensacola 1 . 0

7 Adv Jet Kingsv i l l e  1 . 0

8 Adv Jet Chase 1.0

9 Basic Pro p Whit ing 1 .0

10 Basic Pro p CO Saufley 1 .0

• 11 Adv Prop Corpus Chr i s t i  1 .0

12 Pre-Helo  Pensacola 1.0

- . 13 Helo Pr imary  E l l y s o n  1 .0

1-1 Helo Advanced Cl lyson  1 .0

* 1 J a n u a r y  1970.
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• O I l ’  R e q u i r em e n t s — T h e  number  of o u t l y in g  l a n d i n g
f i e l  I s r equ i r ed  for each phase  of t r a i n i n g

• ~‘oj~~pace l i e t o r—The  f r a c t i o n  of th i  - total  av a i l a b l e
a ir s p a c e  u t i l i z e d  by each phase of t r a i n i n g .

A~ or’ ’ ’ - i o i s l y in  l i c i t  d , t h e s e  i n p u t s  are al l  phase s p e c i f i c , i . e . , ire not
a s s o c ia te  I w i t h  any ~p i - c i t i c  geographic  l o c a t i o n .

C . 7 P i s ’  ) it  1 . The fo l lowing  dat a are cont~~ine ’- l in  the  Base ) t a  F i l e :

• Fenan t _ ‘ ‘ r so~ n c- l — ’fhe number  of t e n a n t  s tuden t s ,
o f f i - -rs , en l i s t ,  -d men , and c i v i l i a n s  at each of
the  e ieh t  ex i s t i n g  bases

• Tenant  and NAS Aircraf t—T he number of a i rc ra f t
not u s !  for pilot t r a in ing  stat ioned at each base .

T ces l i L t  ir e hose speci fic and independen t  1 the p i lo t  training progra m and
ire used t i  d - I l c u l a t e  NAS personnel  and fue l  requi rements  at  each base .  In

gee r i l , th i s  i n f o r m a t i o n  should not  ‘ary  as a f u n c t i o n  of changes in the pilot
t r a i l i i n q  pr ’ j r i m ;  i t  is thu s  stored in the  Base Data Fi le . The t enan t  pe

,~
sonnel

da t  c u r r en t l y  in t h e  model are d isp layed  in Annex 1 ta th is  appendix )~
C .  -I A i r c r a f t  D - i t a  File. The fol lowing data  fro m the  Aircra ft Data File serve
as i n p u t s  to t i f l -  Base Loading Submode l :

• A n n u a l  F u e l— T h e  amount  of fuel  used a n n u a l l y  per
aircra ft by t enan t  and NAS ai rcraf t , by type of fuel

1101 l i r d - r i f t

These I - i t - i  ir e used to calculate tota l fuel used by t e n a n t  and NAS aircraft  at
e ,i c i ’ , h - i s o . ‘l ’hu data in the Aircra ft Data File appear  in Table E. ~ ( A p p e n d i x  E) .

C . i Phase to Base Ass ignmen t s. These input s are typed into the on- l ine
t ’ r r n i n i l  by the operator . The current Phase Ass ignment  Schedule  is d i sp l ayed

n Ta i l -  C .  I and is typed into the terminal  as shown in Table C .2 . The phase
n u m b  r , the  f i r s t  four characters of the base name , and the f ract ion of the phase

i s r i q r ,’ - I  to that  base or ’- entered unt i l  each phase is comple te ly  ass ig~ied .
(~~. 10 The dec is ions  made by the I FRS program operator in a s s i g n i n g  phases  to
h i s ’ s is  on of t h ’  most c r i t ica l  decis ion points in the IF RS program . Care
m u t  he t a k r ’n  to selec t  - i t  leas t  a reasonab le  combinat ion of phases  to bases ,

• or else large f a c i l i t y  de f i c i enc i e s  and/or excesses wi l l  appear , r e su l t ing  in
ei ther  la r q - q u a n t i t i e s  of unused  fac i l i t i es  or large inves tment  costs necessary
to o f f s ’  t f a c i l i t y  r 1 ( - f i c i t s . When selecting phase to base a s s i g n m e n t s , the
operator should  h i -  f a m i l i a r  with the approximate  sizes of the present operat ing
bases , to he a i d ’ -  to make r e a l i s t i c  phase a s s i g n m e n t s .

The iqqr - q , i t i -  of these data appears in Table E. I of Append ix i : .

- 
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TABLE C .2

D E C I S I O N  M A KI ; R  I N P U T  OF P I I A S I I
TO BAS E A SSI (  :N MFN ’[’  S C I I r D u l . I 1

PHASE ALLOCATION : ASSIGN EACH PHASE AS --
I I ,AAAA , .XX
WHERE: II PHASE (2 DIG ITS ) AAAA BASE CODE ;

.XX = PERCENT AT BASE (1.0 lOOt )
BASE CODES: CHAS CORP ELLY

K ING M E RI PENS
SAUF W H I T  PHAN

II = 0 TO TERMINA TE :?O1~~SAU F ,l .

N E XT ? O 2~ PENR. 1.

INCORRECT BASE CODE--TRY AGAI N?02 ,PENSa-1 .

NEX T ?03,PENS, 1.

NEX T?O4iMER I , 1.

NEXT ?O 5iMERI , 1.

NEXT ?06. PENS, 1.

NEXT?07 ,KING , 1.

NEXT?08,CHAS , 1.

NEXT?09s WHIT , 1.

NEXT? lO s SAUF , 1.

NEXT? 11 ,CORPs 1.

NEXT?12 ,PENS , 1.

NEXT? 13, ELLY s 1.

NEXT ? 14,ELL.Y. 1.

NEXT ? 00
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C . 11 The p h an t o m  base Ic ; i nc lude d  so t h a t  t h e  o f f ’  ct Oil  t~ici l i t  y i n v e s t m e n t
c’ ‘st s of bui RI j u g ci new base can be di t i -red ned , if ; uch d i  - i i re  desired . Of
c~ -u r se  , the  p h an t an b~~si has no t en on  L and in as sets , so ti c ’ -  a ss iqn mer i t of
a p ha s e  or phase s  to t h i s  h i s e  w i l l  require  the cons t ruc t ion  of comple t e ly  new
f a c i l i t ies

h i  c; I i i i  I ~ Subm odc l  Opera Lion

C. 12 TIn’  1 - it o  f rom t o  T S R  Gen era tor  or ’ p ha se  s pe c i f i c  , ~ .e • , a l l  c a l c u l a t i o n s
of pr- rs i nu i l , • i ircra ft , runways  , etc .  , ir e  ca lculat ed  by phase  wi thout  re ference
to a locat ion.  l i c e  Base l oading Submodel convert s the se  data  to base s o d  Hr
I o t a  by a s s ign ing  phases  er por t ions  of phases  to specif ic  locat ions , adding in

t en an t  P i t a , o c i l then calcu lat ing  the NAS personnel required for support  of the
p h a s e  and t e n an t  p er sonne l  and a i r c ra f t  at  each location .

0 .13 W h e n  1 phase  is ass igned  to a hose , a l l  the  T S R  generator  data  shown in
Figure C. 1 , i . e . ,  , i l l  pe rsonne l , aircra ft , fue l , runway  requ i remen t s , e tc. 1 a re
a l locat ed  to tha t  lose .  If only a por t i on of a phase  is al located to a base , t hen
the f r i c t i c n c  of t h e  phase  t o ’  be a l located is m u l t i p l i e d  by each i f  the  LSR
o u t n u t s  and th i s  f r ac t iona l phase is ass igned  to the  h o s e .  If .5 of a phase  is
to no a ss igned  to a base , then  on ly  .5 t imes  t he  tota l phase  s tudents , tota l
a i r c r a f t , a i rspace  sa tura t ion  factor , etc . is ass igned  to the n o s e .

C . 1 - I  The n u mb e r  of t ype  t a i r c r a f t  f rom phase i a s s igned  to base j is cal-
c u l at ed  ,as f o l l o w s :

AC~~ = X~ AC~ ( 0 . 1)

v ;h i r -  ,C~ = n u m b e r  of t ype  t aircra ft f rom phase  i i s s i ; n e d

• 
~ to hose

percent  of phase  i a s s igned  to t s r  j ( t ’ - r m i a i I
i n p u t )

AC~ n u m b e r  of t y p e  t a i r c r a f t  r ’ - q u  r i - i by p I c s ’ ’  1
( t r o m  I S R  G e n e r a t o r ) .

The tot u 1 ty p - t a ire r i f t  is sig ned t o ,  hose j , A - 
- is

AC~ AC~ . ~~ .~~)

where  n = n u m b e r  ( i t  phases

C .15 C a l c u l a t i o n  of NAS Personne l .  Af te r  the  a s s i g n m e n t  of ph ases  t o oases ,
the  h - i c ; ’ ’  Loading S u h m o d ’l  au t o m a t i c a l l y  ca l cu la t e s  the tota l number  of NAS
;i -r sonn - l nr rd~- i1 to suppor t  a l l  phase  and tenan t  operations at each base.
H/C p er s o n n e l  a r ,  t h e ; ’ -  engaged in support  act ivi t ies at the base , i nc lud ing
lo se a d m i n i s t r a t i o n  and ma i n t e nan c e  (Pub l i c  Works )  personnel .

[ 

C .1 t ‘1 he n u m b e r  of NAS personne l  required is es t imated by an equat ion
de rive, ! I ’ ,’ r - - q r i - s s i on  a n a l y s i s .  ~/ The personnel  ca lcula ted  are average

5ee A p p e n d i x  K for  a d i scuss ion  of the regression ana lyses  used in the I FRS .
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o n — - ‘ t e l .  I t  seemed i i s , ’ n , o d ’ - t h at  t i n ’  number  i f  NAS p e r s o n n e l  requi r ed  it
a i s o  W( I l ~ l I i ’ ‘ l I ’ t ’ n i l t -i ) t u p o n  t i t ’ ’  n u m b e r  of p o - r o o n n e l  be ing  supported
( i . e . ,  p h ac ; ’ p b s  t i _ i l  t i l t  p- - r ; ; o c c c o - l )  at tha t b i n - . The ise of l inea r  r e —

:res scen  t - h : i i 1 c i ’ c  r - s u i t - - i  in t b  t o l l o win oj  l i i -  - j r  ‘q ’o i t i o n s  for ( - c ; t i m a t i n g  NAS
I ’ - ‘r ” ~~~~ - 1 .

N i
-
c-; ( P t  icer s

N I ) !  I ) . ~~I + . l 7 t C  (TO 1 ) (0 . 3)

w h ’ r -  N f l I~ = n u m b e r  ~~: NA S - t t i c -r s  - i t  i ; -

TO 1 = t i - t i ! n u m : ’ - r  ‘ 1  phase  p l u s  t n - j u t
o t t  ic’ rs - i t  i Si  - 1

N A - ;  I i i i  ‘ t i - ~ i ~1 en

N = 1( o 7 . 1 . U - i  3’i (‘I P 1 ) ( C .

N I  ~~ 
= n u m : ’ ’r o N A .~ e f l h I : t - I  m e i l  - i t  l o s e  j

TP~ 
= t o - t i !  i I ; I c i ’ r  o~ p h i n ( ’  p l u s  t , ’ i - i i i t

p - r u nu n  I t  b ,i c-n -  i

N t - i l  N A~ I’ , - m c  - n n , - l

N P ! ’ 1 5 1 8 . 3 , 1  1 .~~5-i (IT 1) (C .~ )

N B ! - 1 = tota l n u m b e r  of NAS personne l  at  base i

TI 1 = t t , i l  n u m b e r  of p t - I S ”  p lu s  t e n a n t  pe r sonne l
1 i t  ;~, i i -~~’ i

NA :- C iv i  h a  n P ‘ m oun d

N O V 1 N B P  - (N O ! 1 N E M 1 ) ( C . t - )

w Ti ’ - r , ’ N ’ V~ n d i ; i c i I r r  of  N/C c i v i l i a n  p ’ r - ; n ine! - i t  base i .

The p r s on n e l  c t  l cu l a t e d  by cii  - i n s  of t hese  equat ions  , i i  e t he  NAS perso n n e l
r equ ir ’  -d t~~ I l i n t a i n  and  i p r - r i t e  the  NA b  in suppor t  of th e  p i lo t  t r a i n i n g
phases  - s i’i ned to and ten on t :- ; I c it e d  a t  t I’io t NA S

_! Each of t b  • - ‘~~‘ i  t •  -s has  - i  ~~~~~~~ or h i qh -r correlat ion c o e f f i c i en t  . The
coel t  i ’  - i i  n t -  - i r -  - s ip  i i  t A i n t  w i t h  ‘JO p erc ent  conf idence  per the  t tes t
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C .17 O i l c n l , i t i c , n , t  t i n t  a n d  \JA S A i r c r , i f t  I c - l b - j u u o r r u n t n .  Ten an t
and  NAb f u e l  i’ - q o l i r r - ci ’ i c t s  or ’-  c , i b c u l a t ’ ’ c I  i n  t he  f o l b o w i c i - j  rn~’~nn er :

TFP j~ = (~V - Ct )  ( I ’  ‘ ft ~ 
(0 . 7)

w h e n -  T l R 1~ - i n n s - i l  t e n a n t  fu - l c c ’nsu t c n t i o n  of t y p e  I
f u e l  c i t  C ISC  I

n u mb e r  of a i r c r - t ! t  of t ’?p c  t u s i ng  lu e l
~ ‘ ‘ ‘ f at  OO S C 1

PC ft  - i n n  , u I  f u e l  c o n s u m p t i on  p o- r  a i rc ra ft of
t . ’pe f f ur- b -ui d t y n c -  t a ircra ft .

The s u n ; n a t i c  n is t a b on  over a l l  t enan t  and NAS a i r c r i  f t  t ype s  (six ty ‘- ‘S
m a x i m u m ) .  The f u r - I  r ” - qu ir e m e n t s  derived in th i s  part  of the Base Load inq
h u t  ‘ ‘ ( - i l l - I  o r - - c o r n ! b c e - I w i t h  p h a s e  f u e l  r e q u i r e m e n t s  a s s igned  to a Iso to

t o m  t i  0 - i I  f u ’ - l  r e q u l e - m  - n t ; for -ach base .  A l i s t i n g  of t he  va r i ab l e s  c on —
t aj n , - l in  the  Base l oading Suhmodel  is presented in Annex 2 of th i s  a p p e n d i x .

~~~ : L ±-l±2~~~ h~~
( ; . 1 8  The data  o u t p u t s  of t he  Base Loadinq Submodel  l is ted in Figure C .  1
c r ’ -  c a l c ’ ; l a t r - d  s ep a r - i t e ly  for  r - ach  ba se  to wh ich  a pa r t i a l  or comple te  phase
is assicis ’ -C . if a Cisc  has  no ph~~c -n ’ a ssigned to It , the base is deleted fro m
t he s u i , - v ’ l e l  p r i n t o u t . Two t yn e s  of o n — l i n e  t e rmina l p r in tou t s  are produced.
A .- u r i p l e  i t  t h e  f i r s t  t yp e  of d i s p l a y  is g iven in Table  C .3 for a FTP of
2 5 1 0  - l i i i t h c -  ph a se  a s s i g n m e n t  shown in Table C . 2 .  This  d i s p l a y  is a s u m —
m - i r - .- of the p - - r t  i n ,  nt base loading data for each base , i n c l u d i n g  s tuden t
h i d ;  t ot a l phase  personnel ;  tota l NAS personnel ;  phase , NAS , and tenan t
ti -r s  o i ’ - l  s u :d iv i d e d  into o f f i ce r s , enl i s ted  , c i v i l ian s , and total ;  n u m b r i  and
t - ,~’ H i t  - t i r c - r- i f t  - i I ) ( l  a m o u n t  and type  of fue l  required by the  base.  Tenan t
- i n - i  N A b  - i i r c r , o t t  and [u i - I  r equ i r emen t s  are not inc luded . A s u m m a ry of the
a i r s t o tce factors and OLFs required for  each phase  - ‘it  each base is ci e n ;
Ni - - r i d i - i n  and  Corpus Ch r i s t i  or r -  used as e x a m p l e s

C • I P If  s pe ci t i ed  Ic y t h e  t ime  share  opera to r , a de ta i led  base loadinq
pr in tou t  s i m i l a r  to t ha t  shown in Tab l e  CCI ( f o r  NAS M e r i d i a n )  can be ob-
tained . The p r i n t o u t  ( l iVes a de ta i led  accoun t ing  ot  i~ t s r -  personnel , a l l  a i r—
c r a f t  , - m d  tota l a n n u a l  f u e l  r equ i r emen t s  , i n c l u d i n g  t h a t  for NAS and tenan t
- u i - r a f t  . The run~-. - - u y  req u i r o - r c i i  - c i t s  a t  each base - i r e  a l s o  avai lo  b le as ,in out-
pu t  of t he  Base l oading -; 1 inco ’l e  1. The comp l  ‘x ca lcu lo t ions  invo lved  in the
( t ( - n c - r - i t i ( i r  of the runwa y r e q u i r e m e n t  arc d i s cus s o - ci in Appendix  II
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A P I ” ’N D [X  C-

:~: 1
‘- ‘ T O T  TRA I N f ‘:o ‘17 ~ ACF 1)ATA !~

C I  .1 Th -  t en a n t  n r c o nn -l for ‘ ‘ - u e h h i s ’ -  .- i i s  c , t I~- c i l . , t ’ - - I h ’, d ’ l ’ - t i n g  from th
to t - i l  ii r o o n c i -  1 f c t a r -  - s  t b  - fol bo - .- i i n q  t ’ - m s :

I . ‘2 o ‘ c ml  A~r Stat ion personnel
uq c - i  ir on  p - m enu  -l
Pc ih 1i ~ , , ‘or 1: s C- -n t ’- r  n , ’ms onn i - l ~~~

-I . r -  ‘ s o o n -  I , i S S l c i i u i -  I to N - u ’ - i o l  s h i p s
5 .  b t u - l i  i t s  . e c s l q n .  I to t h - - h a s - .

Th , i i  ; 1 . t i o n s  - o r - b roken - .bown into O f f i c e r s , [n l is te - d  rn- -n , and
ci ’ ’u  lean ; . o ; f  t b  e ; cC (13 ’t b a s e s  u s ’’  1 , only  four (-1 ) of them had any  t ’ ’n ant
n- r o e - o n - - I  r - (J !i r ing  t h i s  method of ca lcu la t ion .

7 O M M A R Y  01’ T l ;N AN T P F R h O N N H T .

_______ 
O f f i c e r s  l :n l u s t e d  Men Civ i l i a i  Total

— O h _ o s ”  1) 0 0 0
( or;; -s ( b , r c s t i  2 3 9  890 -1 , 592 5 , 721

0 0 0 0
L i n g s - ~:i1e 0 0 0 0
M- r i - l i - i n  0 9 0 9
Pe n s - m r - e l - ,  520 0 .5-1 6 , 2 2 0  7 , 703
S a u f l - y 0 (1 0 0
‘ ; V h c t i n q  H 2 6  1 ( 1  14

- I r c t o r ; c . , l  ul t - u i i u - ’ iI  t ro r oo  N - m v , i l  Air I r a i n i n g  Co micc ind , F i r - i l i t i -c ; ,  Personnel ,
d ;~~c ‘ i - i t t  H O r O r . - i j  , J . u i ’u i u -  t r y  100 ) (U n o f f i c i a l  publ ica t ion

A~~
ciirn - - he na r t  of the NA S

I
C - I - I

_ _ _ _  

___-



ut  \ .- \ N l  l’1:[ 2 17 H~ 1 , 1 I i  l b-  I I R S

U n i t s  O f f i - I n l e i t -  i ( i - ’ W ; m n  l o t - , )

- c r - i - i :

7,5’ - l A O  2 (1 22  2 1
Vi — 10 - I i  I l i t  15 202
NA ’. ,V ~2 0 1 . 1” - \~ 1 3 2  107 52 t i ]

- 
: A - H - .A S t a t  .51 5-1 75 180

C N A 2 A  I R A  b t - u t t  51 0 0  51 162
0 M A H  5 - 

I i -  0 4 1
76 .6  ‘57 iX O[ 7  10 2 0 7a 118
N A \ N  53 88 1-1 2 2 0-1 3
N A N I I O S P  120 192 1 3b - 15 0
NA V I ’-O O [F  I 1 0 12 13
7 ~~~~~ 1 2 0 13 - 15
( ‘ I ~~i ~~~~~~‘l !i[C ’fIC I - l 0 37 -11
I ‘66 0 0 3 5 - 3 5
N;d U ~ MARD F.T 1 7 125 5-1 1-j o
N - ’

i ‘A r R H N S I  0Mb  [P 3 8 106 117
N A . ’T RAHI: V CI:N’l ’ EGOI ’C 0 0 - 2 9 2o
N A V L X C I I  3 2 383 : 388
C OM ST V  3 l b  79 - ‘iB

1 6 3 10
NP PSO 0 0 30 30
I i  \\‘ l .A l AC 3 25 4 32

- NA R F’ 16 -10 4 , 852 4 , 908
FI ,T r-~ [I t O !  1 0 0 - 1

- ;:/-b-,N1 i- - A I D I : l ’  0 8 0 8
1:5-F [AC I N  1 1 0 0 11

0711 P I ;N S .  VETS 1 10 0 I I
NAT I ONA l.  C E M E T E R Y  0 0 -3 9

To t - i l  57)  95 - 1 6 , 2 2 0  7 , 761

‘~7h i t i n g :

Weather  Service 1 12 0 13
Commissa ry  1 1-1 16 31

Total 2 26 16 44

iv i l  A ir  T r a i n i n g  C om m a n d , Fa c i l i t i e s ,  Personnel ,  and A i r c r a f t  Sum ~~~~y, Janu a~~
1 - i t O  . (1’  n o f t  icial p u b l i ca t i o n . )

i t

C-l-Z 
J 
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T E N A N T  P E R S O N N E L  FOR IFRS (Cont)

I 7 ~~~~~~ O f f i c e r s  E n l i s t e d  Ci v i l i a  n Tota l

57  
~~

N A M I -ODE I 100-! 0 9 0 9

Total 0 9 0 9
Cor ns ;- ’ - ic - c t

I NAVAJ\’ ’ i LA( (O ~T 46 48 24 118
VT — 2 - i  65 216 0 281
MAD -1 12 0 16
N o v a ! H o s p i t a l  58 167 124 349

CC H , s Tn;- : Ctr 0 1 0 1
CG Air Station 12 41 0 53
A R A I ) \ I A C  53 396 4 , 444 4 , 893

To tal ~.-19 890 -1 ,59 2 5 ,721

Cl . t Tb -  t - -n an t  i n f o r m a t i o n  cu r r en t ly  stored in the Base Data File is based on the
n r 1 h - n, t l  n i o l i l i c a t i o n , F a c i l i t i e s ,  Personnel ,  and Aircraft  Summary.  The s tudy team

con” ! : i t - b  t ha t  t h i s  u n o f f i c i a l  pub l i ca t ion  conta ined more current data than  other

I 
i - - ,~~I ; i c - I ”  o r - r i m r n t s  s ince it was recently updated , the miss ion  of these bases has

not c h - o n ; - - l  r i - cen t ly , and fu tu re  year projections of other documents  are general ly
:- :t - n s o o n s  of current  yr -ar lev e l s .  However , in Phase Ill , the tenant  data  contained

in t b  T S R  s c i b m i s s i o n s  of th e  bases wi l l  be incorpor at i -ci  into the Base Data F i l e .  (No
nr o i ; r -  , -n r n i n q  ch a n q - - s  are r - -qu i r n - l  .)

I
I
1
1

I
i
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.5,’~,- 5 ! ’  T 01’0 0r’2n 5 1:p~ , i nr

S c s i - - i De s -  ‘r i ! t l c ” i ;  Sour -r-

Ac t 
% u - : bcr - i f  a i r e r - o f t  of type t r equ i r ’ - - I  in p hase i LSR (H en er  t ar

B[
t on sount  of fue l  ‘ of  type  t in phase i tSR Generator

IF~~ Nu s .be r  of ins t ruc tors  ( f l igh t )  in phase  i tSR Generator

- N a : :  her of en l i s t ed  support  personnel
in ph. se i LSR (7t ncr 0 tar

651 N u : : . b cr  of adn in i s t ru t ion— superv i so ry
o b l i ~ - r - r c -. in ph-:ise i LSR Generator

j U T  ~ v er - i g c  number  of f l i g h t  ins t ruc tors
undergoing  t ra in ing in the ~th t ra in in g  phase  !,S R ; -n er ~ctor

S L . Average s tuden t  loud of phase i LSR ( ler -ier ,i to r

EM~ Nu : ’ b i o : r  of t enan t  enl is ted ce n assigned to

I 

b -iso j I1 ~~:;c D a t - i  File

OF~ Number  of ten in t  i b  t i c - o o r s  - i~ signed to b.ise j B i s e  D a t - o  File

I 

I

( 7J
1 

Nur t her of t enan t  c iv i l ians  assigned to base j Base Data File
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S yc: - b~~ c l  I ) - ca -r i p t i o n  S ‘,urco

EM~ 7r  o: : , I ) e r  I ( - f lh i s t ec l  c o o n  a s s i , ; r n - -  I to the NAS
it  base j ( :-~ l cu 1- ot c d

OF~ Number  of of f icers  ass igned  to the NAS at
base j Ca Icu l c o t e d

CV~ N u m b e r  of c i v i l ian s  assigned  to the NAb it
6- se j C - , l c u l i t e d

AS~ N u c c : b e r  of a i rc ra f t  of type t ass igned to the Ai rc ra f t  Data
NA b at  b - i s o  j I j i e

t - - ‘ -AT - 
N u : .  nor i t t e nan t  and NAS aircr a ft  of type t Aircr a ft  Data
assigned to base j File

TO
S Total  o f f icers  in squadrons  and t enan t  Ca l cu l a t ed

TE S Tot - i l  enl isted men in squadrons and t enan t s
~‘it li - i so i Calculated

TP~ Total  personne l in squadrons and t enan ts  at
base j Calcula ted

TBP~ Tota l  base personnel  of base j Calculated

X - Percent  of phase i ass igned to base j Operator
1 , .1 li -ipu t
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APPENDIX D

I A( I J~l i I  ES R E Q U I R E  MENT S SUBMODEL

INTRODUCT ION

D. 1  The purpose of the l a c i l i t i e s  Requ i r emen t s  Submodel  is to ca l cu l a t e  t he
quan t i ty  of specified permane nt facilit ies required to support CNATRA ’ s pilot
training progra m . Permanent  faci l i t ies , as defined in this s tudy,  are those
desig nated by the Department of the N a v y ,  Bureau of Yards and Docks , as ‘ Class
I l -Build ing s mod Improvements . The broad categories included within Class II
facilities are pavements , (e . g . ,  ru n w a y s ) ,  all structures and buildings (including
main tenance , supp ly ,  medica l , housing , and adminis t ra tive fac i l i t ies ) ,
utili ties , and ground improvements . Excluded from Class II facil i t ies are rea l
estate  and such movable equipment  as a i rcraf t , electronic equi pment , and vehicles .
Thus , t u e  l’acilit ies Requirements  Submodel computes only  those maj or faci l i t ies
which are permanent fixtures at a nava l air station ( N A S ) .

D. 2 The type and qua ntity of facilities required at a naval air station are
dependent on the c : , i S s i o n  being pursued at the ins ta l la t ion  and the number of
personnel and ai rcra f t  r equi r c-  1 in support of tha t  mis s ion . The Fac i l i t i es  Require-

f ments ubmodel in the context of the overall INS effort is shown in Figure  A .  1
o - in t : ie  introduction to this volume . As shown in that f igu re , the inputs  into the

submodel come from the Base Loading Submodel , Base Da ta File , and the Aircraft

I Data l ile . The I l - i s e  Loading Submodel  assigns to each base the number of Phase ,
WAS , and tenant  personnel ;  the number  of aircra ft;  and the amount  of aircraft  fuel
u se d ‘ i t  e t ch base. The Base Data File contains base specif ic  data for each of[ the eight  bases under study and a new or phantom base. The Aircr aft  Da ta File

1 - contains data on up to ~l -mi rc r a f t  types.  The Faci l i t ies  Requirements  Submodel

r 
i/A comprehensive l ist  of fac i l i ty  types within this class is given in Department

of the Navy , Bureau of Yards and Docks , Ca te gory Codes for Classifyinq Rea l
Property of the Navy, NAVDOC KS P-72 , Washington , D.C., April 1966.

I D-1

I
- 

- -.--- ‘- - - —
~~~

-‘-
- 

- - .
~~
‘-

~~~~~~~~~
‘
-i_

— - -.----— ------.- - - - -  
-~~~~~~~~ - ~~~~~ - —.-- - . - - —.---.-- — • ‘ .1



u t i l i z e s  tb ’s - t h r -  - - i t i  sources  to g e r o i - r ~’o t -  t b -  fi x - - I faciliti es requiri’d at

- -aL -h na-:al air station to su p p o r t  all op -rations at tic - - base . The r-’qnirnm ’-nt s
a r ’  c i -  -ne r at -  -ci th rough  th - u se  of math ematical - -x pr o - ss  ions for each f a c i l i t y
wh ich  con - -rt th - - i n p u t  a l a  i n to  the  r - q c c i r -  - I a m ou n t  of each f a c i l i t y . Note
t h a t  th e  t t c i l i t -  i’ e u u i r e r n e f l t S  o r ’  ba se  s p e c i f i c , . - . - 

re . ’lu i r e m e n t s  i i -  c - i l c u —
lated s e o ) i i o t ( - l y  t i r  - - ic- h I - i s i ~ w ! , - - i i - a s  t i c  se l - - -- _’e lop -b in the  Phase  I s tu d y
wer e p h a s e  s p o - c l t i c .

I I R S  i ’A ( 1lI ’ 1’~’ 51:1 l~ ‘I P 0

D. 3 The tota l n u c n : i e r  of category codes of Class  II property l isted in
NA VDOCKS P — 7 2  is in excess of 800 .  l lowever , no s ingle  naval  air sta tion
has  th is  number  of f a c i l i t y  codes . A comprehens ive  list of fac i l i t ies  for the
eight  NA S~5 present ly  t ra in ing naval  aviators indicdtes - o total  of approx imate l ’,’
400 f ac i l i t y  types for i l l  e ight  bases , with any  s ingle  base l i s t i ng  ~ pp r i x i r : - t t e l ’ , ’
200 d i f fe ren t  fa c i l it y  c o i l e s . To preserve the  u s e f u l n e s s  of IFR S as a man a g e -  -

s~’n t  p lann i ng tool , i t  was  not possible to inc lude  a l l  fac i l i t i e s  l isted at  - o i l
b~ ses . Thei ’ i iur o , t h i s  c- ompr -h i ll s ly e’ l i s t  was narrowed to a p p r o x i m a t e l y  mM
f a c i l l t \ -  t y p o  -s  wh i c h  can  ic e  c o n a i . l i - i o c l  c ojur cost fac i li t io -s for each of the
e igh t  bu ses under  St a cy .  These a r -  f a c i l i t i e s  such  as runways , fue l  storage
t a n k s , ma in tenance  h - i n g - o r s  , f an -o i ly  housing , u t i l i t ies , etc . , which are common
to the e ight  naval  air  s ta t ions  and which together  comprise up to 80 percent of
the cost of bui ld ing a naval  air s ta t ion.  It Is fro m these 60 fac i l i ty  types th at
the facil i t ies included ‘- ,-- i t h i n  the l a c i l i t in s  Requ i r emen t s  Submodel  were se-
li ct c ’ i i

D. 4 The f a c i l i t i e s  included w i t h i n  the f ina l Fac i l i t i e s  Requirements  Submodel
ar c  l i s t ed  in I i t Ic 1) .1 , t o u r t h e r  w i t h  the  a p p r o x i m a t e  percent of total  base -

r ep l a c e m e n t  cost w h i c h  t h e y  r ep r e s c - : c t  for  each of the  -i i b t  bases in the  present
s t i o r l - ;  . In a l l , t h ere  ‘ir e 2 -1 sepa r a t e  f a c i l i t y  express ions  encompass inq  approx i—
m u t e l y  50 separ ate  r a t i ’snr .  codes. 1 ho- ’ number of category codes is cons ide r—
- 1 : 1 :’ s r o - i t o  -r  t b - m n  t he  nu n ! -o r  o t  f - o ’ - i i t  ies because f a c i l i t i e s  such as f a m i l y
h ou s i ng  a r c -  [ i n t o - - I  u n c l c - r  - t  n u m !  - r of c-u -I c - s depend ing  on the type . A l s o  , f a c i l  —

it i on  such a S Ai r r : r m t t i p o r i t  l i - n  ~ B u i l d i n g  md Cont ro l  lower , ‘ w h i l e  two
sepa r ate  c- - m t (- (T (- r - co lon  , arm ’ u~~- r ; r a l I v  l u u i l t  as one u n i t  and were therefore
cons idered  to c one t a c i l i t ’ ,, ’ t h r o u g h o u t  the  I l l S Model

D . 5  The V-rr~- n t — o t — c os t  shown in 1- i b l e  D . 1  is the  percent  of  cost for each
ca teg ory  c -cuP - i n c l u d i n g  t h e  r n - t i c  h o s e  - m d  an y  a c t i v i t i e s  or n o n c o n t i gu o u s
areas  

~ / 
l i s ted i c c - P r  i ts  cer c c :n o n d . A c t i v i t i e s  and noncon t iguous  area f a c i l i t y

costs  were included w i t h i n  t he  c i t e q or i e s  of T cul ) le  D . ]  because , in genera l ,
t hey  are -t f u n c t i o n i n g  part of t he  ma in  u se  and t h e  f a c i l i t i e s  are u t i l i z e d  by
personnel (ei ther phase , NAS , or tenant) stationed at that  base .  Outlying land-
ing f ie lds  and the Auxi l i ary  Landing P 6 - lb  of Orange Grove are not included in
th u  table .

See r ) ep ar tmen t  of the  N a v y ,  1)et ailed Inven to ry  of Nava l Shore Fac i l i t i e s ,
N A - ’ lAC P — l t u - 1 , Vo l .  I , 30 June  196 8 , pp .  X 1 l — X l l I  , for d e f i n i t i o n s  of
a c t i v i t i e s  and noncont iguous  a reas .
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I) . - ‘I ce i c t u a l  se lect ion  of the fac i l i t ie s  shown in  Table 1) . 1 proceeded in
t h e  fol lo\ ’,- l o o ( r  eta c r o c i  -r . l irs t a complete  l i s t  of i l l  f a c i l i t y  ca tegor~ codes l i s ted
- i t  any  of - i u j i r t  6 ,m s -r ;  under  s tud y was made us ing  both NAVFAC P — i 64 ~~/ (k e~t 1
Prop-  -rt v I nv-  -n to ry  of - -ach  base)  i c r - I  t he  In d i v i d u a l  “ B a s i c  F a c i l i t y  R - -q u j r rn - ‘nts
T i n t i n g . - ‘  / As previous ly  indicated , th i s  list included about  400 separa te
cate g ory codes . The es t imated  r ep lacemen t  cost -~/ for each of these fac i l i t i e s ,
- i s  listed in NA V l’~’cC P — l b - I  was t i c - n  recorded for each fac i l i ty  category code
~ u~c l t hese  costs ~-~‘ere converted to percent of tota l base replacement  costs
(= facility - p l a c em e n t  cost : tota l base replacement  cost) . ‘The complete lists
of fac i l i t i es  and the f o c i l i t y  replacement  and percentage of tota l r ep lacem en t
costs were c- - o c r - f u l l y  reviewed and a pre l iminary  l i s t i ng of h igh cost faci l i t ies
v , m s  m a c i c  . Tho- p r -  r t , m  u -  of total  r e p l a c e m u - n t  costs ap o °ar - - to ce a mar--

cons i s t -nt i nd i ca to r  of r - I n t l ’,’ cost importance t h a n  th e  f a c i l i t y  re~~l - icoc ment
cost and t h u s  was u s - - i  to i d e n t i f y  the f a c i l i t i e s  includc ’i  w i t h i n  the i n i t i a l  l i s t .

P .7 ‘The prc l im in a r y  l i s t ing of faci l i t ies  to be considered as well  as the
co :npr ehen s iv  fac i l i ty  l i s t ings  were then reviewed with NAVFAC of f ic ia l s
b r  agreement  on both their cost importance and their importance and relevance
to pilot t ra in ing  p rog r ams .  It was agreed that  the prel iminary list included a l l
fac i l i t ies  consid ered most  cri t ical  to the present program and tha t  the IFRS
F a c i l i t i e s  Pn q c i r e r c c m - c r t s  Suh mode l  shou ld  inc lude  as many of these fac i l i t ies  as
p O 5 Si i ) 1( .

D .8 The p r c l i c c i c c i r ~.’ l i s t  of fac i l i t ies  included those appearing in Table D . 1
p lus  t i re  fo l lowing :

• l l m - 9 0 , 3 1 Miscel laneous  Pavements
• 1 7 1 — 2 0  A pp l ied Instruct ion Building
• 811— b ’ I St~o cibo y  Generator Plant
• 8 3 2 — 1 0  5 - in i t ary  Sewer
• 8 4 1 — 1 0  ‘cV a te r  Treatment Facil i t ies
• 8 6 0 — 1 0  i - ’ -iilro a d Trackage
• 87 1-10 btorm Sewer
• 31 7 1-20  Drainage I) i tch
• 8 7 2 — 1 0  d e cu r i ty  I’ encing and Wal l s .

These faci l i t ies  were not incorpora ted wi th in  the f i n a l  IFR S model because it
was imposs ib le  to derive a genera l expression which would accura te ly  compute
requ i ru men t s  for then wi th in  the context of the Pha se  II s t u d y .  In add i t ion , 

-

they ii- - r -  not c o n s i l -  - r - ~ c l  to be - m - - r i t i c a l l y  l im i t i n g  factor  in pilot  t r a i n i n g
p ro grams .

I bid .

il’ “Ba s ic  F - m c l l i t y  R e q u o r -  -men t s  L i s t i ng , ” OPNAV Form 11000— 1 , 19 ( u S — 6 8  versions .
The “R e p l a c e m e n t  ( ost l actor ” column of NAVFAC P- 164 was used as the
es t imated replacement  cost. This column gives a present (1968) money va lue
for each faci l i ty  derived by inf la t ing  the original cost of the fac i l i ty  by the
M arsh a l l  Stevens Index of 2 .1 to 2 .5 percent per year.

Meeting on 12 June 1969 with I C  DR l) . J , .  McCorvey and M r .  Denn is  Whang
of NAVFAC . 
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I’) . ’) I n  a d d i t i u - c i  i i  t h e  f a c i l i t i e s  l i s t e d  in ‘I - t h u  I).] , t h e  f o l l o w i n g  a d d i t i o n -
al n o  3 cr  f a c i l i t y  t n - c c  - m c -  r e qu i r e d  ho r  c e r t , m i n  s p e c i f i c  c u h a s ’ - s  of t r a i n i n g :

• A i r c r - o t t  ( o r m’ i - c

• A i r — t o — A i r  (~ u n c i e r’1’ R a c c - c-

• A i r — t o —  Gr orcncl T i  rget Are ,m s

• (r u t l y i ~r~ l a n d i n g  F i e l d s .

A i r c r a f t  - m r r c - -r and / \ c r — t o — A i r  G u a n - -ry Rang es , w h -  -n a - ’u i l a I ~l i - , s h o u l d  be a b l e  to
h as  i i - -’ us reusoano l - - p i lo t  t r a in ing  rat - . Tb -cs - two faco litics -jr- not inc-I c j r  in t h - c
-c ode I , r u t  the m v a i  In h i l t ,; of each must be considered 6/ t o e  dec is ion  r u t  h e r
w h e n  a s s i - ’ :ninq phases  t u u  i -u s e s .  Target  Areas and O u t l y ing  l a n d i n g  F ie ld
r e q u i r e cu e n t s  are c a l c u l a t e d  in the  LSR Genera tor , ~~/ since ’ t h e s e  f a c i l i t i e s  are
,i f u n c t i o n  of a s p e c i f i c  ph ase  of t r a in ing .

O , ’H~ , ’I [\ \ ’  01’ lA ( I I , I T I l h ~ R L Q L I R E M I : N T S  S U B M O I ) i T ,

P .1 0 F l a re D .1 presents a uP-tailed overviev~’ of the opera t ion  of the
f a c i l i t i e s  - ‘ -a c i r e r n e n t s  S u b m o c i c c i  . As indicated p r e v i o u s L y , the  l ’a c il i t i e s

r- c - - , 1 rc ’ rc rc y ~ts d- , o i c n c ode l  is a c t u a l l y a set of 27 express ions , each of w h i c h  uses
i n p ’ c t  data f ro m t h e  Bas i -  l oading Submod e l  , the Base Dat - i  l i l e  , and/or the
A i r c r i r t  Dat a  F i l e  to compute  the r e q u i r e m e n t  for a spec i f ic  f a c i l i t y .  R u n w a y

~ a m-c a c t n i l  I ’ , ’ computed directly in t h e  I , Si~ ;ener ator  and a s s igned
to o c~ase  b y t f c o  Base l o a d i n g  Submodel . The specia l ac i l i t i e s  shown are
a l s o  co ;ccputc- d in the TSR Cenerator and requirecnents for them are assigned to
- m  c - i s o  in  he Base l oading SuI - model .

a c i l i t i o s Pn u ~- o i r ej c c e n t s  f -P uhmo d e l

1) .11 I i - s u r e  D . I d i a c ; r o m s  the  27 express ions  of the  F ac i l i t i e s  R e q u i r e m e nt s
S u lu m o d e l  by c- i t o - r o ry code and n a m e  , ind icating the model  i n p u t s  and  the
O c t p u t  c o n s i s t i n g  oh u n i t s  of each f a c i l i t y  r equ i r ou l  . The t h r ee  major input
so rc -s ar ’ :

• - - - i c c ’ -  ~, o , m u l i c i q  Sub m o d e i  , ~~/ w h i c h  , i s s i ;n s  t r a i n i n g
p i , i S C 5  t i  l - - m s e s  and  ca l c u la t e s  hA S and o ther  per-
sonnel  r e qu i re d  at  the base

• Base I ) - m t a  l i l o - , — ‘ w h i c h  con ta ins  such base speci-
f ic  i n f o r m a t i o n  ciS  n u m i  f r  of t enan t  p e r s o n n e l  and p a r k i n g
- o p - r i - 1 -  t - t l c

The T S R  Oh- n o - - r o to r  ~S d i s c u s s e d  in Appendix  B .

The B a n - -  Loading S u I - c c c o - l ’ - l  is discc m s n u- d in Appen dix C.

The i n f o r m a t i o n  c o n t a i n -  - I in the  Base Data I’ ile is d i s cu s s- - i  i n Appe nd ix  F .

D — ~
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• hrrcr- m ft i - i  t - -  i i  Ic ,~~~/which  cont- tins cl ~i ta on each
type of ( t i ~ C - r i f t  , including s ucl-c items - is  a i r c r a ft
p a r k i n g  mea Sure c a r  nts - m d  - tim - cr - oft per maintenance
han gar  rue I c c ! -  -

D . 12 ‘[ ir e - i c t u r l  c a l c u l a t i o n  of t i r e  required a m o u n t  of c-ic-h facility is carried
out i: the S n : ’  0 - i l  I u: ;iuig mathemat ica l express ions  derived from a variety of
so u t r u - ~s . Tb - ’ m a j o r  sources of p l a n n i n g  fac tors u t i l i z e - I  in t h u  - models  were-
I F R S  Ph as e  I , a n i  hA ’ ‘~‘AC P—80 , iVbut  o t h -  -r s n c i r c - ’ - s  ‘ ‘ - - r -  - can - f u l l ’ ,  r h ( ~~~’ d
a cid 10C c - rp or n t c - - ,I ‘-nh n ru v u -r appropriate in the flea 1 c-xprussions . The flea 1
m e t h r - -  ology f - c each  I - ccil it y includes the most recent  and accurate p l a n n i n g
cs i t , I  - v ailOlili- to t i -  - S t U i f C ’. The detai led d e r i vat i o n  i nc l ud ing  c a n - g o r y  code’
facility n a m e , definit ion of the f a c i l i t y ,  de ta i I~ cf Lh c  r- -q uir ec u ent c ,u lcul -c t i on ,
a crc: the soo m ’c- ‘a of th ’- ca lculation aucu i  indepencc ent v iri ab li-s for each facility
-ore present - cf in ID - A n n -  - :~: to this appendix.

1) . 1 3  One of t i c  rc ’ u j  or probl ems encountered dur ing  the  f a c i l i t y  model ing was
t i c  o e f i n i t i o n  of e x u c t i - -  w i - u t  f - uc-ilities were and were not included wi th in  a
specific f a c i l i ty  model . l ’ o~ e ; - :mcr r p le , N A V l / ’~C P — 8 0  specifies tha t  the expres-
sion give n in its p l - c : n i m ;  I r c t u u r c ;  for Covered Storage , Ready Issue , covers
- i l l  ready issue stor- cu e  t an  hAS , p resumably  inc luding most category codes
of the 442  series . I i u -, - ; c - - ,u - r r n - m c i ’,’ ro uva l air  s tat ions , when comput ing their
individual  B1 RLs , d i n  not includ e-  - i l l  of the appropriate category codes w i t h i n
t i l : ;  gross cco lcu l -m t ion  and computed separate requirements  for facil i t ies  which
should have 0 ( 0 - n  i c - c h i c o - - in  the  original  ca lcu lat ion .  This practice is j u s t
one - ‘ r - :a mp le of t t r - u  pr of l u - r n , e ncoun t -  - r -  -ci wit h m a c i - :  of t h e  f a c i l i t i e s  . In ger’c- ~r al  , t i c -  -

IFR S ,~t u - Iy r - so lv e- c i  t i c s  - r u  - c c l e m  by c a r e l u l l y d e f i n i n g  exact l y w h i c h  t o c i l l t c ’ r s  were
included in tir e model a c i i  t h en  making  t i l l  re levant  data consis tent  with  this
def in i t ion . Def in i t ions  01 fa c i l i t y  calculat ions are given as required in the
ind iv i du a l model derivations in the Annex , and al l  data used in this report are
~os consis tent  as possible with these defini t ions . Thus , the data in the Asset
P o ; lt ion 1 ) - u t - c  F i le , ~m c r i f  other sources of data used in the program , are based
on these def in i t ions .

D .1-1 V h i t h  t he  excep t ion  of T a x i w a y s  and Runwa y L i q h t i n g , 1~ / the F a c i l i t i e s
I - c o - q u i r e o c i e n t s  Sub ’ni  - P - I  c m  L c u l at e s  t i u c  gross r e q u i r e n c e n t s  for each f a c i l i t y  a t
e tch n a ’ ’ m l  a i r  s tat i o n .  I b i s  represents  t i re  tota l a m o u n t  of each f a c i l i t y  re-
q u i r e d  to suppor t  ftc n u m f u -r of squadron , NAS , and t enan t  personne l  and air-
c r a f t  w i t h  th o  - : i ’en f r  m i n i n g  phases  at t ha t  1-use . T h u s  , P - ol-tain the net ro~~
qu i r emen t  to t  facili t i~~ , ex i s t i n g  a s se t s  m u s t  ice sub t rac ted  from the g r u - s s
r e q u i r u c r n e n t~ t h i s  o~: - u - r - m t i o r i  is pe r fo rmed  in t he  E x c e s s/ Dr ’f i c i e n c v  S u h m o d e l  .

See- Appen d ix L for th -  i n f o r m at i o n  or e sen t ly  in t he  Ai rc ra f t  Data File .

11/ -
‘ l ) n t u - - I  J an u ar y  1968. .

As d i scussed  in t i c , ’  Fxcess/ I  ‘ ic i r -c i c r ~ Suhm or le l  (Appendix 0) ,  ‘I’ a x iway s
and R u n w ay  l i g h t  i eq are c , i l c u i l a t e d  as cm n et  r e q u i r e m e n t  because of t he i r

- 
dependence on run w m -,’ r e q u i r o - m e n t s .

: - P - -  A p l u e c i - c i x  C for th e  [x c i ’ s s / I ) e f i c c - -n cy  Submod el l i c ; c u s s i o n .

_____________ - - — -
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l ) . 1 5 1: i -i i r c c : - , u : - t - c : r t  to c c - - f e  t h at  d c c -  t ’, o c i h i t u - s  I - ’ q u i r c - r r c o n t s  :- -; u f m o d r ~I i s -- m ~;e— -

i p o c it  mc , . ( -  • , t u e  T i  ‘ ( t u i r  u - c : o - n i s  are un ique  to o L u - i so  , resul t ing  from the fac t
t hat  : u i a o ’  a~~- - c i f i c - d i t  o ( I r e : : :  t i l e  B~m s -  1) - i t a  File) - i re  iac-:-orp ora teh in to  tire c - i l —
C n i - t i - : i  - -1 s - , - r - - ~~ c i r i  m ccl : ; . I ’ i o-r e t o rc  , in gener~i1 , t i e  s u i ) r n c c ( I ( d  does not
c e c ~~~~~~

, ; J c i l : - : u p l i ’ m t i  i r us s  f - i c - o u t - ,- r e u lu i r e m e n t s  , - i a a u : c c i n g  t i co t id ent ica l ph a ses
are 15-i t  ‘cod 1 - -  t - . - : i 1  en - c o t  i u ,c SoS .

ku nv:ri : \~ -~ t~ :c - 1: h er - .-

1) . 1’ t b ’  R u c r w - o y  l~ ‘t hu -u i o l u  - - ; ‘
~ w i t h  i ts associ ,  i t o - c  i n p u t s  - i c r - i  o u t p u t s  is - m I S d  -

i n - i n -  i t - -h In F i g c c r u - I). I . Because of its compli ’:- :ity , the runway r equ i rements
- ‘ i l i - - c l a t i o n  is d i n o c c a ~~ ’d in ~I S c - I c i r i t e  sect ion (App - edl:- : Ii); hovjcv--r , since
t b - r e qu ;r ecs~-n t :  part of the fixed assets of -o base , t h r - y  - mr  included in
;i cir D . 1. I t r i e f l y ,  the runway rc -qui r ern cnt  ca lculat ion proceed s in the follow-
i ng cs~ifl n e r .  The 1SR Generator computes “ pure ’ runway r e q u i r e c - ents  per a i r —
cr .i  t u t i l i s  leg such inputs  -is syllabus f lying hours , ovoi’h i - i d  f ly ing  hours
a i rc ra f t  launch cycle t ime , and average length of a f ly ing  day .  Those require-
rn c i t -i are called ‘ pure ” b ecause they are not corrected for w ind rose data ,
t u ’ c cu e r a tur e , -re d a l t i tude . Th ese runway requ ireme nts -ir e then assig ned to a
bass  by the i - ; ’m sc l oading Submodel rind compared with ex is t ing  runway assets
at that  ba a ’ . Thu ruc ;w~ y calculations take w in d  rose data  into cc- r i s iderat i on
and c o - sp u c t e  any net deficiencies .  Any deficient  runways  ire assumed to be
b u i l t  is ei ther  main  or crosswind with specific length , th ickn ess , an~ material
composit ion as a func t ion  of the aircraft using the runway .

- ‘-n- -C~ - 1 I I ~i c i l l t i i  m

D . 17 The Ic am - f - c c - i  li t ies listed at the bottom of Fig ore I) . 1 are f ac i l i t i e s  vita l
a i l o t  t ra in ing pro gr ams but not , in the s t r ic tes t  sense , p er r c c a n e n t  f ac i l i t i e s

at  - m Disc . The inc lus ion  of these  fac i l i t i es  was f e l t  co be impor tan t  because of
t a n -j r  c r i t ica l i ty  to sp: ’ci f ic  phases  of pilot t ra ining programs . Because these
f - m c i l i t i ( - : ;  - ir e t ied to p ic - i ses  of t raining , or more spec i f i ca l l y , to pa r t i cu la r
( ‘occr ac s  of ins t ruct ion wi th in  phases , the  r e q u i r em e n t  I c c r  P -rn of t hem is  c a l c u lat e d
in  t I c  I S R  I - n u - c o t u - m  - o a f  t h c - n  as :-; i c c c r c c c i  to l oses  in the K - i s o  l oading Submode l .

1) . 1 1  icc r equ i rements  for Air- to-Ground Target Areas C mr i d for ou t ly ing  f ie lds
- i r e  ca lcula D- I in specif ic  amounts  in the LSR Genera tor . I or a detai led exp lan-

~iU on of t h ese rN 1 l ( ’u ld t i o r r s , see A ppendix B .  The r e q u i r eu u r o n t s  ta -r A i r c r a t t
C- r r i er s  - i n - I  A c r — t c - - - A i r  T C 0 L - f e ’ i A r e - i s  are o s s u c c o - c i  t o -  h ave  n eec i  roo t i f  t I c -y
are ava i l ab le  at  a l l .  For c-x m m p l e , if an a i rc ra f t  carrier is needed for a specif ic  -

p - C1~ie of t ra in ing , it  is a s sumed  t b - i t  one carrier is s u f f i c i e n t  to meet al l  require-
ment : ; . d i r c i l a r l y ,  ; - i r - t o — Air  Target  Areas are as sumed  to be ava i lable in ade—
qu j  t ic  b u m n t i t i e  : -; if t l c e ’ !  are av a i l ab l e  at  a l l .  ‘I i i- l u - c l  s iocr ccc a k -r m u s t  v e i l
t i e - r e q c c i i - : u i e n t  f o r  a n - I  i v o i l i f i h i t y  c c l  t he se  l u s t  two 1 - o c i h i t i c s .

M( ) l )[ 1. ASS l i M b  -i’i o~- -~- ;

D. l i  Two m a j o r  i mp l i c i t  a s s u m p t i o n s  are necessary tor th e  use of the l a c i l i t i e s  IRequi rements  Subm o’b - l  . ‘ Inc  f i r s t  is the ~m s s u n i p t i o n  ot p m  
~~

-
~~

- l i c e I lo’.v ’’ irrade

D-8

I
______— - ‘~~~~~~~~~ _ ‘  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
1~~~~ L —



e a r l iu -r in  t h c i : ;  ~ t c c - i y  . I or I : - - pr - c ; - c c t  Su b c ’ i o d e l  d c i : ;  i c i c c i l i c - :-; that requirements
cr c u u : : c p c c t i -i l on an ‘ l v i i - N -  c , a s c -  l u u i d i n - ;  I c - o : ; i : ;  c - o t l c -r t h a n  a “ p e ak ”  u t i h i z - m t i o n

p- - n b c .

D . 2P The second m s s u :c :p t i o n  is t i m - i t t c c c ’  r u  c u - m t : c e : : , - c t i c : - i l  r ode ! Y J i t ,l t a l c
f u r ob u r ~i - o t - ,r c - o n  - c - cu r - - i t -b ’  :I ’e u l l ( ’ t  f - o c i l i t y  r i ’ q u i r o - r : n - c i t r ;  . T h i s  :- ;c ;ci - , : c t i o c c  i s
made  in n c - m v p l - o n c u n c c  - f c u u - u c c i e : c t c ;  , i n c - l u - h oc ; h A V I ’A (  I — I t O , ¶ } n -  source of s o n y
of I ;: - p l m n n m n c ;  f o c D m s ;  u :; - c I  her e . I )ccly to l i i i -  e x t o c c c t  t i - i t  t h i s  is trw - w i l l  the

r i C i l i t i t ’ S  S e c u i r o  c e n t s  S ; c : - : c ; n c b - l  l - e i c c u r d e  w i t h o u t  c l o t  m i l i - - i  H - i ~~(’ s o r - c c l c c - : - c t - o
i n p u ts . T h i s  ~c o - a i -r - l i ; n i t i o r r  is p r o i c - c a l - .’ t i r e  h i çjgo - : ; t  L l r : i t - u t i - u r :  on 11cc su f c c s o d -l s
a c - c u r -  c o y .  1 i i -  c) 0 ;c :~ ~ c :i fcc  - f i t - u  ore use d in son ,e  of D o-  mode b : ; to i c ip  c ’er—
r - et for the gross i -f P - c ’ t s  - - I  t h i s  as:- -; ur :iption , it w i s cot  po ss ib le  or -h e : : i r - } ~~ic-
to use - i l l  t i c- base c~; p c - c i f i c  - . 1 t o  necessary to eec: p u P  an cx -  ct requ i r e s e n t
Som e n - c u i r  u ’ : : , e ; c t : -; c : n m :  be so l u - i s o  specif ic  t h a t  ind iv idc i -m 1 cu o de l s  would be
f l ee d i r l for er ic -u  base to compute  an e x - o c - t requi rement . This w i s  not considered
t it h er :,- o:; :- c i r ~1e w it h in  the scope of tire stud y or p - cr t icu l - : ’i r l - , ’ des i rab le  for IFRS

D . -~l In - l - f i t i o : ’ to l i c e  two m a j o r  a s su m p t i o n s  m m - f e  an ove  , speci f ic  a s s u o p —
t i on s  are c - n h -  for : ; o r r n -  of the  IFR S I r c i l i t ’ .- Requ i r emen t s  express ions  . These
1 s a u :c . p t i o n S  are noted i c c  t ire i nd iv idua l derivat ions g iven  in the Annex  to th is
a ppe cdix

S AM P L E  OUTPUTS

D 22 A su rc ; s - l i  - cnom ; u t -  ou tpu t  of the  IFRS F a c i l i t i i - s  R i - c ~ui re oro- n t s  S u L u r n i -  -c ~f - - l
is shown in F i g u r i c  D.  2 , and  s a m p i c -  out puts f- or the  R u n w a y s  and Special
I - i c I l i t r c - :  in ‘ i n c r i -  I ) . b .  A l l  of t h e s e  u c ; t f c u t s  are based on the  exe- ncp l~ir:
2 ,51 0 P:’R.

Genera l l or :c c mt

I). 2 3 The b-m:;ic f o r m : c - t of the r e qu i r c i c c e c -i t p r in t o u t  s hown in F i qu r e  b ) . 2 is:

- i  . I I  kS t i c - u  I c i  ,: o i l - - o r ’  c:o-l, -

Lu . P r i e f  c l e r ;cr i i , t ion  of t i m e  f r i c i h i t t :
c. A -- -o un t  of U -  0 0 1  l i t v  1 - ’ - u c c ’ c - i

d . cnit of me~m s u r e  of the require irent

This fo rm at  is followed for al l  f ac i l i t i e s  -x cep ~ (a) I ’ ax iw-u - ,-s - m nd Runway Lic;hting
whi u f  c m s  previously I ndic ’ited , - ire- c ’ompu t o - -  I - h i l l  er e ci t  1 - ,:; - o cd ( L u )  Re- oh ’ .- Fuel
3torago , which has - m  d i f f e r e n t  oxce:;s c l e f ic iec i c ’ , ’ uoc: b,u orison f o r m a t .  The requ i r e —
mer its  for  th ese fac i l i t i e s  - i re a [so c c i u h i c  c t c - I in  Fig c m - I) . 2

l).24 The category code i n d i c - i t o - i  in l igure  D . 2 is t i re  Il ’RS category code ,
which in r r many  c-as ic : ;  is only one of severa l category codes inc luded  in tha t
fac i l i ty  group r e q u i r ( - u i i - c c t  . For a detai led l ist  of which  N C I V  ca tegory codes are
included In ( c m c h  r equ i r emen t , S (ru r the Annex to th is  appe nd ix .
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• RUNWAY RE QUIREMEN TS BY BASE

NAS- -ME l-t I
AVA I LABLE
AM OU N T LE NGTH THIC KNESS
0.90 8000. 9
0.90 8000. 9
0.74 6400. 9

REQUI RED I
A MOUNT LENGTH THICKNESS
0.82 5000. 1
0.64 5000. 1
NO RUNWA Y D E F I C I T S

NAS- -CORP
A V A I L A B L E :
AMOUNT LENGTH THICKNESS
0.84 8000. 9
0.84 5000. 2
0.82 5000. 2
0.62 5000. 2
0.64 5000. 2

R E QU I R E D :
AMOUNT LENGTH THICKNESS

1.36 8000 . 2
UPG RADE : LENGTH : 5000. TO 8000.
T H I C K NESS : 2 TO 2
COST ; 424. (THOUS .)
SUMMARY OF RUNWAY UPGRADE /CONSTRUCT ION
NO. LENGTH THICKNESS COST (THOUS.)

1 8000. 2 424.
W ILL THESE DEFICITS BE MAD E UP (Y ,N)?Y

- j • AIRSPACE FACTORS & OLF S REQUIRED

NAS-- MER I
TYPE A/C AIRSPACE OLF ’S

FACTOR REQUIRED
T-2A 1.00 0.37
T2BC 1 .00 0.29

NAS- -CORP
TYPE A/C AIRSPACE OLF’S

FACTOR REQUIRED
‘

I 
TS2A 0.25 0.43

I ’ I G I ,JRF  I )  . ~~~. I<li TS Vc/A’ u A N D  SI°EGI A I - F A C U i f l I - L u  R E Q U 1 R I f M F N l ’ S
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1 ’ . 23 I c c ~u c i -  f i t i o n  to the  L u i  sic- II ’RS C, m t v  ;ory codes , two f a c i l i t i e s  -ire su P —
c f i v i d e u i  in to  two ; c c : - ’ - c t u  - - c u r i o - s  to enha nce the u s e f u l n e s s  of the p r in tou t  in the
rnac c - mn u -m c ;efl t deCj SiO f l  p c ’- e & - : ; : ;  . ( 5 i t o - q o r y  11 t — 2 u  ‘l’ot~m l  P a rk ing  A pron (11320 TOT
PULlS A L L )  is d ivided o ste 1 t2 0 actual  pa rk ing  - o r e - i  occup ied by a i r c r a f t  (1 ~2 T / ~

A L L )  and 1 3211 tIn - - i r e -  of the per ipheral  t , i x iw~i v - round t l c e  p - i r k i n g  - i r e - u
( 13 2 - ,) i ’Fk  ‘I1 ’cLl\VAY) . c i t o - g o r y  14 2 — 1 0 , ‘le t - i l  ‘ ‘

. -t r e l i ouse  : ;p - i c e  (44 2 10 TOT
‘A ’AI t l ,  I I SL) is c i i v i c  leo I in -

~ 2 10 genera l w mrc h ousc  up-  :ce (421  0 C FL ( P A R E  I b US)
and 4 2 1 0  s l i e u l  s l u ic e (-1210 P I l E !)  :-; I - A c T)

I ) . 2 u The “ !  cc: ; c r i p t i on ’ c c !u ncn  of l ’igurc D. 2 i n c lu ies a u r i e f  descr ip t ion  of
C - I C :  of the  f - c c i l i t i e - s m: ; p e n n i t t o - - f  by t i c c ;e  s i c - i r e  t e rmina l c ) n;ii t l; c -: w i d t h  con s t r  . : lt s
The i~cc ;o u ’ i t  -o iun c n q i v u ,s-; the  compute ’ !  r equ i r emen t  for each f ac i l i t - .’ , w h i l e
t I e  ‘ U n i t ”  c o l u i :o n  - c o v e s  tu e  unit :;  in w h i c h  this requ i rement  is expressed . ‘l’he
ah: rc c\- ’ i o U u n c : ;  of t m - un i t s  are as follows:

(PALS ga l l ons
IS l inear  feet
f\ I I  r i l e s

men
SI square feet

u n i t s  (in this  case , f i m i l i e s) .

LI . 27 B e c - u u s e  t u e  r e qu ir em on t ~ for l’r i x i w - o -~-’u r ind Ru n w ay  l i g h t i n g  are computed
On a ni l -t r~ - - - ; r i r u - m e c : t  ui sis ins t e d  of the gross requ i re r : cen t s  c - u u p u t e r d  for other
fu c i l iU e u  , tsc-v i r e  i c i c l i c , c t e u i  s e p - u r - o t o - l y  in  Figure LI . 1 and ire pr in ted  out  as
c - i the r  no - l e f i c i e - c c c y  or t h e  net t equ i r emen t  for Trixiwcoys in square  -- a rds of pave —
c: € - u t  m d  t i o ’  oct  r u - - m on c - c o - n t  for : ‘~i m c w - 1 y  L i c j i r t i r r c ;  in l i nea r  P-ct .

D . 2 1- c Fuel  -to r i - m e  R C - i u i r i - ” , i u t u  or ’ - m i s o  I c n i c i t e u f  out s e p - r i t e - I ’ 7’ b ecause  t h e y
-ore  cor : ;put - i h  so ,-p u r c t  - I s -  for  e tch  fue l  type  rind the net requirement (if -o :ry) is
C Q m : ) c i t e - f  I : ;  n u c : bcr of t c :b:s  by s in e  of t a n k s .

R w ’ .-; - , i o  i : S ~~- -cia I F - m c ~ l i t i i ’ :

f~ . 2 °  F i~~~~~~~ i~~ ~~ q i v - r ;  a : - i m p l o -  o u t p u t  fo r  the r c c c r w - i y  r e - p I i r - - c c , - - c - i t : ;  and  the
0 r i - j e c r - - m : ’ : c t u  f - c  t I c - - spe c - i - u i  t a ,- i i i t o i - s  c o n s u l - n -u i  in the . t u c ; ’ 7 .  ‘[‘h i - r c i u I w a \ -

I ’ r ’- - p c i -  c - - l i t ;  rind the o - - l u l o r r n e c ’mt: - ; of tim e Spocj a l  fu c i l i t o - ; ;  , m o -  c l i : ;cu : ; : ;e d  in
d- - t - 1 i 1 in  A p p e n d i x  F ! m n , b  i i i -  i c i u l i - l e c i  he ro ;  to icid u c : i t u -  t h e  p o s u t i - c n c  ci the se
f i c i I i t u ’~ in  the c u o u f u c i  -,m nd t h u  u p - c u - u - i l  for ino ~it  of the r - u ; c c i r i - m c ’c c t  ou t p u t .  N - - I c
‘ c - u t ‘ l i e  r m u o l i - l  - n i l e : ;  ‘ I c - o f  C i i i  ruc ~~\’- i V  m u s t  be l e n g t h - - c r - c l  for NAP ( ‘ r I c e —  lShristi.

_ _ _  _  _  _ _ _

PC(~ Appendix F for t I n -  A~ sot - P o s i t i -  - cc !)atri l i b o  .
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M ( )l)l! I , D E R I V A T I O N

- c :  1 1 . 1 — 1 0 , 1 1 . 1 — 1 1  , 1 1 2 — 1 2 , Fac i l i t y :  ‘[‘ - t x iw c t y s
( 1 1 2 — 8 0 0 )

- 
- , f ; : i i t u -  c c c  u t  I a - i l i t ’ , :

I ’ u ; ~: i ’ .’ : u \ d ~ incI~r - los - ill p~ive ’l  a r i a s  u t i l i z e d  by a i r c r a f t , opera t ing  u n d e r
- i r  d m v n  pow -r , h~~ Ci -t to - m d  f r o m  the t i L e o t i  , l andin q  , rii~d parking areas

- u  t t : - : 1 , ’,- u \  is Con t iguous  wi th  -i ~ir i r k in g  apron  or other  pave d area , the 
t i c  u s  a s s u n c e r l  t a r  p l ann ing  purposes  to n o - m ain 75 f t  i~ width , the

nc r ’- u l  -.‘,- i - - l th  of - t  t ax iw a y .

C a l c ; , l a t i a ; c - t k t _-~j wr t ’ r m 4 r n t :

The t a x i w ly  Or a l r e qu ir en -ient  of a base is calcu lated by assuming  that
i l l  r i n w - o y s  p r r -s -n t l y  in ex i s t ence  have adequate  tax iways ; there fore , new ta :~i-

-.‘- . t v s  ri r o ’ r e q u i r -  ‘ci o n l y  i t  new r u n w a y s  are constructed or exis t ing runways  i ir e
- - :- :t -n ; led in length . T h u s , a net t axiwa y requi rement  ( tax iway de f i c i ency)  is

‘ u: ;  p- ted i n s t i ’ i - I  ot a gross requ i rement .

Because of t h e  methodology ut i l ized  to generate net runway requir e m’n ;c ’n ts ,
upon which  t a x iw a y requi rements  are based , 11’ two d i f f e r e n t  equa t ions  wc ’nc
d e v e l o p o - - 1  to u f e - s c r i b e  the increased taxiway area requi rement .  The f i rs t  equa-
tion gives the requirement  for taxiwa y area if an exis t ing runway is extended;
the second equat ion  gives the area required if a new runwa y (paral le l  to ~tn  old
runway )  is b u i l t .

If a r unway  is to be lengthened,  the increased taxiway area requirement
(in general)  is

TA~
C 

= 75 (L~~~ - L~
tc-) + 27 , 187 (N~1tc- - N~

tC
) + 54 , 375 (1)

where TA tC 
= tota l increased square feet of taxiwa y area of

thickness  t and composition c required for an
extension of runway  s at  base i

L
fltC 

= new length in feet of runway s of thickness t
and composition c at base i

L
OtC 

= old length in feet of runwa y s of thickness t and
composition c at  base i

N~~
tC 

= total numbe r of t u r n o f f s  of thickness t and corn-
15 

position c required for new runway s at base i

The primary a s s u m p t i o n  is tha t all  new runways will be built parallel to
existin g runways .
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N
0t( 

= tu - t m  1 c i u c s l i  -r o~ i t u rno f f s  of t h ickness  t md com—
is posi t ion c r e q u i r e - I  for old runwa y s at  base i .

The f i r s t  le n in in E q u a t i o n  (1 )  is the width  of a tr ixiwa y ( 7 5  f t )  t imes the increased
leng th  r equ ir e -  I . The s o -c - a nd  t i n t s  i:; the  area per i n t e n c ’s e - h i , ’ t t e  t r i x iw a y t u r n o f f
(7 5 i t  wi h o-  ;-: 4 2  . 5 f t  lu cc ~~) t imes the number  of cv-  w t u r n o f f s  to be b u i l t .  The
th i r . i  t u r n ; ,  in E q u a t i o n  (1)  is the -u r e a  of the end tu:-:iwa y tu rnof f  (1 50 ft  wide x
3e2 .5 ft  l o n g ) .  The t m c t o r  3 o , 2  .5 given above is the p lanned  es t ima ted  d is tance
between th e c i u j e  ot a runway  an - I  the e- lqe  of its a s soc iated  t a x i w a y .
number  ot t’ ,. rno i  ts  r e q u i r e - i  for ~t r c mc c- .’-ay is given in the fo l lowing  t a b u l a t i o n :

R c c n w ~~y I e u c q t h  ( i t )  N u m b e r  of l’ c,irnoffs

~~3 5 H 1 )  3
5501 to 7500 4

-- 7 5 0 0  5

Lc :uat ion  ( 1) is s t r i c t ly  t rue  on ly  if the ex tended  r u n w a y  is to be the longest
runwa y in the runwa y sys tem.  If such is no t the case , then the f i r s t  term of
Equa t ion  ( 1 )  drops out  and the second and third t e rm s  are used to ca lcula te  the
t m :.:i\va y are - i

If a r unway  is to be bui l t  n ew , the increase in tax iway area required is

TA~
C 

= 75 L~~ + 4 7 , 500 (N~~ - 2) + 150 , 000 ( 2 )
is is is

where TA
C 

= tota l increased squa re  feet of t ax iway  area of th i ck-
iS 

ness t an~ con cpos i t ion  c required  for new r u n w a y  s
at  base i

L~
C 

tota l length in feet of new runwa y s of t h i cknes s  t
o n - f  composit ion c a t  base i

~ tc 
= total n u c c de’r of t u r n o f f s  of t h i ckness  t and compo—

sit ion c required for r unway  s at base i .

The f i r s t  t e rm in Equa t ion  (2 )  is the  l e n g t h  of the  new tax iway t ime s  its wid th
(7 5 f t ) .  This  te rm is inc luded  o n l y  if t he  r u n w a y  being b u i l t  is the  f i r s t  ru nway
in the  s y s t e m .  ( o t h e r w i s e  it is not i n c l u d e d , since it is  a s s u m e d  tha t  it is on ly  -

necessary to i c u i l d  a comple te  l eng th  of t ax i w a y  when none e x i s ts .  The second
term in Eq ua t ion  ( 2 )  is the  t ax iway  area required for i n t e rmed ia te  tax iway t u r n —
o f f s  ( leading to the next  r u n w a y ) ,  (75 x 5 0 0 ) ,  and the  l a s t  term in Equa t ion  (2 )
Is the  taxiwa y ,u r o t r equ i r emen t s  for two end t u r n o f f s  (500 x 150 x 2 ) .  Again it
is a s sumed  tha t  end t u r n o f f s  are turnoffs rind do not inc rease the length of the
runway .

It is assumed t h a t  end t ax iway  t u r n o f f s  are indeed t u r n o f f s  and not runway
ex tens ions .
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The tota l i i  -t ta XIWI1 y area required is t h u - n

m

TA~
C 

-= ~~ TA~~ (3)
S l

where TA~ tota l increased tax iway area of t h i ckness  t r i nd
composi t ion c required at  base I

in total n u m b e r  of runways  to be extended or built
f lC W  (I t base i .

The summat ion  in Equat ion (3) is taken over al l  runways  to be either extended
or bui l t  new at base i .  As previously indicated , the f i rs t  term in each of
I:quations ( 1) and (2) is used only if the runway  is either the longest in the
system , or is to be bui l t  new.

Source of Calcula tion:

The above equations were derived using n ceasurement  and data fro m
NAVFAC P-80.

Source of Independent Variables:

Taxiway Type to be Bui l t—determined by the Runway  Excess/Deficiency
ca lcu la t ions  which  ind ica te  the typ e  of addi-
tional runways (if any) to be bui l t

L~~tC J tC —determined as described a h oy - :  in t h -  R cnwa ~is is -Ex cess , ‘Def ic ienc y compar ison

L~~c , N~5
tC —data stored in Assets  Posi t ion Data Fi le

N~~~, N — selec ted  from the t abu la t ion  given above.
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\ 10 1) 1:1. 1 ) I :RI VA ’rIo

Category Code: 1 1 3 — 2 ( 0 , ] 1 3 — 2 1  ,1 1 3 — 2 2  l - i c i l i t y :  Aircr a ft Parking Apron
( 1 1 3 — C l )

De f in i t i on  ot F a c i l i t :~~
A i r c r a f t  p a r L i c i d l  apr ’  - i i  m o o  is h - f i n e d  in two d i s t inc t  categories:

a . A c - t ’ m a l  a i r c r a f t  j~.irk ing apron area inc lud ing  only  the

~t n o  - . u  on wh ich  ~u i r c r a f t  are parked inc lud ing  s p 1 i o s i n -j
factors and t axiways  between rows and columns hut
-xcl udlulg pi-riphera l taxiwdys

b .  Paved peripheral  tax iway areas dod/or any other
misce l l aneous  pa ved area surrounding the ac tua l
a i r c r a f t  p , t r L i n c ~ ap ron .

‘r he so two ca tusq or i os  5 - ir a  tota lec ’l to g -t  tota l paved a i r c r a f t  pa rk ing  area re —

q uire cm li ’ ii tS

C, i l c  ; i I i t i o n  c t  R e q u i r e m e n t :

‘ I h o m  - m c t u i I  p a r k i n g  apron ‘u rea necessary for the  pa rk ing  of a i r c r a f t  at  a
n o v - i l  -iir st at i on  is c - u l c u l a t e d  as f o l l o w s :

Par ing  ap ron  c l i - p t h , I n c l u d i n g  per iphera l t ax i w ay s , is s e lect e d
c ; e n er a l l y  in r i n s e s  f rom o 7 5  to 975 ft (w i th  larger  v a l u e s  prefer red  i f  t e r r au n
p e r : - ; i t s ) .  The dep th  m e a s u r e m e n t  is tha t  made perpend i c u l a r  to the runwa y
w h i l e  apr - n w i d t h  is p a r - m i l d  to the runway . The m a x i m u m  n u m b e r  of a i r c i - o f t
(P it ) t h - i t  c i i i  i s -  p u r L -  - - l  i n  ore - row ( i . e.  , c o l u m n  e x t e n d i n g  the  f u l l  dep th  of
the  • i v r -  - : ;  an d  mc -r p end icu t u r  t o - t he  r u n w a y )  is c a l c u l a t e d

AD 1 - Bt
-o n’ xt  h~~ hest  in t ege r>  

C

y,- h- - r c- 
~ m t  

- ~~ :~:u : c i U m  in t o -g r a l n u mb e r  of type t a i r c r a f t  t ha t
can be b i ro ~~(c in one row of depth  AD i at base i

AD 1 = d e p t h  of pa rk ing  apron ( exc lud ing  two periphera l
t a x u w a y s  of depth  TD i € ‘ach) at  base i

C t -- depth  r e q u i r e m o - c -it ( i nc lud ing  interna l t r i x iway)  per
a ircraf t at t ’y’~ i0  - t

B t = do -p t h  0 - i4U i r o  -c r ’ nt (exc lud ing  internal  taxiway)  per
aircra f t of type  t.
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l’ho s m a l l e s t  i n t o i m o - r , ~~~ for  w f c j u s h  I ( 1 m ; , i t j o i  ( ] l  c u d  5 , s t h e n  t i c ’ ’  s ’, in 0 —
i m u m  n u m b e r  of a i r c r a f t  or ( - ‘ p c  t t h a t  c m  I - o s  p u  k r -- I 1:1 on’- c ’ - i w  ( I . e . ,  c o l c c m m
pe rp e c i -  U cu t r i r  to r u m n i w , i  - ‘  ) - t t -0 50 i

o c x , - the n u n d u c - r  of - o i r c r - u f t  per T ’ u c W  l i - u ; ;  1 , o - i - n c  c - - u l c u l - i t u ,- f  u s i n g  E -~ c d  ( c - - c o
1 ) ,  t I c ’ - u i c c n c b e r  of r e , -;;  r eq o mi r e d  for  - u l l  a i r c r  i t t  at t - - I cm :  ‘ P t - c : ;  m e  I Ie~ tI c ’’

r ela t ion

- 0
R~ t - Sma l l e s t  i n t o e r e r  - -~~~- ‘-~ ( / )

~- ,‘l cera R~t = c i c c m m t x ’r  01 rows ro - q u i ro s c’I for  a i r c r a f t  ( i f  ty p o  t - i t
base i

AC It = tota l number of aircraft of type t t c - use p - i a. i c c ~
a pron a t  base I

An integral number of rows is used because it is assumed that  diss imilar  air—
c: ’a f t  cor e ro ot parked in t h e  same row

The total  width  of the a i rc ra f t  p arking apron is u , : i l c u l a t e d  us ing  tb’ sun
ec t the wid ths  of the tota l n u m b e r  of rows of each typo  of a i r c r a f t , i n c l u c h i n - t  t f e
- ‘ m s s o e i a t - , - - i  t - ox iw a y s  f u s - t w o - u ,:n rows . This width can be minimized by p a r k e d - !
a m  rcr o i t  in rows s Lu r t i  n - rim th the largest aircra ft type and cnovmn -lawn to the
s m ; ~ o l l e s t  a i rc ra f t  typo ’- . The width of the p a r k i n g  a pron - a s s u m in q  t h i s  c a n —
f i c i - c r a t ion is emp loyed , is

n
W~ = 

~~~~~ ~~~~~~ 
D

t
) R

1t 
- D0 (3)

t=1

- r ’ -  - tota l p u r L i n g  apro n w i d t h  r e q u i r e m u - n t  ~u t  L o s e  i

A t = wic ’Ith r i -c m c c in a ccen t  per a i r c ra f t  of type t

I t = be tween  amrcr - m I t  t ax iway  width  r - q c u l r r - ; s  - c i t  per
row of a i r c ra f t  of  type t

D0 = taxiway width reqc .i i r e c u o - c i t  [or the s c , , , u lb - s t  ~u 1 rus r , m f t
type to u t i l i z e  the park lOg a pro n

n = n i n r m f s - i  - if ‘I i m c n c a f t  t y p e s  t - i s s  i u ; n r c u l  r u ’ ‘- a ; ; ’-

Since P—8 0 specifies that  parking apron s are calculated in increments of 75 ft ,
the width calculated in E quatIon (3) Is expanded to fill the next full  increment of
75 ft; th is  adjusted width Is the required width of the parking apron . Actua l
parkin g area require d Is then

APA~ = 
~~

- (A’vV 1 ) (Al) 1) ( - I I
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~ ‘here A f , o 1 = a c t m c , u I  s q t c m n i ’ y ar ls of p , m r k i n q  a pron an ’ -~i re—
c~ m c i ~~~- i i t a i : ; i i

ad j c c  t - - I - - ‘c It Ii in I c -e t  o u t  the p a r k i n g - i ~JdOn at
Lc~u ; ; -  -

A l ) 1 l~- P t I i  i i i  f u ’ t of mm j r~;i u c -r -upron a n o n - u  ~it  ba se i

1 - 0  I - a -t ar  - - - c c - - - ‘ r t c i c -  s quare  t e d - f t to s d ; o - m n o -  y ar u l s

-‘ I p e r u :t s - r a  I t - - u  ~ - i n - u i m ;  th e  m c  u j i v -  ‘cc  by

i”I’A 1 ~ [h\ v~ ~ ~ I ’ i  ~~) ~~D1 + ,~~I ~)] - APA 1

- 
( 5 )

= ~ [or~o~ r A D j )  1i’ l )~~ T f l ) ~~]

v h~ n - P i’A
~~ 

- s- ~u - o r c -  - -ar is ot Do n iph era l tan- : i -~vays  required
it  has - i

rD 1 = periphera l taxiwa y wid th  a t  ba Se i

A~V 1 , AD~ - ~is p revious ly  de f ined .

~~~~~~~~~~~~~~~~~~~~~ then

PA
~ 

= (/o\\ ’~ + 2 ’I ’ D~ ) 
~~~~ 

+ ?TD~) (6)

‘ v i i i  - r -  - ‘A = to ta l square  v i r - I s  of parking apron required at base i .

q, ccui of Calculations:

The c a l c u l a t e -n  of park ing  area requ i ren m ent  was derived here fol lowing
t i c ’  - pr - c - - d u n e s  ( , c i t l i i ’i d - -  I in the Integrated Facil i t ies  Requirements  S tudy ,  Phase I,
u n~ ::iiv FAc I- ’ —~--o~,o .

-lu - m r - - c d  I n j ~~~e n d i - n t  V c m r i a b l c ,-m ;

f o b .  — ; t - r d  in K ’ i s i~ i ) ata  I it o

A t B t Ct , D~—obta 1ned from NA VFAC P—80 and stored in Aircra ft Data File

Ac 
~t — I - u t - u  [ro n ; the Base Loading Submodel  aui~l the Base Da ta File

( for  ‘ l i - c  u - u  n t  Aircra f t )

‘ I D 1 — ; ; t c - r e I i n ; F a c i l i t i e s  ‘~-q c , c i r o r r c c n t s  P r o g r a m .

f o s s c i : m i n n  - m  r e c t angu lar  p ark ing  ire m conf igura t ion  c o n c h  equal  width taxiways
on - i l l  t u , c r  s i  P - s

n— i - l a

_________________ _____________________ —— -~~~~~~~~~~ ‘~~~~~~~ _~~~~ -—- .~~~~~~~ ,,- , _



N

N

‘i L l  D h : F I v A r I (  oN

~~~~~~~~~~~~~ i~~-~~ ~~ - - ; I ; L :  Airc r a f t  Re~u d y l ’ u e l
~

-I t on m i n i -  i - u n

I ) u - l m c i i t m o u i  of Fac i l i ty :

Aircraf t  Ready Fuel  Storage Tanks  are cli f L u - c l  for a i r  i n s t a l l a t i o n s  to ~~
a l l  avia t ion fue l  storage tanks  for three fue l  P / I - - s— J e t , av i a t i on  gas , and  hobo
fue l) - ’  whether  the t anks  ( i r d - located on , ad j a cent  to , or r e m n m o t e  f r eon -  the L u  ci- .

C a l c u l a t i o n  of P \ e qu i r e m n en t :

The a - cody  f u e l  s torage r o - q u i r e m e n t  for  e u ch t ’ , ’ p o c  of ; c u - l On - m  :
i h c - e e n d s on three tactors :  ( 1)  the  number  of days ’ s up p l y  of f u e l  a- - t u ned t -  - m u d -

s t c o r e d t  (2)  the  percent  of f u e l  wh ic h is lost or u n o c s i L c l n  due  to s t c - r - o - : p  o - ~ f i c i r ncy
lo sses;  (3) t h e  a n n u a l  am o u n t  of fue l to be used . Thu ’ - -q ua t ion  e x p r o s . i u i - :  t i - - s e
r - - l a t i o n s h i p s  Is

~ ‘ if
BFS~ f = 

365 (1 + EI 1f ) (BF. l ’ I ’~ I ( 1 )

- - - - h- - ru ’- RI’S i~~ = ready f u e l  storaco n r - q u i r e m n e n t  for  c” pe [ m l  a t  -u s e I

P}.f = numb er  of days ’ s u p p l y  of t yp e  f f ; c - - l  n - - w i r e d  to
be store-I at base I

EL i, = e f f i c i ency  loss factor  for type f f u e l  at
base i

13r~f a n n u a l  bu lk  fue l  r e q u i r r - : m ’ J - c m t n m  for  t ’ , - c -  f f u r l  ton
t r a i n i n g  - u i r c r - c f t  - i t  base i

Tr
~ 

= a n n u - u  I bulk fuel r - - - l d c i r emen ts  of t y m e  f f u el f o r
- i l l  other u;-;ers - i t  ha s o -  I .

Since each type of fue l  m u s t  hi- n m t c r u -  I sc-pa r i t c h y ,  st on i j e t i n k  r i- t o ;  r i -  —

merits  m u s t  he computed  s e p - i r a t e l y  for  eac :l c f u e l  t - 1- !-e . The n a m es  of t h e  three

~;m - e S  of f u e l  ‘ i ssumed in the s tudy  cu re ( 1) j e t , (2 ) - o - - r i , ’mt i on g ’i.c , and  (3) bob

T h m c r c e  of C a l c u l a t i o n :

The c a l c u lat i o n s  of the  f u e l  s t c ’ r - o - ; o  ro t c ;  i i ’ e n n ’ - c ; t  d i -no vec l  -ibove f o l l o w
ti- c p r i e r - u i  o u t l i n e  of the  d e r i v at i o n  in Pha so I of the  In tegr ated F a c i l i t i e s
Reqi c c r e r n o n t s  Study.

The model h a s  the cap ac i t y  to i d e n t i f y  ne ’~ i u r ’ - u t e i y  t h u - c  d i f f e r e n t  f ue l  t \ -p e s
by sort ing on t h e  f i r s t  l o - t t o r  of the f u e l  name , I . e • , I for  i-i , A for av i a t i o n
- ( - u s , r ind  H for he l o  f u e l .  l ie lo  f u e l  t r i n k s  we r  ( 5 0  p~u r - n t e l y  i d e n t i f i e d  for N- \S
W h i t i n g ;  however , mos t  he l i cop te r s  b ourn e i t h e r  J I ’ — -l or - u - - l o t i o n  -~~u s .  It wui s
decided to k eep the t u rn -c ’ fue l  type s in the mode I so t h a t  if  and  when an
- m c i - l u  t i onr i  I f u e l  type is required (e . - . j p~ r, for f t c - c - t m ircr ci f t )  by - m base , the
model can accommoda t e i t .

j n 1)-i-Il
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Source of I m l e j o - n o l c c c t k - u r i o n les :

— stored in t I , - Base I 0 - u  t m  F ile

F l f 
— s t o r e ’ l in f L u -  Base Data l ’ile

BF - — ( c a t - c  f r om the  B~i so I ,oa ding Submodel
-

~~~~ i f

rl f —calc
c c lo t i ’ - I  10 t h e  Ba se I , oadic iq  d d c : c - c i o c l e l

I

N

- - -- 
-- . . 

- 
I
N

I

D— ] - — 1 2 - - -I
-U-- - —.-- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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~~~1 (  )~ o~~f l ’ O ’ i - I V A  ~~[ 0 ,
-

- u t - : n - - j u n l~~5 - - I0  u c L c ’ ’~ J u u s ~ f l ’ , ’ ; i a uo o m - o l u n c ’
- - c- n-  c x i  nd

‘ i i  “d i  t i - ) ? 1  of i dci l i t ’ ’ :

I i s t r i ; - u t i o m c  l i n e : ;  ( F u e l )  ~.c’ e- - u - - t u m a - ~~I - i s  h u c :  L u t i l  i d - o a t h  of : - m ~ - - i m n c i ’ o
a t u i r i - c i  to - I i s t n c i o c t - b e - I  t i e : :  a l l  n i - o i l y f u e l s t o m ’ u - m e  ioilitic - s at -m u m: c s~ - u l I i t i o n .
‘Ike  m o s q c m c ’ - - n cen t  is m s s u c n c ’n 1 1 - -  i n n l n c - , l e cr oo ’Ic ;ions ’ i-n v - u i ’ - - - ; ;  , 

- - “ - : ‘ - n ’in c ;  - :- ; m ; ~~- ;~~ ,
-n ch i n g , h - i c - c u  l i o n : , i n - i  c a t h on ic  p r o t u - c t i o n  w i ,~~ o c o d s  c n n -  ‘d . Lines  ‘ : : - m y  0

- , i ; - ~~- , - - or selo’i.’ g r o u n d , a i t : , o m : - ; h  t i c i -  l - i t t ’ - r  i s ’~r e f e r r c u I  , -: i- r ’- p o ; s i ’ Ir - .

C - i;~~ ha t i on  of R e qu i r e m e n t :

-r h o , - - - s t i c m a t e ! n ’, i l c - s  Lu fu e l  d i n ; t i i b u t i ; c n  p u p - l i n e  I c c - - u  n , - i  n :,) !
- - i n s t - , c t c :n have L i - c - f l  d i i v o -s u s i n g  u ’ o - c j r ’ - s s io n - ‘i n a l y s c n m  to O c m , -~ m o m t oe  le: ic ~t ; 1

H i -  I ( O W  r -
~~~ is ri Lu m c i - t o  - , - :  c of t b  - tota l I corn L o u  of to :1c c no ; 0 nd s- Li i i  00 )fl ni -r  sc~~’, , u ’  -

S L u L i - ,-oo: n - i t  a base.  The e x i c - u t i o n  - x i c r - ; ; s l n g  t h i s  u e l a t i o n s h i : ,  is

l ) P  = .001 3 7 5  (, - - ;A- - ‘ c i : , ) ( 1 )
i 1 u

v.’ : - -mo ’ - i ) P  = n : i l e n ;  of d i s t r i l c u t i o n  P ipe l in e  n - m:m , u i n m -: 0 ix,’ x- one - I

Sd) = total nu m m o e r  of s q c c - m d r o n  p e r ; ; o n n e l  c u r  H - u s , ,,- u m m  i ’ m - l i : : ; ;
St uu e : u t s  , i n s t ruc to r s  , a m - I  - l i o n - c - i  squadro n m c m i  -

~~~ : : u n ; c - e
p e r s o nu c e l

‘ I I ,  = tota l n u n m n h e r  of t e n a n t  t - e c - r o n ce l  on u , , u s o -  j

The a :uove equa t Ion  has u .95 or h i g h e r  corre lcitinc c o e l l i c , ; i o nu t , c m ; - I  ti c — coo m i n t s
are si ’ :n l f l can t  wIth  90 percent confidence per the t test .

- our - , :os of Calculat ions:

In the regress ion an a l y s i s  , du o t o  ov- u s  u sos -  I f ro n : :  t h e  I , i c - i l i t i e s P’ - a - cu’  - 
- - , m n , i

A i n c - r i t ’ t S u m n c c ~~~~~ -~aval  A i r  T r a i m u i n q  C o c : ; : n ; u : c l , F - m m x c - u r y  i L -h , and  N A V I o ’n - 
!‘ — l  - - i .

•~ource of In d op i -n d e n t  V ar iab les :

Sk)~— - I u t u  froni t h e  -n - , u : ,;e l o m u l i : c - : f - i~ u : u : ; n u - Ic - l

TL
~~~

— ( la i n  st - u - n in tb - Ras-~ 
- o : , o l’u I - - .

I I  i — i

--  - — - — .. — --- —. . - —-- 
~~ 

—
~~~

---- -• - ——



M (  d ) i , I ,  I d: R l—J A’I ’ l oL

C , i t - o - c ’ v c - - i - - :  1, 3 -30 :- - i c i i i t ~~~: R u m ’ m — v m y  I i r j h f i c i - ;

: - : i n c i t u c - n o f i - i c i l i t y :

R u m u -,’ i o  l i ’ c h t i n - ;  1 :- ; t i m e  sy n - ; t o - r n  of lights ‘ i - t i n m i c i - ;  t , h i ’  u -s - i L L -  ruc u’o-i ’ /  su r —
m c c i - c n , e I , ; -  i o n ; (- d  t , ’ d -  no - - I - n ;  c c !  c l - - o r  (- --- - L i t - - )  l i u ; ! i t : ;  m : , - o r k i i u a  t i c ’  s i - I - -  i ’n . : t r -~n ) j t j - - n ;
0 1  t o - ’ : c m - ; - iy ,  I t  - i n c - e c u  tc c c ’ i - ; -;h o ld  l igh t :-; m m ; u n e i n g  t b ’ -  u - c o d s  c c l  the r u n w a y ,  - u n - I  (c)
liq u ;t - - r : c c ’c o - ~’ - u y  c l i s t ucmc:o :  : o r - : -  - i s .

Ca i cu l at i o u l  u t ,  j iio ,~ - r  

H i - - c ’ - - ; ! u l r - r  ‘ - c i t  c - n  r u n w a y  l igh t ing  is - u s s u n c u d  to be f u I : ~ l i o - - I c ; c o l ,- ss
t l -  ‘i ~- - is ii ou i a  - n c - n t  our  - i  new r u n -,-- i i  y c u r  run - - :-: L - - u c s i o n  of present  ru n  -~- vm ys - u S

ca l - - L o t  - by ti c - - c c  m~i o y  o ’ c n u - m t c - u s .  I f  a n o w  r u n w a y  is required , or - i  r u n - -,- - u -:
1 - - c l , i t  is ~~0 s sw n ; -  - ‘ t o o t  I i i -  dm i n ten s i t y  l i g h t i n g  ‘-ii i 11 ice i n s t a  l I e - i  . Ihe re. —

r es sion  f i r  t he -  ho - i u - ;  t i m c t  r d c c v - my  l i gh t ing  requi r e -  I is the n )  1/ :

n rn
R~ ~~ ~~ ~~ L1~ (1)

s 1  t 1

t c c t -  ci t o -  ‘t of c ’ a m c v ~ cy  i i ’  h t i c m c j  a -c :u i r -  -cm - i t  c m  s o  - i

h i : n c n th  m m  f ” - :t of o uch  c c iv r e n d s - u ;  s r equ i r ed  t o he
b u i l t  u t  n - - u s e  1

mc t o  c t - c 1 n u n - i C r of r u c mw ay s  to be cons t ruc t o ’- c I  - i t c i s c  i

‘i it 
- l i - c c - n t ’ ; of r u m o r - C  - e - :t ension t l u - i c e  c u n : ; t r i i n t - : I  a t  - u s - - i

i n - I t - c l  u m u : I m i c - - n  ( o f  r - n . : t i - n s i o n s  to i c ’  e c - m c c z t n ; c - t i e l  u t  i - - u s ’ -  i .

Th o -  c - - c n u i c - - : -  u - n i t  b r  t i c r o - o h o l d  l o - d i t i c i u t  a t  t h e  i - c c - I s  ot  t h e  run i - ays  is
- m : i s u r n - I  I -  I c e  - ‘ n c - S f i r  m n  e - n t o - n c u P - d  r u n - s oy (i.e ., o c m l y  one e n - i  - i - i l l  n - i - O x —
t- - nd od ) - m n n t  0 ’s-cc ~~ ‘t ;: b u n  co n o w  r u n w ay .  l i i i  t i - t m l  nu c cc ~ r 01 t i c r - s i e - l - I s  l u d n h t s

3 r - - q  u m n ’ on l  Is t I n  - c i

I I  = ~tn  m c c c  (2 )
‘ iOc ( :m ’ e ‘

~~
‘
~ u t - t - u l  n o u rn l~i - r  of sets  u - f  g n u - i - c c  t i n t -  ; :h o ld  l i g h t s

-~u u r ’  at  h a s ’  i

‘ f o t -u l r u c n w a y h i - ; h m t i c i q  re q u c r e r n e m c t ; ;  m o ” ’ f l -  - c c :

n no
R i T i , 1  = 

~~~~~ 
I - i s  I 2mo 

~~ 
l it nm. (3)

t - l

— i - m i n w m y  l i - n h !  i n c - n  i n  rn - - m s u i r ’ - I  i n  l i c e - m i Lo t of r- ro w dy w h i c h  takes  o n  t o  - c o cc i -c oo t

th e  1 u - - c m i -  i o n  ‘o , nh s m - i c  o f  time rim nway

1) - i -I  1

___________________ 
— ---

~~~~~~~~~~~~~~~ ‘~~



h o u r — u ’  of Calculat ion:

The runway l ight ing requirement as der ived  - u i ~ove uses  i n f o r m a t i o n  in
NA\- ’i ~HC P — R U .

Source of Independent Variables:

L m~~, Ej t , m , n — d e r I v e d  by t h e  r~onw u ’; -‘ : 5 -  t ( i d u - I u q . ’ .

I

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ : -



- I i i  I -  l c i : B I ’ , ’A’ l ’ Io

c c - n o : : 1 i— - , 1- 11—70 : c o : i l c t - ’  ‘ u n i t - i f !  I - ; - c - r  H i - n o n ;  R u i l i l m n o g
c t , (’ -o t r c n  - - ‘ , -: ‘ - r

Dcii n i t i ~ - ‘
~ ~~‘t  I c c c i i ’ ’ :

An  - i i i  cr - f l  o u e n ,u ’, i d d ,’ ; : ;  - u u i l u n g -no d o s u . t~ -~~ -- ‘ - u - c  u s b e b i : c o s - I  I n c  t : ;e  I l  i - H
s t - c - , : -  to - u -  on ce  ; :oi l -loe ~ m : e - l m c i i : - c  sp ’oce f- -i ’ 0 ’ , ’ -~~ . ; i  - c u n ;  I r - u t i O n  ‘ i t  [lug - s c ) m , ’ r u 0 o on c ~j I
u c h v i t i u - s  c m xi , u ( o - I t r d ) l t - - - - ; - - o p r o v i d i i : c - n  sr i cc: - I -n  - ;i u ; ; - :.enm t - m o d pc -n :: onr ; e I  ( ‘ d n ’, r - u i l l :mg
cm :r o~ f i c

- - ~~iC al -u t O f l L  (~~~~U ( ,5 c t :

- o s  m o - - , m u i r e r n e a t  u i - F  - i O o  ~c r c’ f t  c c t - I - r d t u d c n ) : :  u i  I - m i mi c : is iss~ r~~d t o ; ,e x , u t
m e n  - i  : ‘ ; - u j c ’ r t r  d i U : c d  S t - i t i c c : m , i : c c l u d i n c c ;  sp i c e  O u r  - m  ci- t n — I  t u - i ~’ -r . - 0 r i u ; c i r e n ,ent  is
t o e mm

- c~,- e r o t i o n s  I t u i I - l i n n  1-1 , 0 0 0 0  sq ft

( = - : c t i’ -s l -:‘- - .- :o- r 0 ,

Tota l , ‘ d:ci c c i r c - r - e n t  i i , - ,~ L u 0j  sq f t

- : arc o- -, , ( c c i - , , ’ :cI - L ie u :

; r e - i  -dli -’.-: onces -o v e n  are t i -U s e  I i O t ( - - in ~- .- ‘o mJ I ’ / c d - 
P — 8 0  and ~ /‘-.Vl ) C °  kS I - 2 7 2

1 ) — I — l b

_ _ _ _ _ _  
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M O DE l .  D E R I V A T I O N

- n  - 1 - :  1 7 1 — 111 l a  cml i  t y :  A c m -  h - i n c  cc Bu i l d in g

)i - t i n i t i o u n  of I ’ m ci1i :~~~

~h -  coca required for  academic  ins t ruc t ion  space is d e f i n e -h  to on c lu d e
nm ~ ’-t  o n l y  c l m s s r o o m i m  space , but also space for a -h r n i n i s t r a t i -j e  o f f i ces , a s s e m b l y
ri-i-n a , c - m c f o - r i , ’n~ r u ’  c o o s  , l ib rar ie s  , and lounges . Th us , the r equ i remen t s  fo r
t h u s  t o c - i h t y  in clude th o  - gross area for a l l  ac t iv i t ies  associa ted  with  u c a c i e r ’u i c
i n s t r u c t i o n

( L u  ic u l a  t ion  of R e q u i r e m e n t :

T h o ’  area required for classroonc space at a base is dependent  on the
- t u l  n u n n i c o r  of s t uden t s  expected to be in c lass  at a ny  one t ime .  The tota l

n u r : ;b c - r  of hours spent  in class by s tudents  of p i l o t  t r a i c ’c i n n ;  p rograms at  case

(SI . . )  (CH ,) ( 1)

where SI . = a n n u a l  s tuden t  input  of s tudents  in phase  j at  base i

- tota l number  of academic  classroom hours (all  types)
required to train a s tudent  at base i in phase

n number  of t raining phases at base i .

To obtain the n u m b e r  of s tudents  in class at any one time , Equat ion  ( 1)
m u s t  be d iv ided  by the number  of a n n u d l  hours that  classroom space can be uti-
l i ze - I  for in s t r u c t i o n .  ‘rhus , the tota l number  of s tudents  in class at  one t ime is

(SI . , )  (CH . )  ( 2 )

j = l  CU

iihere CU = nu m icbe r  of a n n u a l  hours tha t  classroom space can be
u t i l i zed  for i n s t ruc t ion .

The total c lassroonc space requi rement  m u s t  a lso include provisions for
s tuden t s  on base who arc not in the pilot t ra in ing program.  The number  of these
s tuden t s  in class at cony one time is derived in ~i manner  si nc i l a r  to tha t above
and is

(‘rs ) (‘rH , )
i i (3)

( l I t

D- 1- 17

______________ - -- - - - - —  -- - ‘ -— — - — ~~ —~~~~~~~ ‘ -‘ --‘- r’- r



- [S a n nou a  1 c o o i  u s  t o o - n  of s tuden t s  unre la ted to a specif ic
n - u c i  1 m m - c  ph au n  - m ~ciu ir 1n q i n s t r u c t i o n  at base m

r i 1 n u m m o b e r  - - I - ‘I is sc’ c ‘i- m m ;  hours  pcmr  s tu c len t  of type TS

F im o - tota l clasarce u r n  ar i a r equ i r ed  is the tota l n u m b e r  of s t uden t s  in class
at  a ny  one t o n :  e times a space per s t u d e n t  factor  and is given by

0 (Si . - )  (CI I , , )  (TS . )  (TH , ) ~1

( A  =
~~~~~ ii ii +

1 J = l CU . CU , Ji i

s’!m -ri ’ c A = tota l sqciacs  - k-c t of academic chms sroorn space required at
I

b a a ’-  i

A = gross bu i l d ing  area required per s tuden t .

source of Calcula t ions :

The ca lcula t ion  of classroom area is derived above u t i l i z ing  the basic
- e t l’u cu , to i ogy  of the Integrated Facil i t ies  Requirements  Study,  Phase I, and N/~VI A O.
P-go.

Sourc o- of In d ependen t  Var iab les :

Si~~—ass 1gned to base in the Base Loading Submodel

H 1 — c i a t i  stored is the LSR Generator  Data r i le

CU ~ —stored  in  Base Data r i l e

TS 1—stor ed in Base Data File

T 111—stored in Base Data File

A — 7 5  f t  as spec i f ied  in NAV I ’AC P — 8 0 .

I
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MODEL DERIVATION

(~~l , i t u ’ ’ j o ’iry C o -h e :  2 1 1 — 1 0  F ac i l i ty : Maintenance  hl - i n ;ar

D e f in i t i on  of l a c  iii  ty :

The r e qu ir c - icme nt  for Maintenance  Hangars  is defined to include :;poic:o

for i n t e rmed ia te  and organizat ional  levels of maintenance for a i rcraf t , a i rc ra f t
sI - ares , and components  inc lud ing  hangar , shop,  s torage , and a d m i n i s t r a t i , e
S b olc u . The re qu i rement  does not include space for Nos o -  Hangars , Pa int  and
Fin i sh ing  Hangars , Jet Engine Maintenanc e Shop,  or ma jo r  rework f ac i l i t ie s .

Calcula t ion  of R e q u i r e m e n t :

Maintenanc e Hangars  are the basic ai rcraf t  maintenance f a c i l i t - .’ at - i

n . m - - c l  air s ta t ion.  In general , ma in tenanc e is p erformed - m l two los— ! c,- l s :  t h ’  - ( d O  n o n —
i : : i t i o n a l level  and the in termedia te  level . E~ic: h l e o - I  of ro -c in t enance  h - i : ;  - o I -  t . - I -

f , c ~- c l i t v  ass igned to it wi th  the s ize  of the f ac i l i t y  depending  on the n u m b e r  and
t-:pe of a i rc ra f t  on the base. It is a s sumed  tha t o uch  f a c i l i t y  is made  up  of
mod u la r un i t s  tha t  may  be constructed as sepa r - i t e  l d c u i l d i n g s  or m u m ’ ‘ - m n , c - n t o- - - ;  in
i- - o n — u s  combinat ions  to provide the necessary space.  The two types  - u i  n i -j im-
t~ - :mance f a c i li t i e s  C o n s i s t  of the fo l lowing  m o d u l o - s :

a . Organiza t iona l  Faci l i ty
• 1 . Hangar Module(s )

2 . Crew - m d  E q u i p m en t , - ’ / o - l c : ; i r u i , ; t c  i ! u \ — o  N l o - , I u l o  ( c i )

b . I n t o s i m o c o - d i  i t o -  F a c i l i t y
1 . Shop Mod h o l e  ( , ; )
2 . C rew m d  Equi pt - co nn t /A ohc :;im o , t u il u ve M o - b o i l  ( n ) .

— 
The number  of r : ; o o m o ; l ’ u s  r - q u m u c ’ ’ d  for  i i  qj_j m n i . - m t c u m n c l  I uo ’ i l ~,q,,y i : ;  - i i  ~ m —

n s l n o  - - I  us fo l lows:

a . Hangar N-°lodulo: T h e  t (  ‘ i i  i : i i  t o n - -  h , m n c - n - m r  n r a -  t u b ’ s
r equ i re d  for - u c t u  ‘ , ; u - ( ‘ I  c i ’  r i l l  i s  I . t  n o -  ino ,i bc ’ ,

OH m 1 , 0 1 ,

~wh er - QI!~~ O u n i i ’ c f - ’ ’ I  i - f  : u n 1 u ; , ~~t m i (- u l u I I ’S t’’quuiec,l
H 0 ’ ; - ’  ‘ i um ‘ I  i t ’

AC 11 t ot~i l m i n i - c l ’ i i t  - m i n ( ’ i . l u i t  t y l  5 0 - , i d - I S O

MA II
t 

= mmi. i : - - m n : um n u r m c i u o r  of t’ , p I t i e - i - i t t  L o u t
c - - i n  h c ~ ’ :, n m l - I ’ ( - r t -  I I -: i - f lu ’ i u l m - ; - u  m c i - c h u b ’ .

1) - I  - l i

I ~~~

— -
~~~~~~ 
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~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~
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~
-
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To c o l t - m u m ;  t h e  H u t , o l  i o u ’ :  - u ’  to -qui et : ; ’ mci , t I c o -  i c - m n - ; - u u  m m o o o u l i , n l e
m t - q u i c o ’ c m c ( fl t is ~i i i ~c m c ~~’ - l  ( 0 . 0 1  i l l  i f l - ’ m o t l  t - , -p -:;j/ Th is
to t ~c 1 is then  n c - c - - i , : -  - ;  t o -  t i m e  t o o - n - m t 1 i c ’ m ’  : ; l  i n t s - - m e r  to

j u i - O U f l t  l i i i  t h -  c c u o - I c c l a m  ‘ c o m m ; c c  - - q i o m r u - m : e - m c l  , w h i c h  is

Tl-1
~ 

= , ; m ; c - c l l o  : ; t  m t  - - ; o - i  ~~~) i  i t

vu-h ( ‘ m u ’ - TH 1 = tot0il m m u c n u i c u ’ r  O f i c 0 u m c - n - m m  m o d u l u s rc -quir cc ,l

~, u t  b c - c : ; ’ ’

mm = t o t - i l  nu rn h c- r o f a i r o ’ r : u t t  t v p - - s  t at b u a s o  i .

b. Crew and E q u a p m c c e n t / A d m n c  i - m i : ;  t r a i l  - ‘‘ - M o d u le .  The n u m b e r
of n : m o c b u l e s  m o - q u i r e d  for  t ! c c : ;  u n i t ’  -- n o t ’-: of the organiza t ional
f a c i l i ty  is  de t e rmined  in a manner  :;] m c c i  l a o  to t ic i -  h anga r
c: c cc d u lc . The nun mb -r of modules r equire d is derived as

n c AC 1~TC i = s m - c H e a t  inte -;c- r = 
~~~~~ 

MAC I

w h o - r e  TC 1 = tota l n um b e r  of crew and equ ipm en t /
adminis t ra t ive  modules  required at  base i

QC~ t = nunoher  of crew and equipment/ adminis t ra-
t ive modules  re quired for type t a ircraft
at hose i

MAC t = maximum number of type t a i rcraf t  that  can
t , c~ - supported by one c:re ’,i’ -cod equipment/
adminis t ra t ive  module .

T h -  : , o h n u l a t i o n  of t ime r e qu i r emen t  for the in termediate  faci l i ty modules
cs lc- :; I; i - u - i l l —  Is  t ha t  us -d for  t to o  - organiza t ional  fac i l i t ies , as follows:

- c . H h i - -~ . \ l o d m o l o  -. The total number  of shop modules  required
is calculated in two s tages .  Firs t , the number  of basic
:;i i op  m odules required is calculated , which is s impl y the
total  number  of aircraft  on a hose divided by the number
of ai rc ra f t  (144) that can be supported by one basic module .V
Thu s , t i c u -  number  of basic modules required is

This  cl- - : u l c o t j o n  ,I : ; sum es  that d i f f e r en t  type s of a i rcraf t  can be se~~ iced in
th e  : ; - i m n c —  i - in  a m or f a c i l i t y . If tenant  and/o r air  station a i r c r a f t  are assigned
to a l - u : ; o - , it i . ;  a s s u m o - c i  t h a t  the  : ; a m n u o -  f a c i l i t i e s  are used for these  tenant
i u r c : m - i i t  a r m - i  I L - ’ t r a in ing  airc raf t .

2/ T ho u  C u l l C U l d t l Of l  - u c ; s u m e s  t ha t  a j et  engine addi t ion  wil l  not be bu i l t .

D - l - 20
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QSB 1 = 
t 1

where  (
~‘CIt 1 = i m i ummc h c - r of basic l c - i o i - ; - c c  m c ; n u c h o c  l ’ s  r o q u i r u - u b i t  - u n ; ’ ’  i.

N o - ~ n t , I t o - nun c l u - r  of su j ;p l o - r m c o - n m - m .- S i c u t -  : s o - l u l o - : ;  r ( - q u o i m ’ i - - I  r : , o , o S t
a lso P u -  i-.u l c n~o 1, i t e cj  and added to the  nu nmh ji-m of tc - m smc n S h o t -  : , t i - m n i  1 , - n ;
t o  - t i v e  total  shop modules . This  c- , i l c - u l a t u u u m o  is c ar r i e - I o u t  i n  th

- x c  - t  c:c lm mn e r  as time hangar  mi -c l u i - 
, i • •

n AC 1t
QSS 1 

~~ rvu~st=l  t

where  QSS 1 number  of supp l ( , - c -m lc - n t a r y  sho~c nmod r o l ’ - s  n o qu i :°  - I
at base i

MAS t = m a x i m u m  number  of t y p o -  t aircraft that can ho-
supported by one shop module .

The t o t a l  integra l number  of shop m odules nequired is then - ; i ’ - i , - m m

by

TS 1 ~ ( n ; m n c , i l l e a t  i n t eg e r  - — QSB
~~~

) -t- ( smal les t  inteqen :- QSS~ )

wher e  TS 1 tota l required shop mcmo dul c s  for al l  airc raft  at
loo se 1.

ii . Cm ’ -v a i m - I  E q u i p m e n t / A d m i n i s t r a t i v e  Module .  In addit ion to the
s i lo !-  m o cboi  J o - : : , the in termedia te  level f ac i l i t y  requires  ~ of a crew
- m u m - i e q u i p m e nt  z’, l o l c : ; i n i s t r a t i v e  module . This } module  is p -or n nc i t t c - -- l
m d ’  p - m ; - b - r ’o t l y of the  number  of -a i rcraft  supported .

‘

~ 
Th us , t t c u’ total number i-I modules  required by a base is the sum of t i m e

o r - m a m i i z u t n c m ’o , i l  - u-  - h i t - .’ mc i - d u b s and the i n t e rmed ia t e  f ac i l i t y  modules , or

TM 1 = TM 1 ‘~ TC 1 + TSj + . 5  TCM

w h e r e  T( ‘~-1 ~‘u m c o ~- ( : t o - W  a n a l  o g c m i ; u r m c o , - c c t ‘ , e b m c ; i m i ; ; t u a t i v o -  n m o d u l e .

The gro ss  sq o c u r o  - f ee t  al lowed for e u —  hi modu hr a r c -  as f o l lo w s :

H - m n - t a m  M o - I u l m - — l  3 , b 9 8
r Crew and Equ ipmen t  M o d u b e — l O , -100

Shop M o d u l e — B , - ! 50 .

Thus , the tota l - ;ro ss  square f o ot of ma in tenance  c c i i  - m c  r eq u i rem e n t  co ro-

MSF 1 = 13 , to °) H (T II ~ ) + 8 , - 1 b  (TS 1) ~ 10 , - Mu )  (TC 1) + 5 , 2 0 ( 0

where MSF 1 = total  - c i ’  u ss  square f ee t  of m a i  mb - c o n i c ’ - ’ -  h a n g a r
r ’ , - q u i r -r h at base I

r ) - l - 2 l
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Socc ice  of Cal i - c o l - o t i o n s :

The -, - a l c u l at i on  i t t  t im e Maint en onc ’ H angar  r e q u i r e m e n t  -is OUtl i fl ( :d
h e n u ’  ut uli ;n- s t h e  rne th odoh o  m y o u t l i n e - i  in NAVI’AC P — R I ) .

Si-ut  cc i-I ln d e iu v n c T h n t  V a r i a b l e s :

AC it — . m : ;  signed to  a laas - in t c u -  h - u s ’ , - Load i t o - ;  kubmodc  ; t enan t
- u i — r i f t  - I - i t o  are in the  R, u n -;e Dat~m Fib - .

L t A S 1— m t n o t a  in t h o r -  J o i r e r a f ’  l~ , mtn  F u r - .

I
p

3
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MODE l .  H ER IVATJO

C u i - -n i - i - :_C o - h - :  2 1 9 - 1 0 0  1’ - u - - u h i t - . Pub l i c  W o r k : :  M u l c t ’ - -
no ,unhn ’ -0 hop

H- - I i m m i t i o n  of Fa c i l i ty :

The P u b l i c  \-Vork: ; M - o i n t c - u m a r m c o - S h i u i  I:; (h - f i f l e c .l t o  inc lu dc-  s p ic e t i - c  I L I
- -cn u j i F ’ r m u - i c t  and pe r sonne l  required  to m a i n t a i n , r e p - u i  m , and overhaul  i n s t i l l a t i o n
L i - i bit e -s • Inc ludeci ‘-- - i t  ml mm the  def in i t ion  is nap~u c : o  - for ‘ u woodworking n ; h u ! -

h - cm to  ic n ,; l m e i m , p lu : :m I  u i - i - ;  m nc i n o - 0u t  j i m - ;  shop , t n i e tOl w o r k  shop ,  I - -~ii n t  sloop , r ou t in e
mm : u~m t O i m m i ’s - n  c i s t  .o - r v ico-  : ; } c o l d , and admiu i i st r a t i v - o f f h c o -  space .

C ~l - a c l ~iuon ot  ho c j u ire r c oe n t :

The  c i i -  - i o l a t i o n  of time - i n  - c  required for a publ ic  works  m ’;~ i i n ten a nc e
-a  n -  pi m cL en t i - c -  i i u ;n c b e r  of ma in tenance  pr — n’sonnc’l on -a base , w h i c h  in t i - c  mc

- n ; I o  - m i t  on t h u  - total  number  of personnel (both c cci  l i t - c c - : and c iv i l ian)  at -j
T h u s  , t i c ’ ’ H - t i - i  n u m b e r  of m o in t enanc u -  pe r sonn i -1  1:- ; d erived by r -qr ( - i - n i - i - m o

o n .  c l - : . : i s  and is - ; i - o - m m  by the equation:

PWC 1 = 75 . 78 + . 04 -5°J (~~~c~ -
~ ‘EL 1) (1)

w h o  i- PWC i = i mumcmber  of ’ publ ic  works personnel  at hose I

SQ~ = t o t - i l  n u m b - o r of squadro n personnel  a t  base i

TE 1 = total  n u m i c e r  of tenant  personnel  om t base 1.

The o m u m b e r  of PWC personnel  is then used in con junc t ion  with the fol lowing
ta bulat ion to de te rmine  tota l floor area requi rements .

Tota l Max . Tota l
Maintenance Floor Area ,

Personnel gross sq ft

0—100  5 , 800
1 0 1— 2 0 0  10 , 900
2 0 1— 3 0 0  15 , 500
3 0 1 — 4 0 0  19 , 500
4 0 1— 5 0 0  22 , 900
5 0 1— 6 0 0  25 , 700

N o - - t i -  that straight u r ic ’- i n terpola t ion  is used to c a l c u l a t e  in t e rm o d i a t o  - n u : m i I u ’ -rs
not l i s ted  -th ieve , as directed by NA VFA C P — 8 0 .

D—1—23

- 
- ‘ - 

- - —~~~~~~~~~~
——-

~~~~~~~~~~~~~~~~~~~~~~ ---~~~~~- -- -~~ - -- —~~~~~~~ 
- - -~~~~~~~~~~~

—-- -



I
Sounc e of Ca lcn c l a t i ija;

Tota l b a n e - j a m  : ;ccnnc l  and base m a i n t u - n a n c o , - p ersonnel  data for the
- m e -  ;ression .i c i . c l - : s i s  de sanr ibed above were obtained from Facili t ies 1 Personnel,  

-

u n i t A m r c r a m t  Su::~ j o~~~ . T i m o - -  previous tabulat ion is given in NAVFAC P—80 .

Soum ’c e of In d e p e nd e n t  Variables:

S Qj — a s : : i ’ ; im u ’ cI  In time Base Loading Submodel

TE 1—data in the  R.i.:e Data File.

I
j

3
I

I

I
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I

MODEL DER IVATIO

~~ m t o - ~j - c ’ v C c - u i , - : ; :  - 1 - 1 2 — 1 1 ° , 1 1 2 — 2 0 , - 1 - 1 2 — 1 0 , Foc i l i t 1’: C o v e r c ’ c I  S to r  i n (

l - 1.~- ’ - 0 ) , - 1 - 1 2 - h i s , - 1-1 2 -90  R ea d y I s su e

i ) , - t i u ’i i tion of F’ acH i I t - ,

C o v em e c i  ~) t ( c c  c - m o -’; 1:; c l i  t i m u ’:d in t h is s t u d y  to cover t v/ c )  d i f f - o - m m t  t ,.-p (  S ( o f
:;t r u c t u r e S :  w i - c o  -hous e  and m ; i c -d . The f ac i l i ty  d e f i n i t i o n  inc ludes  sp ’ uc for all
i ’  c - h :  I S S U C  a f Q r d c ; e  scic c a:- c on t ro l led  h u m i c i i t - :  warc,m h o u s e , l m - i s - i r d o u , cs n ’c~ i i I - o r , ~—
m o i ;b e s  s torehouse , u- -- i a t ion  w~cr eh ou sc-  , c lo thing and . ; n ; c - ,cll store s , - m d  mis ’ - ’ - 1—
1 ci - ’ ( 1 5 5 St o r u -  e • Exc iu d o  -c , I from the def in i t ion  ~, io- b u l k , pe n i : ; i o u i t~l o - Su b s i s t ’  nce
i i  i - i c . ;  it , publ ic  wom ha  m a in t enance  , and ground r c ~’o i c  I li n u j  ( -qul  j o i n :  ‘ mi t : : t o r m -  p -

~~ i i i-  LO l dt iOf l  of Requ irememmt:

The to ta l  ready i ssue  covered storage n e q u i r e m : ; e c o t  he m ’ c nava l  a i r  : , l a t o - ,~r.
is - c f u n c t i o n  of 1)0th the  number  and type of i- in o’: r, , c f t  i t  t t o it s t , u t i c c n  and t l ’c c u~ - t , ’u l
n u n m i c c - r  of base t o ’-r sonnei . For purposes  of r e q d c i m ( - n : : -  i ’ c (in m l - - c ,i l - o t i o n : ;  , n o v c - r r  ‘n
;t ( ’c n I l q e  space is divided into warehouse spaim e - m l  Si o - - h s~ i — c  . T ! m , -  t o t  ol m m d - . : ,

c f  warehouse s p i - , :e needed can be expressed a::

n 4

TW 1 t= l  ~~~ 
AC 1t + 

(- 1  
-~~, N M 1 ( 1)

TW i totalsqu at- f o r t  of warefmousc’ , - ~~- c ’ - m i -n o  1 h - 0

= warehouse  si-ace allowanc e 1 - 0 - c ’  . i i v - n . c :~ fec 0 1  0 ~~~u rc-

AC 1t nuc :cb er of i- / lie t aircraft  at i c - u s c ’  i

= w a r e h o u s e  sJ, iac oc a l lowa nc e p -r p r , ;on ‘aim t h i m :  m 0 5 0  ; -( ;. P :  1.

‘ ; r ( - c c j c  e

NM 1~ = num io rc r of people wi th in  popu la t loum qr o u l -  C i t  1 ; o  -

— S imi la r ly , the total amount  of covered shed a l o u d ’ ’  r ’ o ’ q u , c i r o -  I c cmi a ’  c x —
pro: ; ~ec1 as

n I _S

TS i ~~ 
•v t  ACit  -c 

~~
— 

~~~~ 
N M ~ , - (__ )

t=l

where TS 1 = total square feet  of shed space required at base i

= shed space allowance per aircraft  for type t - d r — r a f t

ACit  = number  of type t a ircraf t  at base i

= shed space allowance per person wi th in  base populat ion
grou p (~~.

1 ) - 1 — 2 5
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‘rhi- t - L u  I i~ - - a c i  i vo  t o - c d  a t -  - u - i u ~ - - 1 ’ - -  m u  r u - c - : ’  - c i t  l i - i  ha s o -  u u s Ha

HU m = L OH 1’ A’ 1 0 1 . OI~ - c  (3)

‘ ;.h - r- - o ’ o , ’~~~ t - t - d d ; i  55 :~ - t U o O  - ‘ t o - c t ci c o v u - r - - - :  n;~ a - h i ; - - c -  ~u m i o - - l  at 1 , - i n s -  m.

N -  m -  t : , p t i c - ’ 1 1 0 c m ; :  - - i s  l . U IS - o r o d  I . O1~ a m - -  : - t m -u c t i m ’ u l  i- p i - m o -  - o l l - - ’.-i- m uco  t i c - I - o s

L i  - -  1 C l i - a~: - - i- .,i r c - ,. :, - n c ~~~ n ; , i - - : - i ~o ’ : t i ve 1y .

- at Ca Ic - , . 1 - ~ t 0 - - c i a :

l h ~ - u - c l c o c l - o t c -  : c : -  ooe -~ ’ u’ u I , o ;U h o - u i -  t - d l ; - w  th u  m m  - I n ,  - i - lo gy  s - a ; - p n a t o  0 in
- - V l ’ -NC P — ~~0 I ;o c - a l c u l u t i u ’og L c c t u l  c-i-v - m c i - c l  : :L - - o - c - ; - c -  : u i r o ’ m - ; - c i t ; ;  fc ,m ’ a c m - - i l  ~m i r

s t o - t o  n . A l l  C i l d ’c l , u t ; - - : c : , - - t c o t  v o t h  i c c c ; c c ; l a t m o n  - ; u -  u p  I , c H - 0  - u ’ a ’ - ed -;r-)u p -l
a s

- i- I  l n , , a ’ l — o - i c d i - c ; ~~~. - i m ’ i u i o l e ; :  3
~~ ~~~~~~~~~~~~~~~~ 

m u  the  Ai rc ra f t  Data Fi lc-

oNC c t — a s a u u c n e d  to a I -u s e  in the Bas c , - Loadi  nec S ic  I - m : : i - ’- ’ i - ’ - I ;  t -  : i nn t
a i m - - r a f t  suta are in Ba se Data I ’ ! lu ’-

-
~ ~~~ 

Fi- — c n n  i cu la ted  u s ing  total  b.-ise personne l  as  n s s i q c a - 0
to a base in the Base l o a d i n g  S u b m - c l e l  and  th r
b lase Data F i le  and the fo lb ow ic’ m g t ahcu  l a t i n - m i

1° -’ r : :onnel Space Al l owance  Lm c t o r a  
‘ ~
‘e ‘

(as -i  function of Population Groups)

1’ i; ,u c o l a t i o n  Base Per sonnel in Space A l l o w ;u o m c e  o c r  p e r son ,  n ;q I t
( c m )  

- 

Popula tion Group Warehou se  ( ‘I e ) 5her5~ (s e)

t 1— 4 , 001) 15

2 •I , 0 0 l - u , 000 1 ( 0  1, 5

1 u - , 00 l  — -‘~ , 001) 5 0 .5

- l s , 0 0 1 i  1 0. 0

See i’able [.3 , line 1 , for aircra ft spacing factors included in the
n : ; o o l u n l
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P E I.  I - h , h t  ~U o i ’ t (  ) ‘ -
~

‘ n ~~~~~~~~~~~ ~~m o , _ l 0 , 5 5 0 0 — 2 ( 1  l i i  l i L : b ) i s p  n - ~’mr’ , - SNith

a s - I  V vj t h o u t  ~i-r J~
to  i - c c of l a - - i  l i t :

A - l i sp - c c s m r-: in ; - i c - f o r e -P - ‘ i s  - m m c - - i i c , ’ ul  t i  . u t m n - m l  f a c i l i t y  H u n t  is s t i n ’ o r i l y
o - , t ~ : - n - -a I -  ; - i ’ -, -’-:l c n c -  c~~a : :n i : : , i t i o n  and t n  - u t ; , - - : .  I ‘~ t a m b u ! - ’ o t -r’ ,- ’ : — - o t u -  u t s , ) -  r u n - n -’-

- t a  I - -n t r a m  - i -  i - ‘ 1  p u t i ’ - m . t s -  t o  h o s p i t a l s , a n - b  t - -  r- nder fin: ;t aid irm

rn rn -icc - - .- case s  . A ii :;p - n : i - a r— , - i -b a y  -u m c c c i v m c d  ~t i i i ,  1 c c -  I 0 5 U i- C O  I -r I , - - d i - .

Yn i - l a t i o m c  - j u m r o - c

The - c c cc  - r c - q u i r -  :1 H - c  a di s p : : ’.ar :  is  a s n ; c , im ’ rci d for p l a n n i n g  p u r :c o se  ~ 0 ,

a : u : ’i c t i o :  ci t - - t - a l i m : m ,:t ’ c l l i t o - c :  m n i l i t a~~ : , t r -  : : t i c  im i c lud i r i g  m n c m l i t o r v  r l ’ p’ n d ’ - n , t s ,

i .‘ . , t - t a l  r ou se - -  n of c’ li -i ihl c m c - ’ - r;;cs;’;nel. Asn ;cm mi i ’o u;  t i c ’ -  ave ra g- ’-- f ü n n ; i l’; ~ize  i S

m n c l u c i i s c  the  La ad i-I t i c - , hous -  h o ld , n t 0 .  I - - t . m l n u m l *i  of e h i - n m t , I  p - - r ’ so n cc ic - l
s c a l - c c lated :~~

11’~ 2 . 5 ( C i N O m ‘0 D~SL~) + NC 0 + ~~- m + 2 . S L R’l j ( o 0 0 B 1 -+ C m ( i - i c ) )  -- E M 1  ( I )

v .0 :‘ - I .  I I c ist i I - ; ; c r  ~~~ m t  i - - n c  c l i i  i i ~I r S - n h i s  c - n m : ; -  o r -  t n i  m v i i i ’- - : -  s
i t  icas c- 

r - -uo ’ c , i c - t o c ; c i  of i l l a l I c e - - r i -  (i - m -n u ’- l u - l m c c - - ; : o- u C  ,, m :, jco

n - i - - n - i - n )  n~- q ’ o i : i n r o Sc’c ~ I ’ 0 t ’ c - ’ u , i : 0  n - ‘ i t  : - ~ c S ’ ;  I

= 

~ , i ~s

1 n c o n c i l oi-r  et  c - f t  oc r - r n; ( r m < c l c c c h i : m u n  p o I c , t  tn t. - s)  at

= t r i t e ’ ; .  - f  pi lot ,~~ c - P - c  ‘ S o t  a n-s m c i - - n  om ai m cj fn : : : i l y
hou s i n - ;

SL j - = a v’ - r i m - ; -  i - c c l  :‘ - t c c i -  - ; , t n o - i  u t  hi ’ u : ’  -

LM 1 to t a l n u m m ; I - c  r of enl Is t ’  ci mc c ci i  o f  P a so ,,- i

A 1 t i - i - - t m - c u ;  o f m ; l i s t o - c l  mccen  at ii-i n~~’ i c - h o - n o b l e ’  I -r
f a m i l y  hous ing

= f r a c t i o n  of c - l i g i b l e  i i-li s t - i  inc -n r o - p.o in mig  Inc - c i  ly
h o u s i m c q  at  ha n -nc , - i

= f r o -  l i o n  - - I i n e l i g i b l o -  c ’ c c l i n ; t o , - - t  n m ; u  m m r ’ ~p o i r m n c J  f u m n c i l y

hous ing  at base i .

The d m s p e ; c n ; a n - ,- ’ - - ; c a c o -  r o - - c c c i r c ’-d i s c a l - - m o  I , i t - - - I  f - - n t w o  c a n -e s: din-e u c ; c . ; a r u -  s
v~ ith and w it h o u t  l i d s . F- cr di :pco -n sar i e s  wi th  Luc -c i s , ti c - s r o ’ c t l u u r i , -d i  f loor a r c - cu  is

± Aver - c - ; - t J  .S. f u ; ’ . i ly  factor  as noted in N AV I ’AC P— S O .

l ) — I — 2 7
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T 1)~’ ~~~~~~ IP . ( 2 )

1) 
-no TI )  t - c t ; o l  .- n q c c c u n -  I ’  c t  c u t  d o n -; ed — u n -  ‘ ‘ i i i- - ’ - w i t h  hic-d u ‘ u t b i as ’ ’

I -u d ispc ’- n : a n o c  S , \ l t i - ’Ut  o - - - c l s , t h -  n o  q U i r ( - ( i  f l - -n - o r -  1

m u ;
TI ’) . l~~1os t I ’

1 I I I

a - h -  r - ‘
~ 

t i  ol : - -‘pPm - f -  - - t of c f j  p c c  : :ar:  - m o n a -  - - - I t i c  a , i t 1 0  i t  r a n n e  i

The n i l a n n i m i g  r i - -t a c u’ : - -I  ~~ . ‘ i a nd 1 . o0 ~ w- , ,- r-  - c i o :v i m l apc - ih  I r -  i n n ;  d at a  i n  NAt / I A- -

Sou r ec - ‘ f  ; a l c u l a t i o c c :

I i c ~ dp t c ami d  r: ’:e th o c b , ’ c l , ’ ;c ’; :  c c s c - c i  h o - i - -  w- r - t a ’- -  ,i I ron ;  N A V I ’A (  - P— ~~o d •

Souro-c - if I r i c h -p c .-: - ;: i- - .1 Va ri ab l e s :

\O i , SLi, L N i i _ a s s I d ; n ’c c - c ~l to a basc i o u  t ic -  Ba :; o Lo a c :m: - S c u ; , c ’ ’ -a clc I

A~ , ~~~~~~ ~~ , E~
__- ’ o ~i ta  iii th c- Base l ’ - a t :o  “ H ’ .

l )— l— 2 0
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~.I ( ) l ) F 1 .  l ) l : R l v A ’ l ’h o  ) N

- : i , i ,’ J :
’ ,d

’
~~~ d ’ ~ -

~~ i , 1 0 0 — l ) )  ; - u ’ i l ; L ~ m A - I c ; ; i m i i s t r - u t i i -- ( n b c:’;

l, ) e t i m m i t i a o m  i-i  i a

:~- l m c ; i m i i s t r i t i s - c ’  o f t — - ’; sua c ,- o -  is - b c - ~ o c i c - - i~~i --; t i c - -  - o r - - c  C - - : n t - o i r . i c e ;  L i i - -  o f i i c ’ ns
at H o - - ( - om c ; n ; 1 1 m - I m n - 1  o t l i c - -r , t I c - -  ‘ - n ~:ecut ivc ’  a m i d  i - I m ; . O c o i a t r  t i — i c c  o f l j o : - - r : - ; , - m n - i t i c ” ;
s s , b c c ’ t - - r  m : , i 1~ c ry a i m i c o : m l i a m m  p- -r n ; - ) n c i e l  n i - - j u m r - - - i  i - c  carry  t i c ’ -  - i  i m : ’, o i m i : ; t n - u t i ’ ’ o - ’
- - ‘ - c r - ia i - i  ot tO- - m c i - V i t o - -S c o t  a base . lt i n c - l o i n , ; i -P~u c i ,- i c c i  - ‘u i f i c i m s , iioo , i i - i o o c ; 5 5

o: m a - hi i : i ~-s , n - c - - n ta , i l ’ s , - 0  i c : , n m i i s t m - u t i v e  s u p p i i - - s . i o o - i  oth c ,- r - i ( n t i - ! i t i o - S  d s s o cj o t n
‘::oth n o r m : a l  I u ,m: ;e  n - - n  o t o o u i s . Howr -~- c m r  it ;bo -s not i n c - l u - I ’ -  the a n ; n m n i : ; t r a t i - , ---
s p i c e  i - d - , u t . - , I on i n - i  m t - n c - i n ; - h anga r s , warehouses  or i - t h ’m r  Lao i l - l u o - ; s  , 1d i ~ t i-c ’c I ’ .’
I c c - - spa c - , - s  u t i l e - i ’ I b y - i d m n o m i i s t r - ’i t i ve p o c r s o n n c o l  c o o - n - i - p c i  i i i  ; o - i s , n m i i n ; t r a t m - c n  c c l

n o m u ’ r - u l  b~m : n - -  - m c t i v i t m - -s

L , c I c c n h u tIc , c O 0  ,~~~‘u i r - a : - c - n t :

The s n - i ce  a l l c ; ;v , i n c e  for Acl iccinistrative Ot iic -s ii - 1 c2 sq ft p - mr o c c u p a m m t
- , f  t i c -  - t i c - i  [ i t t — s  t h us , the tot- .i 1 n o c q u l r e c m ecit  for a - i m : ,  on i s t r a  t i — :~ ;‘ o f f i c e  a p m c c -  can 

- m p r - - n ; a e h - m s

AL ) 1 = 1,2 (lA 1) (T11 P 1) (1)

- -. 1— -n - - AU 1 i- - i- i l n- i - i c ;  i n - -  f e c - i  of - c ’ n t r o I  i d m m c i o m i , - : ti- ’u t i v e  i -h oc-c space
n ” - - m c i o r - - - I - i t  base i

I A
1 

I r , o c t o c c o o  - ‘ d l  tota l p - rsonncl  i t  base i - - n q a q c - - i  in i - i m i n —
o n-; I ra t i u ’ c i  ~u n - i  occupying  a c - n t r - m  1 m i m : i c i i s  tr -  u t i v e  i m c i l i  ty

t o t - u i  n u m h ’ - r  of personnel  m t base i inc - lu  i c m q  NAP
t u - r m j n t , - a m - I  s quadron  pe r sonne l .

a - s con ce ot ’ Ca lcu l i -  t c i - r i

The c a l c u l i t o  - c i  o u t l i n e d  above is -t i v e n  in NA VFAC P — 8 0 .

Sourer -  c o t  1nde ~. ’ - r c - i - o i l  ‘“ c r i - u l c l e s :

- n-  I i n t O n -  - H - i s o  D at - i  P11 ’’
TBP u i - u L  ‘ i - h u t ’  --1 in t 0 -  B a r o  t , o m - u - i n e j Subo : o - b o - 1  as the sum of

- i l l  : ; q c c i c l n c  un , N o\S , ~m mi-  I to - m ci - mi t  personnel

1 ) — i  — 2 3
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M ODE l ,  DERIVATIO N

C o t ~ - n - i ’  U i - - I -  : 
.1 I — I b m  H , r o u - n h  1.2 F o c - i l i t - : :  l a r r o i l y  l I o u : - i n q

( O f f o c - - r : _  n i s i
L l i c ; i i d i  - E n l i  : ;t eO

Dot  in  , c ti c - i cc  cit  I ’ aci lity :

t ’ a n n ; i l y  h o u s i n g  in t h i s  c u t ~;qou r-: is d- - f i c c c - c I  to l c c ’  r e q u i r ’ - c  for al l  ( m I l p i  bbs-
nc i l i t cmn’ :  po. rca ) c ; i i c  1 ( jnclud in ; ;  : n t c o c  H - - ;ts  ) w i t h  c i ,  -pond ’  ‘ c o t s .  N o  distic ( L i O n ;  s nr  -

. t ~. en h o u : ; i c c c t  t ’ : m c -  s or hous ing  u n i t  s i c c - s .  H o u s i n g  r - q c i m r  ents  - n ’
c 1 ’ t i n c -cb to b - c , t - , o l i o l lo ,- u l  b y - - ither  c ;c i l i t a r ’  o-~-. nod c - n  - s o l i t a r y  occu p en d h o u s i o c q .
T h u  s , t~s~-i P ity r -p c i - r i  n: - : ts  c - a cm c c f u l f i l l - - I  by p r i v a t e l y  owned hou sing u n i t , :
or mn i l  li-i r’: un i t s

Ca l c a l at i o i ’- ~) t  R e q u ir ; - : n c e n t :

Fan -P l y  b o s o m  s ing  fn cr - li - n i ble Pu S- n -- n . - - nmmel  is  i v i c l c ’d  into c i f t i -  ‘ n  and
- m c l i s t i : m l  hou :,; i c ; - c .  The t - i - mi  am o u n t  of - ,- f f u ’ - - m ’ hou :, ; i c i q  r ’ pa i red  at a base is
cJ i V c - m ’ , by

P1101 = (C1) ( N O 1) + ( I  ~ ) ( SL 1) (1

-~ h - r m FHO~ total  n c m .o m ; c i - o r  of un i t s  of f a m i l y  hous ing  required for r
‘c H i c - c  us at base i

C i = cm - .-’ os n u q;-  t rac t iom i  of all o f f icers  ( exc lud ing  s tudents
in pi lot  t r a i n i n g )  requi r ing  f a m -n i l y  hous ing  at basc m i

N C 1 = total  m ; L c n : ; i , c - n  of o f f icers  exc lud ing  pilot t ra inees  at
base i

D1 = f n ; o -  - t i c c n  of pilot s tudents  at base i requ i r in g  f a m i l y
hou sing

SL1 = ny c -r a p e  i - t n  i - I c - n t  load at  -~u se i .

The total n u c n b e r  of u n c i t n :  (if eligibl e- enlisted housing required at a base is

F H E ~ = (A 1) (‘3k )  (E M s)

— E l i c i i  Ph - (n -nil  n:t  ‘ o f  I - d r n - i -  mind are all ti c c : ; o  - of rank  E—4 wi th  -1 or more years
:1 ’ rv m — -( 

~ncl all those - of r ank  E— 5 or above .

I t  I S 3 S 5 U r m m ( d that  : n t ’ o u i c - m m t s  in pilot t r a i c c i n g  wi l l  require f a m i l y  hous ing
- - ‘ ; a m  c h i c - i - s  - P the- l c - r u g t h  of ti r m i c they sp end at one base .

11-1-30
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¶ -x imo  - r o -  Fl-I E
~ 

= total i-u mn bi ’r of un i t s  of f a m i l y  hou sing required for
el igible enl is ted men at base i

A1 = f rac t ion  of enl is ted  m en ~t base i c m l i o ; i b l c -  for f a m i l y
hou sing

Bi = fract ioui  of c- l igib le  enlis ted m e n  requi r ing  f a c ; : i l y
hou s i n g  at base i

EM 1 = total number  of enlisted men at base i .

Hence , the total  numc ’mber of hous ing  un i t s  required for all  o f f ic cr : .  and
eligible enlis ted per :onne l  at a base is

Tn-I 1 = F H E 1 + P1101 ( )

c v i c -  n o TFH 1 = total c c c m c m m bc- r of f ami ly  housing un i t s  required at base i
for all  e l ig ible  personnel .

P our -- u f  C a l c u l a t i o n :

Th c ci’o l c - c l a t i o c n s  c l - - i - e r j b e -d here use the basic methodology of IFRS ,
- I. In additi i-n ;. the methods for ca lcula t ing  fami ly  h ous ing  shown in

- 
~~ Y f ’

A(,~~ P— -~ O u i -n o “D o t e r mnci nu at ion  of Fami ly  H o u s i n g  Requi rements ’ (DD Form ; :
I c-’) ‘ -

j
- - r- . c o n s ult e d .

S- ncr ,i indep enciLa ni t Var iab les :

A i ,  B~ , C~ , D~—d ata  in the Base Data File as obtained from
DD Form 1378

N - ~— a - ’ s igned to a base in the Base Loading Submodel;
t enan t  data ~re from the Base Data File

- 
- SL1—assi gned to a base in the Base Loading Su brnodel

LM 1— a s s i g n e d  to a base in the Base Loading Submodel;
tenant  data are from the Base Data File.

1~

1~
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MODP I ,  DERIVATION

( ‘at  - cony ( ‘i - c l ’ - :  N i - u m e  Faci l i ty :  F - i c ; c I l y  Hous ing
( I m o o n l i g i b l e  Li li ;;t ’,-d

D e f i m i l t i c i c o  of P ’m c i l i t v :

F a m i ly  hou n ; I m i q  imm t h i s  category is def ined to be required fc, r ine l ig ib le
:si lit ar - ;  i -e; r n o ; c n e l ±  w i t h  d c - p e n d e m o t n ; . No d i s t inc t ions  are made hetwc-crc h o u s i n g
t ypes  ~sr h o u s i n g  u n i t  s i n — n es .  H o u s i n g  requ i rements  are def ined to be f u l f i l l e d  by
eith -r n : i l i t a u - ’y- ow mied - c n  c ;c i l i t a ry  occupied hous ing . Thus , fac i l i t y r e - q u i r e o n n e i c t s
can La f u l f i l l ;  P i n - :  pri - - a t  I-i owned hou sing u n i t s .

— a ic . P u t 1 - ~ i cm — ‘ - i - :  - o r  - - n - . n o t

I n  lid h i t i c  mn t o  - p o r n o  -mine I c - l i g i h i l e  for f a m i l y  l c o o.u s ic crc , m e l  iq i  Ph e p ersonnel
- ore  s c - s i - - t o - - c - S  pro -v idcc l  : a : : o i l y  h o u s i n g  . The cur ren t  c a l c c m l a t i o n  p e r m i t s  an
est o n s m t e  a t  the  ~ o i-i l p ho im n - n i  ccc;  r equ i rem ent  for  m e l  i - t i  Hi e ru”rso ;onel ind ep end en t  —

C of t t c co  e l i g i n ; i e  p e r s c c c m m m c - l  , as f o l l o w s :

FHIE 1 = (1 — A 1) (E 1) (EM~ ) ( 1 )

wh . r Fl u E1 total number  of un i t s  of ineligible f a m i l y  housing required
at bas c- i

= f ract ion of enl is ted men at base 1 eli gible for  f amily  hous ing

= fraction of ineligible personnel requiri ng fami ly  hous ing at
base I

EM~ total enl is ted  personnel at base 1.

Source- of Calculat ion:

The b a s ic -  methodology of IFRS , Phase I was  used in this calculat ion.
In addit ion , the method s for calculat ing f a m i l y  h o u s i n g  used in NAVF’AC P—SO and
DD Form I 175 were consulted .

Source of I n d ep e n d e n t  Variables:

A 1, E 1—d ata in th :- Base Data File

EM 1— a n ; n ; i g ; c c - d  to a base in the Base Loading Submodel;  tenant  data
are from the Base Data Fi le .

1/ Inel igible  personnel are on l i n ;t , mr l  men of rank  E —- t  wi th  3 years or less in
the service and all  those of rank  E—3 and below .

I
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MOI ’)EL DERIVATI ( ’)N

~ ‘ i t- - - n ~rv (‘0 - ic :  7 2 2 —  1 1) F a c i l i t y ,  En l i  n ;t ocl M en ’ s b - a r r u c c -  S
Wi thout  M e s n -;

°- t i n o i t i o m i  of Fa c i l i t  v:

Enl is ted  m c c c ’ s barrack r c - q u i r o m m n e n t s  a r -n -  - I -  t i m i -  I to inc lude  public  h o u : :u n c ;
f u r  bachelor e n l i n t o - c I  ccrs onm ’oel , both male ~ nd f o c , ; a l c -  , perm an e n t l y  n m t n t o o n ; c  P at
a ic a s e .  The avai lable  n u m n i i - . r  of b i l l e t s  i n c l u u l c - n :  f a c i l i t i ; .- s wi th/or  wi thou t  m e s s ,
i c c i t  new fac i l i t i es  (if  i - cc - , -) are assumed  to be constru u , tc d wi thou t  mess .

Ca lcu l a t i on  of Re quir e - in c - m i t :

En l i s ted  men ’ s barracks  are assumed to Pc rovided for all  e n l i r t - - 1  c n. °’ .-n
not r cqu ir i i cq  f a c n n i l y  hou sing . The total fraction of c l ig ib le  enl is ted men rcn - e’; u ir i  a - ;
f u n n i l y  h o u s i n g  has nr c ,viou sly been derived as (A 1) ( i t 1) ,  w h i l e  the total  fr ~m o t c - -n c t

inel igib le  enlisted ce -n requiring fami ly  housing was given as ( I  — A~~~) ( E 1)

where A1 = fraction of enlisted men at base i eligible for f a n m i l y  hous ing

= fract ion of el igible enlisted men re quir ing f a m i l y  hous ing

= fraction of inel igible  enlisted men re qu i r ing  f a m i l y  h o u s i n g .

The total number  of cn l i s t c -c l  i - e n ’ s billets required is the -mi given by the

TBEM~ = 1 — (A~) (13i)  ( I  — A1) (E 1) EM I

where TR E M 1 = total  n u m n b c r of bi l lets  for enlisted men required at bas e-  i

EM i = total number  of enlisted men at base i .

Source of Calculat ion:

The above calculat ion uti l ized the methodology developed in IFRS ,
Phase I and DD Form 1375 .

j Source of In dependent  Variables:

Aj ,  13j , Ej—data  in the Base Data File

EM 1—assigned to a base in the Base Loading Submodel;  tenant  data
are from the Base Data File .

1/ This calculation a s sumes  that ineligible enlisted men with famil ies  wi l l
live in family housing.  It also assumes that all enlisted men not living
with dependents will live In the prescribe d barracks.
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M O D E L  b - i  b - n I ° , ’A T I (  )N

c i t -p ru c o - i -  : 7 2 3 — 1 0  Fac i l i t y :  M o ss  H a l l

- i - n o t i o n ’. at  F mo ’ l l l t : :

\ N - s s  h u l l  , ; u a o . - o - a l l owamc c e  s ‘m n -  - I ,  - t o  c c c c c I  P , i n c l u d e  t h c ’  total  area n e -—

p o l r i ’ n - i  t on  a o a f -  t -nC 1- p ’ ; i i c c i c m o c  f a c i l i t y  i n c l u d i ng  food :;t or nq e n n p a o - c  , H i t ch en
S i - I - - , n i - r’-J i f lg  sp n c . - .and - l i n i n g  space . E xc l u u i c ;o i  is space requ ir ,-d for hea t ing ,
m n - c h a i n - i c - a l , :u nd ‘ - i -  ~- t r c ; - n l  b c - - i - t i c s ;  e q u i p m c ;n c t

L a l c o l a t i c i n n  d k ~~~ u c ’ - c : n e - m c t :

Ci- t ’n - u ; o r y  72 -b— 1 0 )  i ; n ; ’ l u d  s m e s s  f a c i l i t i c - s  for en l i s ted  men  on the l a n e .
The t c  i t a l  rn -s,-ss  hu l l  c ap a c i t y  re-quired is

T M H C 1 M l i i (TBEM ~~) ( 1 )

wh -  n - n -  T M h i c i ~~ = t - - t a l  en l i s ted  memm ’ on - mess  ha i l  capacity required at D an e -  i

T h E M ~ = total  enl is ted men ’s barrack capaci ty  at base i

M h 1 1 = f rac t ion  of total  enli sted m e s s  barrack capacity u t i l i z i n g
mess  f ac i l i t i e s .

Tho c - - l c d  t i - i - -n ar - u r - qu i r -d for d in ing  faci l i t ies  is then

TMH A 1 = FA ( TM H C . ) ( 2 )

wh - : r -  T M I I A 1 = total  gross square feet  of floor area required for
d i n i n c q  f a c i l i t i e s  at b i so  i

FA f i c  ion area allowance i c -u square feet per person as
l i s t e c i  in the fo l lowing  table .

J n - I N I N ( ;  AREA FACILI~~ FACT0R~~~

Total M o ss h u l l  Capac i ty  Gross Floor Area
( T M H C ~

) per Person , sq ft (FA )

( 1— 5 0 34 . 5
5 1 — 1 5 ( 1  1 3 0

1 5 1— 5 0 ( )  1 7 . 0

5 0 1 — 7 5 0  15 .0
7 51-1 , 250 15 .0

1 , 2 5 1 — 2 , 2 50 1 1 .0
2 , 2 50  10 .0

The gross floor ar e u factors are average va lues  for dining fac i l i t i es  providing

stora qic for 2 to 4 days ’ subsis tence as listed under  Type A , ” p .  72 0— 6 of
NAVFAC P—SO .

D-l  - t i
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Sou rce of Calculat ion:

The requi rement  derived her r-  u t i l ized the  mc-thodology in NAVFA C P -nO .

Source of lu idependent  Variables:

TBEM 1—ca lculated in the Fac i l i t i e s  i~e q u i r e n c c e c i t s  S c c ! m c o o c i e l  for Ca f c q ( ’ m
Code 7 2 2 — 1 0 .

MH i— d ata  in the Base Data File .
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MODEl. l’)ERIVATTCN

(. ‘a t c - p o u r y  ( ‘ i o l c ’ :  7 2 - 1—  1 F a ci l i t y :  BOO s Without  M e - i - s

~ C n d  t i o c  c of Facility :

Bar b - b r o f f i o  - c - I ’ S ’ quar te r s  are d o n - i - c c ’  - .1 to inc lude  bil lets for the ins ta l—
l i - t i c i : n ’ s bache lor  - u f f i c e r  ;tr i  -ngth i n c l u d in g  m ale and female  of f icers , of f icer
- t , ;  i t - m n t s , tra m m n , i s - c i t n , a u - i / o r  ro ta t ional  off icer  personnel . Phase tenant  and NAS

- - t I c  cc -r ;~ are i n c l u d e d  w i t h i n  to ta l  r e q u i r e m e n t s .

a i c - c c  la t ion  of R c - q u i r c n c c - c c t :

The c- i - i c -u  l i - t i c  of the requ i rement  for BOQ s a s sumes  that  all new BOQ s
w i l l  i -c  p lanned w i t h o u c  f l e 3 S  fac i l i t i e s . The calculat ion fur ther  a s s u m e- s  tha t  all
‘n-t h e m - m n  ( and  s t u d e u i t n c )  cio~ u t i l i z ing  f a m i l y  hous ing require billets on base .  The
to t a l  num on - c r of bi l lets  re -quired is then

TFtOQ1 = (1 — C~~~) ( N O1)  -r ( I  — D1) (SLi ) ( 1 )

w h e n -  Th (  )Cl = total cium im ber  of bachelor off icers ’ quar t e r s  bi l lets  required
at Pa n-u - i

Cm = f rac t ion  of o f f icers  (excluding s tudents  in pilot t ra ining
programs)  requi r i ry  f a m i l y  hous ing at base i

total  ; n ; ; : n n c s ., ’n of o f f i ce rs  (excluding s tudents  in pilot
t r a i n i n g  progranms)  at base i

= f r ac t ion  of studen t s  in pilot t ra in ing  programs requir ing
f a m i l y  hous ing  at base i

SL1 = average s tudent  load at base i.

Source of Ca lcu la t ion :

Equat ion ( I )  w u n ~ d o - n yc -P fo l lowing  the methodology in IFRS, Phase 1.
and DD Form 1 3 7 - 5 .

Source of Independent  Variable ; ; :

5L1, N0 1—ass igned  t o ;  a base in the Base Loading Submodel;  tenant
data  are from the Base Data File .

Ci ,D i— d a t a  in the Base Data File .

1) — 1 — 3 6
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MODEl .  D E R I V A T I (

n u t m ~~j~ ry Co ;ir- :  7 - lu — I - h L- .Ly±~~~~L: Exchange

-n - -- I i  n . j  t i c - n c  01 I ’ a c f l u t y :

The con s pom mu ’ ;t n  of t I n - i , -- : ‘; t i m n u c j r n h -- IFRS Exchan ge  ar c -  i i  n ; t ed hu n - low .
Space ~m l l a . -. usc - c- C-  t o r n  for the Exchange  inc lude  ;c ; ua ce for  sales area , ;nto o , - a rea ,
-a f f o ~’- c- r . n , tc , ’- i l u -t s , and - - c ; t r c ’ mnce  f ac i l i t i e s , but excluc l cn - o ;  space f c n  an ; - x c - h a n c ~’

-.\ ‘a r( h oc ose

C a h -u l a t i o c c  of R equi r~ s en t:

F-a r t h i s  s tud- : , a s tandard exchauige has  b e - - n  def ined to include  th e-
f o l l ow ing  fa c i i i t i - ,- n ; :

• M a i n  Reta i l  Stare
• L~~- . ’h .i n - cc ’;e C c o f e t c - r i n
• Exch an c q - , M a i n t c - c m ’u nce  Sho p
• Barber Shop
• Exchan ge C~ n i t r a l  Adminis t rat ive  Fac i l i ty .

La - I n of ft c - -so facilities has a floor area associate-cl with it; its size depends on
the mi l i t a ry  n- ; t r em i qth  -at the P a n ; - . The sum of al l  the-sc : f - n - d u t y  f loor areas is
a s s u c n - c o -d  to hi ’ the total f loor  area r equire m ent for  an — ‘x c l c a n g e  (see the fol lowing
t I m  [ c l i

},; -: ( h b A r / ( ; E  F LOOR AREA R E Q U I R E M E N T

Base
M i l i t a r ~ Floor Area ,
SI r -  n c - ; U c  gross sq ft

0—500 ‘1 ,900
5 0 1— 1 , 000 7 , 72 0

1 , 00 1 — 3 , 000 13 , 6 M0
3 , 0 0 1— 5 , 000 17 , 530
5 , 00 1 — 7 , 000 22 , 530
7 , 0 0 1 — 1 0 , 000 24 , 8~~0

1° , 00 1 — 1  5,000 30 ,530
15 , 0 0 1 — 2 0 , 000 39 , - m b
20 , 0 0 1— 2 5 , 000 43 , 4 4 0
25 , 0 0 1— 3 0 , 000 45 , 590

Straight line in t e rpo la t i on  is used to obta in  Intermediate number s  not l is ted above
per NAVFAC P—8 0 guidance (i. e . ,  a specif ic  floor area Is calculated for each base
strenqth) .

D — l  -37
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Socu nc -c -  rn-f c a l c u l i - t i c  c c:

Data u n - n  t - coin n ; t r c o c t  the foregoing t i n - l a  are tabula ted  in ‘JAVFAC P— S O .

Source of I n c l r  s o - n o b - - n n t  Van — I P -

i -/ i ; ;  M o l u t a r ’ :  S t r e n g t h — a s s i g ne d  to a base - ic - c t h e  Base Loading Submodel;
t e m m a n t  c ij t i -  ar - f r o m : ;  t he  Ras Data File .

I

I

I

I
l ) — l — 3 1 1

________________________________________________________ —
. ~~~~~~~~~~~~~~~~~~~~~ — -~~- -~ -~~~~~~~~~~~~~~

-~—



I
1r~ODEl - D EP T Vtc Tl )V

n - t~~~~~y Code: 7 - 1 O — r - 3 I c ~~~~~ j: E n l i  :n ted M c r c ’ s
S - r v i - -nn e C l u b

I 1~ locut ion - -f F a c i ht y :

An L n ; I i s t e u  M e n ’ s Service Club  space ~il i-  o w i n - e r- is - , l~~f i c c c - i  to inclu d e
all  f cu - i l i t i e s  w i th in  the c lub  i nc l u d i n g  t h e  bar , - i - to  n u n  fo ci  l i t i c  s , toilet ;: , c -t m - .
c a l cu l a t i o n  of Regui r -mim ent :

The size of an Enl is ted  Me -mi ’ s 5’ r v l ( - ( -  C lub  n i c - p e n d s  on t h e  to ta l  n u n s b e - r  of
01 r - : c l j s t o  ci men  stat ioned at a base . The f loor  are -o n - r equ or -  no it for the club at a
n a ;  is ca lcu la ted  u s i n g  the  fo l lowing  t a b l e .

B U I J D T N  AREA 01 E N L I S T E D  M I : N  3
SERVICE C1.YB

- - 
( :r-- ss P s o l d i c i  

‘I c - t a l I n l i s t o - , I , t r - - - n - n t ~
- c 

sq ~t

< 250 10 sq t n - n  p c - r sc - c i
2 5 1 —  500 3 ,000
501— 750 7 ,000
7 5 1 —  1 200 1 0 1 ’c O U

1 , 2 0 1 -  2 , 000 12 , 70 0
2 , 0 0 1 —  - 1 , 000 1 3 , 8 0 ° ,)

1 , 0 0 1 —  5 , 000 27 , 000
-
~~ 5 , 000 27 , 0 00 P~ ° ) , tJ 0 0 )

; - -  r o - co n i s

Straight line Interpolation is used to obtain t O o ;  - ; n - : i c t  r equ i r e -m acn t  f- cr each base.

S cn - u mc e of Calcu la t ion :

The methodology used here u t i l i z e d  - I c t u  i i : t c -d in  N A VI ’AC P 5 0 .

Sn;c rrc -  oaf Independent Variables:

Tot a l  En l i s ted  S t r e n g t h — a s s ig n e d  to a base in t i n - c -  Paso Loading Submodel~
t enan t  data  -~n o, - - tn u s ;  t i c - Base - Data File

11)—i- 304
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\ t (  ) i  ) i . b .  i ) r :RI vAT1 ( o N

C~i t r  - - :~~ c o o n - -: 012— 0 ,l a - a l i t - : D i s t r i b u t i o n  L i m o ’

( i i -  - - t r a i l )

~ t i : o a - ) : :  - ‘ I  _____

Di i i :  t o - - - h um ’ a c o H -  b un -ed t i c c  - h o - b c -  n - i l l  i -m i c a conn -  - n o o n  Pa~~ r
S o I O r C i ,O L i  c o c o s u m i n o c  f i c i l i t i e s . [~~~c p in -wi  r n ; o c c i r c ’ n c - ; ;  ma - ;  i l l  O f f  1 , - i - n c .- on to

S ca T  g o : ;  c o t  -r Cu ~~n h ; n ; u  I i i  c-i- I c i S c - . H o t h  - c v -  c i t - - cd  and  u n d o  r u ; a ~u o n c r,l - J i s t n c i - n -~ c - , m m  ti - n a - n - ; c i - - o c c c - l o c d r d  i c c  h o -  P f 0 0 1 i t i - ) c o .  D i s~ n i b u t c c u o c  I c  c o ’ , ;; — v o t h i n  5 1 - i t  - - I  - ‘ o s o u r — --
C0 c . ; ~ d c n c i c m q  i o c o I m t ~ - i c e  not  imic l u c le d , as t h e - ,- - o r e  ci f c c c -  ~I c i i -  -o pa r t  -f the  - ‘

t i - o i l i l y .  $
Cci Ic - c ,  l i - t io n o t k ’  qu i  c so- - n t :

The l e n o q t i m  -I c , i f r i  a l  d i : ’t n i b u t o o n  l ine  r o u m u  i n c h i c - ’  b i : - , c is ‘ t l n : . i cd t ’; ’ l
o ; . m - - - cr es so - - :1 n - i t  n i - b  y n - ; c I - - 0- ,

ED L~ = S T  . ‘ ° (SQ 1 - TE i ) (I f I
- -- -.h -  c -  EDL~ = tot al I -  - t on c- I - , -i-’ o c a l  d i n : t r c h ; o t o - u c i  l i ne  r o q u on c i

l o c i _ s e - -  I

P - I d  m i um , o - o - r at ‘ c~u ; o c i n on  pi r :- :on n o , , - i on ba :-n c -  I

TE n- = total om unc 1 - -  r c c l  U - c c a m i t p- , -rsonne l a Pa n- ne i

The abOVe- on-su ction bias a . 45 on ‘c l - d o e r  c o r r e l a t i o n  - coe ff ic ien t and the  c o e f f i c i e n t s

- o r - ; si o i l  i -  i n’ ;t wi th  90 per Cent con t ide -n ec per t I n - c t t o ,; St (see Appendix  I i -)

-
- 

- 
- o f  C;i U c , o i -u i - on :

The n- - n c  ; - : ; i c 0 0  a n a ly s i s  u n - n o d  I ; i t n - ,o t i c - c :  NAVFA C i ’
~ I c - i  ( In d iv i d u a l

- 0- al Pr ’ rL i o c v o - c u t o r i c - ; )  i c c 1  F a c i l i t i e s ,  P- - r n o n n c i ,  and  Ai rc ra f t  S u m c n u r y .

3- - c c m ’ - ’ - ’ J T : c n - p e m o d e - o ’u t _ c !ur iabb s:

S .~~_u s n n 1 g m ’cecl  to a i - u s c  i n the Ba se- l oa d i n g  Submode l

TE 1— - c l i -  l u c  the llasc- Dat o F i l e .

I
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~.ic ,) i  f t i  I ) i 1-l l VA T I o , )~ .

1 n v c - - I - -~ — - : 1 2 - 1 0  i - c  i L n ‘ , h i t o ,- n  i ) u n ; t n c l j u t i - c m u  O l d

( I c - i i i  -Ic)

D e t i n i t i c  ccc of 1’-n-ci l,ii-,:

c \ . i t ; r D i s t n i o u u t o c - u o  l ines - i r o - - l o c i j u j o c i  L u -  i c o c - i c o - i o -  o i l  i o c o - - ~ [ro me a sn -amigo
t i - n m - . - - r ., i tr~- a t n - r - m i t  p l a m u t  U -  n c t a t i u c n  c l eni c an - I po in ts  . The a t -  r i - l i  t ank  ar t n i - ~st ; : c-n~
p l an t  mci -  cy be on or o i l  i i ~i n ; i  - . Dis trii ci to  ccc l ines - v i t l m i c i  S u -  - t  of  - o f~u ci li ty ~re not
i u n - c1 . , ;. , i~- - ’ o , as they ~o c ~ - - h - f o c i - - I  to b a port of that f- cci lity .

H Hc ~ - - i - i  t n - o n  of Regu irer - - c m i :

The length  of - j  i V o t o  -r Distribution l ine roquir-~- I C~ - o b i n - n - a  15 e~~ t i n , , - , i I, - -

ny n - - : m ’ i - s s i o m n  - i c o a l y s i s  to be

— 7 u  , 400 + 4 0 . 5  (SQ i o- TL’~ ) i- 103 (SI 1) (1 )

-s.-ho ’r c- WDL n- = tot - i l  f ec - t  o a t  v i - ote r  d i s t r i bu t i on  i - n o -  r o q c c i r -  - at
bas c-  i

SQ 1 = tota l number  of s q u a d r o n  per s on -i nc -I  it  b - i s e  i

TL 1 tot-i l n w ;b -  - r  of t en an t  person uoi  1 i t  Lcd SC  I

SI~ — - i
- o - r - ~ -j e ; ; t ; c -  i c - o c t  load a t  base i

Tim e i-c ove equation bias a .95 or h igher  correlation coe ff ic ien t , and the coi’f’i-
ci€ .nntS are s ign i f i c a n t  v - i t O 90 pe rcent con fidence per t h e  t test (see Appendix K ) .

i c  ~- ,~r c: ’- of  (h , o l c u l i t o o o c :

The regress ion  u r c a  h y s o s  u s e - i  da ta , roni NAV I ’AC P— i u _ - I  and  I’ i- c i l it oe ,~~
Person ni e  1 , a nil Aircra ft  S c o c  c cc ar y

Source of Indep en dent  Var i ab le s :

SQi , S i . n -  — a s s i g n e d  to - c ban - in the Base b o o - i -  i - c og Submo del

TE 1— O ata  in the Base Data File .
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) I  ) L L  I ) l . P T V o \ I ’ I (  1.

ec~~ Lode:  8 3 1 - 1 1 0 , 0 I - 1 1 , 1351 12 ‘i f l i~~c-: I - t O cdi -
(o 5 1 — 0 0 )

D - :iL lt o o : c  ~ b I - i c - n - 1 i i~, :

Tin -c ’ P -cc l c -  c n n - c o n ’ s  ; ‘, : e - : t  is d o ’ b c c c e - d  . ; r S  c c c o n n n o a s s  i - c n - ’o S S  of all tync, c; including
ac- i niary ( n n c : u j o r  n - r i f f l e  - i i n e n j o - : ; )  , s c n - c n - ,e c c i o r y  (ac - cc- n -n - s  m o - i d a  - c i t . - ~i modera te  t r - i f f o c ;
v o l ; o n n c- ) , ~o n - c- - I  l - n ’ t i~u r :  ro c~ i s  (p rov id ic mo;  - i cce ss  to m n d o v i d u - o  1 hu i l d i  ‘ ga or groups  of

- h i d i n g ; - ; ) .  ‘FO e r o - : c c i r r n i , e : t  i um c luc les  r o o m - i s  on I - , i ’ - ; r o ; o - c b n - ; of a c t m v n t i c n - s  - o : s i  noci —

o c - n i n - m n u O u S  u - - S

-~~ 1~, ’c .I  o n - i o n  o f - on ’- - - _ - -

lice tota l - o i L - n  of roads  r e q ; o i r ’ c -d  - i t  a ~us e  arc- e s t i m a t e d  is’ r ir— . asioci

~i ni - , c 1 - s n i s to c -mn -

-i — 1 1  . S - . 0 c 2 2 - I  ( E h i  
~~ 

- TLT H ~) ( i t

~~~ c ( : i ’~ h i P . = n-c t - c l  c i  lea of ro ds required cit n - -  i sc  c

T . h I n  = n - u t  c i  n c u c c , o d r o ; i  e n c l i n t e d  men - i t  P o s e  i

b i d e  = ton - b e n l i st - i  f e n a n t s  - i t  b i s o n  0

The -.0 0 0 7 d n  equ at iom i  has  a .95 or h i - n i c e r  correlation coe f f i c i e n t ,an d  the c ocHl i—
c - i o n - n-n s - o n o n -  s i g n i f i c a n t  - - iii - 90 percent confidence per the t t e s t  (n eo n -  :- , p p cnd ix

Source of C a l c u l-  o t i o c o :

Thc m - l r e : : s i o n  a o n - ; n l ’ n c o s  u sc :d  da t 0c  fr - m n ; N,3 ’I A H  P — I  i - - i  c o c c i  I -- O n n i -
in - u- a o s n o ~~L an t A i r e u - t f t : u n d c~ iry .

S o c  - r i -c of I:  ; d c n - n c i  - r n - d c-  - ~ ‘ ° - n t  - u s :

I :-i~~
- ; 

- 
— o  sso ;no-d to a i c oi - nc - m u  ti~ Ba n - cc’ - I .c u i - - i i u o ;  0 cc  n cco o is  1

- 
u 

— - - - 0  i c c  t O -  Ba nor -  Dcii i -  F i l e .

e
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I
MODEL D L R I V A 1 I o  )L

H t - ~j 9r\ - c ode: 8 5 2 — 1 0 , 8 5 2 — 1 1 , 8 5 2 — 1 2  F a c i l i t y :  Auto Parking Areas
( 852—80 )

!±~ Sb i t i On of l acil i ty:

Tim e requircnm ermt for P a r h i n g  Areas is d e f i n e d  to inc lude  a l l  p a r k i n g  areas
at  a i - - n - s e  for o f f—st ree t  parking of passenger  cars a n s i  t rucks , both organiza t iona l
. o n c c i  o o o n o r g a n i z a t i o u i a l , inc luding pa rk ing  areas located on th in  ground of activities
a n - c d  n o n c o n : t i - ;u o u s a reas .  Area allowances inc lude  s p i c e  for parking and for
p -eon - - I  access and exit areas .

a l c -u l a t i o n  of Requirement:

The total Parkin g Area required at a bccse is e s t i c : - i t e d  by regression
1 n i - i  l ysis  to Oe

PA .155 (EMS . + TEIS1 ) ‘- 2 4  ( 1)
1 i I

h ere  PA = total parking area in square y ar d -s required at n ,ase  i

O N TO , = total squadron enlisted men - i t  base i

TEM . = total enlisted tenants  at base i .
The a -o v e  equation has cm .95 or higher correlation coe f f i ci en t ,and  the coe ffi-
cients are signif icant  with 90 percent confidence per the t test  (see Ttppendix K

Source of Calculation:

The regression ana lys i s  used data from NAVFAC P — b c - I  a r id  Fac i l i t i es,
0- - : 3  - n a n - - P  - ari a Aircraf t  S u m m a r y .

Source of Independent Variables:

EMS ~~assigned to a base in tim e Base Lo adimig Su bmodel

TEM —d ata in the  Ba se  Data File.

I ) -  1 -- 1

_____ _______
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APPENDIX E

BAS E ANI ’) AIRCRAFT DATA FI l ES

BASE DA TA FILE

• E . 1 The p~irpose of the Base Data File Is to store p e r t i o n e n t  base—speci f ic
data required in the calculations of the Base Loading Submodel and the Faci l i t ies
Requirements Suhornod el.  The Data File Is divided into nine  separate part s , one
for each of the e i g im t  bases under s tudy and one for the new , or ph au mtom , base .
The data store d are , In general , unique for each base , a l though  som e data may
:)e the same for two or more bases . This permits one item of data to be accessed
several times as required ( e . g . ,  family housing factors are require d in several
equations) .

Descr ip t ion of the Data File
[ .2 T 1 b 1 - -  E . l  present s the data presently contained in the Base Data Fi le
for - u - - h  ci t  t h - -  mi i i ’ -  b ases .  These data are subject  to modif ica t ion  as required

:1 : -  : - r -  n o rut t i m ’ -  most  accurate  and up—t o-date  data ava i lab le  at the present
4 t u na ’ . ~h - - s o - c r - - s  f cr t i - cc- data , together  wi th  a i-n o n - f  description -f each typ e  of

a - a m -  - ; u en - e lo ’v .  Numbers  under wh ich  data are l is ted  arc keyed to the
rm- , n m i u -  r - on th ’  - I c - f t  hand column of Table F . 1

1.  P a r k u n f t 1~pron Depth — Th o ’  dept h in feet  of the
a c tua l  pa rk ing  a pron area at each NAS . This
number  was c ier i v e d  by t ak ing  the total - i ep th
of .iproru pacT -me -nt  and subtract ing a 300—ft
- i l low anc - - for peripheral t o ux iw ay s .  In cases
where parking apron -un- - u was not rec tangular ,
i-fl ‘ 1 ( i u 1 1 ’ ~~ u I o - f l t  0a pron depth was ci c - r i v o-c i
Source: M - i sU - r  Development Plans for Chase
cin cl Corpus C h r i ;n t i ;  General I ) -v cn l opm en t  Maps
for other i c - i ; n - - ~~.
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2 .  I ) ays  eH - ea b y L n o - l S t c c i i — r i -c -  c i n c c i c l - - ~r of d ay s  of
ready I coa l s t c  -r - iqe  r - - q  u i r e o l  at  o ’- , ’c n h  :~ A . ; for each of the
t h r ee  t o n - o P  t c p o - s  (J et , A v g u s  , M o - b ) .  Source:  N A V [A C  P — B  0 ,
p .  1 2 0 — 1 2 .

3 . F u e l  J o - i - s  l a n - t a r —  The I r i - c - t i c - n c  of I u o n - l  f i e ld  in ready
fue l  s to rage \\ - !cich is  u n u s a b l e  dic o’ - t o o  losses because
of ev~upor a t iom n - , seep age , etc . Source: l I P S ,  Phase  I,
p. 8~~.

- 1 .  A n n u a l C la s s  U t i l i z a t i o n —  The av er age  n u m b e r  of
hours  per year  t ha t  academic c l - m n ; s r u o -  : c n - O can be
ut i l ized  for i ns t ruc t ion .  Source: These factors  were
t e n t a t i v e l y  derived a s s u m i n g  that  c la s s rooms  could
be used 8 hr per day and 250 days per year or 2000 hr .

5 . Tenant  Data: A n n u a l  Class  Hours — The average
n u m b e r  of hours a n n u a l l y  tha t  each t enan t  s t uden t
spends  in an academic c lassroom . Source: At p resen t
no data are ava i lable  for these  f a c t o r s .

6. Tenan t  Data: S tudents ,  Officers ,  Enl i s ted ,  C i v i l i a n — T h e
number  of t enan t s  at each base subdivided by rank and type
(mil i ta ry or c iv i l ian) . Source: Nava l Air T ra in ing  Coa r n m a n d ,
Faci l i t ies , Personnel , and Aircraf 1f Summary , J anuary  1919 ,
pp .  2 , 3 , 6 , 10 , l4 , 19 , 23 , 26 , 30 .~~ (Unof f i c i a l p u b l i c a t i o n . )

7. Housing Data: Percentage El ig ib le  E n l i s t e d — T h e  fract ion
of to ta l  enl is ted  men ( inc luding t enan t s )  at each NAS who
- ire  e l ig ible  for f ami ly  h o u s i n g .  Source: DD Form 1378 , 31
January 1968 , authenticated by F .W. Hirsh , Head , Progra m
Deve lopment  Branch;  derived from d - mt ~n- on l ine 2 of Form .

8. b l o u s i n g  Data:  Percentage Enl i s ted  Requir ing  Hous ing—The
fract ion of e l igible enl is ted men re qui r ing  f a m i l y  hous ing .
Source: DD Form 1378 , Line 3.

1. h ous ing  Data:  Percentage  Off i ce r  Requ i r in g  H o u s i n g — T h e
fract ion of tota i  o f f icers  (exc luding  pilot t r a i n i n g  s tuden t s )
a t  each NAS requi r ing  f ami ly  h ou s i n g .  Source: DD Form 1378 ,
Line 3 .

10. Housing Data: Percentage S tuden t s  Requi r ing  H o u s i n g — T h e
fract ion of to ta l  pilot t r a i n i n g  s tuden t s  at each NAS requir ing
f a m i l y  hous ing .  Source: DD Form 1378 , Line 3.

~“Pers onne1 of the  I ,1SS Lexington and USS Kingbird  were not iumc luded ~i-s tenants
of NAS Pensacola .
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11 . F i o u s u n o j  I ) at a :  P e r c o - a t i-~~~ j n e i i gi b d e Ln l i s t e d —  The
t r a c t u - m i  c — I  ts- - L ~~l i n e l i q i n c i e  e f l h i S t ’ - c l  nmc co n r e q u i r i n g
! i m n h l y i c o u s cn o - m  . Sourc e: b) !) I ( c r m  I 37 8 ,
I one -

1 2 . ~c 1ess I f ~~i l  a c to r— Thin b m - m c t j o n c c  tota l e n l i s t e d
n i - en ’ s i -arc-ic in capacity whic h is plamined ti be fed
n o  t h e  e n l i s t e d  men s rrce ss h a l l  a t  cs- an -h N A S . Source:
N A - I A P—80 , p .  7 2 0 — 5 ;  cl - n - t i - c n c t ~, i i n c n c i  t r om NAS
Pensacola  or NAS Pensacola  and NA S S a u f l e y .

13. Dispensary:  Code indicating for each NAS , whether
the i r  present dispensary has beds. 1 means it has
:-u d s , 0 means it doe s not . Source: NA VFA C P— 164 ,
Vol . 2 , pp.  1842 , 1961 , 1971 , 1976 , 1940; Vol . 3 ,
pp.  2556 , 2595 , 2609 .

1 1 . cn mn -t a ’~~ I - - i s a  Requir ing A d m i n i s t r a t i v e  O f f i c e s —
l i o e t’ r s - i c t i on  of total  base p ersonnel  (both m i l i t a r y  and
c i v i l i a n )  r equi r ing  admin i s t r a t ive  o f f ice  space in a
centra l -n i - i m i n i s t r a t i v e  f ac i l i ty . Source: Data obtained
from NAS Pensaco la  for Pensacola  and e s t ima tes  by
a - - o ’ s o m i m i o - I  - i t  N A V I A C  , V V a s h i n g t o n  , D.C . , for other
ci sc-s

15 . A l t i t u d e — T e m p e r a t u r e  Correctio n— The correction fac to r
t o t  r u n w a y  l e n g t h  t c m k i n q  into an-co-m t the altitu l o- - i n - f  mean
s u m m e r  day  t empera tu re  of each NAS . Source : NAV FAC
P — 8 O , e o p .  1 1 0 — 5 , 1 1 0 — u .  ( Cur ren t ly  net used in m o d e l . )

Wind Rose Data ,Main—The fract ion of t ime  the mi-fri
r u n w a y ( s )  at cs-ac E -u NAS are u s a b l e  for t r icyc le l and ing
‘jo -a r  a i rc ra f t  ( 15 — k n o t  or less beam wind c o m p o n e n t) .

ioLo rce: ( b - c mera l Development  Ma ps .

17 .  Wind Rose i)a~~~~~ Qsswind— The fractio n of t i m e  the
crosswind runway( s ) at each NAS are u s a b l e  t o o t  t r i cyc l e

• land in g  q o - i r  air cr cn - ft ( 1 5 — k n o t  or less beam wind compon —
( n t ) .  Source: C o - m o e r o l  Deve lopmnent  Maps .

18.  1 - n - 1 r ’ot A i r c r a f t —  The n u m b e r  of each t - 7 -pe of aircra ft
- t m  I i — n o  -d cy t ena nts  cit each NA S . (I or d e f i n i t i o n s  of
which a i r c ra f t  are in which category s - e  page [— 1 0  of
t h i s  - u p p e m o d i x )  . Sc - c i rce :  l a c i l  i t i e s , P e rsonne l, and Air—
c r - c I t  o a n c n c m y , p p .  -1 , ~~~ , I I , 15 , H , 23 , 27 , 31 .  t

( U - c -  h o c  u - ’ l  p u b l i c a t o c c o o . 1
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The - 1 - i t i  c o n t a n n i - c i  in t i c c -  p h s - u n t o c m ; c  b c o i s c -  c l - i t - i  file - i i - -  e s t i n n o c t c - s  by CR!. in
c-n e n er i l , t n t - - s e e S t i n e u t o - s  w o - r o -  d e r i v e d  u s o n q  a v o - n - i ; o - n n  Of U s -  b - o t i for ftc- ( - t I c - r
- - 0  n t  ~s-i~~s- n - I  a u t  S t a t i c - i -S

A! R ( ‘PA I 1 1 )A FA ill F

F . 3 Thos ~Uij0OSO of the Aircra ft Data Fi le  is t c c  i b m -  - d i r c r u f t — r c - l a t e ( o  da Ls -~
t n  i : ’ed on t i n - o n -  F a c i l i t i  -s R o n - c~~n i r e o n c e n t s  S u b m o d el , the  k - i s o -  L- c - c d o o i g  Su L n : c - ( f e l , t he

;c - :c - m - - i t I c -j vs - n o t n n o c n - n t  Cost c a l c u l i - t i c - i -n ;  and  the  R c n n \ v a y c o i l c u l o o t i o n s .  The Da ta
F o b ~ a c t . .  P ly  cons i s t s  of sepa rate dat a  f c l c - n ;  , one for each t y p o n  of a i rc ra ft , f -i up
to l~ d o f f -  - i - -n t  t v} c c-s  of t r a in ing  aircra ft and six types  of t e n a n t  and NAS aircra f t .

I The - l i - t a  con ta ined  in the  Ai rc ra f t  Data Fi le  are l isted in Table  [.2
n - c r  t h e  10 a i m - c r a f t  t vrcc- s u t i l i z ed  for the  present  p i lo t  t r a in ing  program and
in i - u  b -  F .  3 :- - r  s ix  t r pes of tenant  aircra ft . As ind ica ted  in the t ab l es  , the
t i -p e s c-f  i o t a  n~to r o - c i  v ary  sh c -dit l y, depend ing  on w h e t h e r  t b c o -  a ircra ft i-re phase
c r  t e n a n t  a i r c r a f t  . A descr ip t ion  of each it- -rn of rb -i -t a an f its so-cr c- - i c  g o ’ - ni
icc - i -v; h r  i l l  l i - t n -  in the  Ai rc ra f t  Data F i l e .  The numbers  given b c - b -v core s—

- -n id to the  n u m b e r s  Ip p e ar i n c j  in the  lef t  hand c o l u m n s  of Tables  E .2 and E .3 .

P a r k i n g  Apron Data A— The length in feet of each
aircra t t y p ~~., Source: NAVFAC P — 8 0 , Figure 11—5 ,
p . l l O ~ 2 l . -~

2 .  P a r k i n g  Apro n Data B— The w i n g s p an  in feet  of each
a i r c r a f t  t y p ~ .,  Source: N A V I ’A C  P — 8 0 , Figure 1 1 — 5 ,
p .  l l O ~ 2 l .~~

3 . P a r k i n g  Apro n Data C— The total  depth  of p a r k f r o q
i - a r c - n o  occupied by each a i r c r a f t  type  inc lud ing  air-
cra ft o.vi ;iq span and c spacing a l lowance  between
aircra ft . S~~~r c o- :  NAV FAC P — 8 0 , F igure  11-5 ,
p .  I 1 0 - 2 1 .~~’

- l . P arking Apro n D a t o u  I ) —  The w id th  of the  i n t er n a l  t n - n d  
--

way s ( P i n - t - - i nce i - - t w - - - - n : c o r -r a It rows) in a p ark inq
-i—ron for each -uirc raft t~~~i ;  . Source: N A V I A C  P— uO
[1 ur c -  1 1 — 5 , p .  1 1 0 — 2 1

5.  Airc r a t t  per 1 -h a n g a r  M o d u b e — i h e  m a x i m u m  n u m b e r  of i- ui--
c - n -  u f t  of each type  t ha t  can be s oo rv i c s - c I  by one tn-a c ( 0~i r

i - ca in t en a n c e  m o d u l e .  Source : NAVFA C P — 8 0 , b a i c l e  21  - -1 ,
p .  2 1 0 — 8 .

The pa rk in g  a pron f ac t o r s  for the  TS — 2A were o i c t ~iined from the M ister
Devel- p m - n n t. Plans bar N?’iS Corpus h r i st i
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‘ i c j r u i p : : i -  - n c t / A c f o o ; i m c  c - t  m -  U jc ~ - ~~c , ch ro ( - n  . Soo ;r r :c - :  N it 1AC ‘— P 0 ,

1 - i n - i - -  2 1 - 5 , p .  2 1 0- -i .

7 . ~~~~~~ 
0 ~ t ~~n - r 13s-n -se SIi ~g~~k b o d - l o -  — I I i - ’ ’  i a n-n o rn - rn  i - u n t o  her of

a i r c r - i t t  c - I  - n an - i n -  t y p e  t I c - i t  c -u i  cc sc- i  y i n - c - - n  by ofli’ ba s ic
shop - - . i i : t - - : c i n c c o -  m o d u l c  . S c - c n r c ( - :  N A V I A C  P — 8 0 , p .
2 1 ( f - I c .

B A ; r c r o t t  ; - r  n- u p p le: nc e nt - io -y Shop M o c I u l e —  i h c n n n i :i ;- : i : n u r n
n u nnn t c - -r c-I a m e c - - i t t  c - f  o - i c :h  t / ; c c -  t h a t  can U — n n - - r iced
by c - O i - S O c  - - I c - m c nt~ory s hop  ma i - c  - - n n - n c c  - nc r )  i i -  I
So ) u r c o  : NA~!iA U i o _ 80 , T a n - In 2 1 — 3 , p .  2 1 0 — 7 .

o - v o -e-i °A ’ ic - - n;u unc e ~J±c uc: e~~ Th e n u m ; c e r  of qu it o-
t o - c t 01 r i d ; i s s u e  w , i r o - i c c c c n s c -  S c  o n - c -  a 1 R - w c d a - - c  air—

c - n U t  f ar  - - -a n- li n - i n c r a f t  t ,’ 1 c o ’ . Source:  N A V I A C  P—HO ,
1 -U be H-i , pp. 11 0- i c , 110 -1 7.

10 . ~~~~~~~~~~~~~~~~~~~~~~~~ The n u m b - - i  of :;qc Ir c - U - -  -t of
o c i i  ~; ccs c - sh c - c l  space cl  lowec I c-e r  n - i  icr o f t  o r  c - - i c - h
- i i r c r - i f t  t yp e . Source:  N A V I A (  - i - S O , TaI be - 1-1-3 -

f -P . 1 10 - l i , - 1- 1 0 - 1 7 .

I I  . 1~~efl :- r d c  - ew  r o d  — The n u o c o b o  -0 of s q u i r o - U t of
op- - - ci i m p r o v - - c l  s torage space allowed sr -ii rcr att tar
- - - i c h  a i r — r i f t  t- :p - - Source: NAV I AC P — S O , Ta le -1 - 1 — 3 ,
p p .  - 1 1 0 1 I c , 1 1 0 — 1 7 .  (U u r r e o n - t l y  n o t  u s c - c l  in m o d e l . )

1 2 .  Rwo-co~~ J -i - e t F c {N s -c j c oi r o- c i ( I r - o i n i n c - n A i r c a o f t  F i l e  ( ) :o I ’ J —
TIn - c- i U O c n < i t ! c - O t o  l c - n ; - : t i i  of i r u n c v i y  r - p a c t -  I f t c r  o p o s - r - i t i c  tn -s
of e ic :h - u i r c r - c t  ty~c o n . c c c r c o - :  N A c I I AC p~~8fl , i- .  1 1 0 — 1 .

1 3 . - i - n : ;  a: F c - c-i I c c t c  - n  - -  Ui -c -  of n i n i o -  f ac t o r s  - i o - v e l c - p c - -  I by
ORb n v ay  t h i c k n e s s  req - s i r - - c l  for e - io -~h

- u r c u  - o f t  t y p e . :~ c c u r c e :  Sonin Appendix II

1-1 . cn cv oi ; . - :W o~~~ t I - - n c  } o c tor— T he  code c l i - s c r o ! c i m n - q
t h o -  r e q u i r - - - l  ( n o i m l I c  - n i t i c  c c  of t he  r u n w a y .  1 s p e c m t  u - n - ;

- i  cor 0 , o c c t i o n c  o f c ’ s n - c : r o - t c -  ( I c c o  j o t  a u c o i f t ) ;  2 s p c- c-lfio- s
- i  C o o n c p c n ; i t o o - n  of as~ c h u l t  ( for  p r o - p  i - n i - i  b c - I c -  a m o c i - u f t ) .

15.  ln v e s j3-~ n c t f o q ~~ ( 1 r a i o i i o i - n  A i r c r a f t  F i l e  i l y ) —
l i on i — i t  o i l  (‘( tnt ~c - -r - d r c - m - i f t  i i i  t h o u san d s  of - I c o l i a r s

I c - n  c - o u r  Ic - u i r c r -  o f t  t / p o  - . So u r c o -  : Sc-i- Appendix  I
-r t c c - Se  - I - i t - o

See Appendix H for a x - o c t  de f im i i t l o m i  of each factor .
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1 -  . O& M Cost  per f l i g h t  I h o u r  ( T r a i n i n g  Ai r— n of t I i  t o - O n l y ) —
Th e cost of c o n s u m a b le  spare  ~c - o r t s fo - n eon - h - i n r c - r i f t  t-/pe
Sourc o - : n - o -e Append ix  I for t l i - s -

17 . Inven to ry  ( b r a  ir n - im i g Aircr - o f t  Fi le  O n l y ) —  Thu t ota l  n u m b e r
of a i r c r a f t  a v a i l a b l e  to CNA’l ’RA for - - i c - I c  airc ra ft ty pe
Source: Fac i l i t i e s  , P e r s o n n e l  and Al r n - r a f t  Su mm a r L ,
pp .  1 , o - , 11 , 1 3 , I i , 23 , 27 , 31

18 . Annua l Fuel  ( T h o u s a n d s ) ( T e n a m i t n-nd NA P Aircra ft O n l y ) —
The ave r -n - c e  n u m b e r  of a - n - l I o n s  of f u e l  c :on su  n c r - c l  per
a i rc ra f t  for each aircra ft t ype .  :- -V c cm -ce: N AVA E R OD - 1 00—
504 , ‘ P rogramming  Guide , ” U .S .  N - t v - i l  Aeronau t i ca l
Shore Faci l i t ies , Marc h 1958 , Table  100—A , p .  1 0 0 — 1 1 .

19 .  Fue l Type (Tenant ann NibS Aircra ft Only) —The code de-
scr ibing the type of fue l  consum-~d by each aircra ft type .
1 ind ica tes  Jet; 2 indicates  Avg as ;  3 ind ica tes  helo f u e l .

A i r c r a f t  Type Def in i t ion

I F .5 In order to be able  to keep  t h e  n u m b e r  of - o i r c r a f t  t y p e s  m a n a g e a b l e
so tha t  m e a n i n g f u l  compar i sons  could be made between a i r c ra f t  r equ i remen t s
and assets , it was found necessary ta  group sim ilar -n - ircr at t into one catc-qory
on t l c n  oasis of use. or phase  (p i lot  t n — m m ;  ) r e l at e d  - o i r c r - i  0 , 10 cation-c-ri- -s
‘ v o n r o -  de f ined  for the 10 basic t ypes  c- f a i r c r a f t  u t i l i z e d  in ar c - s e n t  pi lot
t r a i n in g  programs - These categories are c o iven  in T~U c l e F .1 ~n - boooq with  the
. o i r c r i t t  inc luded w i th in  the a i r c r a f t  t ype  d e f i n i t i o n . In genera l , for phase
r - - l a t e d  a i r c ra f t , each a i rc ra f t  t ype  d e f i n e s  onl y one type  of a i r c r a f t  or a s l i c t F t t l y
: - o c - i i f i e d  v e r s i o c n  of tha t  type . l o r  t enan t  and NAS aircra ft , the  d e f i n i t i o n s
of  aircra ft t ype  were broadened c o n s i d e r o i c k - , - o n d  on ly  six types  of
ui rcr a ft were def ined . More precise d e f i n i t i o n s  were not requi r e d  f o r  these

- o u r c r n - f t  , i c c - cause  no a i r c r a f t  excess/ de t i ciency  compa risons are made ,and
o n - ! - - i - t o - n c - n t  costs are not c a l c u l a t e d  . The d c - s i i n n cn -t io n s  of - i i r : - r n - f t  t ypes  as
a iven  in 1 n o b l e  E . 4  core u t i l i z e d  t h r o u g h o u t  the I FRS e l i c it and  s p e c i f i c a l l y
in T - t h l c s  1 . 1 , F . 2 ,and E . 3  of th i s  appendix .
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APPENDIX r

ASSET POSITION DATA FILE

I N T R O D U C T I ON

F .  I The purpose of the As i - c t  Position Data File is to provide a complete
nd current record of the total permanent  asse ts  1oc-~o i i -I o t  e on -h  of the e igh t

N 0Ss used in the pilot t ra ining program for each of the f - o c - i l it i es  in the Facil-
i t ies  Requ i r emen t s  Submodel and Runway  c a l c u l a t i o n s .  This  da ta f i l e  is used
- c i -  an inpu t  to the Excess - - l ) c - I i c - iency Subonod e l , which compares  the c u r ren t
- i s  - - t s  posit ion with fac i l i ty  r e q u i r e n r e n t s  for e tch base , t in - - i -sLy i d o n - n t i t v i n q
t i c - excesses or def ic iencies  of each fac i l i t y  type for each pilot  t r a in ing  a l t - -r-
native . The Asset  Position Data F ibe  is shown wi th in  tb-s  coa t - -st  of the ovc -r-
- o i l  IFRS -~n t f-itt in the Int roduct ion to this  v o i d ; : :  - -

. 2 [he Data b i l e  is divided into nine par ts  , one part for c - a n - l i  et - c i ;

N / P S  under  s tudy  and one for the  phan tom base .  l o r  each base , t i ne ir ao-~-
e t ch f a c i l i t y  type actually exi sting is c lass i f ied  as e i t i . e r  s t - o i - -. :Jc- [ ( c o ie:; - n i~~ c

condition or substa ndard ( inadequate)  condi t ion.  The data  f i l e s  c o n  r e  t- -
m o u c f i e c i  as necessary to reflect changes in the Dx c i a sS c -t n ; u~ a so
from new milita ry cons~~uction , fac i l i ty  r e - f u r b i s h m e n t s , or f - i c c  11:

Dl A I L S  OF THE DATA FILE

F. .1 omplete li s t ings  of a l l  d a t - o  cur ren t ly  S te - c -

F ile for  each of the nine N/bS s U c l a  s tud ie d  t m ,  s !mon ~ m
T - ob l e  1 .1 gives data for all  fac i l i t ies  of tn t -  I - c ~~~I . 1  -

(nx c ept  Taxiways and Runway  Lig ht i ng ‘A : i t  h

ti o -  Runway c u 1 ~~uIat 1ons . T h -  runw ay  - 
~~- L - :

As - f u n ; c u s s e d  In Appendix C , t f c i n -~~ t o  -
o : t . f d c i l i t ,’ requ ir  - r n c : ; t  ~n ; c oi n - -ui -
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I

F .4 The d 0t d  shown in Table  F. 1 are the data  for each fac i l i ty  as defi ned by
the Fac i l i t i e s  Requ ire m i rt t s Submode l .  As previous l y i ndicate d , the def ini t ions
of som e fac i l i t i e s  d i f f e r  s l i g h t ly  from the def in i t ions  of the category codes used
by the Navy .  Thi s d i f fe rence  posed somewhat  of a problem when compi l ing  the
data , si nce it was necessary to include in the data f i l e  only the data covered by
the def in i t io n of the IFRS model.  An additiona l compl icat ion arose because the
ind ividual  NASs , whe n compi l ing  their  Real Property Inventories , A sset Posi t ion
Form s , and Basic Facility Requirement s Listings (BRFLs) , did not necessarily
apply  Navy defi n i t ions  cons i s ten t ly .  Furthermore , d i f f e r en t  bases ofte n defined
data d i f f e r en t ly .  These data discrepa ncies necessitated m a k i n g  some judgments
in compi l ing  the data . I n mak ing  these decisions , the de f in i t i ons  of the facil-
ities made in the JFRS effort  were applied , and data were judged on the basis
of whether they were accurately described by the IFRS de f in it i ons .

F .5 Tabl e F .1 arid F .2  provide data for each major base including all activ-
ities and non-contiguous areas listed under its command in NAVFAC P- 164 . In
addition , the PWC complexes for Pensacola , Saufley, and Ellyson were Included .
However , outlying fields and the Auxiliary Landing NeEd of Orange Grove were
not Included. The data base does not include the following runway systems be-
cause either they have been abandoned or they are not or ca nnot be used concur-
rently with listed runways due to excessive congestion a rid interference with
present runway fl ight  patterns:

a . Entire South Field of NAS Kingsvllle

b . Runways 9/27 and 18/3 6 of the North Field and
9/27 and 18/3 6 of the South Field of NAS Whiting

c. Runways 13R/31L , 18R/36L, 9L/27R , ~nd 4L/22R of
NAS Ellyson

d. Chevalier Field at NAS Pensacola .

All other runways are Included In the data .

F .6 Data for Family Housing (both eligible and ineligible) were obtained
from DD Form 1377 and include all military and privately owned and all rented
housing utilized by personnel at that base. In the case of the Pensacola area ,
DD Form 1377 gives housing figure s to cover , in total , the three bases of NAS
Pensacola , NAS Saufley,  and NAS Ellyson . These housing figures were allocated
to the three bases as follows : The number of personnel eligible for family housing
was totaled for the three bases . The fraction of total eligible personnel , which
individual base personnel represented , was then derived and this fraction was
multiplied by the tota l available housing (in both standard and substandard
condition categories) to obtain an estimate of housing available at each base.
The same procedure was followed for ineligible family housing . These figures are
shown in the present Asset Position Data File , Table F. 1.
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4 DATA SOURCES

F. 7 The sources of the data listed In Table F . l  are :

• OPNAV Form 11000-2 “Eva luatIon of Existing
Shore Facility Assets , ” dated as follows:

Base Date Prepared

Chase 6 December 1967
Corpus Chri st.l 7 August 1968
Ellyson 10 September 1965
Kingsville 16 March 1967
Meridian 6 December 1968
Pensacola 17 Marc h 1965
Saufley 31 October 1967
WhitIng 8 January 1968

• NAVFAC p-i 64 “Detailed Inventory of Naval
Shore Facillt .ies , ” 30 June 1968

• DD Form 1377, 31 January 1968

• Military Construction Program , Navy FY69 and
FY7 0 Progra m Cost Estimates

• Military Construction Authorization Appropriation
FY70.

The primary source of data for all facilities except Family Housing was OPNAV
Form 11000-2 . However , when compiling the data , data from both OPNAV
11000-2 and NAVFAC P- 164 were carefuUy compared to ensure that data in these
two references were both correctly categorized and consistent with each other.
In numerous cases , discrepancies did exist between the two sources , either
in amount or by category , or due to definition problems . In such cases , the
discrepancies were carefully reviewed and resolved by using the data tha t
appeared most correct . The data compiled from OPNAV 11000-2 , NAVFAC P- 164 .
and DD 1377 were then augmented , as appropriate , by facilities listed to be
built in the Milita ry Construction Programs of FY69 and FY70 . Thus , the final
data base listed in Tables F. 1 and F . 2  should correctly reflect the current asset
position at each base .

F .8 Although the data given in Table F .1 and F • 2 are the most accurate
data available at the present time , they must be periodically updated to remain
accurate . This updating is accomplished by changing the data in the file to
reflect:

• New Military Construction

• Revised Family Housing Data

• Demolition of Present Facilities.

F-S
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4 Therefore , the data fi le should be reviewed periodically as new or revised
data become available and adjusted accordingly.

FACILI TI~ CONDITION

F .9 The facili t ies listed in Tables 1.1 and r . 2  are classified as sta ndard
or substandard condition. Since these two desig nations are used in OPNAV
11000-2 to designate facility condition , it was decid ed that these definitions
should be kept in the IFRS Model to provide management  with a greater flexi-
bi lity in evaluating excesses and deficiencies.

F . 10 However , the condition coding in NAVIAC P- 164 is somewhat more
detailed than that in OPNAV 11000-2 and lists the following five facility condi-
tion codes:

• U— Usable without change or major repairs

• T—Be l ng used , but complete rep lacement required;
condition doe s not warrant repair or improvement

• R—Usable , but major repairs and/o r improvements
are required to meet structural/space criteria

• C—Unsuitable for present use , but Is structurally
sound and can be converted for other use

• N—Not  usable , a structure which has deteriorated
beyond economical restoration or constitutes a
danger to health or safety of personnel or
equipment .

Whenever It was necessary to use NAVFAC P— 164 data (because of discrepancies
with OPNAV 11000-2 or other data problems), the following rules were used:
U desig nated a standard condition facility; T ,  R , and C designated substandard
condition facilities; and facilities labeled N were not included within the data
base.

ANNUA L ASSET POSITION UPDATE

F. 11 In addition to the routine updating of the file , the Asset Position File
can be temporarily modified to reflect postulated future Military Construction
Programs. In this case , the amount of the facility deficit to be built in the
give n year Is automatically entered into the program and this postulated construc-
tion is carried throughout the program (through future years , e tc .)  as having been
built in that year , with the As set Position File modified to reflect this modification .
As long as that program is being run , this postulated construction is made a partof the
Asset Position File . h owever , this postulated construction is not entered per-
ma nently in the data file . Therefore , on starting a new progra m run , the origi-
nal Asset Position Data File (as described in paragraphs F . 1  to F . 10)  is used .

F-6
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APPENDIX G

EXCESS/DEFICIENCY SUBMODEL

INTRODUCTION

G. 1 The purpose of the Excess/Deficiency Submode l is to compare the re-
quirements for facilities at a base with the availability of facilities at that base
and compute the ne~ excess or deficiency of facilities . The Inputs to the Submodel
are from the Facilities Require m ents Submodel , which give s the required amount
for each facility, and the Asset Position Data File, which gives the available
amount of each facility . The output of the Excess/Deficiency Submodel Is the
net requirement for each facility , listed as either an excess (indicating more
assets than requirements) or a deficiency (indicati ng more requirements than

- . assets) . The Submodel is shown within the context of the overall IFRS effort in
the Introduction to this volume of appendices.

DETAILS OF THE SUBMODEL

G.2 To compute net requirements (excesses or deficiencies) of facilities,
three distinctly different type s of calculations were used . The first type is a
simple subtraction in which base assets are subtracted from gross (tota l base)
requirements to obtain a net requirement . The second ty pe of calculation is the
interactive kind used to derive net runwa y requirements , in which the net require-
ments are derived in severa l stages , including a detailed excess/deficiency com-
parison during the requirement calculation . The third type of calculation give s
the net requirements only , with no excess/deficiency comparison .

G.3  The simple subtraction type of calculation is of the form

NRIk = GR
Ik 

- A!~~ (G. 1)

or NRIk = GRIk - (APIk + APR) (G.Z~

G-1
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where NR .k = net requi rement  for f ac i l i t y  type k at base I

GR 1k = g ross (total) requirement for fac i l i t y  type k
at base i

AP
~k 

-
~ assets of standa rd condition of faci l i ty  type

k at base I

AP~~ = assets of substandard condition of facili ty
1 

t ype k at b a s e i .

Equation (G. 1) simply states that the net requirement for facilities Is the gross
requirement minus  the standard assets available . Equation (G .2) is used to cal-
culat e net faci l i ty  requirements when both standard and substandard assets are
assu med to be used . Either Equation (G , l )  or (G .2)  is used to calculate the net
requirements for all  facil i t ies in the Facilities Requirem ents Submode l , except
Ta xiways , Runway Lighting , and Ready Fuel Storage.

G . 4  The interactive type calculat ion Is used to calculate Ready Fuel Storage
and runway deficiencies. In the case of Ready Fuel Storage , a subt raction of
the type indi cated in Equation (G. 1) Is carried out for each of three fuel types.
The requirement for fuel tanks is then calculated by comparing net requirements
in gallons of fue l  to be stored with tank capacities.  The result of the comparison
provides the number  of tanks required , specified by tank capacity . This cal-
culation is repeated , as necessary , fo r each of the three fuel types.  The Runway
Meth odology (described in more detail in Appendix H) uses a similar type of corn-
pa rison in which the requirement Is expressed not only in quantity (number of
runways)  but also by type (length , load capacity , e tc .) .  I n addition , assets
must be matched to requirements by amount and type.

G.5  The fina l type of calculation of net requirements is not a comparison
but is a straightfo rward calculation of net deficiencies (if a n y ) .  This type of
calculation Is used in I F’R S for Taxiways and Runway lighting , because these two
fa cilities are assumed to be built only if a runway is to be built .  The derivation
of net requirements for these facilities is given in the Annex to Appendix D.
G .6  The output of the Excess/Deficiency Submodel can be printed out if
desired dlong with the facility requirements and Asset Position File.  A sample
output is provided subsequently . Deficient facility outputs are used as inputs
to the Total Systems Cost Submodel , which calcu la tes th e I nvestm en t requi red to
build these deficient facilities.

SAMPLE OUTPUTS

G .7  Tables G .l  and G.2  show sample outputs of the Excess/Deficienc y
Submodel for the NAS at Meridian and the base loading provided on page C-li
of Appendix C.  Table G . I provides the comparison in which substandard facili-
ties are not included as acceptable assets.  Ta ble G .2  give s the same compar-
ison with substandard facilities included as assets . The 19 facilities for which
the simple subtraction comparison Is used are printed out in one block with

G-2
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TABLE G . I
SAMPLE PRINTOUT OF FACILITIES REQUIREME NTS AN D

EXCESS/DEFICIENCY SUBMODE LS USIN G
STANDARD FACILITIES ONLY

WA S- -I4ERI
DETAILED EXCESS DEPICIENCY (YsN)fl

REQUIRED AVAILABLE POSITION
CODE DESCRIPT ION AMOUNT UNIT STAND. SUB-STAND. EXCESS DEFICIENT
1320 A/C PKNG APN 221667. SY 0. 0. 0. 0.
1320 PER TAX IWAY 128333. SY 0. 0. 0. 0.

11320 TOT PKNG APN 350000. 5? 288263. 0. i. . 61737.
12540 DIST PIPELIN 3. M I 2. 0. 0. 1.
14140 A/C OP BLDG 16956. SF 12217. 0. 0. 4739•
17110 ACADEPIC BLDG 5758. SF 30023. 0. 24265. 0.
21110 PlAINT HANGAR 222732. SF 125764. 0. 0. 9696o ..
21 910 PW PlAINT SHP 9364. SF 9080. 0. 0. 284.
4210 GEN VAREHOUS 125000. SF 0. 0. 0. 0.
4210 SHED SPACE 8074. SF 0. 0. 0. 0.

44210 TOT VAREHSE 133074. SF 95893. 14880. 0. 37181 .
55010 DISPENSARY 17037. SF 19562. 0. 2525. 0.
61010 ADM IN OFFICE 51447. SF 33938. 0. 0. 17509.
7111 0 PAM HOUSING 1319. UN 760. 131. 0. 559.

0 INEL1G HOUSE 208. UN 121 . 15. 0. 87.
72210 EM BARRACKS 937. MN 1148. 0. 211. 0.
72310 EM MESS HALL 11 941. SF 19241. 0. 7300. 0.
72415 BOQ 325. MN 275. 0. 0. 50.
74014 EXCHANGE 13050. SF 18610. 0. 5560. 0.
74063 SERVICE CLUB 12685. SF 7507e 0. 0. 5178.
81230 ELEC DIST LW 115876. LF 111340. 0. 0. 4536.
84210 WATER DIS LW 53463. LF 72089. 0. 18626. 0.
85110 ROADS 20. M I 14. 0. 0. 5.
85210 PARKING AREA 83729. 5? 76290. 0. 0. 7439.
TAXIWAYS & RUNWAY LIGHTING

NO DEFICIENCY
READY FUEL STORAGE
REQUIREDI (THOUSANDS OF GALS )

JET 1374.7
AUGAS 12.1

AVAI LADLE $
JET 2335.0
AUGAS 50.0
HELO 0.

NO DEFICIENC Y

G— 3 
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TABI l:  G . 2
SAMPJ C P R I N T O U T  Oh’ FACILIT IES R E Q U I R E M E N T S  AND

EXCESS/DE I ’ICI ENCY SUBMO DEL S ACCEPTING
SUBSTAND ARD FACILITI ES

NAS--M ER I
DETAILED EXCESS-DEFICIENCY ( Y a N ) ? Y

RE Q UIRED AVAILABLE P O S I T I O N
CODE DESCRIPTION AMOUNT UNIT STAND . SUB-STAND . EXCESS DEFICIENT

1320 A/C P HNG APN 22 1 667. SY 0. 0. 0. 0.
1320 PER TAX I WAY 128333.  SY 0. 0. 0. 0.

11320 TOT P MNG APN 350000 . SY 288263 . 0. 0. 61737 .
12540 DIST P I PELIN 3. MI 2. 0. 0. 1.
14140 A/C OP BLDG 16956. SF 12217. 0. 0. 4739.
1 7 1 1 0  ACADE P IC BLDG 5758 . SF 30023. 0. 24265 . 0.
2 1 1 1 0  Pl AINT HANGAR 222732. SF 125764 . 0. 0. 96968.
2 1 9 1 0  P W P lAINT SHP 9364 . SF 9080 . 0. 0. 284.

4210 GEN WARE H OUS 125000 . SF 0. 0. 0. 0.
4210 SHED SPAC E 8074. SF 0. 0. 0. 0.

44210 TOT WAREHSE 133074 . SF 95893. 14880. 0. 22301.
55010 DISPENSARY 17037. SF 19562. 0. 2525. 0.
61010 ADMIN O F FICE 51447. SF 33938. 0. 0. 17509 .
71110 FAM HOUSING 1319 .  UN 760 . 1 3 1 .  0. 428.

0 I NEL I G HOUSE 208. UN 121 .  15.  0. 72.
722 10 EM BARRACKS 937.  MN 1148.  0. 2 1 1 .  0.
72310 EM MESS HALL 11941 .  SF 19241.  0. 7300 . 0.
72415 BOQ 325. MN 275. 0. 0. 50.
74014 EXCHANGE 13050 . SF 18610.  0. 5560 . 0.
74063 SERVICE CLUB 12685. SF 7507. 0. 0. 5178 .
81230 ELEC D I ST LN 115876.  LF 1 1 13 4 0 .  0. 0. 4536.
84210 WATER DIS LN 53463 . LF 72089 . 0. 18626. 0.
85110 ROADS 20. M I 14. 0. 0. 5.
85210 PARK I NG AREA 83729 . SY 76290 . 0. 0. 7439 .
TAX IWAYS & RUNWAY LIGHTING
NO DEFICIENCY

READY FUEL STORAGE
REQLJIREDs (THOUSANDS OF GALS)
JET 1374.7
AVGAS 12.1

AVA I LABLE I
JET 2335.0
AUGAS 50.0
HELO 0.

NO DEFICIENCY

I
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eithe r the excess or def ic iency of the f a c i l i t y  noted . Because no asse t
position data are available fo r subcategories 1320 and 4210 , a n excess/de-
fic iency com par i son is not made a l though a g ross req u irement is calculated .
The Ready Fuel Storage , Taxiway , and Runway Light ing req u irements  a re
printed out with on ly  def ic iencies  (if a n y )  noted . Runwa y r e qu i r emen t s  are ,
of course , computed and p r inted ou t se paratel y (see Ap pend ix H ) .
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APPENDIX H

RUNWAY METHODOLOGY

INTRODUCTION

H . l  The purpose of this appendix is to discuss the methodology developed
to calculate runway , outlying field (OLF) , and air-to—ground target area require-
ments ;  runway deflclencies ;and airfield pavement ( i . e .  , runways , taxiways , and
park ingaprons ) Investment costs. A runwaysubmodel does no tappea rasa  separate
entity in the flow chart of Figure A. 1, since these calculations are completed
in several of the IFRS submodels . However , due to the unique features of run-
ways , the discussion of these calculations is more usefu l if contained in one
comprehensive section rather tha n scattered throughout Volume II.
H . 2  The runway, OLF , and air-to-ground target area requirements are calcu-
lated in th e LSR Genera tor for each phase of training . The phase specific require-
ments are then converted to base specific requirements in the Base Loading Sub-
model. Next , for each base , th e runway requirements are compared to the
existing runways available , to calculate runway deficiencies . Finally,  the cost
of making up all deficiencies , by upgrading ( I . e . ,  extending length or increasing
thickness) an existing runway and/or building new runways , is estimated .

H.3  The methodologies applied to the other facilities could not be directly
applied to runways due to the unique features of runways . In the IFRS model
runways are defined by five characteristics:

• Amount Available—The amount of time a runway
can be used as a primary runway , taking local
wind conditions into account (e.g., if the local
wind conditions are such that 20 Percent of the

H-i
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14 t ime a runway cannot  be used for a pr imary run-  1Way , ~‘ amount  av a i l ab l e  is .80 or 1.00 — .20) .

• Amount  Required— The number  of pure ’ runways
required by (l ircr af t  type , wi thout  a wind correc-
tion ( this  am o u n t  ran be direc t ly  compared to the
amoun t  av ai lable) .

• l e n g t h — T h e  length , in feet , of a runway ,  which
is a funct ion  of the type of aircra ft u t i l i z ing  the
runway .

• Thickness— The  number  of inches of sur face  and
base mater ia l  required , which is a unct ion of
a i rc ra f t  type . Each a ircraft type has a th ickness
factor (ranging fro m 1 to 9) associ ted with  it ,
as developed in this  appendix .

• Compo s i t ion—The type of surface , either rigid
(portland cement) or flexible (b i tuminous) ,  which
is also a function of aircraft type . The model
uses this factor for costing new runways .

RUNWAY REQUIRE MENTS

H . 4  A t abu la t ion  of the data s up p l i e d  by NATRACOM and used in the runway
methodology is contained in Table H.  1. These data  are current ly  u t i l i z e d  by
the au toma ted  I F R S  mode l .

H .~ The methodology for e s t i m a t i ng  r u n w a y ,  OLF , and a i r - to—ground  target
ar ~ a r e q u i r e m en t s  by a i rc ra f t  type for each phase of pi lot  t r a i n i n g  was develope~
in Phase I of th~ IF RS and is documented in the Phase I F i n a l  Report . A/ In the
a u t o m a t i o n  of t h i s  methodology minor m o d i f i c a t i o n s  were made to ex t en d  the
methodology and improve the computa t iona l  sequence . The m ethodo log ica l
changes  inc lude  a revised technic ’ue for e s t ima t ing  d a y l ig h t  hours and runway
u t i l i z a t i o n , and a runway  o p t i m i z a t i an  procedure to m a x i m i z e  d a i l y  runway
sortie capac i ty .

H.  6 Three steps are required to est imate the number  of runways necessary
for each pilot t r a in ing  phase .  First the  average number of da i ly  dayl ight  hours
a runway may be ut i l ized is es tabl ished . Next , the runway s m a x i m u m  daily
sortie capacity cons is ten t  with airspace l imitat ion is computed . Finall y ,  the
daily student sortie requirement s are generated . The runway requirements are
es t imated as the ratio of dai ly sortie requirements to runway sortie capacity .

Based on wind rose data  for each nava l air Station .

Integrated Facilities R çguirements Study, Phase I—Development  of the Two
Model System , ORI TR 520 , 5 Decembe r 1968.
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Runway  Ut i l i za t ion

H .7 The number  of dai ly hours a runway may be ut i l ized varies due to sea-
sona l f luc tua t ions  in the wea ther  and the prevail ing dayl igh t  hours . To develop
the averag~ daily number  of dayl i ght hours (DII ) a runway may be uti l ized , Equa-
tion (H .  1) is employed:

12

DH (1 .0  - DT) (M D . - LS ) (WX ,)( DPM 1~ (H i)1=1 1 ‘ \AFD J

where DT = average percentage of t ime that  a runway may
not be utilized for the launch or recovery of
pilot trai ning sorties; e . g . ,  the runway is down
due to missed approaches , emergency condi-
tions , othe r non-pilot training uti l izat ion , etc.

HD~ = average daily number of ~1ay1ight hours in month i;
i. e . ,  the average elapsed time from ~ hour after
sunrise to -

~ hour before sunset

LS = length of t ime of an average sortie

WX~ = percent of t ime  in the ~th month that weather wi l l
permit  scheduled sorties to be flown

DPM~ = days in month  i that are to be scheduled for
f l igh t  training

A FD = annual  days wh ich are scheduled for flight

t ra ining (AFD =~~~~~ DPM~).

H . 8  The f irst  term , 1.0 - DT , of Equation (H. 1)  reduces the average daylight
hou rs to account for the percentage of t ime a runway is not available for pilot
traini ng sorties . For example , when a runway is utilized for other non-pilot
training launches ard recoveries , it z~an be considered to be down . Conse-
que ntly , the scheduled sorties for tha t t ime interva l are delayed or rescheduled .
H . 9  t h e  term , HD~ - LS , in Equatio n ( H . 1 ) , reduces the average number of
dai ly  hours by the length of the average sortie.  Since all  sorties must  be
complete d in day l igh t  hours , 1/the last I .S hours of the day may not be used for
the launching of sorties (if  a sortie were launched in this period of time , it could
not he completed dur in g the day l igh t  hours ) .

~~
‘Only daylight  sorties are considered. It Is assumed that  ample t ime exists

to complete night  sorties as t hey constitute only a minor percentage of all
sorties.
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I

H. 10 The fourth bracketed portion of Equation ( H . 1) ,  DPM~/AFD , weights the
daily fl ight hou rs by the number of scheduled days per month .  For example ,
shou ld a part icular  month have proportionally fewer dayl ight  hours than another
month , and also ha ve a fewer number of scheduled fly days , the weighti ng
facto r would reduce the impact of this month on average daily hours , (DM ) , a
runway can be used . The weather factor,  WX~, ad jus t s  the average dai ly hours
to reflect climatologica l conditions .

H.  11 DH , then • contains the average number of daylight  hours a runway may
he utili zed for pilot training sorties . It should be noted that DH assumes per-
fect wind conditions , i. e . ,  when wind exists it will not detain any sortie .
Wind rose data are included in determining runway assets , as they are unique
to a particula r runway, v i z . ,  a mai n and a cros s wind runway may be physically
identica l but have different availabilities due to wind conditions .

Daily Sortie Capacity

H . 12  To determine the daily sortie capacity of a runway , the runway operating
pracedures must be established . Two different operating procedures may be
utili zed for the launch and recovery of aircra ft on a runway:

a. Cycle launches occur when the launch of a sortie is
immediately followed by the recovery of an aircraft
whi ch has j ust  completed its sortie . (Note: an
initiali zation period is required at the onset of a
day prio r to the time launches and recoveries can
be intermittently spaced in t ime.)

b. Batch launches occur when aircraft are continuously
launched until  the first aircra ft returns fro m its
sortie . All aircraft are then recovered prior to the
launch of the next “bat ch’ of aircra ft .

Ea ch of these operating procedures provides different daily sortie capacities ,
depending on the time required to launch and recover an aircra ft and the number
of ciIjt~t~ ft which can be s imultaneously aloft . The IFRS model computes all
possible daily sortie capacities , viz., both runway operating procedures with
and without airspace constraints . The daily sortie capacity developed is the

• maximum sortie capacity permissible with airspace restrictions . The following
parag raphs develop the four possible daily sortie capacities .

11.13 Cycle launches—airspace not constrained. For unconstrained cycle
launch operations , a launch is Immediately followed by an aircraft recovery .
If TT Is the time required to launch an aircraft , and LT is the recovery time ,
an aircraft will be launched every LC hours , i .e. ,

LC = T T + L T . (H.2 )
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Since 1)1-1 hours exis t dai ly  for the  launch and recovery of pilot tra ining aircraft ,
Equat ion (H . 3) deve lops the maximum number of sorties ,SMAX , whi ch can be
flown u t i l i z i n g  a cycle launch opera ting procedure:

S MAX =~~j  . ( H . 3 )

It should 1)0 noted tha t  the f l i gh t  t ime  of the last sortie flown each day was
removed fro m DII in Equation (H . 1) .  Consequently DH represents the daily hours
a la unch—recover y may occur . Using this operational procedure , aircraft are
launched every LC hours unt i l  the first aircraft returns . Then launches and
recoveries are inters persed unti l  the end of the day (after DH hours have elapsed) ,
when aircraft  are only recovered .

H .14  Cycle Launches—Airs pace Constraining .  Airspace l imitations will reduce
the number  of dai ly  sorties flown when it becomes saturated prior to the depar-
ture of the last  s cheduled sortie . When the cycle launch is utilized , aircra ft
are launched  for sortie length hours , LS, prior to recovery . Thus every IS hours ,
the aircraft  which are aloft are totally replenished. Since it is assumed that
ai rspace is constraining , airspace will be come saturated prior to LS hours , or
I nequ al i ty  ( H . 4 )  must  hold:

- 

( 1- 1.4)

where AS = maximum number of aircraft which can simultaneously
remain alof t  without  violating the airspace .

H .15 Since ai rspace is assumed to be an operational constraint , only AS air-
craft may be launched every LS hou rs.  Consequently the maximum number of j
sorties which can he flown daily is:

S MAX MINIMU M 
HD . AS 

, ~ (DH - LS) As +AS~ . (H.5 )
SL LS

The two computations provided in Equation ( H . 5 )  insure that the last daily cycle
does not violate airs pace limitations . Thus if (1 non-integer number of complete
daily cy cles (the number of time s all aloft aircraft are replenished) occurs , the
last , partia l cycle must not violate airs pace.

H. 16 Batch Launches—Airsp ace Not Constraining . When sorties are launched
and recovered in batches , the runway is initially used solely to launch aircraft .
When the first aircraft returns from its sortie , th e runway is used sole ly to
recover aircraft . This process is continued throughout the day .

H. 17 With batch launches , an aircraft Is launched or recovered every BL hours ,
where

BL = maximum (of either launch or recovery time) .

H-6
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BL must be the greater of launch and recovery time to insure that no sortie will
exceed IS duration..4/ Launches can occur until  the first aircraft return s from
its sortie (1-S hours). The number of aircraft which can be launched , AL , in
thi s time period , is developed by Equation (H. 6).

• (H .6)

Equation (H.6 ) states that the total number of aircraft which can be launched in
IS hours is that time divided by the time required to launch a sing le aircraft ,
BL. Since IS hours are also required to recover the aircra ft , AL is the number
of sorties which can be flown each 2LS hours .

H. 18 When all aircra ft have been recovered , the process continues by launching
the next batch of sorties . The number of complete batches which can be launched
daily , CB, is developed in Equation (H .7):

C B = I ~~ 
D H + L S  (H .7 )

2LS

Equation (H. 7) states that CB , the number cf complete batches which can be
lau nched daily,is the largest integer less than the ratio of total time to time per
bat ch.

H .19 Since the daylight hours may permit the launch of an incomplete batch ,
the number of aircra ft launched in this batch , EL , mus t be computed:

EL = 
DH - 

BL 
LS (H.8 )

The bracketed portion of Equation (H.8 ) computes the time remaining in the day
afte r the last complete batch has been recovered.

H .20 The daily sortie capacity is the product of the number of sorties which
can be launched in each complete batch and the number of complete batches per
day, plus the number of sorties which are launched in the last batch . Equa-
tion (H .9) develops the maximum daily sortie capacity when batch launches
are utilized .

SMAX = ~AL) (CB) + EL . (H.9)

0 

i” For clarity assume launch time is less than recovery time and aircra ft are
launched at launch time intervals. When the first aircraft returns from its
sortie , th~ second a ircraft will be following launch time hours behind .
Since the first aircraft will require recovery time hours to land (more time
than launch time) the second aircraft will wait recovery time-launch time
extra hours . Consequently the sortie time of the second aircraft will be
Increased . This violates the assumption that an aircraft will fly a sortie
of duration LS.

H-7

- — - - - — — — - — —  1~



I

H . 2 1  Batch Launches—Airspa ce Constraining . Airspace constrains the batch
launching process when the maximu m number of aircra ft which can simultaneously
remain  aloft , AS , is less than the number of a ircraft that  can be launched in
each batch . Conse quent ly ,  the batch si ze , AL , must  be reduced to the airsoac ’e
saturation factor , AS , so airspace wil l  not be violated:

AL = AS . (H. l0 )

H . 2 2  With a smal ler  batch size , the total elapsed time required to launch and
recover a ircraft will decrease. This could result in a greater number of complete
launch and recovery cycles which can occur daily , CB. Equation (H. 11) develops
this calculation :

CB = I ~~ 
DH +LS 

. 
(H. 11)

LS + A S . B L

Since AS • BL hours of launch t ime exist prior to airspace saturation , a tota l
launch recovery cycle occurs every IS + AS . BL hours . Note Equation (H . 11)
is si milar to Equation (H .7) except a smaller batch size is utilized.
H . 2 3  Since the daylight hours may permit the launch and recovery of an incom-
plete batch at the end of the day , Equation (H . l 2 )  computes the number of sorties
whi ch can be flown in the last batch:

EL MINIMUM lAS , (DH - CB (Is + AS . BL)} (H. 12 )
The computation in Equation (H. 12 )  parallels that af Equation (H. 8) except a
check must be made to insure airspace will not be exceeded .
H. 24 The daily sortie capacity is computed by Equation H .  13.

S MAX = (AS) (CB) + EL • (H. 13)
Daily Sortie Requirements

H .25  The average number of sorties which must be flown daily , SREQ , is
developed in Equation ( H . l 4 ) .

SRE Q = 
SO SPS (H .14 )

AFD

where SO = annual  phase PTR
SPS = average number of sorties which will be flown

by each successful student . (Note that over-
head sorties due to student attri tes , Incomplete
sorties , etc. a re included in SPS.)

H—8
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I
Weathe r is not included in the computat ion of the average number of daily sorties
f lown , as it has been accounted for in the computat ion of average daily daylight
ho urs .

Summary

H . 2 6  The pure runway requirements , R U N ,  a re developed as the ratio of
average daily sorties required , SREQ , to daily run way sortie ca pacity SMAX :

RUN SR~~~ . (H . l5 )
S MAX

The daily runway capacity is selected as the maximum of equations ( H . 3 ) , (H .5),
(H . 9 ) ,  and (H.13 ) , consistent with airspace l imitat ions . For example,  if air-
spa ce constrains batch launch operations and cycle launch operations , SMAX
is selected as the maximum of Equations (H .3 )  and ( H . 1 3 .)

H . 2 7  The above discussion provides the require d computation s for generating
runway requirements based on static launch and recovery times , sortie length ,
etc. Should severa l aircra ft exist for a phase of pilot t ra ining,  all computations
would be repeated for the different aircraft types. The total runway requirements
would the n be the aggregate of the individual aircra ft runway requirements.

IFRS OLF METHODOLOGY

H .28 Two steps are required to determine the number of outlying fields (OLFs)
required for each phase of training . First the annual capacity of an OLF is com-
puted uti l izing the following data: weather , daylight hours , runway down time ,
tra nsit time , and “ touch and go ” cycle t ime. Next the annual  number of touch
and go operations which must be supported by OLFs is developed . When these
computations have been completed , the number of OLFs requ ired for each training
phas e is developed as the ratio of required touch and go operations to the num-
ber of operations one OLF can support .

Annual OLF Capacity

H. 29 The OLF capacity Is computed by firs t determining the average number
of hours per day, HPD, an OLF may be used for touch and go operations . This
Is established by Equation (H.16):

HPD = (HD1 - 2TT) (~~~Mi\~~~X 1) (H. 16)
i i  

\AFD /

where HID1 = average number of daylight hours (the time from
one half hour after sunrise to one half hour prior
to sunset) in the 1th mon th

TT = average transit flight time required to fly an air-
craft from the naval air station to the OLF; assumed
to be one half the sortie length

M -q
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p
DPM 1 scheduled numb er  of fly days in the  ~th month

AFD = scheduled number of fl y’ days for the year; note tha t
12

AFD = LDPM~
i=1

WX . = the percent of t ime in the 1th month  t ha t  weather
will  permit  scheduled sorties to be flow’i

H . 3 0  The firs t bracketed portion of Equat ion (H . 16) reduces dayl ight  flying
hours by the t ransi t  t ime to and from the  OLF . Thi s is required to ins ure that
all OLF operations will  be conducted during norma l f lying hours . The second
bracketed portion of the equation , DPM~/AF’D , weights  the daily f l ight  hours
by the number of scheduled days per month .  For example , should one month
have proportionally fewer dayl ight  hours than another mon th ,  and also have a
fewer number  of scheduled fly days , the weighting factor would reduce the impact
of this  month  on average dai ly  hours , HPD , an OLF can be used . The weather
factor , WX 1, adjus ts  the average daily hours to reflect climatologica l conditions .

H .3 1 The average daily hours an OLF can be used , HPD , is now based on
perfect aircraft  operationa l conditions . To achieve a more realistic est imate ,

0 1-TPD must  he reduced to reflect missed approaches , nonavailability of support
equipment , and normal runway downtime . Not e t , , at  should the runway at the
Nava l Air Station be down for some reason or in use for non- touch and go sorties ,
an impact will arise on OLF uti l ization . Equation ( H . l 7 )  develops the effective
ave rage daily hours , E H PD , an OLF may be used:

EHPD = HPD (1 .0 - DTO) (H . l 7 )

where DTO = percent of t ime an OLF is not being used for
to uch and go operations.

H.  32 The daily capacity of an OLF can be computed by dividing the time
required for a touch and go operation into the average number of effective day-
light hou rs an OLF may be used . The annual  capacity COLF is computed by
mult iplying daily ca pacity by the scheduled number of annual  fly days . Equa-
tion (H.18 )  performs the latter computation:

COLF = (AFD)(~~~~ ))  (H. 18)

where TAGT = average time required for a touch and go operation .

Requ ired 011 Operations

H.33 The require d number of touch and go operations for each training phase ,
TAG , is com puted In Equation (H. 19). The first two factors develop the total

H—1 O
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number  of touch and go operations which must  he performed annua l ly ;  this va lue
is then decreased by the third factor to reflect the operations which will be con-
ducted on the Naval Air Station ’ s runway:

TAG = (SO) (ATAG) (POLF) (H. 19)

where SO = number of students who will successfully com-
plete the t raining phase

ATAG = average number of touch and go operations for
a successfully trained student (note that  ATAG
includes an overhead factor to account for stu-
dents who att rite before completing the training
phas e)

POLF percent of touch and go operations which will
be conducted at an OLF ( i . e . ,  one minus the
percent of operations which are performed at
the naval air station).

OIl Requirements

H .  34 The required number of outlying fields , OLF , for each phase of tra in-
ing is computed as the ratio of required touch and go operations , TAG , co the

-innua l 011 capacity , COLF . Equation (H.20)  performs this computation:

OLF =
T

~~~ (H . 2 0 )
COLF

Not e: The above discussion assumes a single touch and go time and average
numbe r of required operations for each training phase. Should a training phase
cons ist of severa l a ircra ft types where these fa ctors are not similar , Equations

- 
(H. 18) , (H. 19) , and (H. 20 )  would be recomputed for each aircraft type . The
result would be an OLF requirement for each aircraft type for the parti cular
training phase.

RUNW AY DEFICIENCY

General Methodology

H . 3 5  The runway deficiency methodology compares runway requirements to
existing (available) runways for each base. The model assu mes that  each
available runway must be completely utilized prior to building new runways .

H.36  The method of comparison is as follows. A table listing each avail-
able runwa y by amount available , le ngth , thickness factor , and composition ,
similar to that shown In the example for a three-runway base in Table H . 2 , is
generated within the model. Next , a similar table tha t lists required runways
by the same characteristics is set up within the model , as shown by the
example In Table H.3. The runways are listed In the tables fro m longest to
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TABLE H. 2

AVAILABLE RU NWAYS

No Amount  
- 

Length Thickness Composition

1 ~~~~~84 
- 

8000 9 2

2 ~~~~~~ 5000 2 2

3 . 60 5000 2 1 -

I

I

TABLE H .3

REQUIRE D RUNWAYS

No Amo unt Length Thickness Composition

1 .70 8000 2 2

2 .50 6000 1 2

t -
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shor tes t .  Runways  of equal  leng th  are also sorted on t h i c k n e s s .  The charac-
teristics of runwa y requ i rement  number  1 are compared to the char acterist ic3 of
the f i rs t  avai lable  r u n w ay .  If the leng th ~/ and th ickness  of t~i2 ava i lab le  run-
way a re less than required , the avai lable runway is upgraded— ’ ( i . e . ,  extended
in length and/or increased in thickness) . If the length  and thickness of the
avai lable  runway are equal to or greater than required , the avai lable  runway is
assumed to be adequate .  Next , the  amounts  of the two runways  are pa rametri-
ca lly compared. If the  amount  avai lable  is greater than  the amoun t  required ,
runway requirement number  1 is sat isf ied , and the difference is used to s a t i s f y ,
in whole or part , runway requirement  number  2 .  Conversely , if the amount
required is greater tha n tha t  avai lable , the remain ing  amoun t  of requirement
number  1 is sat isf ied to the extent  possible by avai lable  runway number 2 , etc.
If the tota l amount  of requirements  exceed the tota l amount  ava i lab le , new run-
ways are assumed to be bui l ti” un t i l  a l l  deficiencies are e l i m i n a t e d .

1- 1.37 I l lu s t r a t ive  Example .  For the data in Tables H.2 and H.3 , the fo l lowing
c a lc u l at i on s  r e s u l t .  For required runway number 1 , the length of 8000 ft and
t h e  t h i cknes s  factor  of 2 are compared to the length of 8000 ft and thickness
f i c t u r  9 of the f i rs t  available runway . The length of the avai lable  runway
equals that of the re quirement and the thickness is greater; thus available run-
way number  1 can be used to sa t i s fy  requirement number  1 wi thout  modif ica t ion .
Since the  a m o u n t  of the avai lable runway,  .84 , exceeds the amoun t  required ,
t n r ’  d i f f er e n c e  of .14 is used to sa t i s fy  runway require ment 2 .

FT .  3H Since available runway 1 can accommodate the length and th ickness
specified for required runway 2 , the ex cess a mou nt of the  available runway ,
.14 , can be used to pa r t i a l ly  fulf i l l  the requirement . There remains .36 ( i . e . ,
.50 - .14)  of requirement 2 to be sat isf ied .

H . 3 9  Re quirement  number 2 is then compared to available runway 2 for length
and thickness . In this c~ se, the available runway must  be extended 1000 ft to
6000 ft , at thickness ~~~~ The amount  of the available runway, .84 , exceeds the
required amount and thus all require ments have been met without u t i l iz in g  the
thi rd available runway .

tolerance of 10 feet is assumed on the avai lable runway,  so that  whe n
the available length is within 10 feet of the required , the requi rement is
considered to be met. Consequently , it is assumed tha t  runwa y extensions 0

of less than 10 feet are not required .

.~V The model assumes that the thickness of runway extensions is equal to or greater
than the thickness of existing runways.

2/ The model assumes a primary runway is built  firs t , next a cross-wind
runway,  then a primary , etc .

It is assumed that an exist ing runway a lways maintains Its existing thick-
ne ss factor as a min imum.

H-13
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A I R F I E l D  PA VEMENT IN V E S T M E N T  COSTS

H .  40 Ai r f i e ld  p a v e m e n t  i n v e st r n nt  Cos ts inc lude  the Cost of constructing new
r u n w a y s ,  ~ i x i way s , and pa rk ing  aprons  , and of upgrad ing  exist ing runways .
The un i t  costs are a f u n c t i o n  of the th ickness  of the pavement  and the materia l
used ( i . e . ,  po r t l an d  cement , b i t u m i n o u s ) ,  and were developed fro m DM- 10 ,
Cost Data f r  M i l i t i r ,  Construct ion . These uni t  costs were increased 10 per-
cent for cont ingencies , b percent for design , and 50 percent for inf la t ion since
1959 (a~~j u s t m e n t s  s i m i l a r  to those macic to f ac i l i ty  cost factors , as discussed
in Appendi x  1) .  The r e s u l t i n g  costs per square yard associated wi th  each thick-
ness and ma te r i a l  are presented in Table H.  4 .

H .  41 The cos t ti .  build a new runway  is calculated as follows :

r’:COST — f (LTH) (wTHY’-~ ((uc~~~)(c)’~ (H . 2 1)
9 J~ 1000 1

where  NCOST = cost to build a new runway in thousands  of
lo l l ar s

I TH = l eng th  of runway in feet

WTH = width  of runway,  current ly 200 f t

UC~ j  un i t  cost for runway thickness  i and compo-
sition j in dollar/sq yd (per Table H .4 )

C = geographic a d j u s t m e n t  factor of .95 .

The denominator  9 converts square feet  into square yards , and the denominato r
1000 converts costs into thousands  of dollars .

H . 4 2  The cost to upgrade  an ex i s t ing  runway is calculated as follows :

UCCOST = 

[D L~~ 1c~ ,~ (FC~ + VC~ (INCH ))  LA] 
~~~ TH) 

( l~~0O )] 
( H . 2 2 )

where DI = i n c r e m e n t a l  l eng th  in feet to he added to exist-
ing runway

FC~ = f i > :e c l  cost per square yard required to increase
thi ckness of runway; if j = 1 (concrete) FC =
.70; if j 2 (b i tuminous ) , PC 0

VC~ = variable cost per square yard per inch of thick-
ness required:  if j = 1 , VC = .~~5; if j = 2 ,
VC = .

H -14
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TABLE H. 4

AIRFIELD PAVEMENT COSTS AS A FUNCTION
OF THICKNESS FACTOR

Cost/S q Yd
Thickness

Factor Rigid Pavement  Flexible Pavement
(Portland Cement) (Bi tuminous )

—-  

1 - 10.84 4 . 6 5

2 
- 

10.84  5 .53

3 11.83 6 .40

12 .06  7 . 2 8

5 13.8 9 7 .98

6 - 13.89 8 . 2 7

7 14.33 8 .57

8 15.66 10 .32

9 16 .95  12 .40

r H— 15

I 

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ 0 -~~~~~~~ — -~~~~~ --— 0 — — ~~~~~ _- 0. -——~~~~~~~~ — - .. - - - -.



I N C H  = i n c r em e n t a l  n u m b e r  of inches  an e:- :isting run—
way c u s  t ~ 0 i nc reased ;  i . e .  , d i f ference  in
inches  assoc ia ted  w i t h  the  avai l ab l e  and
r I ~u i r e - l  h i ck n e s s  f a c t o r s  ( inches  care shown
in Tabl e  H .  5)

I A = av a i l ab l e  l e n g t h  in fee t .

U C~ , j~ WTI -1 , G ,  9 , and 1000 ire as de f ined  p rev ious ly .  The fixed and “ar iah ie  costs
s t a t e d  ab ove were also  developed fro m the  D M — l O  d o c u m e n t .  It is assumed t l~~t
when ex i s t i ng  runways  are up g r a d e d , the  same mate r ia l  is used in the upgrade
or cedure ( i . e .  , i f i t  wa s r igid , the new is also rigid pavement) .

I l .  -13 A l l  t ax iways  are assumed to be bui l t  out of f lexible  pavement to a thick-
ness factor  - f 3 as fo l lows

TAX I 
(TAREA ) ( 6 . 4 0 ) (G) ( H . 2 3 )

1000

w h er e  TAX I = cost to build def ic ient  taxiways in thousands
f dol lars

TAREA = amount  of taxiways to be buil t  in square yards

t . 10 = cost per square yard of f lexible  pavement of
th ickness  3

G and 1000 are as def ined previously .

H .  14 Al l  pa rk ing  a prons are assumed to be buil t  with rigid pavement  of th ick-
ness factor  3 as follows:

PAPRN = 
(P ARE A )( 11 .83 ) ( G)  ( H . 2 4 )

1000

where  PAPRN = cost to build def ic ient  parking aprons in
thousands  of dollars

PAREA = a mount  of square yards of parking apro n to
be bui l t

11 . 8 3  = cost per square yard of rigid pavement  of
th i ckness  3 . 0

C and 1000 are as def ined previously .

Der ivat ion of ‘rh ickness  Factors

H.  -l~ Sinco pavement  inves tment  cost is directly related to th ickness  of
p avement , t h ickness  factors associated with  a i rcraf t  type were developed for
t h e  IFRS model .  (Thus  t he  model calculates the cost of buildin g the min imum
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i cc .  ‘pta He r qu i r e~n m t  and not n ( ’c ( ’ss  ir i l y  - t h i cke r  s t andard  v a l u e . )  These
fac t  ‘ri ; r.i fl (~~~ in i i t  ‘q ‘r v a lues  fro m 1 .0 for the  ‘ I ’ — 3-1 It  i i r c r a f t  to  a 9. 0 for the
heavier  ( — 1 2  1 a i rc r a ft . The t r a i n i n g  a i r c r a f t  cu r ren t ly  in t I i ~ inventory  gener a l ly
h ave - i  1 , 2 , r t h i c k n e s s  f ac to r .

I l .  - l e  The t h i cknes s  factors developed are a f u n c t i o n  of f ive variables  which
determine  the  r e qu i r e d  t h i cknes s  ‘ ,f a r u n w ay— a i r c r a f t  we igh t ;  a i rc ra f t  l an d i n g
gea r c o n f i g u rat i o n  ( i . e . , single or m u l t i p l e ) ; aircra ft t i r e  pressure ; load —bearing
capaci ty  of r u n w ay  m a t e r i a l s  ( i . e .  , port 1~~nd cement  or b i t u m i n o u s )  and the i r
a s soc ia ted  bases ;  and the load-bear ing  capac i ty  of the soil  a t  the location where
the runway is b u i l t .

H .  - 17 The data  for these  va r iab les  used in the deve lopmen t  of the  th ickness
fac tors  were obtained from charts and graphs in the fo l lowing  documents :

• Aircr a f t  weights  were determined th rough  the use
of NAVAER 00-100-505 , SE 210 ;  and Avia t ion  and
Space Technology,  March 1969.

• Landing gear conf igura t ions  were obtained fro m
NAVAER 0 0 - 1 0 0 — 5 0 5  and Jane ’ s Aircraft .

• Aircraft  tire pressures were obtained fro m NAVAER
0 0 — 1 0 0 — 5 0 5  and Jane ’ s Aircra ft.

• The load bearing capaci t ies  of a ircra ft pavement
mater ia l s  were developed from inf orma tion con-
tained in NAVFAC DM-5 and NAVFAC l ) M — 2 l .

• Soil bearing capacity (average) was obt  i ined
from DM-2 1.

I n i t i a l l y , an average load hear ing capac i ty  of the soil was a s s u me d . ~ / 

~‘ ro n’
this  value , the load bearing capaci ty  of the runway i n i t e r i - i l s  was e s t i m a t ed . -J--f1
N e x t , ri gid pavement  require m nts (i . e . ,  inches  of p r t ! - i ~~d c e m e n t )  were
developed for singleiJ/ and mul t ip le  l and ing  gear l o i d s - 1-~- . P in~~1ly , the r igid
pavement  requirements  were t rans la ted  in to  f l e x i b l e  p a v e m e n t  requi rements  ( i . e . ,
inches of b i tuminous ) ~~~ Table H . 5  presents  t l~~- !FRS t h i c k n e s s  f i c t o r ;  the

S 

~/ -A subgrade modulus of 200 pci was i .ssu m e ’I  b i s e d  n F i ” u r ’ -  3 — 1 2  of
DM 2 1 — 3 0 2 7 .

- -The subg rade modulus of 200 pci t r i n i ;  l a t  i; ~~~~~ 
I 

~ 
( ‘ l i t  r :  - 1 1  I ; i r i n q

Ratio (CBR ) of 10 based on Figure 1 — 3  ) f DM ‘
~ --7— t . l ’  m l i qu r e  3 — 1 2  f

DM 2 — 3 — 2  7 , the working flexura l s t reng th  of r igid p I V  ‘e  i l t  Wcl S assumed
to be 500 psi . The design CBR of f lex ib le  p avement  I ise and sub-base
were based on an average and assumed to be -15 and 35 , r ’ ;p e c t i v e ly .

11 / D M - 2 1 , Figure 3-11 .

DM-2 1 , Figure 3- 12

D M - 2 l , Figures 3-6 , 3-7 , and 3-8
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I
a i rc ra f t  we igh t  classes inc luded ;  the t r . i l n i n g  a i r c r a f t  included (or o ther  ii rcr l ft
when t r a i n i n g  aircr a ft did not fa l l  in to  t h a t  c lass) ;  the  r i g i d  p avement  for  port—
land c e men t  su r face  and b ask ’ ;  and the f l ex ib l e  p i v ~— m e n t  required for b i tuminous
surface , base , and s u b — b a s e .
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APPENDIX I

TOTAL SYS TEMS COST SUBMOD E L

I N TR ODUCTJON

1. 1 The purpose of the Tota l Systems Cost (TSC) Submodel is to provide
c a n i g e r e e n t  with an estimate of the aggregate , or tota l , dolla r resources re quired
for  a l ternat ive pilot training programs . The output of this  submodel is an esti-
~: it e of the tota l cost required to eliminate faci l i ty deficiencies , procure incre-

en t a l aircraft , and maintain a nd operate the naval air stations and their associated
pilot tr aining phases .

1.2 Resea rch and development expenditure s and existing facilitites and air-
cra ft assets are assumed to be sunk costs and thus excluded from this submodel.
Since thi s submodel is an integra l part of the tota l IFRS model , NAT RACOM ca n
estimate the TSC of alternati ve training programs and see how dollar requirements
vary as a fu nction of cha nges in various opera ting parameters . The TSC of new
or competi ng training programs can then be examined to determine which training
alte rn a tive minimizes the cost of tra i ning pi lots . For example , If th ree dif-
fe rent phase to base assignments are being considered for a 2 , 500-PTR , the IFRS
would be exercised three times and the resulting TSCs compared to see whic h tr ial
yielded the lowest cost. Altho ugh the IFRS is still a “ rough cut ” model , NATRA-
COM can use it to determine how costs chang e as a function of changes in pilot
training operating parameters .

- - 

OVERVIEW

1. 3 The TSC Submodel developed in Phase II of IFR S provides the macro , or
gross , cost Information required by decision makers . It should be noted that
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NA TRACO M ut i l izes  resources procured from severa l l) epar tm ent  of Defense
appropr iat ions . The sunmod el  thus  es t imates  the ( ) “ S M  Navy , MCON , procure—
mont , mi l i t a ry  ~~~ and al lowances , and f am i l y  housing appropr ia t ions  required
by the pilot t r a i n i n g  pr o ( 1r~1m . Since the iPRS is a m an a g e m e n t  p l ann ing  tool
and not a budgeting tool , the appropr ia t ions  are not separa te ly  ident i f ied in
the model .

1. 4 The cost e l emen t s  of greatest  importance to the decision maker  were high-
liehtc ’d in the IFRS . The TS( . Submodel  is divided into the two basic cost categories:
i n v e s t m e n t  out lays  and operations and main tenance  (O& M) costs . Each of these
categories is fur ther  divided in to  the cost e lements  shown in Table 1.1. Invest-
ment  costs are def ined  as one- t ime f ina ncia l out lays  for incrementa l capi ta l  asse ts
for faci l i t ies  and a i rc ra f t . Existing a i rcraft  and fac i l i t ies  are assumed to he sunk
costs . The model is currentl y 9apab le of accounting for approxima tely 70 percent
of incrementa l  fac i l i ty  costs .!! The O&M cost category includes annua l  es t imates  of
mi l i t a ry  pay and allowances , fuel , a i rcraf t  support , base support , and NATR A COM
fixed costs . This submodel  includes both direct and indirect costs associated
with the pilot training program and both training phase and NAS costs . The sub-
model is currently capable of providing est imates of approximate ly  100 percent of
the annua l O&M costs of the pilot training program .

1.5 This submodel is the termination of the IFRS model , i . e . ,  it receives inputs
from severa l preceding submodels and its output ends one comple te cyc le of the IF RS
model . The inputs  and outputs of the TSC Submodel are i l lustrated in Figure 1.1.
The prior submodel inputs  to the investment  cost category include the deficient  fa-
cilities for each base (calculated in the Excess/Deficiency Submodel)  and the tota l
aircra ft required by type (calculated In the LSR Generator) . The prior submodel
inputs  to the O&M cost categ ory Include personnel , airc raft , and f uel requirements
from the Base Loading Submodel , exist ing fac i l i t ies  from the Assets Position Data
Fil e , a nd deficient facilitie s from the Excess/Deficiency Submodel .  The TSC Sub -
model also incorporates various planning factors and several data fi les that  include
the pe r t inen t  cost factors discussed in this appendix .

1. 6 The IFRS is a management  p l a n n i n g  too l , and it can be u sed to es t imate
TSC over an ext , : i iee time horizon by recyc ling the model .  This recycling logic
provides the manager  wi th  a versat i le  tool , since the pi lot  t ra ining progra m of ten
cha nges from year to year . Thus , the model es t imates  annua l incrementa l fac i l i ty
and aircraft  costs and total annua l O&M costs . For example , in  a 5-year p lan  to
Increase PTR by 10 percent a n n ua l l y ,  an Increme ntal faci l i ty  and aircraft  inves tment
cost would probably occur each year and annua l  O&M costs would also increase
f or each of the 5 years . The model is desig ned so that when new facili t ies are bu i l t
the amoun t  bui l t  is temporar i ly  added to the data f i le  of existing faci l i t ies  so tha t
the same faci l i ty  is not recorded as having been bu i l t  more th an  once.

1. 7 Typical sample outputs of the IFRS Pha se II TSC Submodel appear In Table
1. 2 and i l lus t ra te the types of information provided to the decision maker .

Based on the number  of faci l i t ies  included In the model.
t
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I

TABLE 1.1

I FRS TOTA L SYSTEMS COST ELEMENTS

Investment

• Facilities

• Aircraft

Annua l  Operation and Maintenance

• Military Pay and Allowances

• Fuel

• Aircraft  Support

• Base Support

Facility Maintenance

• Civilian Wages

• NATRACOM Pilot Training Fixed Costs
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I
TABLE I . - .~I SAMPLE TOTAL SYSIEMS COST PRINTOUTS

a . Fa cility Investment Cost
8cr - -NAS TOTAL U ’  ,~ ~YEAR 1970 l 36Ui3 .3  - f~~~~~:

L.~~~~~~ [: r— .. 
-

b. Aircraft  Investment  Cost ~~~~~~~~ !

A/C INVESWENT & ASSET P0SITI01J---CNATi~A
ASSET PCr ;ITIOIJ COSTS (uilOUS .)

A/C AVAI LA1~LE LEU D D E F I C I T  FLYA \’ AY SU?P UNT TOTAL
13/i!) 150 . 149.  0 .  0. 0.  0.
12CC ‘~6g.  3 6 6 .  0. 0.  0. 0.
T — 2 A  1 1 4 .  1 1 2 .  0. 0.  0.  0.

1 76 .  163. 5. 27’~0.  4 1 1 .  3151 .
TF9J 399.  196 .  - 0.  0.  0.  0.
TA4J 100.  17 6 .  76.  C3~~O 9 .  125,1 1 • 9(5r : j

TS2A 179 . 166. 9. 1Fl O 3~ 2 7 15 .  2 ( ’~~i ( t .
T I U L  0. 62. 62 2’~73~~ 3710. ~‘~;‘‘.i.
Th57 34. 25. 0. 0. 0. O~.

c. O&M Cost

SUMMARY 0 & M COSTS
- 

NAS MILITARY A/C FUEL A/C O&M BASE
P&A TOTAL TOTAL SUPPORT TOTAL

CHAS 16459.5 6009.5 3750.9 3630.3 29850.1
CORP 28110.4 2625.3 1919.5 12514 .4 45169.7
ELLY 8921.8 522.9 372.6 2251.1 12068.4
KING 17258.3 7547.1 2651.8 3797.5 31254.8
PIER! 20878.3 5808.5 1972.8 4256.2 32915.8
PENS 29650.4 2482.7 591.6 14372.0 47096.7
SAUF 15866.8 472.1 394.0 3219.1 19952.0
WH IT 23284.6 1747.0 1155.6 4628.3 30815.5

TOTAL 0 I N  COST
ALL BASES 249122.9.. TOTAL SYSTDIS COST •

FACILITY I NVESTMENT COSTS
+ A/C INVESTMENT
+ 0 I N COSTS (LESS NON ADD ITEMS )
+ CNATRA , CNABATRA S CNAVANTRA FIXED COSTS

— 540662.3
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An e ; t i m i t e  of t h e  gross l e l l a r  i mount  required to e l imina te f a c i l i t y  def ic ienc ies
for C~i c l i  NAS is output  as shown in the table . Next , the a i rcraf t  i n v e s t m e n t  cost
P r i n t — o u t  ~~S genera te  I for the tota l p i lo t  t r a i i ing progra m but  i o t  for  a speci f ic

Th en  f r  e t c h  NAS , t h e  O& M cost for m i l i t a r y  pay and  i i  lowances , ai r-
c ra f t  f u e l  , 1 ircr a ft suppor t , base  support  and tota l O h M  Costs , m d  f in i l ly , th e  $
TSC 1 m the  pH t t r a i n i n g  progra m are ou t p u t .

I .  A In  i t s  pr sent rough s ta te  , the IFRS 11 model provides a (~~ iod osti  m i t e
of the  aggrega te  dol lar  amoun t s  required by each pi lo t  t r a i n i n g  progr am.  The
methodol oqy used to develop these  costs and th e  ( I l ta sources employed  ar e dis-
cussed in the  r ema inde r  of th i s  appendix .

IN V E S T M I ;N T  COS T CATLGORY

1.9 I n v e s t m e n t  costs ire defined ciS  one- t ime  f i n a n c i a l  ou t lays  for incremen-
t a l  cap i t a l  assets of f a c i l i t i e s  and a i rc ra f t  required by the  p i lo t  t r a i n i n g  p rogram.
The costs of exi s t ing  fac i l i t i e s  and a i rc ra f t  are a s s u m e d  to he sunk  costs . In
IF RS Phase  II , 21 f a c i l i t y  types are included in the  submode l s;  t h u s ,  24 cost
e s t i m a t i n g  r e l a t i o n s h i p s  (CE Rs )  were developed to predict the cost ( If  correcting
\A.-~ f a c i l i t y  def ic ienc ies . U s i n g  d at a  for thes e 24 f a c i l i t i e s , t h e  model can
predict  a p p r o x i m a t e l y  70 percent of the  incrementa l f a c i l i t y  i n v e s t m e n t  cost t h a t
wou ld  be required by MC()N appropr ia t ions  . This  c a p i h i  l i ty  of the  submodel  and
the  methodology  e s t i m a t i n g  the  tota l fa c i l i t y  cost of h u i l d~ng - l  comple t e ly  j OW

b a s e  are d iscussed in t h i s  subsect ion .

[‘a c - i l i t ’ ;  I n v e s t m e n t  CERs

I .  10 Th e cost e s t ima tes  d i v  loped by me ans  of t h e  s u b m o de l  ref lect  av e r a g e
costs for I l l  m i l i t a r y  cons t ruc t ion ;  hence , such  costs is ‘ x t n s ive  s i t e  prepa-
r a t i o n  and di - n o b i t i o n  are  not inc luded . These Costs li i - I f u n c t i o n  f i n d i v i d u a l
L i t s e  cha rac t e r i s t i c s  and  cannot  be hand led  w i t h i n  t i e  scope of H current  ef f - rt .

I .  11 The  f a c i l i t y  CERs were dev i  loped u s i n g  t i  b i lowing  ( I l t i sources:

• H p ir t m e n t  of Defense , The Mil i tary  Cons t ruc t i on
Cost Review Guide ,  I’Y 71

• I .S. A i r  Force , Mi l i t a ry  Const ruc t ion  Pr 1cin~ Guide ,
A F P  ~A — 1 ~~, 26 N I - t y 1969

• D ep ar tmen t  of t h e  Navy , Bureau of Yards and Docks ,
Cos t Data for M i l i t a r y  Const ruct ion,  D M — l O , June
196 1.

1 .12  The D epar tment  of Defense  document  was the  pr imary source of data on
fac i l i t i es  costs; the Air l orce document  was the secondary source; and n M - i C
was the tertiary source in t he  CER development . The DM- 10 cost f igures  were
in f l a t e d  ‘ o 1 J anu ary  1969 price levels ..~/ The static time period for a l l  un i t
costs is Janua ry 1 flj 9~

~ “Based on c o n s t r u c t ion  cost indices contained in Eng ineer ing  News Record,
Ma rch 1969.
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1. 1 1 Es t imates  of f a c i l i t y  inves tment  costs are developed in this section
for a l l  f a c i l i t i e s  included in the Fac i l i t i e s  R e q u i r e m e n t s  Subimodel . ‘T h e  develop-
ment  of st ruc ture  and u t i l i t y  CERs is discussed in th i s  app endix.  The analys is
used in developing the air  f ie ld pavement cost is discussed in A .ppendix I I .

1 .14 Structure and Uti~~~y_CERs.  Construction costs of structures and
ut i l i t i es  reflect , in general , the est imated contract cost to the government for
a complete f a c i l i t y  to the  fj ve foot l ine , inc luding the cost of air  condit ioning
to the extent aut h or i ze d .~ / Unit costS obtained from the three documents  cited
above were increased by a factor of 10 percent to account for cont ingencies .  An
add i t iona l  factor of 6 percent was included to a9count for engineering , super-
vis ion , inspection , and adminis t ra t ion  costs.~-’ The resul tant  uni t  cost is used
in the investment  cost model .  In addition to the foregoing adSustments , the
derived CERs a lso  contain the following factors .

• Facili ty support costs outside the five foot line

• Design cost

• Si ze unit/cost adjus tment ~/

• Geographic location factor

• Cost-t ime re la t ionship  (to Inf la te  costs for future
years) .

These a d j u s t m e n t s  yielded a representative CER in the fol lowing form .

TC~ = (N u t )  (UC i)  (FSF~ + DF~
) (Yi) (T) (G) (1. 1)

where TCi = total investment  cost for facil i ty type i

NU~ 
= number of uni ts  of facil i ty type i to be constructed

UC 1 = unit  cost of facility type I already adjusted for 10
percent contingencies and 6 percent engineering,
supervision , inspection , and administrat ion (to
five foot l ine only)

FSF 1 faci l i ty  support factor for type i fac i l i ty

Depar tment  of Defense , Cons t ruc t ion  Criteria Manua l, 4 2 7 0 . 1M .

As suggested in Department  of De fense , The M i l i t a r y  Const ruct ion Cost Re-
view Guide , FY71 , and U . S .  Air Force , M i l i t a r y  Cons t ruc t ion  Pr ic in g  Guide,
AlP 8 8 — 1 6 , 26 May 1969.

Department of Defense , The Mili tary Construction Cost Ruview t~uide,
op.cit .,  p .6 .
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= de n - ; n  f a c t o r  of p e rcen t  d i v i d e d  b-,- 1 .06

= s L ’e—co u t  a dj u s t m e n t  factor

T ce :- t — t i ’ e  - i d i u ; t m ent  fac to r

= j oo ;ra ph i c id j u s t m e n t  fac to r .

1 .15  F a c i l i t i e s  support costs. These costs are incur red  when i n t e g r a t i n g
f a c i l i t i e s  in to  the tota l  base s t ruc tu re , e . g . ,  s i dewalks  and l a w n s .

1.16  H e s i j o  c e st s .  t h e s e  i n c l u d e  the cost of d e s i g n i n g  the  f a c i l i t y  and
are e s t i m a t e d  a t  percent  of the  cost to the f ive  foot l i ne  p lu s  c o n t i n g e n c i e s .
Since the u n i t  co St s  c o n t a i n  an a l l o w a n c e  of 6 percent  for eng inee r ing , super-
v i s i on , et c . ,  u n i t  c o s t  m u s t  be de f l a t ed  by 6 percent before c a l c u l a t i n g  d e s ign
cost , i . e . ,  d ivide  u n i t  cost by 1 . 0 6 , then  c a l c u l a t e  des ign  cost .

1 . 1 7  S ize/un i t  cost a d j u s t m e n t .  Such a dj u s t m e n t  is required due to engi-
n e e r i n g  c o n s id er a t i o n s .  It is cheaper , on a per un i t  basis , to construct  large
r a t n e r  tn in s m a l l  b u i l d i n g s .  The Depar tment  of Defense  suppl ies  a s i ze/un i t
cost a dj u s t m e n t  char t  which  a dj u s t s  un i t  costs to ref lect  th is  fac t  (see f igure
1 .2 )  .~~~~ Since  the IF RS model is computer ized , an approximat ion  of t h i s  curve
wa s  c a l c u l a t e d  for use in the cost formula . The curve suppl ied by Lhe Depart-
men t  of f l e f en s e  was found  to he of the form :

y = C X m ( 1 . 2 )

whe re ‘i -
~ t h e  cost r e l a t i o n s h i p

- Ho area r e l a t i o n s h i p

C and m are par amete rs .

is c a l c u lat e d  by d i v i d i n i  the  a c t u a l  size of a bu i ld ing  by the t yp i ca l  size of
t b - i t  type of b u i l d i n g . If no typ ica l  size is a v a i l a b l e , X is a s sumed  to equal  1. 0 .
The i ; p r o p r u i t e  f o r m u l a e  are :

for  ‘ < 1 .0 (a b u i l d i n g  less t h a n  typ ica l  s ize)

Y = 1 . 0 0 7  X 
(- . 10085)  ( 1 . 3 )

for S = 1 .0 (a b u i l d i n g  of typica l s ize)

Y =  1 .0  (1 .4 )

6 /
—
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I
f o r  N > 1 .0 ( i  H i  d i n  — u e i ~er than  tvp ic a  1 i so )

I - 1 . 0 0 1 2  
(- . 0 6 3 2 9 )  ( 1 . 5 )

where  1 . 0 0 7 , - . 100~l5 , 1 . 0 0 1 2 , a n d  — . 0 6 3 2 9  are parameters  of the relat ion-
sh ip  in Ii pire 1. 2 . The r e s u l t i n g  Ys are the  c o s t/ s i z e  a d j u s t m e n t  factors i n —
e l s i e - I  i n  t u e  t o t a l  cost f o r m u l a .

[ . 1 8  Geographic  ~~~~~~~~~~~~~~~~~~ This fac tor  a l lows  for the d i f f e r i n g
cost s  of cons t ruc t i on  in var ious  parts of the count ry . l ’ or a l l  the NATRACOM
n i ] ~~ t r l u i n — j  ba ses  t h e  factor  is . 95 .

1.19 ~_~~~~~~j~ ç~~r e 1 a t io n sh i p .  This  factor  a l l o w s  for the updat ing  of the
CF 1~s f o r f u t u r e  y e ar 5 . The un i t  costs are ca lcu la ted  in 1969 dollars . To run
t h e  - ~~et  for  f u t u r e  ‘e a r s ,  a provision for a construct ion in f la t ion  factor  is
i : c l I e d .  se a p p r o p r i at e  factor from price indices should  he inse r ted  as the
v a l u e  of t h i s  fa c t o r . At present the CER5 contain 1.0 as the in f l a t ion  factor ,
s ince  t u e  m a — j n i t u d e  of fu tu re  price increases is u n c e r t a i n .

1 .20  The un i t  cost , typica l  size , and fac i l i ty  support  factors for the 20
s t ru c t u r e s  and u t i l i t y  f a c i l i t i e s  appear in Table 1 .3 .  The range in s ize of
ready f u e l  storage t a n k s  and the costs associated with each size are shown
in a b l e  1. 4 .

1. 21 Sample  calculat ion.  For an example of the use of Table 1.3 and the
foregoing CER5 , assume the Excess/Deficiency Submodel ca lcula tes  tha t  NAS
Pensacola has a l O O , 000-sq ft  deficiency in aircraft  main tenance  hangars .
The pa rameters for the preceding equations are obtained from Table 1.3 and
the equat ion becomes:

ii’ = (100 , 000) ( 2 3 . 1 0 )  [1.15 + 

(~~: ) ] ~~
.
~~

5 ( 1 . 0 )  ( . 95 ) .

[ M e  r e s u l t a n t  to ta l  cost , TC , for t h i s  d e f i c i e n t  f a c i l i t y  is $2 , 515 , 489 .  The
$23 .10/ sq  f t  u n i t  cost and the 1 .15  support factor  are obtained d i rec t ly  from
Table 1. 3 .  The ~0 , 000 sq ft  t yp ica l size is oh ta ined  from Table 1 .3 , and the
size cost adj us tment  factor  developed as fo l lows:

50 , 000

Y = ( 1 . 0 0 1 2 )  (2 )  (~~.0632 )

The va lue  of Y can a l so  be obtained from the curve in Figure 1 .2 .  It is as-
sumed t h a t  the  i n f l a t i o n  factor , T1 is 1 . 0,
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TAB l E I . -1

READY f U E l ,  STORAG E TANK SIZES

Turd ; S ize , ga l lons  Cost Per Tank , dollars

U r.derg round

1 , 000 1 , 200
2 , 000 2 , 300
3 , 000 3 , 300
4 , 000 4 , 200
5 , 000 5 , 000
6, 000 5, 700
8 , 000 7 , 200

10 , 000 8 , 500
12 , 000 9 , 600
15 , 000 11 , 250
20 , 000 14 , 000
25 , 000 16 , 250
30 , 000 18 , 000
50 , 000 25 , 000

210 , 000 40 , 500

Above Ground

3 15 , 000 57 , 000
420 , 000 58 , 000
630 , 000 76 , 500
8-10 , 000 92 , 000

1 , 050 , 00 0 102 , 500

1—1 2
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1 . 2 2  Ta 10 1 - ‘ shows - i  det a i l ed  h y p o th e t i c a l  p r in t  i t  of t h e  f a c i l i t y  ci I 5 t S

for  \ A /  \~e r i d i i n  . A s s u m o j t h a t  a l l  f ac i l i t y  de f i c i enc ies  are to be corrected
at  t s i s  N I S , the  tot i I o u t p u t  g ives  an  e s t i m a t e  of the  ‘ l (  ( I N  f u n d s  r equ i red .
In - i c tua  1 p r a c t i c e , t he se  f u n d s  would  be a I l oca t ed  over s e v er - i l  ye ar s  - f bi-
f l e x i b i l i t y  of the  f i c i  I i t v  i n ve s t m e n t  cost model provides the t i m e — s i -I - i r e
c-per~i tor  w i t h  t h e  option to bu i l d  a l l  , f a r t , or none of each f a c i l i t y  by l ine
i t e m s i m p l y  nv t y p i n g  in the appropr i ate  data  as shown - i t  t he  bottom of Table
1.5 .

1 . 2  Phantom Base F a c i l i t y  Costs.  As s tated p r e v i o u s l y ,  the f a c i l i t y  costs
con ta ined  in IFRS cover approximate ly  70 percent of total  f a c i l i t y  rep lacement
inves tmen t  costs on the average for a l l  e ight  bases inc luded in the pi lot  t r a i n -
in p-re ~r -~ m .7/ If a c o m p l e t e l y  new , or phan t om , har e  is to be b u i l t  to t ra in
p i l ot s , a d d i t i o n - i l  support  f a c i l i t i e s  wi l l  have to be b u i l t  for the  : ew  base ,
an d t h e y  m u s t  be costed . To es t imate  the total  f a c i l i t - .- cost , the tota l cost esti —

~tes ob ta ined  for the 24 f ac i l i t i e s  costed in the IFRS model m u s t  be div ided
nv 0 . 7 0 .

- l r c r i f t  In v e s t m e n t  CE Rs

1 .24 This  cost inc ludes  both f ly aw a y  and in i t i a l  provis ioning  costs for
t r - i i n i n ~ a i r c r a f t . Even thou-j h  these  costs are funded by NAVAIRSYS COM , t h ey
are included in t he  IFRS since these aircraft  are resources used in conduc t ing
the pilot t ra in ing  program .  F lyaway  cost is the cost of an a i rcraf t  ready to fly .
inc luding  the cost of government  fu rn i shed  equipment .

1525 Es t ima te s  of F ly aw ay  Costs. These es timates  were obtained for air-
cra ft current ly  ava i l ab le  for purchase by the Navy and are shown in Table 1.6 .

he costs are dependent  upon the current production n t a t u s  of a part icular  air-
cr i f t , a n d  the data  current ly  in the model indicate order of magni tude . Two
a i rc ra f t , the  T-34 a n - i  T-28 are current l y out of production sand their hypotheti-
c - i l  t l y a w~~y costs ref lect  the higher  production s ta r tup  costs that  might  be
required for a new production r u n .  The TS-2A is also out of production and w i l l
p r - I n a b l y  be r ep la ced  by a new a i rc raf t .  The factor inc luded  for it , therefore ,
re f l ec t s  the h igh e r  costs expected for the new a i rc ra f t . The aircra ft i n v e s t —
mer i t cost data are stored in the Aircra ft Data File .

1. 2 6  The number  of t ra in ing  aircra ft to be procured is ca lcu la ted  by comparing
t i -  number  of a i r c ra f t  required to the current  NA TRJ\ COM aircra ft inventory . If
a i r c r a f t  r equ i r ements  exceed the exis t ing  inventory , the models a s sume  these
a i r c ra f t  are purchased . Aircraf t  r equirements  are com puted in the LSR Genera-
tor and inc lude  provisions for aircra ft In A-3 operat ional  s ta tus  as well  as
- i i r c r - i ft undergoing ba s ic  and in te rmediate  ma in t enance  conducted at the base.
However , to e s t ima te  tota l r equ i rem ents , tSR generated requi rements  are in-
creased by a factor  of 15 percent to account  for a i rcraf t  undergoing progressive
aircra ft rework and overhau l .  The inventory of a i rc ra f t  of each type ava i lable

See Fac i l i t i e s  R e q u i r e m e n t s  Suhmod ~~l for de r iva t ion  of 1 6  percent .

I
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FA RT.1: I . S

- A \ I H  F P R I \ l - ~ UT 01’ l A i  l I l l y  1N11 - ; i  P11 ~ T COSTS ,
NAS M E R I D I A N

I
NAS - -MERI

F A C I L I T I ES
DETAILED BREAK DOWN (Y.N)?Y

11320 101 PKNG APN 693.8
12540 DIST PIPELIN 68.4
1 4140 AC OP BLDG 244.0
~111 0 MAINT HANGAR 2467.0
21 910 PW MAIN I SHP 14.2
44210 101 WAt

REHSE 412.5
71~~I 0 FAM HOUSING 12096.5
72415 BOQ 651.3
74063 SERVICE CLUB 179.6
81230 ELEC DIST LN 43.1
85110 ROADS 439.5
852 1 0 PARKING AREA 46.0

BASE TO TAL 17355.9

I

L
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I
~s-

~~J ~! ’  I !  - - - ‘i -

I k . V .  I p ‘a C - C t ~~- I -

__________ 
d~ l la  S

I~~1~i u r , Tr i : . t  r - 10, 000 ’
B a i c  I :  U’ — . k I 500 ,000 -

A n y  i-  : (l ’s— ~~ o 2 , 00~ii ,000~
B-ts - i c  J- Tr - i o r  S — 2 C )  ‘ (10 , 000
A d s t ,  - J et  (T 1 -. - N  1 , 100 , 000

b-~ I C  N -  :~~~
- — s i O ) I l~ - , ooo

Ar ivcj nc - ’ i I U h — l I )  400 , 000

*Source : ~~~ Ti~~ E .  ~~o r n ~~r s , ~~~- C \ ; ~~!
-
~~ - Y h  ( I t

~~Aircr~ ft not cu r r en t ly  i r ~ p r o d n c t i o n . These  cost  e s t i m at e s
are based Cli hypothe t c~~l s t a r t u p  production costs .

1 — 1 5
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t o NA T PA (  ‘ iM is st o re  I in  t h e  - i  r or  f t  Data l ’i P , - i s  der ived from the tota l
l i s t i n g  of a i r c r a f t ~ or i - i c h  of t he  e i - ; i i t  bases under  s t u d y .  It should  he
n o te d  t : i a  the  n ames  - i s  l i s t e d  I l l  or the  a i rcr - i  f t  c o l u m n of T ab l e  1 . 6 - i r e the
m o :t  cormnon I e s i - t n I t i I C s s  for t he  a i r c r a f t  typ e .s  , an d  t n - i t  s i m i l a r  aircra ft ire
!i st ed  under  one d e s i g i - i t i o n  fl t h ey  ire I o n - ;  u t i l i )  1 t r  t b e  same phase  of
t r a i n i n g .  Tao u i r c r a t d e t i c i e n c i e s  ir e  c i l c u  I a t - - i  I ) ’ , typ e  of a i r c r a f t  - i s  f o l l o w s :

D E I A U , = T i dA l ’ . - (
~~\ A /t ( ( 1. 6)

) I

DEI ’ -’C = b - f i c i e i t t r u i t i i f l  ; i i r c r  f t  t - :~~

TOTAC . = t r  b i n - ;  - i i r c r - i t of t a - (  - r r s u 1 r o - 1  (c- - i l c u l - i t e d
in I S P  t o n i - r a t e r  - m i  in  ( i i I~~~( i i  1S V -r c e n t )

= N A F F A (  (~~~
1 i i r c r i f t  t ’:pe v- l I a b l e .

r h o  f l \ m w m y  cost f o r  each t v ; e a i r c r a f t  is t h e n :

COSTI . = (DrFAC ’ .) (F LCST . ) ( 1 . 7 )
I J

w h e re  COST 1
J 

= t n t - i l  f l \ - - iw a y  cost for d e f i c i e n t  a i r c ra f t  type j

F T C ’ S T  - = f l y a way  cost of a i r c ra f t  type  j (stored in
Aircraf t  Data File) .

1 . 2 7  I n i t i a l  p rov i s ion ing  cost inc ludes  an a l l o w a n c e  for  i n i t i a l  spare s and
sp i r e  parts , spec ia l  suppor t  equ ipment  (SSE ) , and other support  required to
bring a new aircra ft i n to  NATRACOM . The in i t i a l  spare s and spare parts in-
c lude  those i tems funded  by NAVAI R SYSCOM tha t  are required to f i l l  the  supp ly
p in e l ine  for each new a i r c r a f t . SSE is the n o n f l y i n g  equ ipment  p ecu l ia r  to a
pa r t i c u l a r  ( a i r c r a f t  and required to ma in t a in  the a i r c r a f t . Other support  inc ludes
costs for such i tems  as p u b l i c a t i o n s  and technica l  r ep re sen ta t ives .  In i t i a l
p rov is ion in g  cost is i f u n c t i o n  of the number  of bases to which  an a i rc ra f t  is
deployed an-I  the degree of soph i s t i ca t ion  of the a ircra ft . Since t r a in in g  air-
cra ft - i re  g e n er a l l y  dep loyed to few bases and s ince t h ey  do not requi re  so-
p h i s t i c - m t c u  n a v i g a t i o n  e q u i p m e n t  ar id  f i re  control  sy s t e m s , their  p rovis ion ing
cc~~ is l e s s  t h i n  t h a t  required for combat aircra ft . I n i t i a l  pj ovisioning costs
based ~n i n fo rma t ion  provided by NAV A IRSYSCOM ~~or.ne l~’ vary from

Facilities, Personnel , and Aircra ft Summary, January 1969. (Unoff I cial

- 
puhitcation.)

± d r .  Mel Wade and f i r .  Tim C . Connors , NAVAIRSYSCO M ,

r
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I
i r e - :  i r : - i t m a l y  17 percent  of f l yaw a y  costs for comp le te ly  new t r a i n i n g  aircra ft

t -  ~ -l~ : - t r n t  of f I - - 1\- ’~-’ I v  for aircra ft cu r ren t ly  in  the  inventory . For the
; - : r ; e -on~ o: t h i s  s t u dy ,  - i f ac tor  of 1S percent of f l y i w n y  cost was considered
a:  r a - : r i - m t e  - n I  was  u s e d .  Hence , the total  costs of i n i t i a l  spare s and spare
p i r t s .  S SC , an d o the r  supp o r t  ~re e s t ima ted  by m u l t i p l y i n g  the  f lyaway costs
COST 1 , by 1 5 - e rc en t  -

; - N N U A I ,  Op I RA T I  N5 :~N D M A I N T E N A N C E  COST ( ‘J\TE GORY

1.28 -‘a n  1 ()~~M costs inc lude  f i na n c i a l  o u t l a y s  required to m a i n t a i n  and
- te th e  ATR~ ( ( ~ M p i l o t  t r a i n i n g  program . i-Q~ O&M costs are recurring

1 : 1  c o n t m n - e t b r o u  ;hout  the l i f e  of the  p i lo t  t r a i n i n g  program.  Since the pi lot
t r - I i n i n - ~ ;-r o  ; r I m  o f t en  changes  a n n u a l l y , each year ’ s O&M costs are est imated
s e p a r a t e l y .  The I FRS model is run for each fu ture  year  on the bas is  of pro-
ected p i lo t  t r a i n i n g  programs for those pa r t i cu la r  years - If one a s s u m e s  a

at  m t i c  p i lo t  t r  m m m i  progra m , the a n n u a l  O&M costs could s imp ly  be mu l t i p l i ed
nv the  number  of years  to be costed . The O&M cost category is composed of
t a o  f o l l o w i n g  cost e l e m e n t s .  1L~

• Mi l i t a ry  pay and al lowances

• A i r c r a f t  f u e l

• Aircraf t  support

• Base support

• NATRACOM pilot t ra in ing  fixed costs.

The methodolo gy  developed for each of the cost e lements  is d iscussed in the
fo l lowing  par agra phs .

M i l i t a r y  P~ y~~~id Al lowances

1. 29 This  cost e l emen t  represents  the annua l a m ou n t  of basic pay and al-
lowances required for m i l i t a r y  personnel  a s s igned  to the pilot t r a in in g  program.
The cost of pay E n d  a l lowances  is determined by app ly ing  appropriate factors
to the number  of s tudents , t ra in ing  phase off icers  and enl is ted men , and NAS
of f i ce r s  and enl is ted  m e n .  Annua l  pay and a l lowances , in dol lars , for each
category of m i l i t a r y  pe r ro nne l  are presented in the fo l l owin g  i i s t ing .~-~~

lr ~~ludes  cost of t r a in ing  squadrons  and NASs.

O&M costs ~ ssoclated wi th  aircra ft carriers used in the pi lot  t r a in ing  pro-
gram are not included .

The source of the m i l i t a r y  pay and a l lowance factors is NAVCOM P Notice
7041 , 28 May 1969.  Es t imates  of f l i g h t  pay were obtained from the 

~~~~~~~
World Almanac  pub l i shed  b 1 the Washington Dai ly  News.
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I r a i n i n g  }~ m - l s e  Ann u a l P a y ,  dol lars
O f f i c e r : :  15 , 77 l~!

_
~

E n l i s t e d  5 , 849
S t u d e n t s

N o ’a  I A i r  S t a t i on

O f f i c e r s

b n l i s t e d  5 ~J 4 9

1.30  I n c  fo r e g o i n g  - t u r e s  represent  Navy  a v er a g e s .  ~ he mod el  a s —sar y s - s t h at  a l l  t r a i n i n g  phase  of f icers , i n c l u d i n g  a d m i n i s t r a t i v e  of f icers  , r e—ceo-c  f l i g h t  p ay .  1 h i s  a s s ump t i o n  m a- . r e s u l t  in a s m a l l  o v e r e s t im a t e  of pa / an da l l o w a nc e s  for t r a i n i n ; phase  officers , since a l l  a dm i n i s t r at i v e  o f f i ce r s  do:ot n e c e s s a r i l y  receive l i g h t  p a y .  It is a s sumed  f u r t h e r  t ha t  a l l  st u d e n t s ,r eg a r d l e s s  of source , a re  in pay grade 0 —1 and receive a basic pay of $7 , 2 1 1-er v e- ir  p l u s  $ 1 , 200 per --e ar in f l i g h t  pay .  The n u m b e r  of m i l i t a r y  men re-c e iv in g  p m v  an d  a l l o w a n ce s  is an outpu t  of the Base l o a d i n g  Submode l .  Then u m b e r  of s t u d en t s  is the  average s tuden t  load .
I .  ~1 e q u at i o n  u sed to c a l cu l a t e  m i l i t a r y  pay a n d a l lowances  f or NA Sof f i ce r s  i s :

COST = PHP CR ( 1 3 . 9 1 1)  ( 1.8)— 1 1

where C OST = tota l a n n u a l  m i l i t a r y  pay and a l l owances  for
NIAS o f f ice r s  ass igned to base i

PHPJ;R = t otal  numi,er  of of ficers  required at  base i1 as c a l c u l at e d  in Base Load ing Submode l .
The cons tan t , 1 .91 1 , represents  average a n n u a l  pay and a l lowances  forof f icers  (in t h o u s a n d s  of clol l a r s )

A i r c r a f t  Fu e l

1. 32 The an n u a l  cost of f u e l s  and Iu l ) r i can t s  is est imated as a func t ion  ofto t a l  a n n ua l f ue l  c o n su m p t i o n . The total  a n n u a l fue l  consumpt ion  for each fue l
t~~ po is an o u t p u t  of the  Base Loading Submode l and is ca lcu la ted  as a funct ionof tota l an n u a l  f l i g h t  hours  and fue l  consumpt ion  rate by aircra ft type . 

-

1 . 3 3  The e s t imated  an n u a l amount  of fue l  consumed by NAS airc raf t  is storedIn the Base I)ata F i l e  and is added to th e  t r a in ing  a ircraf t  fue l  consumpt ion  in 

Inc lud e s  a n n u a l f l i g h t  pay of $1 , 86 0 for t r a ining phase off icers  and $] , 200for s tude n t s

1—18
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14/ ,
e h i  Sc I i - l i  no a i m l m n m  m l  - I . 1 he cost per gal  Ion of f u e l  consumed — is

as  ~eI l o w s :

1 2 . 7  cen t s/gal lon

A v i - m  t i o ’  - t i  s 1 7 - 0 cents/gal  Ion

I l o l o  Gas 17 . Oc e nt s / q a l lon

The helo gas is as s u m e d  to hi the  some as the av i a t i o n  gas cost. The fuel
cost is ca lcu la ted  by th e  fo l lowing  equat ion:

CO ST3 -  = ( F t R J h , ) ( . 1 2 7 )  + ( F U P L O . ) ( . 1 7 )  ~ ( F U R E Q .  i ( . 1 7 )  ( 1.9)
1 i , 1 i , 2 i , 3

where COST3~ = tota l fue l  cost for base i

F Y R E Q .  1 
= total  je t  f ue l , i nc lud ing  t ra in ing  phase

1 , and NAS , consumed at base i (calculated
in Base l o a d i n g  Submodel)

F U R E Q , 2 
= tota l av ia t ion  gas consumed at base i

F U R E Q .  = total  helo  gas consumed at base i

. 1 2 7 , .17 , and .17 = cost per gal lon of each fue l  type .

h i r c r a f t  Supp ort

1.34 The recurrin g spares , spare pa rts , and consumables requi red to main -
t a m  and operate t r a i n i n g  a i rc ra f t  are included in th i s  cost element . This cost
is es t imated  by m u l t i p l y i n g  the cost per f l igh t  hour by the a n n u a l  f l i g h t  hours
for each a i r c r a f t  type as  fo l lows :

— 

- 

ACOST. = (ACRE Q~) (ACFH , ) (AOM , ) (I .  10)

where ACOST. = a n nu a l  a i r c ra f t  support cost for a i rcraf t  type

ACR E Q . A-3 operationa l type  j a i rc raf t  required

ACFH , = a n n u a l  f l i g h t  hours for a i r c ra f t  type

AOM . = cost per f l igh t  hours for aircraft  type j .

1.35 The annual f l i g h t  hours for each aircraf t  type are calculated in the LSR
Generator . The cost per f l igh t  hour is Included in the Aircraft  Data File . It

1’ 1 Source : Cdr. R . E .  Loux , Ai rcraft Programs Branch , Aviation Programs
Division , Deputy Chief of Nava l Op erations.
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should P iio t ’d th it  ~~ i t e n t l y  the IFRS conta ins  only the cost of c on s u m a b le s
funded l v  NATR A C ON ’  and c~~n l mi n  -n in t i m  f o llowing  l i s t i n g .

C o n s u m a b l e  ( t os t  per I l i g h t
A i r c r a f t  1 /H our ,  d o l l a r s  L2i

T — 3 - 1  2 . 5 7
F — / H  5 . 7 8
T -2A 13 . 0 1
T—2 B / C 16 .5 1
TA— -il 37.68

T l — I J  25 .89
TS —2A 1- 1 . 8 9
T l l - 5 7  1 .6 1
U I I — 3 - l  1 2 . 4 4
T I - I — i L  10 .50

The cost i m t i  on r ecu r r ing  spares and spare parts f u n d e d  by NA V/— JRSYS ( flM
are c l a s s i f i e d  a n d  t h u s  not inc luded  in the JF RS .i~c”

K m  so Supp or t

1. 16 The Base Suppor t  cost is an es t imate  of the tota l CP ’~M Navy  f u n d s
c- -’g ended 1w the NASs tha t  support the p i lo t  t r a i n i n g  p rogram.  These costs
ir i s e  from severa l a i r  s t a t i o n  f u n c t i o n s , m . e .  , a d m i n i s t r a t i o n , s u p p l y  operat ions ,
m a i n t e n a n c e  of m a t e r i a l , property d i sposa l , medical  operations , base services ,
m a i n t e n a n c e  of real  propert ’.’ , u t i l i t y  operat ions , eng ineer ing  support , minor
cons t ruc t ion , and p ersonnel  suppor t . The dat a  used  to e s t i m a t e  t h i s  cost are
drawn from the Resource M anagemen t  Sys tem (RMS ) repor t s .

1 . 17  The h i s to r ica l  RMS expendi ture  data inc luded  in NAVCOM PT Report
7030-8 could not be used directly  to es t imate  the O~~N-1 cost associated wi th
t r a i n i n g  squadron s and bases , since there appeared to be a lack of cons is tency
ii:  the  data . The RM S data  are presented by cost genera t ing  centers , by func-
t i o n a l  - s u h f u n c t i o n a l  categories , and by e lement  of expense  ( input )  genera t ing
t a o  cost .  However , there was more consistency in the  FY 69 a n n u a l  p l a n n i n g
data  in the  ( ‘NATR A 7000-4 reports , and these were used to es t imate  the gross
base costs .  M i l i t a r y  personnel  costs were deleted from the tota l a n n u a l  p lanned
expend i tu r e s for the e ight  p i lo t  t ra in ing  bases , since these are ca lcula ted
se; m r - i t e l y , as d iscussed p rev ious ly .

I .  ~H A ( E R  was developed to e s t ima te  the to ta l  base support  cost for each
NAS based on regression techniquesiZ/ and the I’Y 69 RMS p lanning  data . This

Data obta ined from RMS on Progra m V I I I - H 1 1 1 4 7 - F Y  1969.

Office of the Chief of Naval  Operations , Navy Program Factors (U) , OPNAV — J
90P—02 , Group 4 , rev. 1 ~a nu a ry 1970 , CON FIDENTIAL .

~~~~/ 
See Appendix K for i discussion of regression analyses used .
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I
CE R r e l a t e s  base 5 U P I  m rt  coat  to t h e  t o t - i l  n u m b e r  ‘f t r a i n i n g  phase  and t enan t

m u d  on P i s e  m s  t o l I w: ,

B S U P P . - l 2 4 m , . 1 :3  1 .4 / 6 1 2  (TPA S . — TNAS . ) (1 . 11)
1 1 1

v.1100 K5U1 ’1~ - a n n u a l  -x ~- e n d i t u r v  for  ) S iSO suppo r t  at  base
in  ‘Lh ous a  n - i s  I f  d o l l  m r s

TR AS , I ba - : e ; e  r a o r ne I i n c l u d  lug  tr-  m i n i n g  phase
t e n an t s , - m od N A S for u - m s i -  i (as c a l c u l at e d  in
Base l o a d i n g  Submodel )

- t n t - m I  NA S -ersonnel  for P5m so (as ca l c u l - i t e d
in  Base l o a d i n g  Submodel)

Equation 1 .11 has  a correlation coefficient greater than  .95 and the coeff ic ients
are s i g n i f i c a n t  wI th  90 percent confidence per t t e s t .  The base support associ-
ated with  lnd iv idu -d  bases may he h igher  than the actual  level In some cases
and lower in others due to the use of the regression equat ions .  In the aggregate ,
for all bases , however , the predicted base support cost should he very close to
the  ac tua l  value . It Is assumed tha t  all  non—r eimbursab le  O&M costs incurre d
ny each NAS are charged to the pilot t ra in ing  program. To the ext ent that this
assumption doe s not hold tru e , the base support cost est imate wil l  tend to e
greater t h a n  tha t  a c t u a l l y  required to support  the pilot t ra in ing program. On the
basis of ava i lab le  data , the  existence of economies of scale and the dis t inct ion
between fixed and variable costs could not be ascertained . Unless the functiona l
relat ions generat ing costs are ident if ied , the re la t ionship  between O&M costs S

(fixed and variable) and pilot  t r a in ing  program change cannot adequate ly  be
evaluated .

1 .39  Facility Maintenance Cost.  As stated previously , the RMS data did
not permit the Identif ication of detai led O&M costs . It was deemed appropriate
to provide management  with an es t imate  of faci l i ty  maintenance cost oy line
Item. However , fa cility maintenance costs are included in the base support
costs previously discussed . These faci l i ty  costs are est imated on the basis of
Navy pla nning factors , but are not summed in the  TSC, thus  preventing double
accounting . Standard Navy direct labor and material  costs for al l  facilities
Included in the IFRS are shown in Table 1 .7 .

1. 40 The estimates of maintenan ce  unit  costs reflect the allocation of given
mai ntenance budgets for recurring maintenance costs , and not necessarily the
costs required to meet desired maintenance needs . Certain facilities did not have

1— 21

__________________ ______________ ____________________________ ______________- —
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TABl E [ . 7

A 11 , 1  1 ,  ~~~~~~~~~~~~~~ ( :051  l ACT( 45~*

1) 1 r ’-c t l a  her
M a t ’  -n ia l  Cost ,

i - i r i l i t  1/unit

.02/ sq yd

F ,m ;- : iwa ~~s .02/ sq yd

Par ~ inq Apr eu s  . 02/sq yd

K5 -a -  I s  Fuel  at or a un  .

; Vr er ou n d  I an! i ) i s t r ibu t i on  P ipe l ine  - 08/ft

RuI lwa ’ :  T i n  h t inq .14/ f t

\i rcra I t  ( 
~p - rat ions  Bui ld ing  Wi th  Tower .19/ sq ft

Acad ~ mic B did ing s  (All  Types )  - 1 9/sq ft

Ma in t enance  I l a n u a r  . 1 9/sq ft

P u n l i c  Works  M ai n t en a n c e  Shops .19/ sq ft

Genera l Warehouse .06/sq ft

D i s p e n s I r P - s  .26/sq ft

A d m i n i s t r a t i ”  - ( ) f i i c e s  .22/ sq ft

F a m i l y  I l ous in ml  ( Al l  T y p e s )  419 .00/ un i t  **

Enl is ted  Men ’ s Barracks 2 6 . 2 5 / m a n

E n l i s U - d  Men ’ s Mess  H a l l s  .21/sq ft

Bachelor Ot f i c a r s ’ ( )u art ’  -rs  105 .00/nan

E x c h a n uj c  Wi th  C a ta t e r i a  .16/sq ft

En l i s t ed  Mt -n ’ s C lub  .16/sq ft

E lectr ic  Power Dis t r ibu t ion  l ines Overhead . 08/ ft

Potable  Wate r  D is t r ib u t io n - i l ines . 08/ ft

Roads 9 86 . 0 0/ m i l e

P a r C i n u  A r e m s  .0 4/sq yc

* ( s i r c  - : l J ~ m j t  e x p e n d i t u r e  data fro m Navy—wIde  uni t  expendi tures
r ( - c er r l , i q  - - l a i n t ( rmunc c ’ , and other engineering support , N AV IAC , ‘[ “ i’ 1971
(S h.~~~.1 Faci l i t ies  M a n a g e m en t  Resources Budget ( u i d , m n c e  Rat ionale . ”

* * The n o b - I  cu~~c n t l y  a s s u m e s  that  both government  an d pr ivate  hou ses are
a m i r i t - i l n i c i by t h e  Navy  and thus  , th i s  factor is exclud ed from the mode l .

‘I
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~
‘ I an n i f l o  , m c - t  r u  , - m i n d  t i m e  m a i n t e n a n c e  costs  associated  wi th  them

we re ~~~~~~~~~~ p - t : - ~~~~ ‘ , L l o w i n q  m a n n e r .  I t  was a s s u m e d  tha t  the  ma in tena nce
e o n -n t  t n r  r i - i - - I ’ .- a ’ - I  s t -n - t n  is 1 percent  of the  to ta l  cu r ren t  p l a n t  v a l u e  per
n a l l o n .  S i m i l u l y ,  i t  - m s  a s s u m e d  tha t  the  m a i n t e n a n c e  cost per l i nea r  foot

of runwa y l i q h t i u q  is I p i ’r e nn t  of cur ren t  p l a n t  v a l u e  per foo t .  I t  was a s sumed
t h a t  t h e  cost h — n  - i m i . t e n a n n c e  of under o round f ci d i s t r i b u t i o n  l i nes  is the  same
as t h a t  ~ -r o~ I t l : I ’  w - i t n r  d i s t r i b u t i o n  l i n e s  - The na ~i i n t e n a n c e  cost of BOQS

ir i d  EM , l r r 5 n ~~~5 ha d  t o on expressed  in do l l a r s  ner  man  to be c o m p a t i b l e  w i t h
t u e l I P S  u n i t s  of n n r ’ i s n r e . T I ’ m s , t h e  s tandard  N a v y  p l a n n i n g  factor  of 21
cen t s  per sq t t  was  m u l t i p l i e d  by the  a s s u m e d  area occupied  by the men (125
sq ft  for e n l i s t e d  and 500 sq it  for o f f i c e r s) .  .i-~-/ The factor  per m i l e  of road
was ob t a i n e d  by m u l t i p l y i n g  the  7 cents  per sq yd by the  a s s u m e d  14 , 082 sq
vd in a mi’mn of road . Maintenance costs for N av - :  h o u s P q  are the Navy
averai ci n costs  for hous ing  w i t h i n  CON U S.  J_~-/ These u n i t  costs are increased
in the  l IP S  to re f lec t  costs of ma in t enance  shop overhead , m a i n t e n a n ce  contro l
d i v i s i o n , emergency service work , and others  as f o l l o w s :

M - = (FAG .) (X .) (1 + ES + MSO -~ ( M F ~ ( I . l 2 ~1 1 1

where M , = tota l fac i l i ty  main tenance  cost for f a c i l i t y  t ’~-pe  1

lAO = tota l amount  of f ac i l i ty  type i located at  each
NAS ( i . e . ,  total in a sse t s  posi t ion data  f i l e
p l u s  incrementa l  def ic iencies  tha t  are corrected)

X . = direct labor and material  cost for f ac i l i t y  t y p e i
included in IFRS model

ES percent of X . required for emergency service
work;  equa l s  1 2 . 7  percent

MSO = percent of X . required for ma in tenance  shop
overhead anà ma in tenance  control d i v i s i o n ;
e q u a l s  26 percent

( M E  = percent of X required for cons t ruc t ion , main-
tenance , ari a equ ipmen t  cost;  e q u a l s  1 .9  pe rcen t .

1.41 C iv i l i an  Wages.  Since the IFRS e s t i m a t e s  the n u m b e r  of c iv i l ian  per-
sonnel  re quir ed at each base , it was deemed approp riate  to provide an es t imate
of the cost of c i v i l i a n  wages.  Since c ivi l ian wages are inc luded  as part of

rhe space used is the m a x i m u m  permit ted by present  Navy  c ivi l  engineer ing
facto rs contained in NAVF ’AC P -80.

LW Obtained from Mr .  W .W .  M c M i l i a n ,  NAV IA C , F a m i l y  Hous in g  Branch .

— I—fl
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Peso support  costs t~~n n u m -  wages are e s t im a t e d  as a non—a c id  i t em s i m i l a r  to
faci  I i t c -  n n a i n t e i ~a ice co s t  in t h e  te l  lowinq m a n n e r .

-
( s- t E l  = ( F 1 1 1 : R ~ ) (7 , 000 )  ( 1 . 1 3 )

where  ( ( )ST1 a n n u a l c i v i l i a n  wa g e s  at  base i

P I l F E R .  - = n u m b e r  of c i v i l i a n  at base i ( ca lcu la t ed  in
- - i so  l o ad ing  S ub m o d e l ) .

Aver aeo  annua l ~va u es  for  nava l  a i r  s t a t ion  c i v i l i a n s , in d o l l a r s  , - i r e  r ‘ n r ’ - - ’ : n t r - ’ i
as :~7 , 000.  ~±z

N Al ’KA :0 M l ’i lot Tra I ni l  no Fixed Costs

1 .42 The - inn - ae t  O & M  costs  required  Ks t he  C N A ]  PA - 
( N A B AT P A , and

C N A \ J ’IN TRA s t a f f s  are inc luded  in the  TSC S i l ’m o d c - l as  a f ixed cost of S .2
- - -. i l l i o n .  These  ~ire e s s e n t i a l l y  m a n a g e r i a l  costs  requi red  to m a i n t a i n  and op—
er , i tn  the  p i lo t  t r a in ing  progra m and s h o u l d  not  va ry  d r a s t i c a l l y  wi th  ch anqes  in
the  p i l o t  t r a in ing  p rogram.  So tha t  the model  can r ’s t im at e  a p p r o x i m a t e l y  100
percen t  of the TSC for p i l o t  t r a in ing , it was necessa ry  ~o inc lude  these  f ixed
c o s t s .

Sample Detailed Printout of O&M Cost E lem ent s

i-. s a m p l e  d e t a i l e d  p r i n t o u t  of the  O~~M c -o u t  e l e m e n t s  for NAS M e r i d i a n
is ;) r ovi led in Table 1.8 .  F i rs t , t h e  n o n — a d d  i t ’ ’ r - s of f a c i l i t y  O&M cost , by
l ine i tem and c i v i l i a n  wa- i e s , arc’ shown . ( t  s h o u l d  be noted tha t  these do l l a r
amoun t s  are i n c l u d e ] - i s  part  of base s u ] n o - r t  and  t h u s  are not added into the
t o t a l .  ) Ae xt . the m i l i t a r y  pay en d a l l o wan c e s  for p h i s e  o f f i ce r s , phase  en l i s t ed
men , s t u d e n t s , N1\S of f ice r s , and NA S en l i s t e d  men are g i - en .  The a i r c r a f t  f ue l
and supp or t  costs and f i n a l l y  the  base supp or t  cost are shown . The tota l a n n u a l
1 S M  cost for the NAS appe ars  at the bottom .

B- , - d e l e t ing  c iv i l i an  wages  from base suppor t  cost , t I n e  index of det e rmina t ion
of the regression equat i on  was too low to he acceptab le . ( on s e q u e n t ly ,
base support  costs  are e s t i m a t e d  i nc lud ing  c i v i l i a n  w a ge s .

Based on h i s t o r i c - i l  l’Y 69 c i v i l i a n  wage data , i n c l u d i n g  8 percent benef i t ,
provided by N I .  T o m p k i n s , K M S , NIATRACOM .

I
I
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S A M P l E  DElAl lED OPERATIONS Ar’- ;D r v I A I N r r : t - ~A N -  : i ~
P R I N T O t  1 , NA S M E R I D I A N

NA S--l- ’IEFtT
1 1 3 2 0  TOT P }<NG AP N 9 .5
12540 1)I i T P I P F L I L ’J  1 . 7
14140  A/C OP I3 LD G 4 . 5
1 7 1 1 C  A CAHl ~VC 13LDG 8.0
2 1 1 1 0  MAlt - i l  HAN GAR 59.5
21910 P~t M A I N T  SHP 2.5
44210 TOT ~JARE HS E 1 1 . 2
55010 D IS P F :N SAR Y 7.2
61010 A D V I N  OF F I C E  15.9
72210 El-I PARRACXS 42.4
72310 El-’ NESS HALL - 5.7
72415 flOG’ 48.1
74014 FXCHAWGE 4.2
74063 SERVICE CLUI3 2.9
81230  ELF- C D I S T  EN 1 3. 0
8/1210 WATE R D I S  LW 8 . 1
85110 J iOADS 27 .2
85210  l ’ I L h l N G  ARIn ~A / 1. 7
1 1 1 1 0  RUdWA YS 10.0
* SUB TOTAL 286 .8

* C I V I L I A N  WAGES 2 7 10 . 0

PAY & ALL0~AtJCES
PHASE OFFICE R S 4700.2
PHASE E WL I ST E D 8074.3
STUDENTS 3559.5
NAS O F I I C F .RS 999.3
NAS ENLI STED 3545.0

20578.3

A/C FUEL 5808.5
A/C 0 & M 1972.8

— BASE SUPPORT 4256.2
TOTAL 32915.8

I -Z5 
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A P P E N D I X  J

P E R F O R M A N C E  MOD E L -A’ i C R  THE
NAVAL AIR T RAINING GUM M A N E )

I NT RO DU cV r I  ON

J . 1  The Na~~n u1 Air T ra in ing  Command can h ’ -  vi - v ’  - as a ‘ pro n u c o r ’—
it produces Navy p i l o t s .  All  producers  fa c  t h -  s em i -  P i S I C  ‘co - ~omic  p ro b l em
of how to a c -h i  - - ‘

~ a k - s i r e ! level a n !  qn i a l  i t s  o~ product ion i t  a m i n i m n n n i  cost .
Op t i m u m  -a l locat ion of l i m i t c .- I r e sources ( fun ’I s  is  r r ’ e i i r e d  to m n h i e ’ - ’ -  t h e
h ighes t  p r o - ! n c t i o n  a n a  g i i - i l i t \ -  le- !el poss ib l e . - - r t n i - i  m i n i m u m  l i - e e l s  oi
urn  - i c t  qua l  its m u s t  be ach ie - ie c ]  , ana sp - c i f i ’ - n i  a x i m u m  l - u ’ l s  s h o u l d  r iot
he exceeded . ‘T i o l a t i n g  e i ther  cons t ra in t  leads i n o n - o p t i m u m  p o s i t i o n .
A T i th  l i m i t e d  resources , inc reases  in pro no t  q u a l i t y -  ma’; be i o h i i - ’ - ;e-n i i t  t h ’
- :- :pen se of g-j n u t i t y  ~r -kn ce d

J .2  The performance model can  a s s i s t  in t h ~ a chie ’ .s - m - - i t ot ou t i t - n - n m
a l loca t ion  of r esources .  It  is a tool for eva lu c i t in q  - - in b a l a n c i n g  t h e  p i l ot
u ro - !uct ion  sys tem in t e r m s  of q u a l i t y  an i volume of o u t p u t  . I t  pro ‘l Ies  a
f ramework for a n a l y z i n g  t he  i n f l uence  of the  se r d  t u t o r s  w h i c h  mci - .-
i m p i n g e  upon ou tpu t  q u a l i t y  and volume , a n !  the pot - n t  i - i l  e t t ’ c t s  ot u l t u - r n n i t i v e
management  d e c i s i o n s .  For er - s imple , several c ruc ia l  i s ’n es  m u s t  - 

i t

• l east  cons i - l e r e - ]  w i t h  r e c t a r ] to product  q u a l i t y . Two r e i n - h  i s s u e s , w h i c h
r n - m y  or may not h e w -  - ì d i r ec t  hear ing , are personnel mor . u n  in I s a f e t y
e xp e n d i t u r e s - It m ay  he f o u n d  that  these  two e lements  c in be o - i uce - !  for

-r -; short periods w i t h o u t  i m p a i r m e n t  of the q u a l i t y  of o u t p u t  ( N i ’ ~~- p i l o t s ) .
How - - m r . if these  e l emen t s  are , !eqr ,i I n n I  over p r n t r -  i - I ’ d  per lo is (howev ’ -r

• r I ’ f i n e ’ I ) , the  output  q u a l i t y  may he severely i m p a i r  1 .

2/ The Performan ce Mode l was develope d by Mr .  Dennis Wh am ’ , of the S - s -
tems A n a ly s i s  Division of NAVFT \ ’ ~~, ~s part of t h ~- T F°S ~t u d v .

r— I
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f . 3 The p -r t  orm nc” - mo in I proposed lo r ei n is  en - i n -  i l ; t  i c r - i l  f ramework  t h -  i f
can K1 ’ use~l to r n  l en t  5’ N A T R A ’  S pr e t er ence s  - m d  the  cost ~associ it - 1  w i t h  th i-
var ious  - v u ’  i~n i n t m n o  s- st ems  h i - chooses to use to -: ~:ur -u s  h i s  pr eferenc e . Thus
th e  propose I a n a l - : t i c - i l  f ram ew ork  h as - i  l i n t  I t — i n  fh- : - :  i b i l i t y  to cope w i t h  change s
in pr - f n r e n i c e  I ic t u t - ! Ks c h n i n q ’  -s in the forc - l u - i ’  - 1 , t h i -  I e m i l of f i n n - I  ing , - in
or other ‘ - :-n oo ’ ’nous ~m , i r i a i n l e s  - I-lowe :’ -r , s p e c i fi c - - i t i o n  of ‘m - i l u c - s in tb ’ mo del
in I vi - b um ’ nt  of t i n -  - v - i q h t i n g  s v u t -ms  m u s t  r ’ r n - i  in ( SN AT R A ’ s re s p on s i h i 1i t ~- -

A N A! .YTI C AP PR OT\C H

- Performance in t h i s  contnr- ; t cons i s t s  of two e lem e n t s  — t n i e  i n  ~n -. i :ne r
of - s i l t s  (p i l o t s  t r a in e  I )  an - !  the  q u a l i t y  of the u n i t s  ( i  . e . , uro l ic i ’n c s  or  t i~ -

p i lo ts) . [he number  of u n i t s  may  be the p i lo t s  t r a ined  a n n u - i l l y  (PT R )  , vi hi l i -
the  p r o f i c i e n c y  measu re  m i a h t  i n c l u d e  a gunner , - scor’ - , na -z iq i t i o n  -i! - -n I i h - , ‘- t ’ : .

Th- - N r st  ut ~ in sp e c i f i c a t i o n  of the model i s  to w-rD rn ss  t h e  u e r f o r m n m n c -
measure  to b in a func t i on  of sev er a l  e l ement s d i rec t ly  c o n t r o l l , ib l e  by the  d - c i s i o n —
‘caP ’s .  The on-ner cu l form of t h i s  func t ion  is :

P = f ( K , S , M ,Q)

. . . i c -r P = performance

K = PTR

S = sa fe ty

M = persor inr- l morale

Q = t r a i n i n g  q u a l i t y .

S p o c i f i c 2 - i t i on  of the precise func t iona l  form , e . g .

P = a 0 + a 1 K i e ~~ S ± a 3 M s a 4 Q

or

P = a K al  
~ 

a 2 Ma 3 Q
a 4

and  the e s t i m a t i o n  of c o e f f i c i u - n t s  m u s t  be accompl i shed  I s . - CNAT RA l i e s - i  on
h i s  exper t i se  in  t h i s  ar e a .

I , The I e f i n i t i o n  of the i n d ep e n d e n t  or explanatory v a r i ab l e s  is r e l a t i v e ly
s t r a i q h t f o r w c mr - I  . The q u a n t i t y  F is s i mp l y  the P TR.  The s.i fe t y  e l e r n n ’ m i t  is
d e f in e  1 as the a — h  - ‘~u icy of he i i i  t b - :  - i t  b ’c t lng  f l i g h t  a c t i v i t i e s  . These

m c i l i t i e s  inc lude  p h y s i c - il - l i - m i nt s uni c ’ h - i s  r u n w a y  length and w i  i t ! , park i ng
a pron s p u n - I  - , et c  . and t I m ’  - more i n t an g  t h i n  “t  m e a l  i t y  “ , a i r  space - \ l n r n le can
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I
h i ’  q u a n t i f i ! th rough appropr i ate  r at ios  such  as s t - n n R n t / i n s t ruct o r  r a t i o s
s u n - l est p er sonne l /a i rcra ft r a t i o s , -tc . U n i m l i t - :  of t r - i i n i n q  Iran Lie measure ’ !
Liv ‘ t e r n .  - n t s  w h ic h  d i r e c t l y  impac t  on p r o f i c i e n cy  , ‘ - - . q  . , s tuden t/ i n st ruc to r
r at ios  , n u mb ’-r  of f l y i n g  hours , -i i r ( - r - 1 ft t i l t  - - u t ion , ‘ t n  . -

J . 7 The next s tep in the development  of tb .  in t o  h - i  i s  to i - I r ’ n t i f y  p o t en t i a l
in te r re la t ions  among the  i n c l e p e n - ! - n i t  - i - in - bb s. Th i s  st -p i s  an impor tan t
‘heck to e l i m i n a t e  i n c o n s i s t e n c ie s , I or e n - n - m i n I  - , i f  t h ’  morale m e i s - j r e s
! - f i n e d  above inc rea se , it may  bc n i -ces sa r ’,- to i r u c r i - i s e  some of the  u t i l i  z—

at ion measures  to m a i n t a i n  an acc eir m U -  r e p r e s ’- n t , mt i o n  of N A I P A ( OM op ’-r ~i t i on s
in the m o n K - I  . Table I - I i n d i c a t e s  how t i n -  - m- - a - or ’- - !  c - i -  -ment s of t i e  1 n ! e !c - n - ~ er. t
-: - i r i a b l e s  i n t e rac t .  I n  a c t u a l ly  e s t i m a t i n g  the c o e f f i c i ’ - n t s  - i n - i  u s i n g  the  model ,
-associate - i i ndependent  v ar i ab le s  mus t  be change d c o n c - i r r en t l y .  I’TR i s  r e m ’--
what  un ique  in tha t  for an’: - change in t h i s  va r i ab l e , v i r t u a l l y  a l l  the  oth ’-r
‘ - l - -m~~nts would respond in the same di rec t ion , a s s u m i n g  no chan qc-  in personne l
or a i rcraf t . Consequen t ly ,  it is  a s sumed  in Table  J . 1  t ha t  PTR is H I  I cons tan t ,
a n - i  the  other e lement s are s imp ly  t rade ’ !  off  among t h e m s e l ve s .

J .8  The last  step in spec i fy ing  the mo de l  is  to l e t ’ - r m i n n  how the in  H -—
o c u n - h - n t  v a r i ab l e s  should impact  on per formance .  This  p r e s p ec i f i cat i o n , ba s ed
on operat ional  knowledge , is e s s en t ia l  for comparison w i t h  ac tua l  e s t im a t e s
as a Was of assess ing  the q u a l i t y  of the model , i . e . ,  t h e  pr - spec i f i c a t i on
an:! ac tua l  e s t ima te s  should  be in agreement . Tab le  J .2  shows how e n m c h
:l rnent  of the independent  var iables  m i g h t  be e x p e c t ’- !  to impac t  on performance .

WEICH TI NC SYSTEM

1.9 Given  a pa r t i cu la r  m a n a g e m e n t  c l im a t e  ( i . - . ,  l eve l  of f u n d i n g  workload ,
a v a i l a b i l i t y  of resources , e t c . )  the r e l a t i v e  impor t - inc ’  of q u a l i t y  of t r a i n i n g ,
m o r a l u - , in ’! s a fe ty  nec-i to be expr e ssc ’d .  W i - K ’  noLiss the n u m e r i c a l  va lue
attache’! to each performance factor to re f l e ct  i t s  r e l a t i v e  we igh t  or importance .
I r n’!er each performance factor , the e l i - m i nts  i n  t u r n  m u s t  he a s s i g n ed  n u m e r i c a l
-m a lues  t ha t  r e f l ec t  t he i r  impor tance . These v a l u e s  can be denoted by W1.
F i n a l l y ,  the  r e l a t i ve  importance of each e lement  w i t h  re spect to the phase  of
t r a i n i n r ;  m u s t  he i n d i c a t e - !  - T h i s  va lue  c~an be - l en o t e d  by W p .

r . 10 E s t a b l i s h i n g  t h -  r u l e  t h a t  the numer ica l v i l L i e s  can range fro m 0 .0
to 1 .0 , the weight  can be computed  in severa l ways . For each e lement , e i the r
~~ or Wj  ca n be used , but not both - Wk end W~ or W~ are then  s u m m ed  1 .0 .

1.1 1 The sys tem of we igh t s  m i g h t  oper ate  -is f o l l o w s .  For each e l e m e n t
there are Navy- s p e c i f i e d  r equ i r emen t s . A we igh t  of 1. 0  for a q i v e n  e lement
m i g h t  imp ly  tha t  it should  be 25 percent a l c ove  the  N avy  r e q u i r  rn -n t . For
example , if  r ( qui red r u n w a y  l eng th  is 8 , 01) 0 ft , and it r ec e ive s a we igh t
of 1 .0 , the  de c i s i o n — m a k e r  believe s that  for comple te  sa fe ty  the runway
should he 10 , 000 f t .  A zero weigh t  would i m p l y  the d e c i s i o n — m a k e r  is w i l l i n g
t o accept an e lement  that  is only 25 percent of the r e q u i r em e n t , e .q,  , a 2 , 000
ft runw ay to be used only for touch and go l an d i n g s .  O b v i o u s l y  the  a s s i g n men t
of weigh ts  to sp e c i f i c  c l r - m e nts would have to be done w r y  -ar - f u l l y .
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T ’1r- T I J .  1

PU .  ~ I i - l i  I N l id - S iC TI ( N OF I N D E P E N D E N T  VAR IAK LE h

I ’ - n t e n t s , C o I : i m n  P

i t : ‘:-~Tor m l ’  - Qua l i t .

H

- C o lu n : n A 
-

S

E -:j S —

a ~ F
— —-. :- 5r -

~ a

~~~~~~~~~~~~~ ~, ~~, 
c c

- .5- - l_ -c .

on on < r.~~~~~ ~

i t -  t ’.

- - r n - - i :  l e r r n t h  o o o o o

Ru ns- - m s -~n ft o o o o o 
r

A n n  s p u n - - I - - n s m t s  - 0 0 0 0 +

P n i r b i n c i  :i o rer s  0 0 0 0 0

‘~N-nr i i ’-

S L i t  K n t  ‘ n u t s - i n t e r  r a t i o  o 0 0 0 + 0 0

Supp ort p - e r - I / a n n e - i t t  r - i t i o  o o o o o a +

Qu a l i t ’ - of T r a i n i n g

St: i -  1 -n t  ‘ i n s t r ’  r~~tor r a t i o  o 0 0 0 + 0

N o.  of f l y i n g  ha irs  a o 0 0 0 0

A i r r ft u t i l i z a t i o n  o 0 f 0 0 +

* 

.5

P l u s  and  zero s i q n s  n - sp e c t i v n l y  i n l i c e t e  inc rease  end no chang e in
C o l u m n  B - l emen t  as .a r esu l t  of increase  in C o l u m n  A e lement .
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I
TAB LE J .~

HOW I N D E P E N D E N T  VA RIABLES M IC H T AFFECT P E R F O R M A N C E :

Performance  Var iab les
I n  1-p e n d e n t

- ‘en ab les  N o.  of U n i t s  Q u a l i t y  of U n i t s

PTR 4- 0

P ’ n n - .vav l eng th  0 4-

R u n w a y  w i d t h  0 4-

Air  sp ace  d e n s i t y  o +

Park i ng a prons o +

Morale

Student / ins t ruc tor  ra t io  -4- —

Support  pe rsonne l/ a i rc ra f t  rat io a -
~

Qua l i ty

Student/ ins t ructor  ratio + —

No. of f l y i n g  hours/student  0 +

Aircra ft u t i l i z a t i o n  -4- —

* 
Plus , m i n u s , and zero signs re spectively indicate  increase , dec rease , or
no change expected in performance variable as a resu l t  of increase in
independen t  var iab le .
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1. 12 \ V h - u  t b  ~\ - l ’ i i T b t t  h - u e ’ - l u - e n  . m s s i q n ’ e i , t he  d e c i s i o n — m ak e r  w i l l  have
me l i t i i -  I t h e  r q u i r -  -m i nt s  s t - i t r n ’ - n t  to e x p l i c i t l y  .a llow for the safe ty  e l emen t s
in a i:~a’: h i -  f - - I s  w i l l  - i ch ir ’v e  rn L < i m u m  p e r f o r m a n c e . A system of we igh t i ng
fa c t o r s  nec i not L i -  e s t - i l l i s h e d  i m m e d i a t e l y .  I~a th o r , it is des i rab le  tha t
the - li ’c is i o n — m i k -r (C~JATRA ) i ’s- l op  ~m w e i g h t i n g  s y s t e m  w h i c h  re f l ec t s  h i s
p re fe rences , Liv s e l e c t i n g  and t e s t i n g  - i er i aus  parameter  values  ( l eve l s  of
i n p u t s )  for e a c h  e l e m -  n t  md e x a m i n i n g  the a s s o c i a t e - I  performance and/o r
cost .

Cf lN CI  U SI C )N

J . H As noted , CN A TRA m u s t  s p e c i f y  and e s t i m a t e  the model i n p u t s .  I t  i s
an a n a ly t i c  f ramework r e l a t i v e l y  s t ra ight forward  in methodology,  but it  can
only  be i m p l e m e n t ed  w i t h  data  by the d e c i s i o n — m a k e r .  NATRACOM and , in
r r , m r t i c u l a r , U NATRA , are a l ready  conduct ing  performance a n a l y s i s  on an r i ]  hoc
b a s i s .  Development  of a model wi l l  provide the rigorous d e f i n i t i o n  of
a s s u m p t i o n s , va r i a b l e s , a n — !  methods , necessary to ensure  cons i s t ency  in
the - an a l y s i s  process.

•1
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1
t I

AP PEND IX K

QUANTIFICATION PROBLEMS

K . 1  The I F R S  model developed in the Phase II s tudy  is a p r e l i m i n a r y  total
sys tems  mode l .  The or igina l task  s ta tement  for Phase  II was mod i f i e d  to deve l-
op a complete , albeit  p re l iminary , total sys tems  n2odel to demonstrate  that  the
IF ’R S m a n a g e m e n t  p lann ing  tool wi l l  in fact  be an asset to CNATRA . The me id ’ s
logic is correct , the model is operational , and it provides u s e f u l  i n fo rma t ion
to CNATRA -at t h i s  t ime . Howeve r , certain re f inements  should be made i n Phase
I I I .  The primary l imi t a t i on  of the pre l iminary  model r e su l t s  from q u an t i f i c a t i o n
problems associated wi th  e s t im a t i n g

. NAS personnel requi rement s

• Cer ta in  f a c i l i t y  requi rements

• Base suppo rt O&M costs .

PERSONNEL REQUIREMENTS

K. 2 Since the decision maker can vary the PTR , MIX , MODE , pha se-to-
base assignment , etc . of th e IF R S model , the mode l must be able to estimate
NAS personnel requirements for each training alternative at each NAS uti l ized.
In reality, the requirements for each type of NAS personnel are estimated as a
function of types of personnel supported. The total NAS personne l require-
ment is the sum of al l  the types , the result  being an increasing step function .

K — i
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K . 3  To fac i l i t a te  the  develop m ent of the p re l imina r y  total systems model ,
the s tudy  team and N A V I A C  - iq ree e l  to assume that  NAS personnel requirements
are l inear ly  related to the tota l personnel  supported . Severa l Mann ing  documents
are available;  in genera l , however , the y are ei ther  projected base loadings or
outdated base loading s . The best d , mt a  source for current manpo~~~r informa-
tion available to the stud y was ‘in unof f ic ia l  NAT RACOM publ ication , ”Facil it ies ,
Personnel , end Aircraft  Summ ar ies .  Even thou gh this  is an unofficial  publi-
cation , the stud y team and NAVFAC agreed to use it as the best available data
base for the pre l iminary  IFR S model with the in t en t  to fur ther  inves t igate  alter-
native M ann in g  d- it i bases in Phase I I I .  In p art icular , the data contained in
the individual  LSR submiss ions  will  be incorporated into the ana lys i s .  The l inear
re l- t ionship was derived from regression analysis  using the eight NATRAC OM
pilot t raining bases as the data base . Ecuat ions  were determined for the four
f o l l o w i n g  ca t egori e s .

• NAS officers

• NAS enl is ted personnel

• Total  NAS personne l ( including civilian)

• NAS public works personnel .

K . 4 The eumber of personne l in each category was estimated on the basis
of the number  of personne l of various types in the squadron , ( i . e . ,  phases) ,
plus the nu m ber of tenant s supported.  From among the possible estimators ,
those which provided the best est imates of NAS personne l were chosen.  The
resul ts  of this  selection app ear in Table K.  1. With the smal l  sample size and
distr ibut ion of the data points (,~ee Figure K. 1), s tat ist ical  meas ure s of the
equations are of little value . -~~--‘ In Phase III addi t ional  ana lys i s  wil l  he under-
taken  to correct the d e f i c i e n c i e s  in the personnel  e s t i m a t i n g  e q u a t io n s .  The
present Phase II equations appear to give reasonable answers for the bases
under consideration , al tho ugh the precise quant i ty  calculated for any one base
may  be higher  or lower than actual ly  required.

FACILITY REQUIREM ENTS

K , 5 Quantif ication problems were encountered inn es t imating the require-
ment s for the fol lowing faci l i t ies :

• Fue l distrib ution lines

• Electrical distribution lines

• Potable water distr ibution lines

• Roads

• A utomobile parking area.

Each of these estimators has a .95 or higher correlation coefficient-and the
c o e f f i ci e n t s  are s i ’ i n l f i n . m n t  with 90 percent confidence per the t test .

K-2
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I

TABLE K . l

DEPENDENT VARIABLES AND ESTIMATORS

(Personne l ’~)

Dependent  Va riables Estimators

Num be r of off icers  in NAS Number of officers in squadrons
and tenants

Number  of enlisted men in NAS Total personnel in squadrons and
te na nts

Total base population Total personnel in squadrons and
ten an ts

Public work s personnel Total personnel in squadrons and
ten ants

‘
~ The data for the eight  NASs used for these estimators were obtained from

NA TRACOM , Facil i t ies , Pe r sonnel , a nd Aircraft  Summary,  J anuary  1969 . The
equations resul t ing f rom the regression ana lysis of these variable s are con-
tained in Appendix  C.

I
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I
Est imated Relat ionship

:

Base 5 ze

F I G U R E  K . 1 . N E V E N  D I S T R I B U T I O N  OF S A M P l E PCI N I S
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I
K .~~ Each of the~~i ’ f a c i l i t i e s  i s  c a l c u l m t - - - I  on - i n  ‘ - i s  r e q u I r e ’ ! ” b i ~~n - i t  e

\ 1-’n~-~ a n !  t h u s  , q e - n e r a l l v  , no am o u n t  n a p e - i r s  on t b  - hua se R F P I .  fo rm . The st H- ;
t ’  ‘ m m  -an I NAVFAC agree - - !  t h a t  r - i t h ’ - r  t h a n  d rop the se  t - c- i I i t — .’ r ’ pu i r - r n - - n t  s , t h~ -
a r e l i m i n a r y  I F R S  model  shou l  I i n c l u d e  ~a rn -ens  of e - s t i m ~a t i n q  them , s i n c e  th e -
a r -  i nd t i le I in  the h i e h  cost I t e m s  as b - f i n e - - I  e a r l  i ’ - r  . The a s s u n p t ion  wa s
ma le t h a t  th e  amoun t  of t he se  f a c i l i t i e s  c e m r r e n t l y  in ct-t n s t e -n c e  - i t  t he  ‘ - i q h t
Ea ses  u t - n ] ‘ -r st ud y  was -a I e q n i a t i -  - Fu r t h e r m o r e , i t  was  a s s u m e - I  th a t  t h e se
r , q n n r ~ m ent s could be e s t i m a t e - -!  for p l a n n i n g  purposes  w i t h  a l i n er r e l a t i o n —
sh m  . ~‘ -ar  - s s i o n  a n a l y s i s were au -u n use d  to d ev el op  the  e q u at i o n s ;  th ’-

- i t o r s  emalove  I aup e a r  in  Table  K .2 . The d i s t r i b u t i o n  of d a t — i  po in t s  en - i
i m m i - - sC-n ’ ar e -  the same as for p ersonn e l a n - I  t h u s  the s t a t i s t i c a l  m r - a s  a - s

of th .  - so - - aua t  ions , a l t h o u g h  h igh , Ir e - of l i t t l e  i l u e .~~~~The -z - a lues  oF t — u i ~~e

f rom t h e s e  enact  ion s appear  to be reasonable  for the  c o m p l e t e l y  new , phan tom ,
Ca se . I t  s h o u l d  be noted tha t  u n l e s s  s i g n i f i c a n t  c h a n g e s  occur in th e  le’i s-
Ia - i  dna  of the e i qh t  bases , the  exis t ing  asse t s  are probably i l e qu et e  and
~h - - s ’ -  b - f i c i e n c i e s  probably should  not he “ b u i l t ”  by the  m o d e l .  A - I d  i t iona l
a n a l y s i s  w i l l  be under t aken  in Phase I I I  to improve  the e s t i m a t i n g  eq u a t i o n s .

BASE SUPPORT O&M COSTS

The base support O&M costs are also est imated by a regression
eq uat lo~/since no better alternative could be developed for the preliminary
mode 1. -~’ In Phase III , additional analysis of the RMS data will  he under-
taken so that  a better est imator can be developed. H owever , for the prelimi-
nary  IFRS mode l of Phase II , the Base Support costs for each NAS appear to be
reasonable  (some are higher  than  actual  and others may  be lower) .

CONCLUSION

The intent of the Phase II IF R S was to develop a total systems planning
tool tha t  works and can be used by the decision maker—the Phase II model
does both . H owever , in order to accomplish th i s  intent , cer tain assumpt ions
had to be made in order to develop the total model.  As stated above , linea r
relatio ns were assumed where necessary to fac i l i ta te  the model development .
These shortcomings will be studied further in Phase III to develop a more com-
plete IFRS management planning tool .

V Each of the estimates has a .95 or h ighe r  corre la t ion coeff icient  ,and the
coefficie nts care s ign i f i can t  wi th  90 percent confidence per t tes t .
The stat is t ical  meas ures of the equation were quite hi gh (correlation co-
eff ic ie nt .95 and 90 percent confidence tha t  coef f ic ien ts  are s ignif icant) ,
but the dis t ribution of the data points and the sample size limit their
value from a statistical viewpoint .
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TABLE K. 2

D E P E N D E N T  VARIABLES AND ESTIMATORS

(Fac i l i ty  Requirements ’~)

I
Dependent Var iables  Estimators

I
Length of u n d e r g r o u n d  fuel  Total personnel  in squadrons  and

d i s t r ibu t ion  l ines  tenant s

l e  ngth of lec t r ica l  d is t r i but ion Total personnel in squadrons and
lines t enan ts

Length  of potabl e water  d i s t r ibu t ion  Total personnel in squadrons and
l ines t e n a n t s / n u m b e r  of s tuden t s

Mi l e s  of roa~~s Total enlis ted men in squadrons
and t enan t s

A u t o m u i j i l e  p ar~~i n t e ~ a r ’ - u  Total enlis ted men in squadrons
and t enan t s

The e q L n o t i C n s  r e su l t ing  from the regression ana lys i s  of these variables  are con—
t u i n e n i in Appendix  D. The amount of existing facili t ies used for these estima-
tors was obtained from Detailed Inventory of Naval  Shore Facilit ies,  NAV FAC
P— 164.
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APPENDIX 1

SENSITIVITY ANALYSIS

INTR O DL CTION

1.. 1 The purpose of the sens i t iv i ty  ana lys i s  is to determine how var ia t ions
in input  to the IFRS model a f f e c t  the tota l systems Cost (TSC) . Specif ical ly ,
the  s ens i t i v i t y  ana ly s i s  shows how tI~e1se changes a f f ec t  faci l i ty  inves tment ,
a i rc ra f t  i nves tmen t , and O&M costs .—’ Base values for al l  IFRS model inputs
were es tabl ished and are those discussed for the 2510 pilot t ra in ing rate (PTR )
and the present  phase to base ass ignments , which are used throughout  this
report . The method employed is to vary one input  at a t ime  and ho ld al l  other
inputs  constant . On the basis of th is  ana lys i s , the manager  car readily iden-
t i f y  the  inputs  that  have a major  impact  on the TSC.

ELEMENTS OF SENSITIVITY ANALYSIS

1 . 2  Four major  inputs  to the IFRS model have a subs t an t i a l effect  on the
TSC. Three of these are the control variables of PTR,  MIX , and MODE , which
are input  to the LSR Generator .  The fourt h is the phase  to base a s s ignmen t
schedule input to the Base Loading Submodel .  A range of these  key variables
were Input  to the IFRS model and the resu l t ing  costs are d isp layed graphica l ly
in this appendi x to enhance thei r  u se fu lness  to the e! -c is ion m a k e r .

Sensi t ivi ty  to Pilot Tra in in g  Rate

.3 It is obvious tha t  if  s i g n i f i c a n t  var ia t ions  in PTR occur , the  SC wi l l
also vary . Different  PTRs were inpu t  t o  the  IFRS m ode- I , ra i g ing  f r om ~i low of

1/A detai led disc ussion of the TSC is contained in Appendix  I .
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2000 to a h ig h  1 e’OOO , to i d i - n t i f y  the  Coin p o t n i  -nts  of TSC a ffected and the magni-
tude  of the change . All other fac to rs  were held constant  for th is  an a ly s i s .~~/ The
r e s u l t s  of t h i s  a na l y s i s  appe ar in Figure  L. 1. The TSC varies from a low of approx-
ima te l y ~330 m i l l i o n  for  ua 2000 PTR to a high of approxi m ately $710 mi l l ion  for a
3000 PTR , or mor e t h an  100 p e rcent  for a ~‘0 percent increase in PTR. It is impor-
tan t  to note how e~’ech of th e  three  ma j or  cost categories var ies with this  PTR
increase  as shown in F i g u r e - L . 2 and discussed below .
L. -1 F - i c i l i t - :  I n v e s t n n i e n t  Costs ( i n l i c i t e d  in F igure  L . 2) ire thc  o u t l a y s  re-
q u i r e  I to ‘ c i l d  t u e  i d !j t i ’m , a  I f ac i l i t i e s  needed to suppor t  p i lot  t r a in ing  i r o j r am s
at  the  i n d ic a t e d  l eve l . - - - The i n v e s t m e n ts  ind icated  in Figure  L .2  are those
re~fl i re  i f  ex t  s t in  s t - i n - i -  ird  and  i o : i n ; t i n g  s u h s t , i n d n r — I  f - ici  l i t ies  ~ere a s s u m e d  to
he iccepted . The i n v e s t m e n t  requ ire d w o u l d  he much  I - i r - ; e r  if s u b s t e n d - n r - -j
fa c i l i t i e s  ‘-~-ere n u t  ,assum ec l  to he accepted . 1 - n e  f a c i l i t y  i n v e s t r t n e n t  increases
~r ontn  a b ou t  S ~2 m i l l i o n  - i t  , n t r a in i n g  leve l of 2000 p i lo t s  per year to over three
t i m e s  t n t  it  am o u n t  for a 3000 PTR .

~ . . 5 1 -te  i r e a t e s t  s in  i Ic i n v e s t m en t  cost C - i  te-;ory for idd i t io n ca  1 fac i l i t i e s
is f a m i l y  h o u s i n g ,  -- .-h ich  accounts  for - i p p r o x i m i t ~- l y 10 per cent  of - i l l  i n v e s t m e n t
costs - Any c h n t i -j e s  in the f a m i l y  h o u s i n j  p lar in in  factors  of the F a c i l i t - 1- Re—
u u i r c - m e r t s  Submodel  ( n pa r t icu lar , in the f rac t ion  of per sonnel  requ i r ing  f i m i l y
hous ing ) di rectly  - i l f i -c t s  to ta l  i nves tmen t  costs - Fu r  example , the cost of
b u i l d i n g  ne-’; hous ing  is $21  - 500 per f a m i l y . Thus , a s s u mi n g  500 addi t iona l
f a m i l i e s  re~~uj re  f a m i l y  hous ing  at  --n base , the tota l incrementa l f ac i l i t y  invest-
ment  i n n v o k - e - ’ I  is a p p r o x im at e ly  $1 1 m i l l i o n . A $5000 increase in bu i ld ing  Costs
incre ises t h i s  inves tment  by abou t  23 percent ,or $2 .5 mi l l ion .
L.  Of the thre e cost categories , aircra ft inves tment  costs rare the mos tsensi t ive to changes in PTR . As indicated in Figure L. 2 , the tota l amount  to be
inves ted  in a i rcraf t  varies  from $70 mil l ion at a 2000 PTR to $330 mi l l ion  at a
3000 PTR , an increase of more than 450 percent. This investment  is put toward
the purch ase- of required aircraf t  and their initia l provisioning. At the lower levels
of pi lot  t r u m n in g , a i rcraf t  inves tment  costs are for the TA—4 J a ircraft , of which

- 
j (according to the a s sumpt ions  ma de  in the IFRS model) there is a large de f i c i t , - l U

the TH— l L , which is now being purchased for the first  t ime .  For h igher  l u - v - i  p i l o tt r a i n i n g  it  becomes necessary to buy a i r c ra f t  of a l l  types , and  t h u s  - i  ircr ft
i n v e s t m e n t  costs in cre ’ - l s e  s h - l r l n l y  as p ilot t r a in in i levels  approach 10 )0 m r  ~~e r .
N ote  t a - i t , as in the C I S C  of f a c i l i t y  inves tment  costs , a i r c r a f t  i i t v e - s t n  - n - m t  costs
are a l s o  on e — t i m e  cash o ut l a y s . Thus , if a i rc raf t  ,ire b ought  to m ee t  l o f U - i t - ;  in
one ye ar , r i nd  p i l o t  t r a i n i n g  ra t e - s  rem a in  cons tant  or decrease the ni- : ~:t ye i r , no
- e l - - i t i ona  I ~a i r c r a f t  nec’! to be purch ase ! except to replace a i r c r a f t  , m t t r m t e - s  

The M ~ used  i t h i s  - i n - i  l y s is  i s :  Jet , 38 .5 percent;  Prop,  17 .8 per c en t ;
I U- lo , 23 - 7 t e r c e m l t .

Th is  is m o n e - t i m e  i n ’o - st m e n t , ancl  if m u l e  in a year , it wou ld not have to be
re p e at e d in fo l l o w i n g  years a s su m i n g  the same or a lower PTR were main ta ined .
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1 . 7 e ~~~ i t i i i - ~ - m d  rn - i  i nt e n i n ce  costs i n c l u - l - ’ t i e -  - u n n u ’ i l  p - n d i n - j  f r
m i l i t  in: p i v  i c - I  ~u l l o - - -  n e c - n , a i r - r i f t  f i n - I , - u i r c r - i f t  n U C I  ir t , b u n -  s u pp o r t , - u n ; !
f i x e d  costs  e n - !  i re t n n ~ 1- i l d e s t  S i i j t e  C o st  c u t e ’  joe ; , u s  s h o wn  in l u - j u r e  [.2  -

t a l - u u u n n i - u I  - :.:j - u u u h t - r - s  i n  t h i s  c l t e I - - ; o r ’ :  v - i r y  f r  ire  i’~t~t c m i l l i o n  to $2 ’ 7
rn i l l i - n - , r e  c - n  m t u m ;  r u ; h l t  -10 to 70 Percent of t h e -  ISO . The (c~M - e - ; t  i c r
I i  - t  t r i i n e l is a b ou t  $ 1 1  1 , ) 0O a t  the 2 000 PTR i ’v e - I  and  decreases to ç ej g , ooo

-cr pu -t  - i t  t he  10 ) 0  FTP l eve l  - A l m o s t  70 perce nt  of the  Oe’-~M costs - i r e  for
m i l i t a r y  p c y  and u l l o w - u u ; e - - ; n  for  st u d e n t s , t r u i n i n q  p i n  i se  p e r n ; o n n r - I  , - i n - i  N / S
e - e - r s o r i n e l  - Thus , u s  PTR b i e r - u s e s , O&M costs i n c - r e u s e  P r i m a r i l y  - u s  -u r e s u l t
uf 1 , - nc -I  r pe rsonne l  r e q u i r e m e n t s  . About 12 pe rc e nt of O&M c o s t ;  - i r e  for  a i rc r a ft
eel  and about  12 percent for base suppor t  costs , v-- i t h  t he  r e m a i n i n g  b Percent

t ar  a i r c r a f t  s u r - r ort cos ts .~-

S e n s i t i v i t y  to M

1 . 8 To i l l - ; s t r  i t e  bow ch a n q u s  in i- - l ODE a f f e c t  TSO , three key va r i ah ie s  of
- - ‘ N  I ) E  — r h - u s e  - l e i r - u t i o n  in weeks , aircra ft f l i g h t  hours  per s tuden t  ou tpu t ,

- i i i  I i r ; ~~tr u ctor hours  -cr s t u d e n t  ou tpu t  — were var ied  l i n e a r !- . - for a l l  r h - i  ses in
t h e -. - r e l i n e . The t h re ’ - v u r i a b l e s  were reducer ! by 10 and 20 percent and i r i c re -u  sed
by 11) -n - -I 20 ; e- r c - ent  w i t ;  a l l  o ther  v a r i a b l e s  held con e -n t - m t . C u r r e n t  phase  to
U - u s c -  a n s i  ;n m e n t - ;  were r e t a ined  and a 2 510  PTR was used .  The r e s u l t s  of t h i s
an a l y s i s  -uppe -i r in F igu re s  L. 3 and 1 . 4  - Both i c - e r ’ s a r -  c a l i b r a t e  ! in  D e- r r - ( nt

t i ! ,  r I M O D E , I .e - , t he  percent t h a t  these  t ree va r i ab le s  were varied
~r erne the  n t  i t  - I - m r  I v -dues  -

.9 i c e  r e s u l t s  of t i  t e s t  ire  the  same as t e ose obt - i  m e d  by v a r - - i c ; the
FTP , as d i s c u e i n ; e e l  ~e rc- ’~’ ou n ; 1y . r ) e cre - i s in g  PTR hy 20 percent has  the s in c e

- ~fect  on tU e  LSR Gener -u tor  output  ( i . e . ,  average  s t u d e n t  load ,~ / personne l
requ i rements , a i r c r a f t  r e q u i r e m e n t s , and f u e l  c o n s u m p t i o n )  use d !  - u s  i n l et to tb -
S0 Suonn ode l  u s  eec-re - s i n - j  these three va r iab les  by 20 p n r c n - n t  and  h o ld in q  the

PTR c o n s t an t . The re -i son f u r  t lu s  is t h at  these three v a r i - i b l e s  and the PTR a f —
‘- c - t  t he  I S P  ca l cu ]  u t i o n s  in the same w a y .  Thus - in  inc rementa l change  in t u e

PTR re l ces the same r e su l t  in the [SR Generator  ou tpu t  as a s i m i l a r  chan j e
in t h e  t a r e ‘‘ - r i - i b l e s  . F u r  e xam p l e , ti -n e r educ t ion  of the present  MODE by
20 percent  t o  .00 h as  the same e f f ec t  on TSC ~us  - i reduction in PTR from 2500
to 2 0 0 0 .  In  u - i t H - r  case , TSC decre -u ses  from ~4 ( 0  mi l l ion  to $330 m i l l i o n .

1 . 1 0  The fac tors  producin ; the  costs shown in r igure  L .4  when M O I E is
- ; - u r i e e l  i r e - id ent i c - - u l  to thorn - which exert an e f f e c t  when  PTR is varied . Thus ,

As noted in A p j e e n l ix  I , the fac to rs  for , u i rcr -  i f t  support  costs in the model do
n o t  i n c l u d e  - i l l  Oh  hi fa tors clue to the c l a s s i f i e d  na tu r e  of the  N A V A I P S Y S  flM
d i t u

5/
N a t u r a l l y ,  s tuden t  i n p u t s  - m d  ou tputs  ,m re d i f f e r e n t .  The average  s t u d e n t  l o u d
does not  change and is ti -n e ou tpu t  used in subsequen t  c a l c u l a t i on s .
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hou s  i i i  i i n v e n t  en - n u t  , in t I n  I cv ~) nmy , m nO a lie )W , I ccc ; ;  , - m nO TA —4 J and Ti I — I I~ ‘ m m n -r u f t
i n v e s t m e n t s  ru a e n - i  er S t i . i r u - of t h e -  ‘ISO in e l i c - u t e - l  in l’ i - ; n i r e  I, . 3

Se n s i t i v i t y  to M I X

I. - 11 The th i r d  m aj o r  in  pu t  i n t o  the T S R  Gener u tor , ~vh ich s ub a t  - t i - )  I Jy  if l  —

f l u e n c es  TS( , i n ;  M I X , the  e l i t r i h u t i o n  of p i lo t s m m o e n - ;  t h e  je t , l u r mi l , m l  l i - b
t r u i n i r ; ; p r o - j r  ms - On the  b a s i s  of - u 2510 PTR , cur ren t  phase  to t i - u s e  ‘ u s n i j i m —
me - e c t , -~~n n i  cur ren t  h l ( C l ) E , t i -ne  M I X  was varied over u s ma l l  r c a n ; e~ by h o i d i i u ;
one type  of p i lo t  ou tpu t  cons tan t  and varying  the other two . In each case , i t
was  a s s e i n e e l t i c - u t  t h e  tota l number  of s tudents  remained the same i n n !  on ly  t in e -
typ e  0l s t e : i i -n t  was v - u r i c -  I - The s e n s i t i v i t y  of TSC; to MIX is indicated in se lect
cases  in F i j u rc  I . 5 .

1.. 12 P r o ; — } l c l o  M I X  C han g e .  F igure  L. 5 i n d i c a t e s  the e f fec t  of chc ’m n ; i n - ;
t n e  r e l - u t i v e -  M I X  of prop an ci  he lo  p i lo t s wi -n i le  the  n u m b e r  of jet  t r ainees  r e m a i n s
c o n s t u n t  . As i n d i c a t e d  in the f i r s t  ; ;r , iph  in F igure  L . 5  , TSC increases  r athe r
s teeply  w i t h  m n  m e r e -u s i n g  prop s t u d e n t  ou tpu t , p r i nc ipa l l y  because of sha rp ly

ne r o .  u sod a i r c r a f t  i n v e s t m e n t  costs (m a i n l y  for  T S — 2 A  aircra ft) - C o n v e r s e l y ,
- u i r c r - u f t  i n v e s t m e n t s  ic-cr c- a se with  increa s ing helo s t u d e n t  Output , because tc - w ee r
TS— 2 i~ - m  i r c r - i f t  ire nee d c-el , and  the hig h i n i t i a l  costs saved more th an  of fse t  the
increased cost of the I N — i  L a i r c r a f t . The f a c i l i t y  i nves tmen t  costs shown in
Fi - ;u r c -  L . 5  show , u s l i g h t  decrease with increas ing he lo  s tudent  o u t p u t .  O&M
cost s  a l s o  r e- r ee l in r e l at i v e l y  Stable , re f lec t ing  the fact tha t  tota l m i l i a ry  per-
sonnel , and thereby pay and a l lowances  - do not vary apprec iab ly  with changing
me ro r and  he lo  s t u d e n t  o u t p u t .  However , it should  be noted tha t  the mix of
n i cer - Ut  m e c h a n i c s  w i l l  change  as  a irc r c af t  MIX c h a n g e s .

I . i i  J e t - I l e l o  M I X ~~~ha~~~~~ F igure  L .5  ralSo shows the ef fec t  on TSC of
e c u - u r - j i n  ; t he  r e l at iv e  M I X  of jet  and helo s tudent  ou tpu t s  whi le  keeping the prop
o u t ; - - ; t  C o r c S t - i e i t .  As je t  ou tpu t  increases , TSC r ap id ly  r ises , p r inc ipa l ly  because
of great ly  i n e r e u s e d  a i rcraf t  i nves tmen t  cos t s .  However , ( c A M  cos ts  a l s o  in-
crc -use  - u p n r e c - n -  u b l y  wi th  the  increased je t  o u t p u t .  Three fac tors  produce t h i s
e f f ec t . F i r s t , i j r e~uter  number  of enl is ted men - ire  required to ma in ta in je t
a i r c r a f t  t han  bela --n ircr a ft , and therefore  tota l personnel r equ i rements  increase
wit h - i  ui - n c-re - - u s !  nq je t  ou tpu t . Se ’con c!  , the tota 1 period required to t r a in  jet  pi lot s
is about 15 percent longer  t h a n  the t r a i n i n g  period for helo p i l o t s ,  fu r the r  in-
creasing personnel  r e q u i r e m e n t s .  F i n a l l y ,  je t  a i r c r a f t  operat ing costs are much
greater than helo e u l u e r u t i n J  costs . F ac i l i t y  i nves tmen t  cost s a l so  increase to
some extent  wi th  lucre s ing je t  output , p r i m a r i l y  because of the increased in-
ves tment  needs for f a m i l y  h o u s i n g  at  NAS M e r i d i a n , which is a l ready def ic ient
in f a m i l y  h o u s i r u ; .  Thus , - i s  t he  number  of je t  t r a inees  increases , NAS Mer id ian ,
w h i c h  support s two phase s  of jet  t r a in ing , r e q u i r u ’s  a great  deal more f a m i l y

MIX was varied o n ly  over - u s m a l l  range l eec ause  wide ~- u r i a t i o n s would resu l t
in i rregu 1 , m r  ha se lo~m - U n ; . If M I X  were a c t u a l l y varied in practice, phases
would  un d o u b t e d l y  lu  n - a s s ign e d  to b - u s e s .  (
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hous ing  to accommod- i t e  - t i n e  i n f l u x  of I - i i i  l i es  of j c - t  s t uden t s  a nO - u - l r l i t i o n - u  I
Su p p or t  pei-soni ’ie l  —

L . 1- 1 ~~~~ 
‘reg lvi lx ( S u l u n j e  - . The I m e t  ;ra ph in I i  J ir e I .5 t e d  n ot e s  th e :  c - f  I - i t

of v - u r v i n - j  t h e -  r e l a t i ve  NI IX n et I et and  prop n e t  - I c  - n t  O u i t l  ‘ c u t  w h i l e  keep i  r i ;  t he
helo 0 t i  ut  c o n s t - m n t  - A -j o  in , the  most  i mp o r t an t  f - u  ( - t e , r  in ‘ FS( - i n ;  a i r c r -  u f t  in-
vest m e n t  co st , - - ~h i d ;  incr e~1 ses r a p i d l y  ,is e i ther  le t  or prop output  increases  -
The T S — 2 A  a ircr -  u f t  is , u - ; - u i n  m a i n l y  re spons ib le  for  m er e - u s e d  prop a i r c r a f t
costs , w h i l e  I A — - l I  - m i c c - r i f t  is the pr inc ip le  factor in increased jet  . u i r c r a ft
: 0 n ; t - : . OA \ I  cost t end  to increase s l i g h t l y  wi th  inc reas ing  je t  s tuden t  out-
put , - i - ; - in b ec-iuse of the  greater  personnel  r e q u i r e m e n t s  an d t h e -  h i g h er O&M
coeit s  associated w i t h  je t  ,u i r c r a ft . F a c i l i t y  i n v e s t m e n t  costs r e m a i n  r e l a t i ve ly
n t . u b l c - , a l t h o u g h  t h e -  pr esent  MIX appears to produce u s l i g h t l y  s m a l l e r  i n v e s t —
m e - n t c en t  r e q u i r e m e n t .

S e n s i t i v i ty  to Phase to Base / \ s s i gnment

I~. 15 One other  t a i l o r  i n p u t  change , m t  the d i s p o s m l  of tim e user can s i g n i f i c ~m n t 1 y
; e : i u _ m e n c e  TSC: time - ‘u s s i q n m e n t  of the variou s phases  of t r a in ing  to s p e c i f i c
b u s e s .  Th is  a s s i g n m e n t  is one of the p r inc ip le  factors  in de t e rmin ing  TSC ,
and in r ) c r t i c u l a r , in dete r m i n i n g  the f a c i l i t y  i n v e s t m e n t  cost component  of
‘1St  -

. Four d i f f e r e n t  p h i s e  to base a s s i g n m e n t  a l t e rnat ive s were selected for
t h i s - u r c - m l v s i s

• Pres en t  - u s s i g n m e n t  wi th  s t andard  and subs t anda rd
f a c i l i t i e s  accepted

• r esen t  a s s i g n m e n t  w i t h  subs tandard  f a c i l i t i e s
no t  a c c ep ted

• Si r ;  ;]e  base c’ n u ; c e j n t  -

• I r e n o - n , t  - u s s i - ; n e e c e r e t  w i t h  new lease r ep lac ing  N/I S
i_ I c - r id  i - u

ISu ch p h i  s e - — t o - l i - u - n m -  - u s s i - j n m ’nt  s chedu le  use u i  in t h i s  a n a l y s i s  was c - i r e f u l ly
• n e -lectea - u s  . - i n ;  - m  r ( - , u n ; e . n n m l ) i e  p o s s i b i l i t y  bead in g  to reasonably  low—cost
) t , m c u l i t ;  i f l ’ .’e st n : - e I S .  If these  se lec t ion s had not been made j u d i c i o u s l y ,  large

f - u e i l i t y  costs could - c -  c c l i i i hu e d  because of base overloading and u n d e r l o a d i n g .
Thus , care  nu st ~o - n - n - ru  m n a n i  when a s s i g n i n g  phases  to bases , or excessively
large  a n d  ; - r o ! m ’ u h l v  u m n r ’  - - l i  n e t i c  e s t i m a t e s  of f a c i l i t y  investment  costs m ay re—
su i t .

I . 1 (  F i g — n r c  I u ,  shows TSC as a func t i on  of phase to base a s s i g n m e n t  and fa-
r i i i t ’ 1- cond it i c a r . I t  should  be noted in the f igu re  t ha t  aircra ft inve ~tm ent  cost re-
m a i n s  the t uni c re j . u r e ! l e s s  c u t  the phase to base a s s i g n m e n t  sched’.u i .  ad tha t
O&M costs vary on ly  s l i g h t l y  w i t h  phase  to base a s s i g n m e n t .  A i t c e n t t  i n —
ves tment  costs (ho r i o t  change , because aircra ft r e qu i rements  are a funct ion
only of PTP , M ( .m DE , - m d  M I X  ~m n ’ 1  not of phase to base a s s i g n m e n t .  O&M

I
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o n ; t , e ~- i r ’ o n l y  sH ; l u t l v  h - n - - m u s e  t ime m m j o r  p or t ion  of t h e - s i ’  costs  - i r e -  pe r n ; c u r m e I
i ’ \ - n u e - i ;s e s  - i nch m i t e r - i t t  ( ) \ N l  ,i ncl f u e l  c os ts , w h i c h  ,irc i n s e n s i t i v e  to c l i u n c j o s
i n b an -n e m s s i ; n m e n e t . T h e -r i - t o r i ’ , the on ly  component  of TSC w h i c h  doe s change
s u b s t u n t i a l l y  w i t h  m i sc t n  n e u s e ’  - u s s m q n i m e n t s  is f a c i l i t y  i n v e s tm e n t  o c t e t .

- 1 7 i n c . ;’ - n t  A ;s i qn m e  ci t  W i t h  S t a n d - m c i  ‘ i r c c i  S u bst a n d ar d  l a c -  i i i  t i e s  Accepted
The f i r s t  c u r  in v c jur e  I . I c  n e i n o w n  ti-me TS( - for the  ure sent  phase t o  i i -  se ass ign-
m e n t  s c n n e ; i ; c l e  ( ccc A I I n e u ; d i x  C) in wh ich  s u b s t a n m l i r l  f m e - i l i t i c c s - ire :  , u s s u m e - i  to
i c -  u s e - n  to : t h e -  u - m e -o~ - As c n l n c u t e e l  i n  t i n e I i - ; e n r r , ‘FS ( - is ap p r o : < i m a t e l - , - $ 4 u 5
m i l l i o n , 0 x t c i c h  OA~ . 1 costs a n d  a i r c r a f t  costs m u -  t he  largest e l em ents , to ta l ing
ap ~~r e : ; ; ; n n  m t e l v  - ‘ -1 0 5 m i l l i o n , or 01 percent of the I’S( 

- 
- F a c i l i t y  i n v e s t m e n t  costs

.ure . i ; - n r o x i m u t e l v  $ i , i) c i i  l i on .

- 1 0 i r c ~ser c t See ; ;  u q n n e i i ~ W i t h  S u b s ta n d a r d  l a c i l  i t i e s  Not AcceHc- d. The
seco;~~l h u r  n r c  F i - ; n c r c -  I . .  t - ; i v e s  TSC for t i-n e sauce cur ren t  phase  to base a s s i g n —
reen but  v u t n  t i c -  I n F O  ‘i s i o n  t h a t  s u b s t a n d a r d  f a c i l i t i e s  are not used and w i l l  he
rep l1 acc eh v : u t n e  new n e i l  i t  m t - s .  As i n d i -a t c- d in the f i g u r e , f a c i l i t y  i n v e s t m e n t
c ;:t :  increase  by ci f ac tor  - f  2 .3 , i . e . ,  from C h O  m i l l i o n  to $140 m i l l i o n . Thus ,
$00 m i l l i o n  wou l d  iiC ~ the approx ima te  cost of r ep l a c ing  the s u e . s t a u e - i u r d  f a c i l i t i e s

u t  - i l l  e n  r e t  n - u s e - : - ;  c onduc t ing  p i lo t  t r a i n i n g .

~~m e ,  be 0 - u s e  Concept.  The th i rd  bar ip F igure  L .6  i nd icate s  the  TSC
- l e e ~ e x t- i - e t c - i l  or the “ s i n g l e  base concept~~~ in w h i c h  s tuden t s  would  be

St i t i o n e l a t  one base t h r o ; ; - ; h o u t  t h e i r  ent i re  pi lot  tra in ing . The fo l l owing
u f l o r - m t i o n  of t e r m i n a l  ~h ,ms e s  to bases is mad e- .

Phase Percent Base

07 A d v u t m ~~~d J c - t  ( T F — 9 j )  50 K i n g s v i l l e
50 Chase

OH Advanced let (TA—4 J )  100 M e r i d i a n

11 Advanced Prop 3 C orpus C h r i s t i
34 P e n s u c o l a
I W h i t i n g

14 l i e - b  /, hvanced 50 S - mu I Icy
SO E l l y s o n

The s i n g l e  base concept  used in t h i s  example  is based on p r e s e n t  syl la bus ,
p ipe l ine , e t c . ,  and consequen t ly  there ~mr e several d i f f e r e n t  aircra ft types
ass igned  to each base . If a true s ing l e  base concept were to be s tudied ,
it is l i k e l y  tha t  one or p o s s i b l y  two d i f f e r e n t  a i r c r a f t  types  would  be re-
qui red i t  each b u n -; e -  and  t ha t  s y l lab i  would be revised to account  for the
a i r c r a f t  of one or - u f e - -u  t ypes  used t h r o u g h o u t  mos t  phase s .

l~— 1 2
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I
20 The nonterm m l  p h - i  ses of t r a i n i n g  are - u I l o e m t e d  to t i n e -  e i g h t  ha se-s in

such -l  m an n e r  t h i t  i p i l o t  t r u  i t -ne c w o u l d  go th ro n i ;h a l l  phases  of trr a i n i n g  at  t he
base where he s t a r t ed  t r a i n i n g .  F o r  example , - m  p i l o t  intended to graduate  from
07 Adv ct would be -n t - i t i on c - - l  - i t  e i t he r  K i n g s v i l l e :  or Chase  for h is  en t i re  t r a i n i n g
l e n — n I . S urn i l i a r ly  , a p i lo t  t m - m i n c e  g r ad u a  t i n ;  f rom OR Adv Jet won Id have re-
ceived h i s  t r a i n m e n ;  e n t i r e l y  it  N l e r i ’ l i a n  and wou ld  have passe-cl t h r o u g h  , u l l  the
t o l l o w i n g  phases m t  t i n - u t  base : P r i m a r ’, ;  A Ct - ( i f  r nee e :ss cury )  ; F l i g h t  Sys t ems ;
Basic  le t  A ; Basic J e t  B; Bas ic  Jet CQ; and ,‘n d v m ncc’~l J e t .

1 . 21 The e f f e c t  t h at  t h i s  phase  to base a s s i g n m e n t  would  have on TSC us
shown in F igure  1 . 0 . AS ~ r i - v i o c n  sl y  n ot ed , a i r c r a f t  i n ve s t m e n t  inc h O&M costs
do not c h i n - g e u p p r i - u m a b l y  f rom other phase to base a s s i g n m e n t  s c h e d u l e s .
However , mos t  i n t e r e s t i n g l y ,  the f a c i l i t y  inves tment  cost for the s i n g l e  base
t c n i n i n g  is not s u b s t a n t i - u l l y  larger  t han  t h a t  for the present  phase  to base
u s s i  ;n m e n t  s c h e d u l e  (represented by the f i r s t  bar in F i gu r e  L . ln s ince sub-

~ t - n n ;  I n I  f a c i l i t i e s  i re not to he replaced ) . The incre an ;e  in cost is on ly  $10
m i l l i o n , from $60 m i l l i o n  to $70 m i l l i o n . Most  of th is  increase  is clue to
f i m i l v  h o u s i n g  c-onstruct ion required  at Mer id i an  to m i k e  up  for the ra ther
h e a v y  loading of tha t  base . Thus , it can be infer red  tha t  if the  s i n g l e  base
concept , as  de f ined  for th is  a n a l y s i s , were imp lemen ted , - m o d  t he  phase to base
a s s i - ;n m e n t s  were c a r e f u l l y  made , TSC for the s i n g l e  ba ne a s s ign m e n t s  would
nv ’ t  be s i g n i f i c a n t y d i f f e r e n t  from the TSC genecat~- l  by the  ex i s t i ng  a s s i g n —
me n t

t .2 2  I r e - s e n t  A s s i gn m e n t  With  New i l u s e  R ep l a c i n g  N / y  N l e r i h i m n .  The
f o u r t h  and las t  phase  to base a s s i g n m e n t  shown in F i g u r e  1 .6 is i den t i ca l to
the  r u t  a s s i  ;nmen t  shown except for one ch nge:  n oth  p h - u s e s  of t r a i n i n g
being conducted - u t  M e r i d i a n  are ass igned to NAS Phantom , a new base a s sumed
to be bu i l t  to rep lr  o N i e r i d i a n , wi th  new c o n s t r u c t i o n  for a l l  f a c i l i t i e s  at  NAS
: a , u n t o m . As i nd i ca t ed  in the f igu re , if t h i s  change  were implemented , f a c i l i t y
inves tmen t  costs wou ld  increase to ap p r o x i m a t e l y  $100 m i l l i o n  from the previous
$60 mi l l ion . This  w ou l d  be the app rox ima te  e s t i n ; i i t e n l  change  in f a c i l i t i e s
costs~/ if a new base were b u i l t  from the gr n -~nd up to replace M e r i d i a n .

SI MN1A RY OF S E N S I T 1 V Uf l ~’ ANA LYS iS

1. .23  This  appe ndix describe s the effect  on TSC of changes  in four  types  of
i n p u t s  to the IFRS model .  A summary  of the s e n s i t i v i t y  of ti -ne f a c i l i t y  invest-
ment , a i rcraf t  i nves tmen t , and O&M costs as  m f u n c t i o n  of the i n p u t s  varied
appears in Table L. 1 . A l l  t i -mree cost c u t e g o r i  s are h i g h l y  sens i t ive  to changes
in PTR and MODE when a l l  other  inpu t s  are hel d  cons tant . The p r inc ip le  con-
c lus ion  that  may  be drawn concerning the sens i t iv i ty  of TSC to changes  in MIX
is tha t  a ircraf t  Investment costs are extremely sensit ive to M~X variations ,
the reason being that new aircraft are expensive , and that  once exis t ing
aircraft are fully utilized , new aircraft must be procured . Facility costs , on

- - the other hand , are the most sensitive to changes in phase to base assignments.

Those Included in the IFRS model .
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-
‘ L . 24 The sensit iv i t ’:  ana lyses  shown In th is  appendix are some of many  tha t

can he conducted with ti -ne use of the IFRS model.  The manager  can use the IFRS
nmodel to determine which p lannincj  factors are sensitive to TSC and how changes
In planning factors a f f ec t  TSC . For example , the manage r  can see how decreasing
f l i a h t  hours per s tudent , decreasing runway width , increasing parking apron al—
lowances , etc . af fec t  TSC. Answers  to these and many more types of questions
can cc obtained from ti -ne IFRS model by exercising it severa l t i m e s .  The manager
should use the model to evaluate his planning factors to ensure that  he has the
best dcita C iSC ava i l ab le  at this t ime .

I
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TAB I~E 1, . 1

S E N S I T I V I T Y  ANALYSIS S U M M A R Y

Cost Category

Input F i c i l i t y  Aircraf t
Inves tment  Inves tment  --

PTR Hig h High High

MODE Hig h High  H i g h

M I X

Jet f ixed Low High low
Prop f ixed Low High low
Helo f ixed  Low H i g h  Low

Phase to base
as s i g n m e n t  Hig h I n s e n s i t i v e  Low

IF  
L~ 15
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N o .  S t n 7 — 4 5 3 F , M n m r : h  1968.

l J L i l b r c n , R i cha rd , et a l. , In t eg ra t ed  Faci l i t ies  Requ i r emen t s  Study, Phase  I—
D ov o l op rnen t  of the Two-Model S y s t e m ,  (SRI TB 520 , 5 December 1968.

Hirsh , F. W . , “Dete rmina t ion  of Housing R e q u i r e m e n t s  and Project  C o m p o s i t i o n ,
DOD Form 1378 , 15 Jul y 1968.

_____ 
Narra t ive  on Family  Hous ing , ” DOD Form 1379 , 31 January 1968.

________  
Tabula t ion  of Fami ly  Housing  S ur v e y — D O D  Form 1377, for NAS Corpus

Chr i s t i ;  Naval  Complex , Pensacola ; NAS Whi t ing  Field ;  NAS Meridian , NAS Kings-
yu le ; NA S Chase  Field ; 31 J anuary  1968.

l b -ton , E . N .  , et al . , Op era t ional  E v a l u a t i o n  of Airport Runwa y Design an d
Capa c i ty—A Study of Methods  a nd Techniques, Airborne Ins t rum en t s Labor atory ,
Long I sland , New York , J anuary  1963.

M i i i ’  ury Cons truction l ine I t em  Data , DOD Form 1391 and PCE data  for var ious
ccut i ’q ory codes and NAS s , F Y 19 6 7 - 19 7 0 .

N aval  Air Sys tems Command , “ NAA S Chase  Field , Addi t iona l Jet Fuel Storage , ”
A I R — - i 24 3C : ’I~N J ,  15 May 1968.

N ava l Air T r a i n i n g  Command , CNATRA Miss ion ,  m series of photographs  p ic to r ia l ly
(.i escr ibinn g the  o r g a n iz a t i o n  and miss i ;u n  of CNATRA .

_________ 
Faci l i t ies ,  [‘ ursonne l  and Aircr u ft Su m m a m ,~~ J anuary  1 9 1 0

- , “ F Y 17  Mi l i t a ry  Construct ion I n  n ; r u rn , ” 2 0 February 1968.

‘ Mil i tary  Const ruc t ion  l ine I t e m  Data , ” DD I n - r i t e  130 1 and in s t ruc t ions ,
en -  o p l n : t e d  for FY6 6 , FY67 , FY6 8 , and F Y 6 9 , completed by:

Nava l Ai r  S ta t ion , Corpus Chr is t i , Texas
Nava l Air S ta t i on , P e nsacola , F l or i da
Nava l A u x i l i a r y  Air  S l u t  P an , C I na  : ; -  - Field , Ten-c u s
Nava l A u x i l i a r y  Air  E t - u t U n , E l ly son  Field , Florida
Nav a l A u x i l i a r y  Air  Stat ion , Kingsv l l le , ‘I’ nx as
N a v a l  A . -x i I i~ury An Sta t ion , M ’ r i n h i n m n , M i s s i s s i p p i
Nava l A u x i l i a r y  Air Stat ion , S a u f i e - y  Field , Florida
N - i v m l  Auxil iary Air S t a t i o n , W h i t i n g  Field , Florida
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I n  ~~c r o u u ~ i n c ~j P n  ~~r a n n  At  i r iCon  S t/dy Covering F i sca l  Years 1965
l - ) i : 6 ,  1967,  - n e - n - i  191i8. 

-

N iva l F a c i l i t i e s  E n g i n e e r i n g  Command , “ B , i c - h e l n n r  En l i s t e d  Men ’ s Hous ing  Design
Gui  i - u s c - - m u d  D e f i n i t i v e - s  , N A V I A C I  NS T 11012.  114 , 21 J a n u a r y  1969

_______ 
D e f i n i t i v e  D e s ign s  for N ava l Shore 1 - u c i l i t i e s ,  NAV fSOCK S P — 2 7 2 ,

Part 1 , Vols . 1 and 2 , Parts 2 and 3 , Ju ly  1962.

_____ 
Detailed Inventory of N i v a l S hore Faci l i t ies ,  NAVFA C P - l i d , 30 June

1968 , V els . 1 , 2 , and 3.

‘l)eterrnination of B a c l ; o i n ’ r  1-l ous ing  Requ i r emen t s  ,
“ DID Form 1657

( 1 1.0 nrc :  19 e 0)  , comiC ted by:

N va 1 Air S ta t ion , Do llas  , Texa s
N a v a l  Ai r  S t m t i o n , Glynco , Georgia
OCu v ;m l A u x i l i a r y  Air  S t a t i on , E l ly son  Field , Florida
Nava l An: -: i PLiry Air S ta t  ion , K ingsvi  lie , Tex as
N a v a l  Au :-: i l i - m r y  Air  S ta t ion , N - Ien id i an , M i s s i s s i p p i
N a v a l  A u x i l i - u r \ -  Ai r  S t a t i on , Sauf ley  Field , Florida
N ava l H o s p i t a l , N - n v a l  Air  S t a t i o n , Corpus Chr i s t i , Texas

-_______ , Faci l i ty  P l m i r n i s r j  Factors  for Nava l Shore Activities , I\-AVFAC P -80 ,
J - m nu a ty  1 -) 6 7.

l i s t  of Progra m (Objectives Reports W i t h  E x p l a n at o ry  Notes ,  1 Apri l  1969 ,
En c lo s u r e  -1 .

— - , “ P r -  - - ; r  in  Cost Es t ima te s  for Mi l i tary  Cons t ruc t i on  Line I tems , ’ N A V —
FA CIN ; ; i 1 10 1 . 1 1 1 , 17 March 19 t , 9 .

‘ 5 ; .  re Fac i l i t i e s  P l a n n i n g , ‘ NAVFACINST 11010. -1 -1 , 2~u February 1960

“ S l u r :  F - m c i l i t i e s  P l a n n i n g , ’ NAVFAC INST 11010. - I - i , Ch .  1 , 26 June
19 ’ ,H .

- I n s t a l l a t i o n s  and Fac i l i t ies  P l an n i n g — B F R L , ’ NAVFACNOTE
11010 , 10 Apr i l  1 ) 6 9 .

Gu l f  Divis ion , Ge nera l  Development  N - I m p , ” E x i s t i n g  and P 1 mnned
P r - - — M — l ) - i y  for  t he  fo l lowing  i n - u s e :

NMS ID ngsv i l l e  U pd at ec.I 12 Cu ‘67

______ 
“ ( D e n e r u l  Development  M a p , ” E x i s t i n g  a n u l  P lanned  Pre -M -

D a y ,  N A V E A C E N C I  ) Nl  for  he 10- l lowing bases:

S u b m i t  t e l  C p d m  ted to

NA A: ~ . I ly sn r c 7/9 5e2 8 ‘5 ~68
NIC M -r idi - m n n ) / 5 / (~ 7
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I
_____— , Master  Pla n (Pre l iminary ), NAS Chase  Field , Bee-yu le, Texas,

Decemb er 1968.

N a vy  S t a f f  Offices , “ F i n a n c i a l  M a n a g e m e n t  of Resources , “ NAVS O P - 3 0 0 ( ,
Change  1 o n l y .

Off ice  of th e  A s s i s t a n t  Secretary of Defense , Navy Unde rg radu at e  Pi lot  Tra thing
Base Capacity S~gç~y, 28 June 1968.

_________ Uni ted  States  Air Force Undergraduate  Pilot Tr a in ing  Base Cap ac i ty
Study ,  Part I : Model Description, 12 February 1968.

Off ice  of the Chief of Nava l  Air Advanced ‘I’ra in ing , “ M a s t e r  Academic  Tra in ing
Sy l labus , promulgat ion of ,” CNAVANTRAINST 1542 .1A , 4 March 19 18 .

________  
“Syl labus , F l igh t , Advanced Pro p Pilot T ra in ing , ’ CN AV ANTRAI NS T

15 4 2 . 4 A , 24 March 1969.

________ 
“TF/ TAF-9J Advanced Je-t Sy l lab i ;  promulgat ion o f , ” CNA VANT R AINST

1542 .6A , 8 December 1967.

Off ice  of the Chief of Naval Air Basic Tra in ing ,  “Bas ic  Academic Training Sylla-
bus , ” CNABA TRAINST 15 4 2 . 6 3 F ,  6 January 1969 .

________ 
“Memorandum of Agreement  With Commander  32nd NORA D Division

for Ident i fy ing  Aircraft of the Naval  Air  Basic Tra in in g  Command Operat ing Withi n
the Gulf of Mexico Air Defense Ident i f ica t ion  Zone , ” CNABATRAINST 5451.  1M
(C 1- 1—2 ) , 18 April  1968.

________ 
“Out ly ing  Fields and Tra in ing  Areas for NABATRACOM (Pensacola Area)

Activit ies , a s s ignmen t  of , ” CNABA T RAINST 5451 . 1M , 1 November 1966.

_________ 
“Syl labus , Fl ight  and Flight Support , Basic Carrier Qual i f ica t ion

Stage , T -2 8 , ” CNABATRAINST 1542 .64A , 13 June 1967.

________ , “Syl labus , Flight and Fl ight  Support , Basic Tra ining (Jet) , Phase  A ,
T-2A , ” CNABAT RAINST 1542 .68B , 7 March 1968.

________ 
“Syl labus , F l ight  and Fl igh t  Support , Basic Tra in ing (Jet) , Phase  B,

T-2B , ” CNABA TRAINST 1542 .79A , 7 March 1968.

________ 
“Syl labus , F l igh t  and Fl igh t  Support , Basic Tra ining Phase  (Pro p) ,

T-28 , ” CNABA TRAI NST 1542 .55A , 20 December 1967.

________  “Syl labus , F l ight  and Fl ight  Support , Helicopter T r a i n i n g , ” CNABA-
TRAINST 1 54 2 . 3 0 B , 25 January J 9 6 7 .

________  ,
“ Syllabus , F l igh t  and F l igh t  Support , Pre-Helico pter Phase  T -2 8 , ”

CNABATRAINST 15 4 0 . 5 3 F ,  19 Apri l  19t 5.
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________  
“Sy l l abus , F l i gh t  and F l igh t  Support , P r i m a r y  Phase , T - 3 4 B , ” CNABA-

TRAINST 15-1 2 . 54A , 11 I - l n r i u mry 19 i e ~)

________ 
“I’r a in ing  S y l l a b u s , N m v - u l  School , Aviat ion Off ice r  Candidate , Nava l

Aviation Sch :en ls Comm m n n l , Pensaco la , Florida , ” CNABAT RA INS ’I  1542 .  66F ,
9 February 19o0 .

________ 
“ T r a i n i n g  Syl labus , N a v a l  School , F l igh t  Preparat ion , Nava l Avia t ion

Schools C o m m a n d , Pensacola , CNABA T RAINST 15 4 2 . 6 5 D ,  9 Febru ary 1968.

______ 
\ V n ’e k l y  Avia t ion  S ta t i s t i ca l  Report , ” CNABATRA 1760/11 , revised

Septem bn ’ r 196u ’ .

_____ 
“ \ \ -e ek ly  Student  S ta tus  Report , ” CNABATRA 370 0 12 , revised Seept c ’m-

ber 19 en 0 .

Office  of t he  Chief n - f  Nava l A i r  T ra in ing ,  “Academic  Ins t ruc tor  Requ i rements ,
c o m p u t i n g  of , ” CNAT RA INST 5311.4 , 1 Apri l  1964.

_________ 
“A ir c r a ft and Ins t ruc to r  I- J our Breakout  ( S h e e t s) .

__________ 
“ A c a d en u c  Tra in ing  Syl labi  Outline , Pilot T ra in in g  Program , N a v a l

Air Tra in ing  Command , ” C NATRA P 1542/3 , revised March 1968.

_______  , “CNATR A Mi l i t ary  Construction Review Board , ” CNATRAINST 11010.28 ,
2 Apr i l  1969 .

_____ 
‘ Forw arding of U . S .  Navy Fuel Consumpt ion  Factors , ” 4 Sep tember  19 ~~K .

________ 
“Pla r -ne d  Month ly  Factors Based on Expected Flyable W e a t h e r ,  FY 1969 , ”

CNATRA- GEN -500 0 / 3 .
-- (Pr - f i l e  of) Adminis t ra t ive  Supervisory Off icers  Required , ” 20 Octo-

ber 1966 .

________  
RMS for Op erat ions ,  Handbook , CNATRA P 7000 - i , revised March 1969 .

Office of the Chief  of Nava l Operations , “BFRL for NAS Corpus Chris t i , Texas ,
i n f o r r n - u t i o n  concerning , ” 22 September 1967.

_____ 
“Cata log of Naval  Shore Facil i t ies , ” OPNAV P 0 9B3 - 105 , 15 October 1968.

________  , “Eva lua t ion  of Ex i s t ing  Shore Facilit ies Assets , ” OPNAV Forms 11000-2 ,
and l 10 0 0 - 2 A , completed by:

NAS M’ r id ian  10 December 1968
NrC ; Kingsvi l l e  19 March 196 5 and

16 March 1967 , revised
5 December 1967

NAS Corpus Chris t i  7 August  1968
NA S Sauf l ey  Field 31 October 1967
NA: - E l lys on  Field 12 March 1965 , revised

lb  September 1965
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I
NAS Pensacola 17 March 191, 5
NAS W h i t i n g  Field 8 January 19 1,8
NAS Meridi an  6 December 1968
NAS Chase Field 14 March 1967 , revised

6 December 1967.

_____— , “ H a b i t a b i l i t y  and Occupancy Criteria for Bachelor Hous ing , ” OPNAV-
INST 110 12 .2A , 28 September 1967 .

-_______  , “Logist ic  Support  Requirements  Sys tem , ” OPNAVINST 4 0 0 0 . 7 2  and
4 0 0 0 . 7 2 A , 2-1 July  1967 and Cha nge Transmi t t a l 1 , 22 September  1967.

-- Manpower  Author iza t ions , form and procedures for request ing changes
to , ’ OPNAVINST 1000. 16A , 3 February 1969.

________  
Navy Progra m Factors (U) , OPNAV—90P—02 , Group 4 , rev. 1 J anuary

1970 , CONFIDENTIAL .

_________ 
“Shore Act ivi ty  Basic Fac i l i ty  Requirements , ” OPNAV Form 11000-i ,

completed by:

NAAS Ellyson Field 31 January 1968
NAAS Chase Field March 1968
NAS Kingsvil le  3 December 1968
NAAS Saufley  Field 1 December 1967
NAS Pensacola 31 May 1967
NAS Corpus Christi  1 February 1967
NAA S Whit ing Field N ovember 1967
NAA S Meridian 31 June 1965

_______  
“Shore Ins ta l la t ions  and Facil i t ies  P lanning  and Programming , ” OPNAV-

INST l i O l O . l E , 7 Novembe r 1967.

Off ice  of the Chief of Naval  Operat ions , S ta f f ing  Criteria Manua l  for Act ivi t ies
Ashore ,  OPNAVINST 5310.51

Office  of the  Comptroller , “Changes  in Fun ding  Respons ib i l i ty , procedures
Regard ing , ” NAVCOMPTINS T 7 0 4 0 . 7B .

________ “Financ ia l Respons ib i l i t y  for Faci l i t ies  and Services Furnished  to a
Tenant  Act iv i ty  nr I n i t , ” N TuVCOMPTTNS T 7 2 0 0 . 2 9 8 , 5 March 1968 .

_______  
“Mi l i t a ry  Personnel  Expenses , contro l of , ” NAVCOMPT INST 7 2 2 . 4 7 ,

15 June 1968 .

________  
Navy Comptroller M anua l ,  NAVSO P - l 00 -2 - 1 8 0 , Vol.  2 , Change 180.

Off ice  of the Secretary of the Navy , “ D e f i n i t i o n s  of Expenses and Inves tment
Costs , ” SECNAV INST 7040.6A , 26 July 1967.
Resource Managemen t  System , Computer  pr in tou ts  for J anuary-Apr i l  of FY 1969 ,
Inc lud ing  NAVCOMPT , CNA ’I ’RA , (INAI3A TRA , CNAVANT RA , e ight  NASs ,  and Train-
ing Squadrons
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Stewar t , R . NI . , P I a n n i ~~ Factors for Pilot Training Derivation and Use ,  prepared
for the N - m v ~i 1 Ai r  T r a i n i n g  Command , undated .

Taylor , John W .  l e d . ) ,  Jones A l l  the  World’ s Aircraf t ,  Sampson Low , Marston and
Company , L t d . ,  London.

“Ten ta t ive  N - T e t h o - l s  f M e asu r ing  Explorat ion Loss fro m Petroleum Tanks and
Transporta t ion E q u i p m e n t , ” American Petroleum Ins t i tu te  Bul le t in ,  July 1957.

Uni ted  States Congress , House of Representatives , ‘To Authorize Certain Con-
structio n of Mili tary In s t a l l a t i ons  , “ HR 12 17 1 , 16 June 1969.

W a s h i n g t o n  Dai ly  N ews , 1969 World Almanac ,  Wash ing ton , D .C.
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