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PREFACE

It was  personal l y g r a t if y ing fo r  me to be able to comp lete a

s tud y that both fulf i l led par t of a deg r ee r equi rement and provided an

opportunity to p rac t ica l l y apply man y newl y “mas te red”  ana lysis tech-

niques. The most satisf y ing aspect  of the entire e f fo r t , though , was

in meet ing the cha l lenge  that came with under taking a project  about

w hich I had no p r i o r  knowled ge. While this may have increased the

f r u s t r a t i o n  f a c to r , in hindsi g ht I can say it was  all wor thwhi le .

Because  of my init ial  lack of unders tanding  of fuels  management ,

t he even tua l  comp le tion of this thesis required the continuing assist-

anc e of many  peop le. Capta in Gordon Spray  at DFSC opened doors to

all t he “ rig ht ”  people and became a f r i end  in the process .  As a DFSC

computer  anal y s t , Mr .  Fred Murp h y went  out of his way  to obli ge all

my r idiculous  reques ts  for  data . Mr .  Lou M a r t z  at Detachmen t  Z ’~

~~as solel y responsib le f o r  providing me the unique oppor tuni ty  to

ga t h e r  individual  A i r  l’orce  base f uel usage pred ic t ions .  M a j o r  Char les

Cummings  and M r .  Paul  W a g n e r , who fo rm the AFLC command fuels

sec t ion , crc a lv ~ a v s  wi l l ing  to t ake  of t he i r  va luab le  time to exp lain

tue ls opera tions  as  they v i e w e d  it based on the i r  yea r s  of p rac t i ca l

exper ience .  M r .  Ronnie  V andagr i f f , the Base Fuels Management

Of f i c e r  at  W r i g h t- P a t t e r s o n  Ai r  l o r c c  Base , was  to tally coopera t ive

and a lmost  unde r s t and ing  as I bl indl y s ea rc hed his f i les  for  tha t  one
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insight that would make it al l  fi t  together .  As thesis advisor ,

Dr.  Edward 3. Dunne , J r .  provided the perspect ive  and guidance tha t

eventually led to the accomp lishment of this project .  To all of these

individuals , and to all those others  that I have cer ta in ly overlooked , a

most heartfel t  thanks ,

Finally, it is totall y appropriate that I recognize my family for

having to endure  all these many months of living with a par t  time

father and husband . Whether  it be the blank s ta res  over dinner  or the

weekends spent at home so Dad could s tud y, they tolerated it all and

were  unflinching in their support.

Craig M. N o r t h r up
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This  s tud y ana l y z e s  the  p r o c e du r e s  f o r  e s t a b l i s h i n g  a u t h o r i z e d

t u e l  l e v e l s  a t  DoD fa c i l i t ie s  to d e te -r n ü n e  if pr e s  ent. p e t r o l e u m  inven-

tor ies  r e p r e s e n t  actua l  n ee d s . T h r e e  a s p e c t s  of the  f o r mu l a  that  is

used by bot h the  D e f en s e’ Fuel Supply Cen te r  and the A i r  F o r c e  in

compu t rng  p e a c e t i m e  opera t ing  s tocks  w e r e  s tud ied .

To e s t ima te  the e f fe c t  of cos ts  to the g ov e r n m e n t  of v a r i o u s

i n v e n t o r y  pol ic ies , the s t o r a g e  of p e t r o l e u m  was  modeled in a l inear

p r o g r a m m i n g  f a sh ion  using a t r a n s p or t a t i o n  model that  min imized

s t o r ag e  c o st s . A h ypo the t i ca l  sce n a r i o  c o n s i s t i n g  of locat ions  us in g /

s t o r in g  bulk pe tro l eum was  d e s c r i b e d  and s u bs eq u e n t l y modeled as a

t r a n sp o r t a t i o n  problem.  The condi t ions  de l inea t ing  this s cena r io  w e r e

then  changed  to  r e f l e c t  s e ve r a l  a l t e r n a t e  methods  of ca l cu l a t i ng

re qui red  inventory  leve ls. The value’ of the o b j e c t i ve  f u n c t i o n  f o r  each

of these’ s c e n a r io s  w a s  m e a s u r e d  a g a i n s t  the min imum c o s t  so lu t ion  of

the ori ginal c onditions to de termine  the net  e f f e c t  on s t o r a g e  c o s ts .

The stud y concludes  that  ( 1 )  u t i l i za t ion  of ex is t ing  s t o r a g e  could

be improved if ass i gnmen t  of t ankage  was  c e n t r a l ly d e t e r m i n e d , ( 2)

supp lement ing  p r e s e n t  i n v e n t o r y  de te rmina t ion  and s t o r a g e  p r o c ed u r e s

wi th  more  anal ytic techniques could improve  the c r e d ib i l i t y  of these

calculations , and ~3) the cost  implicat ions of less  s t r i n g e n t  i n v e n t o ry

• req u i rements , whi le  of ten overlooked , represent  rnea surab le  s a v in g s

-
‘ of considerable  magni tude.
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DE P A R T M EN T  OF DEFENSE B U L K  P E T R O L EU M :

AN ThIVESTIG A TION OF I NVEN T O R Y  L E V E L

D E T E R MT h IA T ION  AND A L L O C A T IO N  OF STORAGE

I. THE RESEAR C H P R O B L E M

Introduct ion

The managemen t  of bulk p e t r o l e u m  r e s o u r c e s  b y the  D e p a r t m e n t

of Defens e (D oD) is a task  of immense p ropor t ions .  Some measu re  of

the scope of this undertak ing  is i l l u st r a t e d  by the i nven to ry  data in

Table I. These  petroleum stocks , cons is t ing  of 27 d i f f e r e n t  types  of

f uel s tored at  over  1200 repor t ing  location s , r ep re sen t  that n e c e s s a ry

to s u p p o r t  the dai l y opera t ing  ac t iv i t i e s  of DoD. In addit ion , included

in these  levels  is a prede t e rmined  amount  of p e t r o l e u m  cont inuous ly

held in r e se rve  should w a r t i m e  mobi l i ty  p lans be imp lemented.

Al though the individual s e r v i c e s  d et e r m i n e  the i r  own opera t ing  and

rese r ve levels , the p r i m a ry  DoD agency  having opera t ional  responsi..

bility for  mainta ining this inven to ry  is the Defense Fuel Supp ly

Center  (DFSC).

The mot iva t ion  behind this thesi s  is the la rge  amounts  of DoD

dollars required to maintain inven to ry  levels of the magni tude  in

Table I. While  in its broadest  terms possible improvements  in DoD

fuel  managemen t  is the r e s e a r c h  problem, this chap te r  i n t roduces  the

_ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _  A
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Table I

Total Wor ldwide  Bulk Pe t ro l eum Monthl y Closing Inventor ies

Month  Closing I n v e n t o r y

Octobe r 1977 dS , 781 , 672 Ba r r e l s
November  1977 87 , 314 , 349 Bar re l s
December  1977 89, 2 16 , 62 5 Barre ls
J a n u a r y  1978 90 , 448 , 498 B a r r e l s
Februa r y 1978 88 , 569, 835 Bar re l s
March  1978 87 , 496 , 126 Barre ls

Note : One b a r r e l  re f ined  pe t ro leum 42 gal lons .

Source: Defense Energy Information System , Oct 7 7 - M a r  78

specif ic  r e s e a r c h  prob lem and ident i f ies  those objec t ives  upon which

thi s stud y was based.  However , to understand the r e s e a r c h  problem

or the result ing objectives , there  a re  aspects of the DoD bulk petrol-

eum management environment  that need to be discussed.  Conse-

quentl y ,  a presenta t ion of the object ives will be fo regone  until  nea r  the

end of this chap ter so that a detailed description of the condit ion s lead-

ing to their  development  can be completed. Following a definition of

te rms , those aspec ts  presented in this chap te r  a re  DFSC operat ions ,

manager ia l  control , the determinat ion of r equi rements , and p lanning

for  s torage .  Based on a knowled ge of these aspec ts . it is then possible

to f o r m  a s ta tement  of the problem that , while recognizing the com-

plexity of the bulk fuels environment , is rea listic in t e r m s  of the scope

of this stud y. Leading f r o m  this a r e  the specific ob e’. ~ives  of the

2



r e s ear c h ~- t  t o  ~~~ . l i iis  e I t ap t e  r cOne - i t n i e s  w i l l ,  a s e~ t ion  on t h e  a ss  u i i i p —

t iou~ and i i n i i t ..i t i o i i s  ot t h i s  s tu dy .

D e f i n i t i o n  ot ‘ I c  m i  S

‘l iii s d e fin i t i o n  ~f te ’ ~~~~ h as  been inc o rpur .i  ted in to  l i i i  $ beg inn i ng

c ha ptc t- to i n s u re  t i n t  t i t  is not  . ‘\ e r look e’d , a s is o f t  cii t h e  c a s e  wi t ej i  i t

p r e c e d e s  or  t o t t o ~v s  .1 m e p o  I~~ 
( hi s is not  i l it e i i( t e ( i  t o be an ex h a u s t i v e

g ioss.~ t y  ot b u I l t  t u e l s  t e r m i n o l ogy .  R a t h e r , t h e  t e m i l i s  in t h i s  s ec t ion

~ ‘ been inc luded  b e e n  use o t i,ei F un ique  or  sp ec - i a  I i  r ed  m e a n i n g

1” oi lowing ea c i i  t e r  tu is t ound the ’ i i t i t i I l ) t ’ m e ’ t th e ’ page on w t ue ii t i i . t

w o r d  is I i  r s t  i t s  eel t o  1lt ~~ t u g  this  sec Lion.  On t h a t  page , an a s t e  r i s k  ( ‘:)

w i t  i in dic ate  t i n t  t w o r d  is  i n c l u d e d  ii i  t he  d e f i n i t i o n  of te rms

:\ I at  i t o  Fim e I i oe~ i s  t i . t i  A rea Sun ima i~y (A 1” 1 A~ 1 - ( p a g e  0) An  a u t o  —

i i t . t t e ( (  ep o r t  p U b t i S h l e ( t  qua r t e  n y  d e p i c t i n g  t ot~~i a \  l O t  ~ofl f u e l

i~ r e p o s i t i o n i n g  and peat  et l ine  m v  en t i t  ry  req ui r e n i e n t  s by i ot a t  ion.

An Ai r l’ t t i e t ’  ( l o e t i t i le n t  t h a t is c l a s s i f i e d  51 CR i i .

U u t l ~ Pet r o i c u i n  • — ( p a g e  5 1 I iq i t it i  pet r o i c L i n i  p i- odu c t s  wh i ch  a r e

i i t t r i i t a  My t m a n s p o r t e d  b y pi p e l i n e . r a i i  t an k  ~ a r , i t t a d  t a n k

I m u c k , ha i g e  . ha r h o  r e t i  c t t .i st a i t a n k e r  and oc e an g o i n g  I a nke  r

.inel i 4 t c t  t~I ’( I l i i  .1 I . i i ,k  I c e ’t i t . i l i w  r ha v i l i g  a f i t  i c ap a c i t y  g t e a t  e m

t i ta  ii ‘‘ ‘ go lb  ‘i t s

i ) e t t ’m i s e  i ’ e i t ’ i Reg ioii ( i ) I ” R )  - — ( p a g e  ,Y t)  l) ec e ’n t i - n i i t -d , t 1 ( 1 ( 1  t t r g a n i r a

t t t . t ns  r c p m t -sc ’n t i i ig  t h e  ( .on un a i ide ’ r . D i SC , w i t h  r e g i on a l  pet i c t i  —

i t  )I O i i r ( 4 p t  t i t  -‘i hi t~~t~



De f e n se  Fuel  Supp c t i- t  I ‘ u i n t  (L)F SP)  — — ( p a g e  12) A m i v  bu lk  t e r m i n a l

(cu n i n te  re- iiil or  m i l i t a r y )  s t u r i n g  DFSC owned pro duc - t t o n

r e d i s t r i b u t i o n  to base  l e ve l .

Integ i-a ted Mate  n ia l  M a n a g e m ent (1MM) — — ( p a g e  ‘~ 1 The ( ‘ X e -  r eis  e of

total  Depa r tn i e n t  of l)cfen s  e n i a n a g e m n e n t  !‘c’s pons i b i l i ty  f o r  a

Fede r . t l  supp ly g r o u p /c  t . t s s  , conini ocli ty , or i tem b y a s ing le

agenc y.  it n or  n~al l y Inc hides computat ion of r e q u i r e m e n t s,

fund ing ,  bud get ing ,  s t o r i n g ,  i ss u i n g .  c a t a l o g ing ,  s t anda  r di ’i ing

and p ro cu  r ing  lone Lions

Inven to  my Cont  red Point  — — (page  10) A c e n t ra l  a c t i v i t y  w h i c h  c onsol i  —
da te s  i n v e n t o r y  r equ i rem ents  and has a u t h o r i t y  ov e r  tha t p r o d u c t

• w h i l e  in i n ven t o r y .

Obli ga t i o n a l  A u t h o r i t y  — — ( p a g e ’ 7 ) Thu s  e f u n d s  on ace’ount w i t h  t h e

Uni t ed  St.~ t e’ s T r e a s u r y  whic i-i the gove ’ r n n i e nt  has s e’t a s ide t o  r

\ d  r i ous  ap p r o v e d  e x pen d i t u r e s , e) fl t’ of wh ich  is to  s u p p o r t  v a m i  —

Otis St  t t c  k t u m i d  OpC r.t ti e) fl  s

I’  i pe i in e  l”il 1 — —  ( page ’ ,~~.‘. ) The a moun t of p rodu ’ t w h i c h  is r eq u i r e d  to

t i l l  a p ipe l ine .  The amount  is d e t e r m ined b y the  ins ide  v o lu n ie

and l en g t h  of the p ipe line and is unavo ida  ble as l ong  as the p ipe —

l i ne  is  ope r a t i o n a l .  ‘I ’ lie l ine  c 001(1 be d r a i n e d  b y p u m i l p i n g  w a t e r

th roug Ii i t  bi t t  w oct Id has’ e to be r e f i l  i ed wi L i i  p rodue’ t s ht ’ f o r e ’ it

c ou ld  d e l i v e r  a g a i n .

St ock  Fund — - (p a g e  7 ) A w o r k i n g  cap i t a l  ac c o u n t  w i t e  r e h y  t h e  c o s t

ot e-on s u n i ab l e  ma U’ n a  Is is he Id in suspense ’  t r o u t  the  t j u t e  of
4 
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acquisi t ion until  the i tems a r e  issued for  use.

Tank Bot toms-  - (page 2 2 )  That  quant i ty  of liquid that  is below the

suc tion manifold or d r a w o f f  line of a sto rage  tank and which

c annot be wi thd rawn  under  normal  operating condi t ions .  Bot-

tonis can be wi thdrawn using a sump pump.

Through p u t - - ( p a g e  12) A measu re  of’ the amoun t of p roduc t  passing

throug h a te r m i n a l, de termined as (Input + Output)  - 2.

Defense Fuel Supp ly Cen ter Opera t ions

The Ass i s t an t  Sec re ta ry  of Defense (Instal lat ion s and Logis t i c s)

throug h the Director  for  Energy  is responsible  for  policies and guid-

ance re la t ing to DoD petroleum logistic s p rograms , sys t em s , and

p rocedu re s  for  insur ing  th ei r ef f ec tiv e impleme ntat ion .  In accordance

with DoD di rec t ives  these responsibilities have fur the r been assi gned

to th e Defense  Log istics A gency ( fo rmer l y the Defense Supp ly A genc y) .

On Jul y 1 , 1973 , the Commander , DFSC , was  des igna ted as th e

In t eg ra t ed  M a t e r i a l  M a n ag e r  fo r  *bulk petroleum products  by the

Defense Logistic s A gency ( D L A ) .  F igure  1 provides a simplified

organizat ional  perspect ive of these Federa l  agencies  and some detail

of the s t r u c t u r e  of DFSC (Ref 1:1-1-18).  An examinat ion of the sp e c i f i c

sta ted objectiv e ’ s of the *Int egra t ed  Mate r i a l  Man agemen t  (1MM) c on-

cept for  bulk pe t ro leum is also hel pful in unde r s t and ing  the organiza-

ti e)fl of DFSC (Ref  2 :1-2) .

5
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Integrated Material  Management Objectives. One objective of

1MM is the elimination of individual service  *stock funding of bulk

petroleum. Pr ior  to 1973 , DFSC func tioned to central l y procure  and

coordinate product distr ibution.  However , it performed ve ry  few furic-

tions in the area of operations single management  and acted onl y as a

billing agency in the t r ans fe r  of funds between the services i stock funds

and the cont rac tor .  Under  the present  concept , the Bulk Petroleum

Category of the DLA Division of the Defense Stock Fund (here inafter

called the Fuels Stock Fund ) provides DFSC with the means to finance

bulk petroleum products , t ransportation , and other as soc iat ed

expenses. For Fiscal Year  1978 the total 4obli gational authori ty of

the Fuels Stock Fund was 2. 8 billion dollars , a f igure which repre-

sented abo ct 3% of the total DoD budget for that year (Ref  3:Fncl 1).

A second stated objective of 1MM is the funding of worldwide

operating and reserve inventories in storage and in t ransi t  by the Fuels

Stock Fund. DFSC maintains ownershi p of bulk petroleum f rom pro-

curement to delivery to base boundary.  This mode of operation in

which the military services own and manage on base stocks is re fer red

to as 1MM Phase I. Current ly in the planning s tage , 1MM Phase II

would allow DFSC visibility of petroleum products  to the point of actual

consumption (Ref 2: 1-2) . Althoug h Phase U has yet to be full y defined

by the Offic e of Secre tary  of Defense , DLA ownersh ip of on base avi-

ation and marine fuels can be expected.

7



Another  1MM object ive is direct  sale of products  by DLA to the

consuming act iv i t ies .  In essenc e , a w h o l e s a l e- r et a i l-c o n sc im e r  type

relationshi p is es tabl ished between DFSC - m i l i t a ry  s e r v i c e  - o rgan i za  -

tion of final usage. This requires  the re ta i l ing agency  to bud get ,

control , a nd account  for  the cost  of all  fue ls  ordered , ra ther  than

allow them to obtain the goods f r ee  or at n o n - c o mp e n s a t o r y  ra tes .  It

also places th e re tail agenc y in the position of cr i t ic  of pu rchase  p r i ce ,

quality , and timeliness of delivery.  Hence , w hile the separa te  serv-

ices are  more  easily held accountable  fo r  their  act ions , co inc iden t a l ly

they enforce some degree  of accountabi l i ty  upon DFSC. DoD Direc t ive

742 0 .1 , Regulat ions  Governin g Stock Fund Opera t ions,  r ecogn izes  this

as a specific objective of stock fund operat ions (Ref  4 :4) .

Closely related to the d i r ec t  sale of bulk fue ls  and a n e c e s s a ry

c ondition for  its implementat ion , 1MM has as another  specific objec t ive

common pricing,  procedures , and standards ,  DoD Manual  4140. 2 5 -M ,

Procedures  for  the Management  of Pe t ro leum P r o d u c t s ,  exp licit l y

establishes this commonali ty.  The common pr ic ing  aspec t  is mani fes ted

in the determination of a s tandard  pric e for  each e)f the nine DFSC

centra l ly managed fuel produc t categories .  These s tandard  prices

represent  the actual  retail charges  to DoD agencies upon recei pt of a

DFSC issued product.  In effect , th ey a r e  a meas u re of the  expense

• DFSC incurred  in procur ing  and deliver ing that  p roduc t .  The fo l lowing

listing is those cost elements which DFSC is au thor ized  to r ecover  in

8 
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the standard price (Ref 3:Encl 3).

Produc t costs  a re  based on c u r r e n t  c o n t r a c t  costs.
A weighted  ave rage  product  cost  is developed fo r
each pe t ro l eum c a t e g o ry  (JP4 . JP5 , A v g a s , e t c . ) .
To compensate  for  cost increases  during  a f iscal
year , the weighted ave rage  produc t cost  is ad jus ted .
The adjustment considers DOE policy changes
related to crude oil prices , legislat ion a f f ec t i n g
c r ude oil and petroleum products , and c rude oil
price in c reas es by OPEC . Examp le: DFSC con-
t rac ts  with a Caribbean re f ine ry  for  1 million gal-
lons of JP4 at . 394 cents  per gallon FOB r e f i n e ry .
During the same period it has under contract a US
East Coast refinery for 1. 5 million gallons JP4 at
.356 cents per gallon FOB re f inery .  Based on these
two buys  onl y the we igh ted  a v e r ag e  p roduc t  cos t  for
JP4 is . 372 ( ( . 394  X 1, 000 , 000 + .356  X 1 , 500 , 000)

2 , 500 , 000).

Transportation expenses are based on past experi-
ences for each category. Past experience is ad-
justed to provide fo r  rate changes  within the period
included in the price stud y. Example: In the above
case, DFSC incurs $36,000 tanker expenses (3u hours
s teaming t ime at $1 , 000 per hou r )  + $10 , 000 pipeline
expenses.  A t ra n s p o r t a t i o n  expense of .0 l ~ is added
to the pric e of each gallon ($4b , 000 -

~ 2 , 500 , 000 gal-
lons).

Service costs are based on service costs included in
the s toc k fund budget for  petroleum produc t s .  Serv-
ice cos ts a re  p ro - r a t ed  to each ca tegory  based on
inventories on hand in the contractor  operated tern-ti-
nals (a discussion of terminal  operat ions  follows
shor t l y) .

Wholesale losses are  based on past  experience.
Past  experience is adjus ted  to exclud e n o n - r e c u r r i n g
losses. A wholesa le  loss fa c to r is developed fo r  each
ca tegory .  Such losses are  the resul t  of produc t evap-
oration in t rans i t  and s to rage , produc t d e g r a d a t i o n in
the p ipeline , and s imilar  type occu r r ences .



R e t a i l  l oss e s  ( r e t a i l  loss O l l o w o n e - e)  is  based  on the
retai l  loss , t l lo\ \  anc e of . 005 t imes  the  do l l a r  va lue
ea t  t h e ’ p r o j e c t e d  s a l e s  f o r  e a c h  c a t e g o r y .  O f f i c e  of
the Sec re t a  r of l)efens e’ - Conipt r o l l e r  has dete  rn iined
tha t  the  r e t a i li n g  agenc i e s  sh ou ld  no t  be held ac coun t~able  t o t ’  t h i s  loss.

it is pe rhaps  si gn i f i can t to  observe that DFSC’s operating expenses

l c ~~~ e’rhead + pe r sonne l  c o s t s )  a rc  not in cluded in the s t an d a r d  pr ice .

It is a l s o  noteworthy ti-ta t the standard price  is a c t u a l l y only an esti-

mate ot present costs based on past experience. In an attempt to

capture tht’ most c or rent costs , price’ studies are made qua 1- te n y  by

the  l)FSC comptrolle r. All price changes mus t  be approved by the

O f f i c e  oi the  SCc retary cal Defense. Each pr oduc t e’a t e g o r y ,  pr o d u c t s

wi th in  the  c a t e g o r y ,  and i t s most  r ecen t  s t anda rd pr ice  i s found in

Table’ 11.

The rema ining s ta ted  o bj e c t i v e s  of Il~lM r e f l e c t  the  c o n so l i d a t io n

possib le  hen i t l a n a ger i t e n t  res p on s i lMl i tv  is c e n t r a l i z e d .  The f i r s t  ca t

t h e s e  ob j , ’c t  i ve s  is a s i ng le point  fo r  t he  recei pt and p a y m e n t  of all

c o n t r a  c t e) r billing in vo lv in g d e l i v e r i e s  to the Fuels Stock Fund.

Ano the r is a s i n g l e  b i l l i n g  point  f o r  a l l  F’uels Stock Fund Sales. A

thi rd c~ h~ e~ - ( 1 %  e’ is c o n s o li d a t i on  of i nd i v i d u a l  s e r v i c e  “ j n v e m - i t o  ry  co n t r o l

points  i n to  a sin g  I C ’  DoD lf l \  e m i t  r~ c cant rol po in t .  The redu~ t ion  in

Pt’ r s o nn e l  ce i l ings  com m e n su r a t e  wi t h  these  ac-t iv it ies  r ep r e s e n t s  the

final stated obj cc t it  e of 1MM. 1 he rca l iza t ion t a t  these ’  ob j  cc tjves by

DFSC has  led to m c ’ teased e-I t e ’c tivene~ s t h r o ug h 1MM.

1 0
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Tabl e U

Pet ro leu m Pr o du ct s  for W h i c h  DFSC I las  1MM R e sp o n s eb i l u t~-s an d ‘i h e a r  Staudard Pr ice

C a t e g o r y  P roduc t  Names  
= 

Product  Codes Standard Pr ice Per Galloa

1. Avia t i on Ga solin es A V T  . 557

JP4 JP4 .4 Z 0

3 . 3P5 J P 5  . 4 4 1

-I, A u t c , u a - t j v e  Gaso l ines  P r em i c ir n  MGP . 543
Regul a r  M GR
Unleaded M GU
Combat T ype I MG I
Combat Type II MGZ

5. Dist j l la tcs  Marine D i e s e l  Fuel DFM . 4 4 1
Arct ic  Diese l  Fuel DFA
Winter  Diesel  Fuel D F I
Regular  D i es e l  Fuel D F Z / D F 4
Kerosene KSN
Navy Dist illate Fu el NDF
Li ght F’uel a ) i l s  F S 1/FS ~

0 . R ea id ua l s  Navy Specia l  Fuel NSF . 4 1 4
Low Sultur Fue l Oil  FSL
Fuel Oi l F S 4 / F S S/ F S Ô

7. Lubr ica t in g  a,~ i 1s Nt ’t Not
A v a i l a b l e  Avai lab le

8. Cr ud e Oil

‘-a . a

1 C e r t a i n  l w  a~~~ ge fue l s  ~ r e no t 1i s~ eJ , (~~l DFSC co ord ina t e s  procurement  but has
n~ 1MM re -~~~ 5~L:t- ~~s t~~r ch e~~ i~~.~!~ and 5a l i d  f~o’ls  such as coa l .

Source:  D1~’SC ~‘ r a c e  liu l t e l i n  No. 7 7 - I
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rc’ r mi~inal  Op e r a t i o n s .  The d i s t r i b u ti o n  s y s t e m  fo r  bulk  petrol-

eum fue l s  to s up p o r t  w o r l d w i d e  m i l i t a r y  r e q u i r e m e n t s  n e c e s s a r i ly

inc ludes  a n e t w o r k  of bulk fu e l  t ank  f a r m s .  These  a r e  normally

r e f e r r e d  to as ten i -n inals  or , me)re  sp e c i f i c a l l y ,  *D e f e n s e  Fuel Suppor t

Points (DFSP s). In addition to acting as d i s t r i b u t i o n  points b e tween

w h o l e s a l e r  and r e ta i l e r , th e s e  t er m i n a l s  s e r v e  as depots  fo r  the

s t o r ag e  of DLA fuel  awai t ing  d i s t r i b u t i o n  and also st o r e  i n v e n t o r i e s

which  exceed the mi l i t a ry  s e r v i c e s ’ t ank  c a p a c i t y .  DLA . by law , c a n -

not own real p r o p e r t y  and , t h e r e f o r e , m u s t  obtain  use of t er m i n a l s

owned by the g o v e r n m e n t  and c o m m e r c i a l  c o n t r a c to r s  ( R e f  1) .  This

has resu l ted  in the fol lowing t i -tree t iered c l a s s i f i c a ti on  of t e r m i n a l s :

GOCO (Government Owned and Contractor Operated); COCO ( C o nt r a c  - 
a

t on  Owned and Op e r a t e d) ;  GOGO ( G o v e r n m e n t  Owned  and Op e r a t e d) .

The GOCO terminals represent those tha t have been f o r m a l l y  per-

mitted to DFSC by the mi l i t a ry  services through Real Property Per-

rnit s .  Al thoug h DFSC does not  own the f a c i l i t y ,  it is full y responsible

fo r  its opera t ion .  In those locat ions  w h e r e  g o v e r n m e nt  fac i l i t i es  a r e

not ava i lab le  or p rev ious ly commi t t ed  and w h e r e  DFSC d e t e r m i n e s  t h a t

a need exis ts , commerci a l  t ankage  is c o n t r a c t e d  fo r  sp ecif ied amoun t s

of storage and *throughput capability. As discussed earlier . the cost

of operating these COCOs and GOCOs is ti-ten recaptured by DFSC as a

service cost adjustment to the s tandar d pr ice.  A l i s t ing  of GO CO s

and CO COs is found in Table  III. The r e m a i n i n g  o5 DFSPs , r e f e r r e d

12
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to as GOGO t e r m i n a l s , ar e  owned , op e r a t e d , and r e m a i n  the  f i n a n ci a l

r e sp o n s i b il i t y  of the  o w n i ng  m i l i t a ry  s e r v i ce . A l thoug h a hc ’sc ~;oc;Os

con ta in  DFSC a~~~~~ n ed  f u e l , t h e  nu l it a  ry se- r v i c e  has the  f i na l  a u t ho r i t y

as to wha t types  of fue l  a re  st or e d  and how— the  t a n k s  a r e  used .

Because  of th is , the  N a v y  has adapted a ph i losop hy d i f f e r e n t  f r o m  the

A ir Forc e towards the operation of its CONUS terminals.

With in  the Zone of the In t e r i o r , a l l  A i r  Fo rce  t e r m i n a l s  are ’

opera t ed by DFSC as COCOs ( t i - i c -  A r my  has  no C ON U S  t e r m i n a l s ) .

C o n s e q uen t l y ,  the Ai r  Force ’  is riot required to fund  monieS  t o  r t h e

ope ra t ion  of these  f a c i l i t i e s .  \Vhe ’n 1MM was  imp le m e n t e d . the Na~ y

also t u r n e d  over  the  op e r a t i o n  of i t s  t e r m i n a l s  to  DFSC. H o w e v e r ,

shor t l y t h e r e a f t e r  they  a s k e d  f o r  t h e  r e - t u r n  of t h e s e  t e r m i n a l s  and

have o p e r a t e d  them as GOGOs e v e r  s ince ’ . T h u s , wh i l e  the  N a v y  may

k e ep  the  pr ic e of i t s  p r i m a r y  use  fue l s  (J P 5  and DFM)  down a f ew

mills b e c a u s e  DFSC i n c u r s  l i t t le  s e r vi c e  cos ts  in t h e i r  m a n a g e m e n t .

they mus t  a n n u a l l y bud get  f o r  t e r m i n a l  o p e r a t i o n s  and m a i n t e n a n c e .

Under this conc ept of operation the Na~ y does exper ience  a deg ree  of

independen ce in t i - ic ’ ope ra t i on  of its termin als ti-tat th e  A i r  Forc e does

I :  not en joy.

DFSC and the Military Services. As imp lied ea rlie r . the

s e c r e t a ry  of each of the military depar tments is respon sibl e f or th e

management  and o~~n cr s h i p of w a r  reser~ e and peacetime operating

stocks of pet ro leum products  on base .  Depending on the a m o u n t  c a f
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pr odu c t us ed , the ’ comp l e x i t y  of this  r e sp o n s i b i l i t y  v a r i e s  b e t w een  the

scr~ i es and a m o ng  operational functions. Figures 2 and 3 p r o v i d e  an

insight of how product useage’ is divided a nio n g  the se- r~- i L  cs and

operational functions (Ref 5:7).

The i n t e r a c t i o n  be tween  DoD and DFSC is founded  on a need by

the m i l i t a ry  f o r  f u e l  and the a s s o ci a t e d  p r o c u r e m e n t , s t o r a g e , and

d i s t r i b u t i o n  func t ions  tha t DFSC p r o v i d e s .  As  mi g ht be expected f r o m

Figu re s  2 and 3 , both  the  A i r  Force  and N a vy  m a i n t a i n  r a t h e r  l a r g e

s t a f f s  of ap p r o x i m a t e ly 30 peop le each at DFSC. T og e t h e r  wi th  the

inputs f r o m  o t h e r  DoD ag e n c i e s , these  s t a f f s  ac t  as a foca l  point  fo r

col lec t ing  and r e l a y ing to DFSC r e q u ir e m e n t s  fo r  peace t ime  consump-

tion and w a r  r e s e r v e  s tocks ,  in its b r o a d e s t  s ense , it  is the es tab l i sh-

men t  of t h e s e  l eve l s  that  de te rmines  the level  of s e r v i c e  that  DFSC

must  p rov ide .

This log ically leads to a d iscuss ion of the d e t e r mi n a t i o n  of

r e q u i r e m e n t s .  However , be fore  inves t i g a t i n g  this i s sue , it is neces-

s a r y  to r ecogn ize  a c ondition of the bulk fue l s  env i ronment  that  has

implications f o r  DFSC managemen t  and r e s e a r c h  in this a r e a .  This

condi t ion  is t ha t , desp i te  the l a rge  numbe r of p r o d u c t s  and loca t ions

s e r v i c e d , onl y s ev er a l  produc t s  a r e  heavil y used and r e l a t i v e ly  few

loca t ions  d i s t r i b u t e  l a rg e  amounts .  This phenomenon is not uncorn-

mon in m a n a g e m e n t  and can be exp loited to prov ide  insi ght  in to  p a r t i c u- .

lar philosop hies of manager ia l  cont ro l .  Consequen t l y ,  a d i s c u s s i o n  of
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n i a n ag e  r i a l  c o n t r o l  has  b e a r i ng  on the s tud y and is PC’ r t i n e n t  a t  this

point .

Manager ia l  Control  fo r  DoD Bulk Pe t ro leum

Eff e c t iv e -  i1 a n ag e r 1 u’ a~t r e q u i r e s  t ha t  the a m o u n t  of management

e f f o r t  app lied ~~i ry  in d i r e c t  r e l a t i o n s h ip to the  impor t ance  of the  i tem

being managed  ( R e t  b :28) .  I~ut  it is a l so  t r u e  t ha t  un less  each i tem is

under  a r ea s o n a b l e  deg r e e  of c o n t r o l , the a g g r e g a t e  wil l  not be u n d e r

a d eq u a t e  c o n t r o l  ( R e t  7 : 19).  Some a p p r o a c h  is needed to isolate  those

i tems r equ i r i ng  e x t r e m e ly p r e c i s e  c o n t r o l  as  opposed to  those  i tems

tha t can  be con t ro l l ed  wi th  l e s s  pr e c i s i o n .

A conc c’pt t ha t  can be u s e - f u l  in managemen t  c ontrol  is P a r e t o ’ s

law . The law s ta tes  ti-ta t the si g n i f i c a n t  e lements  in a specified g roup

usua l l y cons t i tu te  a relat ivel y small  por tion of the total i tems in the

group .  Fi g u r e  4 is an example of a curve ’  based on Pa re to ’ s law (Ref

8:1 2 9) .  When  Pa re to ’ s law app lies , the m e s s a g e  f o r  management  is

clear:  identif y the si gnif icant  e lements  and c o n c e n t r a t e  cont ro l  e f f o rt s

on those e lements .  These control  e f for t s  may include documenta t ion

C r eq u ir e d , m a n a g e m e n t  in fo rmat ion  r e qu i r em en t s . a m o u n t  of automa-

tion al lowed , and c e n t r a l i z a t i o n / d e c e n t r a l i z a t i o n  of m a n a g e m e n t

a u t h o r i ty .  By use of control  techniques of this s o r t , th e cos t  c)f con-

t rol  is minimized whi le  still r ecogn iz ing  the most  i m p o r t a n t  i t e m s  t o r

increased  s c r u t i ny .
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Figure 4. A Pa re to  Curve

DFSC is well  aware  of the aforement ioned var iabi l i ty  of c on-

sumption by product  type and usage by location. Although DFSC

certainly takes this fact  into consideration when managing these

aspects , it does so based on pract ical  experience and obse rva t ion

without formalizing Pareto ’ s law .

This Pare to  concept was introduced early in the stud y because

C it supp lied direction to the subsequent  r e sea rch .  The s igni f icant

elemen t s fo r manager ia l control  can also be viewed as the most logi-

cal areas for  concentra t ion  when inves t iga t ing  a mu l t i -p r o d u c t

g eographically divers ified organizat ion . As discussed next , the detern-ii-

nation of inventory requirements was examined fo r  feasible  a l t e rna te

methods, is

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Dete rmina t ion  of Requ i r emen t s

DoD Di rec t ive  4 1 4 0 . 2 , Management  of War  R e s e r ve s ,  cites that

the basic objectives of DoD are  to be prepared  to suppor t  national

polic y and defend s u c c e s s f u l ly the s e c u r i t y  of the na t ion  in emergen-

cies.  A p r i m a r y  e lement  of ma te r i a l  r ead iness  is the sound and

ca refu l  es tab l i shment  of adequate  r e s e r v e  s tocks  (Ref  9t 1). In keep ing

with this  pol icy,  preposi t ioned w a r  r e s e r v e  r equ i r emen t s  ( P W R R ) ,  the

fue l  required to c a r ry  out the ini t ial  s tages  of a w a r , a r e  computed  by

the armed se rv ices  by g rade  of produc t and location  us ing  p r e -D - d a y

wo rldwide mater ia l  policies , approved fo rce  s t r u c t u r e , and joint

s e rv ice war  plans.

Peacetime operating stock (POS) levels , the quantity of fue l

au thor ized  to sus ta in  dail y opera t ing  a c t i v i t i e s  d u r i n g  peace t ime, a r e

computed on the bas is  of a v e ra g e  dail y consumpt ion, r e supp ly q u a n t i t y

and time f r a m e , and au tho r i zed  d e via t i o n s .  Peace t ime  opera t i ons

mus t  be supported dail y; t h e r e f o r e  in us ing  base t ank  c ap a c i t y ,  the

serv ices  ass ign  P08 requirements  f i r s t  and use any  remain ing  c a p a c i t y

to s tore preposi t ioned w a r  r e se rve  (Ref  10 :2 ) .  A c o n v e n i e n t  method

C 

f o r  concep tua l i z ing  this p rocess  is the t a n k ag e  model p r e s e n t e d  in

Figure 5.

Each  DFSC te rmina l  and DoD o p e r a t i n g  locat ion ma i n t a i n s

a i nven to ry  to suppor t  POS requ i r emen t s. The f o r m a t  used by DFSC in

a r riv i n g  at a POS l eve l  is found in A p p e n d i x  A , page  104. A l s o  in the

1 1
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same  . ipp c ’ndix , page I t )  ~a . is A i r  1’’o re c l’ a, a r t l C h a l , B u l k  F u e l s I ’ t ’ae  a ’ —

t ime’ O per a t i n g  Stoc k ( I  ‘OS) (;on -tput~i t i e a r  . I h a t l i  p roe edo re s a i- c-

~-s s  er t i a  11 y the” s a me - ‘1’ h ree s pe’c i f i - s t ep s  in t h i s  e’ a Ic u I a l i o n  .i iol  t h e’

use ’ a~ t j v a c e ’t ina’ ass ’t s f o r  \ V 5 l  I’ l ’ V S t ’ F \ e’ p l an n i n g  .i re ( l15C ’ I C S S & ’ ( l  n e x t .

I” or ec  as tins Cons u tnp t ion  . I ‘OS c e ) f l i p u t a t i c ) I )  S .1 C’ C’ m a d e ’ tw ice ’ .i

yea i- . The I ~‘a .1 ul y r e p o r t  p ret’ t’d es t h ’  pe r i~ad a ’ t I Oc t c a b e  r to I N Ia r e - l i

and the  I ‘~ J an u a  rv r e p o r t  e ’ a ’V C r S  t he  p er i o d  ot ’ I A p i - i l  t o  ~O Sep t c ’nther .

Eat ’ h t ime  a c o m p u t a t i o n  is made ’ , t he’ in d i v i d u a l  c omp l et i n g  t h e  t o  r n - i

I ort ’ e’ .t st  s t h a t  i n st .  l l a t i on ’ s c o n s u mp t i on of e’ .ia h i n d i v i d u a l  f u e l  p r o du e - t

f or  (he ’ Cipe - o n h i n g  six  month  p er iod  ( l ine  t w a a ) .  A c e  a’ rd ing  to c u r  r en t
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Air Forc e’ d i r e c t i v e ’s , ti - i c det e  rm in a t i o n  of r equ i  r e n - t e n t s  should  inc lude

suc h f a c t o r s  as issue’ exp e l - i c l I ce ’ , p r o j e c t e d  m i s s i o n / p r ogr a m  ch a n g e s ,

and A i r  Na t i ona l  Gua r d / R e s ’ r v e ~ ann ual  t r a i n i n g  suppor t  ( R e f  1 1 : 1  — 19 ) .

On line t h r e e  of the f o r m , the da i l y d e m a n d  ra te’  (D D R )  is c a l c u l a t e d

by div iding line two by 180 days. The DDR then becomes the p r i m a r y

factor from w h i c h  the final a cc ounta ble POS le’v e’l is d etc rmined.

B e cau s e  ti’ic six month  fore ’ e-a St bee c a n t e s  suc h a c r i t i c - a l  e l e m e n t

in the c o m p u t a t i o n s  to fol low , any  e r r o r s  in th i s  fi gu re’ a f f e c t  t h e

e n t i r e  r equi  r enwn t s  d e t e r m i n a t i o n  procedure. Y e’t , the  p r o j e c t i o n

it s e ’ l f  m u s t  be r e l a t i v e l y s u b j e c t iv e ’ because’ of t h e  a m o u n t of p e r s o n a l

jud g m e n t  i n v o l v e d .  Tlì i s  i - a i s e ’S S e’ve ’ ra I i f l ip o r t a n t .  qu est i e)n s  . Spe’ —

c i f i c a l l y ,  how w e l l  a r c  the base fu e l s  m a n ag e men t  o f f i c e r s  and I c ’ i -m i —

nal  o p e r a t i o n s  m a n a g e r s  ab l e  to predic t u s a g e ’ Do t h e y  t e n d  to  a a~

or under e’s t in -t a tc  den-t and’.’ If so , is it  s i g n i f i c a n t ’

De t e rmin ing  a S a f e t y  I e ’vCl f o r  P05. A s a f e t y  le’ve’l f o r  P05 is

c omputed on l ine  f i v e  ~ f the f o r n -t u l a  . i wo  mu l t i p l i c a t i v e  f at ’ to rs  , ~~~. ~~ 5

and . 25 , a rc  used .  R~~sea rc h into the der i v a t i o n  of these  m u l t i p l i e r s

fa i l e d  tea  produce any  d o c u m e n t e d  or c o n s i s t e n t  exp l a n a t i o n . R e c e n t l y ,

the DFSC M a n a g e m e n t  Suppor t  O f f i e  e of the  D i r e c t o r a t e ’  of Supp l y

O p e r a t i o n s  c i r c u l a t e d  a M en - iorandut -n  f o r  R e c o r d  e x p r e s s i n g  c on c ern

~av ‘ r the ’ va l id i t y of the s a f e t y  Iev e ’ l f o r m u l a  ( R e f  1 ~ :Ene ’ I I t .

Sa fe ty  s tock is def ined as the i n v e n t o r y  m a i n t a i n e d  to p r c a t a ’ e - t

aga ins t  the ’ unce r t a in t i es  of demand be tween  r e o r d e r -  and rep l e n i s h —

It ment .  In g e n e r a l , the amount  of s a f e t y  s to c k h e ld  is d e pen d e n t  on t h e

_ _ _ _  —- -~~~~~~~~~~~ - --~~~~~~~~~~~~~~ -~~~~~~~~~~~~~ —~~~~~~ -- — -~~~~~~~- - 
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par t i c u l a r  de mand p a t t e r n  exhi bi te d by the i ssuing a g e n c y .  Ins tead  of

the  p r o c e d u r e  d e s c r i b e d  on l ine f i v e  of the f o r m u l a , the f i t t i ng  of

ac t u a l  demand to a t l i e -or e ’t i c a l  p robab i l i ty  d i s t r ibu t ion  would  p r ov i d e

a concise  m at h e m a t i c a l  app roach  to the ca l cu l at i on  of a s a f e t y  s tock .

~:-T~~~k Bot toms and ~-Pi peline Fi l l .  The A i r  Force  f o r m u l a  f o r

Compu t ing  POS includes a fa e - tor  wh ich  inc reases  the requ i rements  by

the quan t i t i e s  in pi pelines and s t o r a g e  t ank  bot toms ( l i n e s  11 and 12) .

Suc h fue l  is considered to l)e i nacces s ib l e  under  n o rma l  opera t ing  con-

— ditions and t h e r e f o r e  not avai lable  as e i the r  POS or w a r  r e s e r v e .  In a

1975 repor t  ent i t led  Bulk Fuels Need to Be Better Managed the General

Accoun t ing  Off ice-  (GA O) c r i t i c i zed  this p rocedu re  as unne c - e ’ssar il y

inf la t ing  inven to ry  re qui rements  (Ref  10 :12 ) .  The GAO’ s reason ing

was  that , w h e r e  w a r  r e s e r v e  fuels  a rc  s tored in the same  s y s t e m  as

POS, th e pipeline fill and tank bottom quantities could be considered as

w a r  rese’r v e ’  d u r i n g  p e a c e t i m e . C o n v e r s e ly ,  in an e m e r g e n cy ,  when

POS \v e)uld not  be ’ needed , the f u e l  f r o m  pipelines and t a n k  bottoms

could be con sidered as POS and would not be needed as  w a r  r e s e r v e.

DoD counte red  by s t a t ing :

Adapt ion of suc h a p r a c t i c e  would e f f e c t i v e l y reduce
the a s s u r e d  P W R R  leve l  at  any s to rage  locat ion
w h e r e , at  the t ime of the e m e r g e n cy ,  POS should
happen to be at minimum levels -a c y c l i c  o c c u r r e n c e
( Re ’f l0 : .~3).

The GAO’ s re ’sponse  to this  w a s :

Al thoug h POS may somet imes  be at  min in-rum levels
and be insu f f i c i en t  to disp lace the en t i r e  quan t i t y  in

‘a  
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pipelines and tank bot toms , this is not a common
occur rence  (Ref 10:16).

In any event , the GAO went  on the emp has ize , special  methods did

exist for  re t r iev ing  such fuel  in an emergenc y should POS not be avail-

able to disp lace pipeline and tank bottom w a r  rese rve  quanti t ies .

Use  of Peacetime Asse t s  to~~~~pport  War t ime  Act iv i ty .  War t ime

fue l p lanning assumes no al lowance fo r  POS when PWRR levels a re

calculated.  Being unable to fo r ecas t  actual individual POS levels , the

war  plans assume the most conservative  condition of no POS available

to support P W R R .  Althoug h this will  be the case in onl y a few loca-

tions , the risk is deemed such that any cost savings is outweig hed by

the strategic imp lications of not having enoug h P W R R  when needed.

The dilemma, if there is one , is that , in the agg rega t e , cons iderab le

amounts of POS will be available.

P lanning for  Storage

If every DoD faci l i ty  had enough tankag e to s tore  all its fuel

requirements , each base would be self sufficient and , except fo r

resupp l y, l i t t le coordination would be required.  Unfo r tuna t e l y ,  the

real world is much more comp lex. In the case of DFSC , e v e r y DFSP

maintains w a r  r e s e r v e  fue l  fo r  a t  leas t  one mi l i ta ry  ins ta l l a t ion .  As

regards the Air  Force , approximately 75% of all bases e i ther  s tore

fuel  fo r  anothe r base or have portions of their  fuel  r equ i rements  s tored

at othe r locations. The process of determining who s to re s  how much

23
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b r  w h o m  is the ’ s t i b te c t c ’t t h i s  p a r t  c a t  t h i s  i i i t i ’ c ’ d u c t c a r ~ c h a p t e r . In

a d d i t i o n , t~ o p r c a I )  1 em a r e ’ .t s r e l a t i n g  to  p l a n n i n g  a ’  i~ s te a r a g e ’ a r e a I S e a

dcv c lop ed.  . - t i e ’  i s  the p rc ab le ’m c a t  an a l  y z ing lone  It’ i - n i st  a~ r a g e  iii ~ e 5 t —

l i t e nt  p r o j e c t s .  A l s o , t h e  p c s s i b l e  e- h a r t g e ’ c a ~ en ’ I a ’ .4 sc a l e  i - I  I t i e l h a s

si g n i f i c a n t  imp l i c a t i o n s  to  the ’ sto  r a g e ’ c a t  I IC c ’ I

— \ l l o e ’at ing  S t o rag e .  A t  t he  op e ’ r . I t i l i g  Ie ’~ e’l , t h e ’ A i r  i- ’o i ’c a ’ b a s a l

A r my  p o st / N a \ \- p o r t  or  a i r  s t a t i o n  t u e l s  t h h a n a g e ’ r a l l o c a t a ’ s  h i s  st o n - a g -

as bes t  f i t s  his  in s t a l l a t i o n s ne ’e’ds and r e p o r t s  a ny  s h t c a r t t a I I s  o r

ex c e s se s  in a a p . i c i t v  to his se r v i c e .  i’h e’ s e r v i c e ’  t h en  . i t t e n - i p t s  I a ’

mat~’h a~~a i l . i b l e ’ s t c a r ~ i g e ’ w i t h  b a s e s  n - e q t i i r in g  i t .  l”a i l i n g  in t h i s

end ca v r • a ny  s ho r tc  oming  is repo i-ted tea I) I”SC as a t er  t t i i n a  I s I c  a r age -

r equire ’mer -i t (1) 1) F or m  1887 , A ppend ix  :\ . page’ 1 O0~ . DFSC su p p ly

spec-ia  l i s t s  c o n s o l i d a t e -  the ’ re ’qui rem e ’n t s , compute’  I ‘OS s t e a r a g e ’ r e q u i  i-c -

n t en t  s to  r t e r m i n a l s  . and a s s i g n  the  t o t a l  I-eq ci i i ’  e r-nen t s I c ’  a l l  a l a l e

s t o r ag e  in a w o r l d w i d e  s t o r a g e  pr og r~t rn. I h i e i ’ e’ is a l so  .i pt - oce du i - e

~c’he r eb y the s e r v i ce s  repet r t  a ny  t a n k a ge ’  t h a t  t h e y  ~ onside’ r as  e’xe c’s s

te a DFSC (DD Form 1888 . A ppendix  A , page ’ I t )  I ) .  In t ht& ’ c ’rv . 1) 1-SC

then  c o o r d i n a t e s  the  u s a g e ’ of t hese  t a n k s  to S t o r e  ane t t i i t ’  n’ se r v i c e ’ ’ s

fue ’ 1. As  d e t e r  mined f r o nt  c on - i s - c rs a t i e -tn 5 w i t  hi ‘. . i i i  c a i i  s f u e l s  i t  i . t  n ag  a ’ r s

this p r e c c d u i - e- of i n s u r i n g  m a x i m u m  t a n k  u t i l i - .’ a t i c a n  ap p e a r s  se l d o m

— used .

W lien t o t a l  s t o r ag e  r equ i  r en t e n t  s cxc e’ed the  c o m b i n e d  c -a pae’ i t v

of on b a se  st o r a g e ’  and g e a v e  r n m e n t  owne’d t e r m i n a l s , I)F SC c a b t a  i n s

.‘~ 4
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a d d i t i o n a l  s t o r a g e  c a p a c i t y  t hr o u g h c o n t r a c t s  w i t h  c o m m e r c ial t e rn i-

na l s .  A t  the p r e s e n t  t ime t h e r e  a r e  b . 8 mill ion b a r r e l s  in the CONU S

alone under lease  to meet  these  excess  r e q u i r e m e n t s  ( R e f  1 3 :13 9 ) .

The re  a r c  c i r c u m s t a n c e s, p a r t i c u l a r ly in E u r o p e . w h e r e  ti-r e ava i l ab l e

g o v e r n m e n t  and c o m m e r c i a l  t a nk a g e  w i l l  not  be s u f f i c i e n t  to c o v e r  all

the r e q u i r e m e n t s .  In this c a st ’ , DFSC obtains  ti -re s e r v i c e ’ s a g r e e m e n t

to allow a por t ion  of the w a r  r e s e r v e  r e q u ir e m e n t  to r e m a i n  u n c o v e r e d .  —

Suc h ac t ion  n o r m a l l y r equ ir e s  a w a i v e r  f r o m  the O f f i c e  of the  Chief af

Staf f  of the a f f ec t ed  s e r v i c e .

The DFSC *Defense  Fuel  Reg ions ( r e f e r e n c e  Fi g u r e ’ 2 )  p u b l i s h

a n n u a l l y E m e r gen c y  D i s t r i b u t i o n  P l ans  ( E D P)  to i n f o r m  all o p e r a t o r s

of t a n k a g e  s t o r i n g  fue l  f o r  ano ther  loca t ion  of t i -re  p lanned d i s t r i b u t i o n

p a t t e r n  and p r i m a r y  mode of t r a n s p o r t a t i o n  of fue l  in an e m e r g e n c y .

‘l’he plan adv ises  the  opera t ions  m a n a ge r  of how much  f u e l  is  to be

moved  he ‘- e in an en wr g e ’n c y . A ppendix A . page’ 102 . c o n t a i n s  a

sa mp Le ED T-’.

Long T e r m  I n v e s t m e n t  Dec is ions .  The r e l o c a t i o n  p r o c e s s  j u s t

d e s cr i b e d  is a d i r e c t  r e s u l t  of a s h o r t a g e- ~ f go \  e’r nm en t  f u e l  s t o r a g e ’

. i t  or  n e a r  needed loca t ions .  One s o l u t i o n  to  thi s is s imp ly b r  t i - r e ’

DFSC to a c q u i r e ’ a d d i t i o n a l  t a n k s .  This c a l - i  o c c u r  in Lw w a y s ,  b i c a s t

obvious l y ,  money  could be ap p r o p r i a t e d  to bu i ld  new t a n k s  vc h e r e

needed. A l s o  pos s ib le  is the rec la iming of s u r p lus  g c a v e ’r n m e n t  b u d

s t o r a g e - , i . e .  w h e n  a m i l i t a ry  ba s e’ c loses . b e f o r e  t he G o v e r n m e n t
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S e’rv i c e ’ s A genc y a u c t i o n s  it off to the  publ ic .  The p r o b l e m  is t ha t

p rese ntl y dec is ions  to secure  addi t iona l  s torage ’  a r c ’ made w i thout

being able to integrate such a choice into t l c  e nt i r e  s t o r a g e  net~c - ) r k

to m e a s u r e  its  o v e r a l l  e f f e c t ,

B ea t h  of t h e s e  ty p e  of p r o j e c t s  requi re ’  l a r g e  a m o u n t s  of cap i t a l

i n ve s t m e n t .  Ti-re cos t  of new- t a n k a g e  is e s t i m a t e d  at  $ 1 2 . 0 0  a b a rr e l

(R e f  1 4 : 1 25 ) .  Depending on its condi t ion , it can t a k e  up ~o $25 0 , 000

to reha bi l i t a te  and br ing  up to p re se  r ibed s t a n d a r d s  s u rp lus t a n k s .

As r eg a r d s  such  pr o j e ct s , the ques t ion  tha t a sing le m a n ag e r  f o r

s t o r a g e  need s t a  a n s w e r  is , W i l l  the l a r g e  c ap i t a l  i n v e s t m e n t  t h a t

acqu i r i ng  addi t ional  t a n k ag e  r e q u i r e s  be o f f s e t  by a r e d u c t i o n  in O\ e’ r-

all s y s t e m  s to r a g e  cos t  w h e n  v iewed ove -r  a per iod of y e a r s ” ”  A pos-

s ible  cl-range in op era t ing  proc edure  ti -tat  may  t e mp e r  a ny  such  long

t e r m  s to rage ’  dec i s ion  is ti -re i n t r o d u c t ion  of JP8.

The U - s e  ol JPS.  The pr op o s a l  f o r  A i r  Force  and N a c  y c o n v er -

sion f r o m  JP4 and JP5 to JP8 has been r e s e a r ch e d  and d i s c u s s e d  f o r

many y e a r s . As  shown in Table IV , each fue l  has  d i f f e r en t  p r op e r t i e s .

ause  of i ts  m o re  s t ab le  composi t ion , J P 5  was  adapted  f o r  u s e  by

the N a v y  in 1 -
~ 2 due to ti -re need fo r  a le ’s s ha za rdous f u e l  f o r  s i-ri p -

boa rd use  ( R e f  l 5 :t’) . A i r  Force ’  c o n c e r n s  i a \  e’r f ue l  i c ing  p r o b l e m s  at

cold w e a t h e r  l o c a t i o n s  due to JP5 ’ s hi g her  f r e e z i n g  po in t  and  w o r r i e s

about the hi g h e r  e n e r gy  ignit ion s y s t e m s  JP 5  r eq u ir e s  due t o  i t s  hi gh e r

f l a s h  po int  s t i f l e d  a n y  e f f o rt s  a t  e s t a b l i s h i n g  a c o m m o n  m i l i t a r y  j e - t

f u e l .
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Table ’  l\

I ) i f fe r e n t  Pr op e ’r t i e s  of JP4 , J 1--’~~. at -rd JP$

JP4 _TP ~a J 1~ 8

F l a s h  l~oin t — 2 0 °F’ 140°F 10~~0F
l”re - e -z e  Po int  - 72 °F  -40°F
B l e n d i n g  lng r e d ie nt  Nap h tha  +Ne  re-i h e r a ’ s  C l i i’ Re ros cue
P r o d u c t i on  C ap a c i ty  Suff ic ient  L i m i t e d  l .a r ge  P o t e n t i a l
I, s c ’r s  USA F [SN N A T O

As the sp e c i f i c a t i o n s  in T a b l e  IV ind ica te’ . the cisc ’ of J P8 could

be e c a n s  i d e ’ red a comp ror i ii s  e ’ . Beg i n n i n g  in the  s u mi ne  r of I ~ 7$ . NA 10

in t r c - i du c e d  J P S  •i s  i t s  s t a n d a r d  f u e l .  A com p l e t e ’ c o n v e r s i o n  is p l a n n e d

by  I c 8 0  ( R e t  I ‘
~ : ta ) . W i t h  few e’ x c e’ p t i e a i i S  . a l l  U SAF and [SN j e t  a i r —

r , i t t  cou ld  be ’ s imp l y modi f i ed  to use JP8. Desp ite t i - r e  d i f f i c u l t i e s

suc h a Ia r g e  s ca l e  t r a n s i t i o n  ~c ill l ikel y gene  r a t e , coo r d i n a t i n g  t h e ’

p r o cu r e men t .  d i s t r i b u t i o n , and S b  r a g e ’ of onl y one e’t f u e l  can  be

expec ted  I c ’  gr e a t l y s t r e a m l i n e  DFSC o p e r a t i o n s  and i n c r e a s e  manage-

m e n t  c U l t  ie ’nc \

In the  a r ea  e-if s t o r ag e  a l l o c a t ic ’i , it is an t i c i pated t h a t  mu c h c e r n  —

so l i da t i on  of t ankage  wil l  be possible.  P r e s e n t  N a v y  ope r a t i n g  po l i cy

p r o h i b i ts  ti -r e j u t  roduc  t ic - in c- if J P4 into a ny  s t o r a g e  s v s te m  c o n t a i n i n g

JP~’ . Ti-ic c ~a f lC  em is t h a t  t he  ic ’s s s t a b l e  J ~ ~4 w i l l  c c a n t a m i n a b  e I lie

equipn- e’nt and n-rake it u n s u i t a b l e  f o r  t u i e  u sc ’ ot J I ’~ . Due to s i m i l a r

\ \ e a r r ies  about  produc t dc-gradat ion . the N a v y  h e s i t a t es  to  a l l o w  i t s  f u e l

to be s t o r e d  in A i r  F’o r ce  t a n k s ,  In i ts  elf , t h i s  m ay  n o t  s e em tha t

- - a - -a - a - -- -a~~ - - - -



inipo r t a n t .  \‘ e’t , t h e s e  two f u e l s  u- t ’p re -s  eni  a bout  ~ 0 ’  of t l e  te ’t a i

inv e’n t o r y  of bu lk  t u e ’lS . In t h e  a g g r c - g a t e , a n y  c- e a i i s o l i d a t i o n  e af J P4

and J })~ w i l l  a t t c c t  the ’ e n t i rc - s t o r a g e ’  s i t u a t i o n .

S t a t e men t  of the  P rob 1cm

As seen in l ab l e  1 on t u e  s econd  page’ of th is  t hes i s , the a~ er  —

a ge in\ e’n t o r v  tea r this  s i x  mon th  per iod  is abou t  88 . 000 , 000 b a r r e l s ,

a t i g u r e -  w i -r i c h  i t  i s  a s s u m e d  is r e p r e ’sc ’n t a t i v e  of a 12 m o n t h  a v e -rage ’ .

Ana l y s i s  of t he ’ ~. ~i I of c ap i ta l  at -id r a t e ’ cal r e t u r n  r equi  r e i n c -n t s  f o r  ti -r e

p e t r ol e u m  i n d u s t r y  s ug g c - st  t i -ra t  i t  c e a s t s  a b o u t  $4.  00 be ) i - re - r id  cane b a r r e ’l

of c r u d e  oil in i f ly e’n to rv  b o r  one y ea r (Re - f  L 4 : v i i .  LI’ DoD’ s a v e r a g e ’

in v e n t c a r y  is c o n s i d e r e d  in li g ht of i n d u s t ry ’ s ho ld ing  c o s t , the  e’ost  of

m a i n t a i n i n g  th i s  i n v e n t o r y  l e v e l  is $352 , 000 , 000. Of c o u r s e , the

pe t ro leun ’i i n d u s t r y ’ s exp enses  do ne -i t nece’s s a r il y r e f l e c t  t h e ’ cos t s  e) f

the ’ g c a v e ’ r n ni e n t .  How c’~ em , t i -ic a n a l o g y  Sc ’ rv es to e’ mp ha s ize  t i - ic a moun t

e a t  cap i tal  m v i’s t ruent  such  a p r o g  ra t -r i  r e q u i r e s .  W h a t  is  k n e a w n  w i t h

cc’ r t a i n t y  is tha t the g e a v  e’ r nn i e ’nt  does ex p e r i e n ce  an oppor tun i t y  c e a s t

loss wi th  eawning this m a s s i v e  i n v e n t o r y .  Based 0~~ t i le  a s s u m e d  12

month  a v e r a g e ’ , a pr ice  per b a r r e l  eif r e f ined  p r o d u c t  of $ 1 8 . 0 0 . at -rd a

disc  ount  r a t e  of 1 0’~~, the a n n u a l  o p p o r t u n i t y  c 05 t a l a - i n c  tea  t h e  go~ e ri -i —

me-nt  is $158 , 400 , 000.

In add i t ion  to oppo r tun i t y  and othe t i n t a n g ible  c e a 5  t 5 , t i - r e t - c’ a r e’

s t o r a g e  costs  which  a r e  a spec i f ic  ou t - e a f - p o c k e t  e’xpe’nse to the  DoD.

Because DF’SC has n a - i  op e r a t i o n al  e-ont  re - i l  e’\ e’ r t i - r e  sto rage ’ of f u e l s  on

2 8



base’s or  at GOGO t e r m i n a l s , the ’  mc is no s ing le ’ bu lk  pc- I r o l e um  s t o r a ge -

m a n ag er . The’ ne t  r e s u l t  is a pie -c  e ’ n i e a l  a p p r o a c h  lo a l l o c a t i n g  s t ( a r a c e

t i -ra t  n -ray  o f t en t i n i e s  onl y s u b o p t i n izc -  t he  en t i r e ’  sch e n -r e  ( R e f  l t  : 2 a i ~~ )

The r e f o r e . w h e n  DFSC m u s t  p r e p ar e  an econon -iic a n a l y s i s  of a pro-

posed c h a n g e  to the’ s t o r a g e - n e - l w  o rk , s u c h  as  c o n t r a c t  r ev i s i o n  fo r  a

COCO te -rm i n al  or onì e of the  long t e r m  cap i t a l  i n ve s t m e n t  p r o j e c t s

j u s t  d i s c u s s e d , it  is n e c e s s a r i ly u n a b l e  to e ’va lua l c-  th is  cho ice  fo r  i ts

e ’ t f e ’ c t  ofl the ’ e n t i r e  s t o r a ge -  p ic tu r e ’ .

W i t h i n  this  con tex t , ti -re r e s e a r c h  p rob lem that  exis ts  is ti -ra t of

a l l o c a t i n g  s t o r a g e  so as to dee r c -a s e  DoD ’ s t o t a l  e x p e n d i t u r e  to main-

tain i ts  p e t r o l e u m  i n v e n t o r i e s .  B e c a u s e -  it  is ti -re ’ i n v e n t o ry  l e v e l s  t i - r a t

d e t e r m i n e  ti -re s t o r a g e ’  r e q u i r e m e n t s , the ’ res ea re-h p rob lem needs  to

be ap pr o a c h e d  in t w o  s t eps .  A t  t he  f ir s t  s tep  ti -r e r e s e a r c h  q u e s t i o n  is ,

- I)o p r e s e n t  i n v e n t o r y  d e t e r m i n a t i o n  metii ad s prov ide  j u s t i f i a b l e

r e q uir c ’r n e n t s?  ‘ A t  the  second s tep  the q u e s t i o n  is . Once i n v e n t o r y

levi- is  h a v e - been a s s i gned , is t h e r e  a c o n c i s e  a n a ly t i c a l  t o o l  to enab le

ev a l u a t i o n  of a l t e r n a t i v e  s t o r a g e  opt ions  wi th in  the en t i r e  sto rage

n e t w o r k?

Specific Objec t ives

The p r i m a ry  objec t iv e of this  s tud y was  to i nves t ig a t e  ti -re e’stab-

l ishment  of i n v e n t o r y  r e q u i r e m e n t s  and ti -re r e s u l t i n g  s t o i ’ a g c ’ of t h e s e

levels  to d e t e r m i n e  if t he r e  w e r e  possible  a r e a s  f o r  i n c r e a s e d

e f f i c i e n c y .  The  fo l lowing  f i v e  objec t ives  w e r e  deemed a l o g i c a l2
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sequence to approach ing  this p rob lem:

1. Develop an unde r s t and ing  of the op e r a t i o n  of DFSC
and its re la t ionship v i t h  those  DoD ag en - i e .  ~t
services.

This objec t ive  has been developed in this opening c hap t e r .

2. Consider ing the g e o g r a phic and p r o d u c t  d i v e r s i t y  of
the bulk p e t ro l eum invento ry ,  examine  the app lica-
bility of manager ia l  con t ro l  techniques based on a
Pa re to  type d is t r ibut ion .

A l t h o u g h  DFSC intu i t ive l y r ecogn izes  this condit ion , f o r m a l  ident i f ica-

- 

tion of the si gn i f i can t  p roduc t  and geographic e lements  may add to an

u n d e r s t a n d i n g  of its u s e f u l n e s s  fo r  manager ia l  con t ro l .  The identif i-

cation of s ignif icant  elements  also provided a c o n v e n i e n t  f r a m e w o r k  in

which to view any subsequent  r e sea rch .

3. Examine p r e s e n t  and poss ib le  a l t e r n a t e  methods of
de t e rmin ing  operat ing i n v e n t o r y  r equ i r e m e n t s .

In pa r t i cu la r, those  aspects  ident i f ied  in this chap te r  w e r e  anal yzed.

This included comparing pred ic ted  consumpt ion  v e r s u s  a c t u a l  consump-

tion (Objec t ive  3A) ,  developing  an empir ical  based method fo r  iden ti f y-

ing a sa fe ty  level for  POS (Objec t ive  313), and examining  the  i ssue  of

tank bottoms and p ipel ine fuel  (Objec t ive  3C) .

4. Formula te  a mathemat ica l  model that a l l o c a t e s  stor-
age in an optimal manne r .

5. Wi th  the model , examine ti-re cos t  s ens i t iv i ty  of the
fuel  s t o r a g e  n e t w o r k  to c l -range  in i n v e n t o ry  require-
ments  and d i f f e r e n t  s t o r a g e  opt ions .

This provided a m e a n s  of m e a s u r i ng  ti -re e f f e c t  of and ana l y z i n g  c l-ranges

or im p rov em e n t s  in opera t ing  p rocedu re s  or s t o r a g e  f a c i l i t i e s .  These ’
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c hanges were  (a)  POS based on a more accura te  consumption f a r e - c a s t

(Object ive 5A) ,  (b)  an a l lowance fo r  t ank  bot tom fue l  in c ompu t ing  POS

(Objective 5B), ( c t  an a l lowance for  expected levels of POS when ceam-

puting P WR R  (Objective SC), (d) the inLi ~~duct ion of JP8 as the sole jet

fuel  (Objective SD), and (c i  secur ing  addi t ional  s t o r a g e  (Objective 5E).

In p u r s u i t  of these objec t ives , the second chapte r discusses  the

methodology ti -tat was fol lowed in anal y z i n g  the p rob lem.  The th i rd

chapter  p r e sen t s  ti-r e r e su l t s  of ti-r e ana l ys i s , and the f i na l  e-h a p t er .

conc U S 1 0f lS .

A s s u m p t i o n s  and Limita t ions  of the Stud y

The assumpt ions  made in this stud y a r e  as fo l lows :

1. The re ’search  is based on c u r r e n t  DoD and m i l i t a r y
po l icy  and d i r e c t i v e s .  TI-icy a r e  not  in the  p r ea c e s s
of be ing  changed.

2. P h a s e  II of 1MM wi l l  be imp lemented.  DFSC wi l l
a s s u m e  an i n c r e a s i n g  ro le  in the m a n a g e m e n t  c-if

~Jl on base  s tocks  of m a r i n e  diesel  and a i r c r a f t
f ue l s .

3. There  is no d i f f e r e n c e  be tween  the data  as r e p o r te d

- - and the ac tua l condit ions f r o m  which  it was  e - ib se r v e ’d .
In reali ty , some d i f f er e ~~c ’-~ could be possible due to
data col lect ion e r r o r s , pos t ing  m i s t a k e s .  i-ton stand-
ard  p r oc e d u r e s , etc.  The analys is  r e f e r s  to a l l
r epo r t ed  i n forma t ion  as ac tua l .

The l imita t ions  of this stud y ar e  as fo l lows :

1. Specif ic  w a r  r e a d i n e s s  m a t e r i a l  r e q u i rem e n t s  a i e
c l a s s i f i ed . lu-i o r d e r  t i -ra t  the t h e s i s  r e m a i n  u n c l a s  —

sif ied , this  f a c t  may limi t  ti -r e scope s o m e w h a t .
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3. Due to ava i l ab i l i t y  of and fa m i l i a r i ty  w i t h  Air
E’orc e p rocedures , much of the ’  r csea  re - i - i  and
data co l lec t ion  w a s  d in e  in t h i s  en v i r o nm e n t ,
A l t h o u g h the  me thodo logy  is app l icab le  to a l l
Do D ag e ’l i c  ic- s . t h e y  did not  t’ e’c civ e- equa l
en phas i s

I
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II . RESEARCI-I METHODOLOGY

In t roduct ion

No single methodology could accomp lish ti-re objectives of th is

stud y. R a t he r , the r e s e ’a r c h  w a s  a co l l ec t ion  of d i f f e r e n t  typ es  of

ana ly sis applied to va rious a s s o r t m e n t s  of data with the ultimate goal

of i n t e g r a t i n g  these ’  into a p rac t i ca l  anal ys i s  of DoD pe t ro leum opera-

t ions.  The re fo r e ’ , this c h ap t e r  is o rgan ized  to fol l e -iw ob j ec t i ve s  twe a

th roug h f ive  as they we ’re ’ p resen ted in Chapter  I . Each n -ra jo r  i-reading

is identified w i t h  a specif ic  object iv e’ and  the m e t h o d ol o g y / ic s  used in

ac c omp lish ing  t i -ra t  ob jec t iv  e’. To e s t ab l i sh  se-i t -i-re c o n s i s t e n c y  and

because ’  of the a r r a n g e m e n t  of the data , ti -re r cse ’a rch  w a s  l)ased on

i n f o r m a t i o n  f r o m  the period of 1 Oc tober  1977 to 31 M a r c h  1978 when

app licable.

Pareto Distribution

As r e g a r d s  ti -re second o b j e c t i ve , both t o t a l  u s a g e  b y p roduc t t ype

and c o n s u m ption by g e o g r a phic l e a c a t i o n  we’ m e  e x a m i n e d  f o r  a Pa r e b e - i

type d i s t r i b u t i o n .  To te ’st  this h ypo thes is . da ta  w a s  e x t r a c t e d  f r o m  ti ’i e

1)c ’ b c’t sc’ Energ y  in f o r m a t i o n  Sy s t e m  (DEI S)  by c ompute r  rou t ines

des igned f o r  ti -re purpose ’s i-if this repor t .  Computer  proc -cs sed at -r d

s tored on magne t i c  tape . t i-re DEIS is gene ra t ed  on ti -re l a s t  1- ’ r ida v e af

eve ’ ry  month and se i-v c’s as the p r i m a r y  m a n a g e m e n t  in f o rm a t i em  I O ~ a i
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for DFSC. Among ti-re inforn-iatio n it provides for each installation by

product type a re  ti e fo l lowing :  monthl y opening i n v e n t o r y ,  mon thl y

total  co nsumption , monthl y receipts , month l y ending i n v e n t o r y ,  and

a v e r a g e  dail y consumption . A r e p r e s e n t a t i v e  page f r o m  ti-re DEIS is

found in A ppendix B , page 106.

DFSC procure’s and d i s t r i b u t e s  27 d i f f e r e n t  fue l  p r o d u c t s  (Tab le

II). For ti-re six month  period Oc tobe r  1977 to M a r c h  1978. ti-re total

consumpt ion  of each of these  p r o d u c t s  at  the  re ta i l  leve l  was  d e r i v e d .

Thi s da ta  was then comp iled in c u m u l a t i v e  a m o u n t s  in a t ab l e  and

g r a p hed in ti -re m a n n e r  of Fi g u r e  4. Re la t ed  to thi s , but  p er h ap s  of

m or e  c o n c e r n  to DFS C , would be the i s s u e s  a t  the  w h o l e s a l e  ear  DFSP

level.  These  w e r e  de te rmined  and anal yzed in the m a n n e r  j u s t  dis-

cussed.  Al though  i ssues  by DFSC should app rox ima te  c o n s u m p t i o n  a t

the retai l  level , some d i s c r ep a n c i e s  we r e  exp ected .  Ti-re l a r g e  major-

ity of these’ can be accoun ted  fo r  by change’ s in o p e n i n g / c-lo s ing  inven-

tor ies , sh ipments  d i r e c t  f r o m  c o n t r a c t o r  (DFSP by p a s s e d) ,  or produc t s

in t r ans i t .

Reta i l  d i s t r ibu t ion  of bu lk  fue l s  is accomp lished th roug h approxi-

matel y 1200 locat ions .  Using the DEIS once aga in.  ti -r e to ta l  consump -

tion of all fue ls  at each of these  i n s t a l l a t i ons  du r ing  ti -re O c t o b e r - M a r c h

period was ca lcu la ted ,  It w a s  then possible’ to r a n k  ti -ten -i in an e f f o r t

to de te rmine  the mos t  s ign i f ican t  loca t ions  in t er m s  of f ue l  e’onsunied .

In the same manner , i s sues  at 110 DFSP s we ’r e  a n a l yzed . li-i ti -re f o l l o w i n g
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c hapter . the r e l a t i o n s h i p  bet~ ecu c um u l a t i v e  quan t i ty  and locat ions  is

s u m m a r i z e d  in Tables X and XI.

Determin ing  POS Requi rements

Objec t ive  three was  conce rned  wi th  examining  the  f o r m u l a  f o r

der iv ing POS levels .  In an e f f o r t  to d e t e r m i n e  if the f o rm u l a  repre-

sented ac tua l  ope ra t ing  needs , t h r e e  a sp ec t s  of t he  c a l c u l a t i o n  we ’ me

m v  c’s t iga ted.

Pred ic ted  Consumpt ion v e r s u s  A c t ua l  Consumpt ion .  To e n a b l e  a

compar i son  of the f o r e c a s t  and ac tual  u s a g e- , it was  n e c e s s a r y  t o  ga in

access  to exis t ing  POS c o mp u t a t i o n s .  This  w a s  dot-r e w i t h  t i - re  c e aope ra -

tion of De tachment  2° . ti-re A i r  Forc e l i a i son  to  DFSC . A m o n g  i t s

o the r  responsibi l i t ies , this o rgan iza t ion  is c h a rg e d  w - i th  ti -re b i a n n u a l

va l ida t ion  of A i r  Force  POS c o mp u t a t i o n s .  TI -re  f o r m s  r e m a i n  can f i l e

at Detachment  29 fo r  one y e ar  and ti -ten a r e  d i s c a r d e d .  I n s t e a d  of this

norma l d ispe-i s i t ion  and to sup p o r t  this  s tud y ,  D e t a c h m e n t  29 a g r e e d  to

supp ly the e - i r i g ina l  15 Ju l y 1977 POS computa t ions  fo r  all CONUS Air

Force  bases .  These  f o r m s  provided the p ro jec ted  six month require-

rnents fo r  each of these’ bases f o r  the  per iod  1 Oc tober  1977 to 31

Ma r c h  1( 178 .

Ti-re ac tual  u s a g e  of p e t r o l e u m  by these  h a c a t i o n s d u r i n g  th i s  t ime

period was es tab l i shed  using the DEIS. As in ti -re e a r l i e r  p r o d u c t  and

location ana lys i s , a specia l p r o gr a m  was  designed : this  t ime t e a  c o in -

a 
pute the a c t u a l  a v e r a g e  da i l y c o n s ump t i o n  ( a v e r  a s ix  m o n t h  p e r iod .
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Comparing information from the DEIS and Ai r Force Form 76ls

(POS computations), it became possible  to examine each locat ion for  -

projected and actual consumption during the six month period covered

by the 15 July 1977 P05 computations. To simp lify the task , JP4 was

the only fuel considered. It was then possible to make son-re observa-

tions r eg a r d i n g  the a c c u r a cy  of demand  ra t e  f o r e c a s t s  fo r  JP4.  With-

out specif y ing loca t ions , the r e s u l t s  a r e  p r e s e n t e d  in tabula r f o r m  in

the next chapter .

A Safety Stock Formula.  The area  of c o n c e r n  h e r e  was the seem-

ing a r b i t r a ry  de r iva t i on  of the p r e s e n t  POS s a f et y  level .  If it could be

shown that the dail y demand fo r  fue l  f i t  some spec i f ic  d i s t r i b u t i o n , e. g.

a normal  distr ibution , a much more precise safety stock formulation

could be used. For a normal distribution , the calculation would be

made in the fol lowing manner  (Ref  7 : 8 0 - 9 3) ;

Safe ty  Stock =

It w h e r e  K = s e r v i c e level cons t an t

= standard deviation of demand
dur ing  the rep len i shment  cyc le

‘4 The se rv ice  level  is a t e r m  that defines  the p e r c e n t ag e  of the t in -re  t i -ra t

de man d d u r i ng t he re plenishment  cyc le  must  be n -ret  w i t h  nc-i si-to r tage’s .

The re la t ionshi p be tween se rv ice ’  level  in p e r c e n t  and ti -ic a ppr opr ia t e

cons t an t  is a funct ion  of the area  unde r  ti-r e n o r m a l  c u r \ e - . Tab le  \-
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i l l u s t r a t e s  some common s e r v i e ’e level  va lues .

Table V

Serv ice  Level  Va lues

Se rvice Level in Percent  Service Level Cons tan t -K

50 0
85 1.04
90 1.28
95 1 .65

100 4. 00

The formula  is somewhat  incomp lete in that  the s t anda rd  devia t ion  of

den-ra nd dur ing  the rep lenis hment  is unknown.  Knowing the dail y

standard deviation , 
~~~ 

the convers ion  can be made in the fol lowing

manner  (Ref 17:245) :

Let L = replenishment cycle in days

x~ = de mand per da y dur ing the rep len ishment  cyc le

Y = total demand during the replenishment

L
=

i= l

L
Then V a r ( Y )  = V a r (~~ x1)

i= l

L

i= l

But all x~ are  assumed normal l y d i s t r i bu t ed  m d c  -
pendent random var iab les  wi th  common mean
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- 2and v a r i a n c e  ( a ) .

V a r ( Y )  =

and

=y

Consequen t l y ,  the fe-r m u l a  of i n t e r e s t  b e c o m e s:

S a f e t y  S tock  = K ‘ L’ a ~ 1)

To determine it  f o r m u l a  ( l ~ w a s  app licable , the n o r m a l i ty  of

demand f or fu el had to be examined . The cl -ri s qua re  tes t  fea r goodness

of f i t  was employed to t e s t  this h ypothes is .  Ti-re demand data for  per-

forming  this test  was  collected at two M i d w e st e r n  A i r  Fo rce  bases .

A t  each locat ion the dail y consumpt ion  of JP4 for  a c o n t i n uo u s  f o u r

month period w a s  co mpiled f r o m  the A i r  Force Form 1237 , I n v e n t o r y

(Fuels/Missiles Propellants), Column G, Net Issues. This form may

be found in A ppendix C , page 110 , alo ng with ti-re observed values for

bases  Al pha and B r a v o .

Testing for normality using the chi square goodness of f i t  cat - i  be

found in n u m e r o u s  s t a t i s ti c s  t ex tbooks  (Rc ’ f l 8 : l 8b - 1 9 5 ;  19 :5 7 t a - 5 8 1 ) .

It wi l l  not  be covered in detail  h e r e .  Howeve r . the fo l l owing  desc  ri p-

t ion em phas izes  the c r i t i c a l  po in ts :

Data : ti -re data c o n s i s t  of N independent  o b s e r v a t i o n s  of a
r andom v a r i a b l e .  Each - i  - i f t he  ob s e ’r v at i o n s  is
g rouped in one of C c l a s se s .
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H the da ta  a r e  o b s e r v a t i o n s  on a n o r m al l y0
distributed random variable.

Tes t  S ta t i st i c :

C
T = ~~ (O~ 

- E~ )~ ( 2 )
j = l

0 = obser ~ ed f r eq u e n c y

F.  = expected f r e q u e n cy  =

Dec i s ion  Rule :  re ’j ec t  H if T exceeds  t i e  X 2  
~~(C - 1K - 1)

deg re- c’s of f r e ’c-don

C = n u m b e r  ~af c l a s s e s

K n u m b e r of p a r a m e t e r s  t a a  be
e s t i m a t e d  (in th i s  ca se’ both  the
mean  and v a r i a n c e  of the samp le
data  mus t  be es timated , there-
fo re  K = 2 ) .

Fuel Avai lable  to Displace Tank Bottoms and P ipe l ines .  The

issue  tha t  needed tea  be a d d r e s s ed  was  w h e t h e r  op e r a t i n g  at m i n i m a l

POS levels  was a f r e q u e n t  and cy c l i c a l  cond i t ion  (D c- iD ’ s pos i t ion ) or

uncommon o c c u r r en c e a t  each loca t ion  (GAO ’ s r e sp o n s e ’) .  In e i t h e r

case , if at  such a time th e r e  w o u l d  be s u f f i c i e n t  fue l  to  d isp l a c e - t a n k

bottoms and pipelines , t hen some r e ’ a d j u s L n - i e’nt of r e q u i r e d  POS cou ld

be possib le. Us ing the Av ia t i on  Fuel I e-ig i st i c a l  A r e a  Sun- a mn a t - y

(AFLA S)  and Form 1237s , one m e t h o d o l ogy  fea r  a n s w e r i ng  th is  ques-

tion n-tig ht be:

1. D e t e r m i n e  the  ma_ x imum a u t h e - i r i z e d  i n v c n t e a r y  ( r e f -
erence F igu re  5) t o m  the period eat  i n t e r e s t  f ro m  the
AF LAS.
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2. Subt rac t  POS as indicated in the A F I AS f r o m  the
maximum inventory  level to compute the inviolable
leve l ( r e f e r e n c e  Fi g u r e  5 a g a i n ) .

3. Dete rmine  the actual  i nven to ry  fo r  ti -r e period by
re fe rence  to the Form 1237.

4. S u b t r a c t  the inviolable  level  f r o m  the ac tua l  inven-
to ry .  La rge  posi t ive d i f fe rences  ind ica te  hi g h POS
levels ,  This would be the amoun t of fuel  avai lable
to disp lace tank bo tt oms and pipelines. D i f f e r e n c e s
close to ze r o indica te opera t ing at mini mal POS
levels .  N e g a t i v e  n u m b e r s  indicate  P W R R  fue l  is
being used to maintain POS (MA JCOM w a i v e r  mus t
be in effec t) .

A thorough investigation would necessaril y include examining many

bases ove r a per iod of many months . The freq uency of d i f f e r e n c e s

c lose to zero would provide informat ion  about the o c c u r r e n c e  of opera-

tions at minimal POS levels.

It is beyond the scope of this repor t  to conduc t suc h an invest i -

gation. Also , the secre t  classification of the AFLA S preclude s its use

in this analys is .  But , due to the sharp d i f fe rences  in op inion about t he

usefu lness of tan k bo tt om and pipeline fuel between GAO and the DoD

and the large  inventor ies  of fuel  involved , so me ini t ia l  r e sea rch  w a s

conducted in this area .  The purpose  was to determin e if an indepth

quanti tat ively based inves ti gation would be feasible and wor thw hile.

A selected n u m b e r  of A i r  Force  bases w e r e  i n fo rma l ly s u r v e y e d

by mail (see A ppendix D). From those bases r e spond ing ,  a l imi ted

amount of data, cons is t ing  only of the highest observed 3P4 physic al

inventory and lowest  observed JP4 physical  inven tory  f r o m  the Form
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1237 for the  period 1 October 1977 to 31 M a r c h  1q78 , was  c e a l l e c t e d .

For t h e  pu rp o s e  of anal ys i s , se ’\ e’ra l  b road  a s s u m p t i o n s  w e r e  made:

1. The f a c i l i t y  did r e a c h  its m a x i m u m  a u th o r i z e d
i n v e n t o r y  le’ v e’l d u r i n g  the six month  per iod .
This  is i e ’p r e s e n t e d  by the  hi g h e s t  o b s e r v e d
p h y s i c a l  inventory.

2. The max imum a u t he a r i z e d  i n v e n t o r y  l e v e l  did i-rot
c l-range d u r i n g  t h e ’ six mon th  p e r i o d .  The f i r s t
q u es t i o n  c-in the  s u r v ey  w a s  used  t~~ d i s q u a l i f y
t i - r e - i s c’ c a s e s  whe ’ re this  was  i-rot the  case ’ .

‘ih e- s e ’ a s s um pt ions  a l lowed use  of t h e  g e -n e r a l  m e t h e a d o l e a g v  d e s c r i b e d

e a r l i e r  w i t h o u t  r e f e r e n c e ’ to the AF L A S .  The POS level  \vas  as

r epor t ed  on the Form 7ta 1 (POS c o mpu t a t i o n )  r e c e i v e d  fr ca n Detach-

ment 2~~. Be :ause  onl y ti -re s ing le’ m in imum inven to : - v level  was

re por ted , nea conc lus ion s about  ti -re t r e n d  of ti -re l- 0S 1e e’l at  a base -

could  be made.  W h a t  could be de te ’r mined  w a s  w h e t h e r  t i - r a t  b a s e - w a s

o p e r a t i n g  at a l e v e l  below , n e a r , or a b e a v e  a m i n i m a l  POS Ic - y e ’! f o r

J P4 at the’ t ime it exper ie ’nced i t s  l o w e s t  i n v e n t e - r r v .  Of spe- c ific in t e r -

est w a s  wh e t h e r  th is  m i n i m a l  a m o u n t  of POS f u e l  would  be s u f f i c i e n t

to offs  e’t a n y  a l l e a w a u c  i’s f o r  t a n k  bo t toms  or p ip e l i n e .

The sur v e ’y  ceanc lud e ’ d w i t h  t w o  q u e s t i o n s  r eg a  r d i n g  ti -re  f e a s i  —

bi l i ty  of us ing p ipelin e and tank  bo t tom fue l  as usab le .  These w e r e

in t ended  to hi g hl ig ht t i - r i ’  ope r a t i o n a l  c o n s i d e  r a t i o n s  t i -ra t  s etch  a c h a n g e

in po l i cy  would a f f e c t .  T h ey  a l so  supp lied a fee l  c f  how suc h c h a n g e s

o u g h t  b~- ac c  e ’pted in the f i e l d .  Selec ted c o r i -r m e n t  s f r a n - r  t h e  respond —

ents a r e  m e - l uded  along with the results of the  s u r v ey  in t h e  f o l l o w i n g

chapter.
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Mcadel I)e~ e’lopment

In c onj e~ne-t i on  w i t h  the  f o u r t h  o b j e c t i ~ e of t h i s  th c ’s i s , a m a t h e—

mati cal n -rode l  t h a t  would  a l le a\ v  a cen t r a l i ze ’d  n i a n a g e -r  s u c h  as  DFSC

to  a l l e a c a t e -  s t o r ag e - in an e ap t i m a l  n - i a n n er  and m a k e  c o st  compa  r i s o n s

of d i lt e’ r en t  s t o r a g e  p lans  was  d e ve ’lop ed .  As si g u m e - t i t . e~f t an k a g e ’  to

t o t a l  ba se ’ ie v e ’l  r eq u it -et -n e n t s  is e’Ss e n t i a l l y  a p r o b l e m  in a l lo c a t i o n  of

r e s o u r c e s . It  i - i - ray be po s s ib l e  to app l y ti -re l i n e a r  p r o gr a m m i n g model .

A s p e c ia l  tea rmu la t i on  c-if l i n e a r  p r o g  r a m m i n g  is th~e t r a n sp o r t a t i o n

prob lem , w h i c h  can  be app lied to this  spec ia l  c a s e . In p a r t i c u l a r , t he

g c’n e’ ra 1 t r a t - i s  po r ta  t ion p roblern is c e - i t - ic  c rn ed w i t h  d i s t r i b u t i ng  a ny

c o m m o d i t y  f r o m  a ny  g r o u p  of supp l y c e n t e r s , ca l led  s o u r c e s , tea a ny

g r o u p  e f  re- c e iv ing c e n t e r s , cal led dc ’s t i na t i ons , in such  a w a y  as to

m i n i m i z e  t ot a l  d i s t r i b u t i o n  cos t s  (R e - f 2 0 : 1 1 2 ) .  Ti -re c o r r e sp o n d e n c e ’

in t e r m i n o l o gy  b e t we en  the s t o r a g e ’ examp le and ti -re g e n e r a l  t r a n sp or -

L i t i o n  p r o b l e m  is s u m m a r i z e d  in fa b l e  V I .

F o r m u l a t i n g  A l loca t i on  of S t o r ag e  as  a T r a n s p o r t a t i c a n  P r o b l e m .

L e t t i n g  1. be te )ta l  s t o r a g e ’ cos t  and x j~ ( i l , 2 in , j = 1 . 2 n )  be ’

the n u m b e r  of b a r  r e ls  st o t ’ed  at  l o e a t i e a i i  i ic a  r l o c at i o n  j , t i - r e ’  l i n e a r

p r e ag r an n ing fo rme il a t ion  c-if t i -re p r ob l e m  bi ’c omes :

M i n i m iz e -a 1. 
~~ 

x . .
i 1 = 1  - -

Subj ec t to ~~~ = s~ f e-i t’ i 1 , 2 t
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T a b l e  VI

The Fuel S t o r a g e ’  A l l o c a t i o n  P r o b l em  in G e n e r a l
T r a n s p o r t a t i o n  P rob lem T e r mi n o l o g y

Fuel S to rage  Gene ’ ra l  T r a n s p o r t a t i o n  P r o b l e m

B a r r e l s  - i f fue l  )~ n i t s  of a c o m m o d i ty

i s t o r a g e -  p e a in t s  m s o u r c e s

j o p e r a t i n g  l o c a t i o n s  n de st i na t i ons

s t o r a g e  c ap a c i t y  at ~ s~ supp ly f r o m  sourc e i

requ i r emen t  at j d~ demand at  d e s t i n a t i o n  j

some m e a s u r e  of s t o r ag e  cos t  c . .  cos t  per  unit  d i s t r i b u t e d
per  b a r r e l  at locat ion i f r o m  s o u r c e  i to
f o r  loca t ion  j  pe r  yea r  de st i na t i on  j

= d~ fo r  j 1 , 2 , . .

x 13 > 0 fo r  all  i , j

Th i s  r esu l t s  in the cos t  and r e q u i r e m e n t s  t ab le  as found  in Tab le  VU .

Ti-re m e t h o d o l o g y  f o r  solving a t r a n s p o r t a t i o n  t y p e  p rob lem is

found in most  an~- l i n ea r  p r o g r a m m i n g  or ope ra t ions  r e s e a r c h  t e x t

(Ref 20:119-135 : 21:227-251). Computer algorithms ti-rat handle trans—

p or t a t i o n  models a r e  also ava i l ab le .  A s  d e s c ri b e d  in r e f e r e n c e  ~2 ,

the Basic mode of the C r e a t e  c o mp u te r  s y s t e m  p r o v i d e s  a u s e r

o r i en ted  rou t ine  to s o l v e  th ese types ~f p r o b l e m s .  The technique
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a un i t  e a t  p c ’t t - o le u t n  t ot ’  one ’ v a - a r . I i ie ’se e- e u s t s  i n c l u d e ’ , b it t  a i-e no t

l i iui t e ’d  t e a , t a n k  i n 8 l a e ’ e t i e a l i , e a r r e a s l e t u  con t  i a l , t a n k  i n a i n t e ’ n a n c e - . and

t a n k  c- i e ’an i n g .  lh e ’ v  a r e  a t u t i e t i e m  at  t a n k  ag e - , t a n k  d e s i g n . ~‘ - a t i i e t -

c ’x t  r e - t n t - s . t y p e  at  f uel  s t a a r e ’ c l , c ’t c .  Any co sts ha~ ing t e ’ cia w i t h

re ’c- c ’i\ ing c at ’  ( l i s t  n ib e i t  in g  fue ’ i a re ’ e t a  ns id e ’  red ape u-a L i u - r g  a x  1a e ’fl 8 ( 5  a nil

ar e  n e a t  ~i f t e ’i-t e ’d  by st a ara g e ’ de’ e- i s ions . A l s o  e x e l i ide ’d I r o i t u  i e a n s i d i ’ r —

allan i i i  t i - r e ’ model  a 1- c t i - re’  t r anspe - i  i- I ,, t ioi  c e - i S  t s a s s  oc t  a te -d \v it h mea\ i n

the  f t u e ’l (a  the  b t s e -  c - i f  inte ’nd e ’ d u s .  s hou l d  w ; tt  p l a n s  be in - r p le t n e n t e ’d .

This  tile - id e’1 n l i n i n h i a - e - s  t i n ’  d a y  t e a  c la y s i c .  r a g e ’ ‘Xpe ’ t i s c’S . flea ( ( h u e ’ e e a s t

c a l  a c a n e ’ t ime ’  e - e a n t i n g e ’n i -y

A tn e re ’ e i-imp  r e i i t ’ ti siv  e’ ii  pp no. i . - lu t o  t h u e ’ i s  s it e ’ of e eni t w i n  oh v, e n i h d

a l so  be ’ ~ o rnp at ib l e  w i th t i e’ iue a d e ’ l  i s  t h e ’ i de -a  c a t  i u e a l d i i i g  i a ’ 5 t ~~ i’ i-e-a

\ i o u s  I ~ • i t \ \ a s  ~~et t e ’~ I t h a t  t in ’  pet  r i - i l  e ’e ln t  i nde i s  t r \ c an s  id le ’ t s  i t s  h u t  l e l i t u g

c e a s t  f e a r  one ’ Ia. ,  r i - e l  c - if  c i -ud e ’ p e t r i a i e ’ c i u n  a t  ~- a - I . 00 pc i- \ - c a t - . li- i a d i l i l i c a n

t a - i  s t e a u ’ .t ge  c e a s t s  , c a t h e r  o l e ’nue ’nt s of lic l d in g  c a s t s  .ipp l i e a b l e  to  f i i e ’I ~

m e - h i d e’ qe i~t I 1 t v  de’te ’ t ’ i a a r a t i e > n  and la si-e w h i j i e  in s t o r a g e - , c ost  of e a w u i e r —

shi p of t a n k s  • and e a p ~ a a a r t u n i t y  e c a s t s  e ’ I  t h e’ t i i e a t e v  i n v e - s t e d  in t i - r e ’ j u n  e n - -

t e a  i- v ( R e ’f 2 0 ) .  In (levi ’ leaping a model  I a ~ st’d ia n s t  e a 1- a g e ’  a e ’5 I a l a a n c  - l iii’

, in , t i y s i s  ha s  i m p l i c i t l y  a s s e t n ed tha t t h i s  is the ’ o n ly  a u - i a b l e ’  in t h e

iw - i l d i n g  c a t S  t e’qua L i on .  - i  h~i t is  . e a t  . t l l  t h e a 8  e~ e ’ O S I  S j i t s i  cii 5 0 1 1 5 8  e’d . a l l
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some sp ecif ied t h r o ug h put  c a p a b i l i t y  fo r  the g o v e r n m e n t  at son e

unspeci fied cost  ti -tat is included in the con t r ac t  pr ice .  Thus , t he total

c o n t r a ct  p r ice  mus t  be ad jus t ed  d o w n w a rd  by some a m o u n t  be fo re

comput ing a cos t  per b a rr e l  s to red .

Those f u n c t i o n s  compr i s ing  the s to rage  cos t s  at  a geav e ’rn r -n ent

operat ion a re  p r i m a r i ly a civil eng inee r ing  d u t y .  At  A i r  Force  bases

these  t a sks  a r e  the r e spons ib i l i t y  of ti-r e li quid fue l s  main tenance’  offi-

c e r .  Detai led  accoun t ing  r eco rds  of his exp end i tu re s  w e r e  not avail-

able.  It w a s  t h r o u g h  a p e r s o n a l  d i s c u s s i o n  wi th  such ind iv idua l s  and

civil eng inee r ing  cos t  ac c o u n t a n t s  that  real is t ic  cost  e s t i ma t e s  we ’re

obtained.

Before  proc ceding f u r t h e r , acknowledgment of l imitatIon s tea

this ap p r o a c h  need to be r ecogn ized :

1. A t  this st age  of model deve lopment , ne -a spec i t i c
s t o r a g e  cost  i n f o r m a t i o n  was  a v a i l a b l e .

2 . This model makes  c e n t r a l i z ed  s t o r a g e -  a l l e a c a t i e a n
dec i s ions .  This is not  compatible- w ith t l t e  pres-
ent b a s e - ser v ic c -D F SC  h i e r a r c hy of p l a n n i n g  fo r
s t o r a g e .

3. The model recognizes  onl y cart e ’ he - in -to ger teou s com-
modity.  A c t u a l l y ti-re t- c a re ’ 27 d i s t i n g u i sh a b l e ’  t~ it ’l
t ypes  ti-ra t n -rus t  be a l l o c a t e d.

4. The size of the model if a l l  e a r  e ’v e n  a p a r t i a l
nu mber  of loca t ions  a r e  included c r e a t e - s c e a n i l p e t -
t a t i o n al  d i f f i c u l ty .

None of the ’si’ w as  deemed insurmountab le ’ . 1’ e i r t h e r  d i s c u s s  ion - i  i s

clefe ’ r r ed  to t h t e ’  c o n c l u d i ng  c h ut  pte ’ r



The Scena r io .  Desp i te  t hese  l imi ta t ions , the t r a n s p o r t a t i o n

model approach  to a l l oca t i ng  s torage’  appeared  t h e o r e t i c a l ly f ea s ib l e .

But in any operationally oriented research effort , the theory is c)nly

relevant  if it can be shown to be a p r a c t i c a l  so lu t ion  tet  the proble ’m at

hand . The d i f f i c u l t y  in this  case  w a s  to isolate a representativ e’ subset

of the entire DoD bulk fuels  complex that would be suitable fo r  imp le-

menting this model,  This was f u r t h e r  complicated by ti-re s e c u r i t y

c lass i f ica t ion  c1 ti -re matei’ial  involved and the limited cos t  in fo rmna t i c an

available.  T h e r e f o r e , a se t  of h ypo the t i ca l  condi t ions  we’re  die”. eloped

that w e r e  deemed a r ea l i s t i c  c o n d e n s a t i o n  of the a c t u a l  s i t u a t i o n .  The

pres entation of the s c e n a r i o  is descr ibed  in g e n e r a l  tc’rn t s  h e r e  and

analyzed in the following chap ter .

The scena r io  cons i s ted  of ei ght  loca t ions  wi th  r e q u i r e m e n t s  fo r

JP4 and differing amounts of s t o r a g e  a v a i l a b l e .  It is p r e s e n t e d  in the

order of a description of condit io ns , r e s t r i c t i o n s, ge ’ne ’ra l  and spec i f ic

assumpt ions, and summar ized  in a cos t  and r e q u i r e m e n t s  t ab le . The’

objec t ive  w a s  to a l l oca t e  the to ta l  r e q u i r e m e n t  f o r  JP4 s t o r a g e  among

t i e  eight  locat ions  sea as to minimize the te ata  1 s t e - i  u - age ’  c o s t  pe- r y e’a r .

A l though  ti-re condi t ions  and other  pa ram c’ ter s  of the s c en a  ri ca a r e ’

ab s t r a c t i o n s  of r e a l i t y ,  e v e r y  aspec t w a s  r e s e a r c h e d  so as Ic- i  m i r r i a r

as c l e a s e l y as possible  ac tua l  bulk fuels  opera t ions .  Once - t h € ’  scc ’na r io

was descr ibed in deta i l , a solut ion bas i’d on a t r a n  spi-i r t a t i e a n  p rob l emn

type  fo r rr iu la tion w a s  d e’ te ru -n m e ’d to  d et i l e- in  5 t. r a t e -  the  in c t l t e a d  oh e g  ‘.-
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Sens i t i v i t y  A n a l ys i s

One c o n c e r n  r e ’pe -ated  se v e r a l  t imes up to thi s poin t is t h a t  Dl”SC

is unable to jud ge an y single change  in operat ion s or f ac i l i t i e s  for  its

e ’f iec t  on ti -re c ave - ra I l  sto I’ag e ’ sci i c - t-ne. An a d v a n t a g e’  of being able  to

model ti-i c s t o r a g e  ne twea  rk in a l inear  p rog ra mming f o r ma t  was  t h a t  the

ob je ’c t ive  func t ion  ( min imize  c c - i s ! )  p rov ided  a m e a s u r e  of ti -re sensi-

t iv i ty  of ti -re s y s t em  to c h a n g e . C e r t a i n  fa c tors  w h i c h  a r e ’  c a n d i d a t e s

fo r  e’hang e’ or sub~e ’ct to i mp r o v e m e n t  i - r ave  been d i s c u s s e d .  On-r e a t  a

time these  a sp e c ts  we’re inc luded in the cond i t i e -ins  caf  t h e ’ h y p o t h e t i c a l

s c e n a r i o  to anal yze  the i r  o ver a l l  e f f e c t .

P red ic t ing  Consumpt ion .  Th e’ h y p o t h e t i c a l  POS m v  e’n to u’ v

r equ i r emen t s  of the s cena r io  w e r e  adjus ted  h a  pe rcen t age’  f a c t o r

s i m u l a t i n g  t i a t  the’ Dai l y Demand R a t e  ( D D R )  cea u lc i  be ’ me - i r e  a c c i i  r a t  c lv

pr edic t e ’d .  Based on t i -ic da ta  ga the ’r in g  r e s u l t s , it  w as  I - i e a 55 i t ) l~ ( c a  e ’ s t i —

m a t e’ a ( a c t o r by wh ich  ti -r e f o r e c a s t  DDR c o u l d  be expe’cte’ d t e a  I-i c’ i i i

e’ r r o r .  A cc’ r t a in  a m o u n t  of the ’ POS Ie ’ve ’l  is a cii r e’c t r e ’s u l t  e a f  ( l i e  l ) l ) R

(up  t h r o u g h line ’ 7 c-if ti -re f o r m u l a ) .  A f t e r  a d j u i s t i t i g  (h e  i Q~ fea r l h e a ~~e’

elements in its c a l cu l a t i on  not i’i ’latc ’d te a  D 1)R ( t a n k  h e a t t e a m s  , p i p e l i n e ’ .

and au tho r i zed  de’via tion S i ,  it was  pass ible ( c i  e st  i n a  t e’ in-iw n iic h a

me -ire ’ a c c u r a t e  pre ’di e-t ion e f  co n su n ip t i can w e - iu i l d  c- f f e c t  t h e  a c t u a l P’ a S .

This in t u r n  e f f e e -tec l  s to rage -  r e q u i r eme ’n t  s , w h i c h  r c - s u l t  e’d in a n e t

c h a n g e  t i - i  ( l i e ’  t o t a l  s t o r a g e ’ c e a ~~ t f i t i -  t in ’  sc-ena r ie- i .

l a n k  Butt -ins and ~~ j~~I i n e  ~ i 1l. ‘1 1-re ’ h y p o t h e t i c a l  POS i n v e ’ n i i c a  r ’.
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r equ i r emen t s  we ’re ’ ad ju s t ed  d o w n w a r d  by some p e r c e n t a g e  s i m u l a t i n g

t i -ra t  t ank  bot toms a n d/ or  pipeline f i l l  w e r e  cons idered  usable ’  f ue l  in

the computa tion of P05. To c’s t imate  a r e a l i s i t i c  a l l ow a n c e  f o r  t h e s e

quan t i t i e s , ti -re l~ Ju l y l - ’ 7 7  Fcarm 7 Ô l s  (POS c om p u t a t i o n s)  w e r e

ut i l ized,  From these  documen t s  ti -re to ta l  a m o u n t s  of f u e l  s e t  a sid e as

tank bot toms ( l ine  11) ,  pipeline ( l ine  12 ) , and POS ( l ine  14) a t  CONUS

,-\ i r  Fo rce  bases  was  c a l c u l at e d  and s u m m a r i z e d  in a t ab le .  Based on

the data and s u r vey  co t - i - rn - r en t s  r e g a r d i ng  the  f e a s i b i l i t y  of u s i n g  these ’

quan t i t i e s , a p e r c e n t a g e  f a c t o r r ep r e s e n t i ng  a p a r t i a l  a l l e - i w - a n c e’ f o r

tank  but te - in- i s  and p ipel ines w a s  d e t e r m i n e d  b y w hie h a l l  the  P05

requ i remen t s  of ti -re s c e n a r i o  w er e ’ a d j u s t e d  downw a rd. ‘I’he s t o r a g e

r e q u i r e m e n t s  w e r e ’  ti -ten ad ju s  ted to i - c f l c c t  these’ new l e v e l s  and a new

s y s t e m  s t o r ag e  cos t  c a l c u l a t e d .

The 1~1 se of POS to O f f s e t  P W R R .  T h t e  e x p e c ted v a l u e  of t i - re  POS

on hand a t  any  loca t ion  c-in any  cane - c l ay  w i l l  tend tea s ’ . a rd the t r u e  n -r e a n

of the POS leve l  w h e n  a suf f i c ien t ly long enoug h pe n o d  eaf  t ime is

o b s e r v e d .  Tha t  is ( R e f  17 :148) :

E( l ’OSi  = 
~~~~~~~~~~ 

11~~1 n = l

K c- ibse rved  v a l u e

n = numbe r at  d a y s

I)espite such  a concise’  s t a t i s t i ca l  ap p r o a c h . the  va  r i a b i l i t ’ .  t h a t  w i l l

4 1 
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l i l a ’’. ito bi y and rand e-iun lv c- ic -t i  r a reaund t h e ’ n -r c a  n p r e v e n t s  expee - ted I ~, )5

Ic ’v els fr e - i m being used let cal l s  e’t PVt KR.

A siti g le ~ac ’ r i e ’ nt a ge’ , l f l i cn i n t  ~~ is  chn i s e’n t h a t  r e p r e s e n t e d  a

h y p e a t h e’s i~~eel re (lUctlofl in I ‘~\ RE dcii’ te t an , t l l o w , c t i e e’ fea t’ I 0 S  Ic ’.  i ’t s .

-l his s it nu l a  ted an ca } - ie ’ n , c  t it i g  pe a l ie ’. -  t h a t  re ’cogni  zt ’d the  0 c a n S  ide- r , i  h le ’

a tool_ n u t s  at  I 0S t h a t  would be a’.- ai 1,t b l e c,n 1 ) — I ) ,, v . ‘l’iie’ I \\ R H  t e a r  t I - i t ’

I c a c a t ie - in  cal t h e ’ s cu - t u t r i a  w e ’ r e’ a d j u s t e d  ( l e w l i w , t rd b y t h u s , t n u u e a u i n t .  S t a a i ’ —

a ge ’ re’q iui  r e’n a e nt s  we  re ’ a d i  it s  t ed  anci  a n - i m n i n n u u u  ce - is  t W a s  co l e  ii ha  te ’(l

based cm an cup t i i u a  I r e t  l l e c  a t i e - i n - i  of s t  c- i  u -a g  e ’ . It s h o u l d  he ’ e ’ n-rpha S i  ,‘ e ’il

tha t the  p u r p c a s e - c i t  t h i s  e x e rc i s e- ‘.v.cs  s i n - r p ly  te  i n d i c a t e’  t h e’ r e’ l a t i v e

ma gn i t u e l e ’ c l i  t he ’ (lea !  Ia r s ~t v i n g  s t h a t  m i g ht  be’ re., ii i.ed s hau l  d site  i a

change be iun p l e mi ’n t ed .  :\ny  sa v i n g s  m u s t  be con s i d e r e d  it t  l i g h t  at

the ’ ca p e ’ u , u  t iona  I l i t - i - r i t a  t ie - in - is  a sic aa c  j ,  ted ‘.v i th  t h i s  . t I (  c- r n  at  iv e

S tea t -ing J P 8  . I I , , ’ . -  ing  a s s  un -ted t h a t  J I a 8 ~‘. il 1 l a c e  o t t - r e’ the s c a l e ’ j e t

fue l , t h e ’ re ’s t t ’Ie t i e a t u  can t i e’ i n c  ean - r p a  t i b i h i t y  of J P4 ., nd I “ v. a it e’l imj  —

noted. 1 he’ sen s i t - i ’ . -  it  v c f  s tar , ,  g c’ e c a s t s  to th i s  c h a t - i  ge ’ i t t  c a p e ’ n o t i n g

r e - i c  ed t i ne ’ ~v ,, it in ’~ c’s t iga ted

Mode l ing  a 1 ong T~ r io  C~~j~i t a l  In’. es trn e’nt . \\ hen  c h u e - i c - i S  l ug  ,t i n a u u c

a lti’ rn ,t  ti c-s w h ü e  h rc’q Ui t.e’ a Ia i-ge ’ i mmcd l a t e  pa \ e a U t  t h a t  w i l l  re ’s t i l t  in

(ie~- rca s i’d t e t tu  re e ’ N j - i c ’ i - i s  a -s • the re- is a t e n d  e’nc ‘e - to  a - v  e r e u u p h u a  sj  ‘e’ t I - r e ’

c-H e tu ne’ e’xpe ’nd it i i t ~t~ and Wide ’ n e ’ni - rp iia S i c ’ t lie f i i t i t  r c ’ s o’.  i n g s  . l e a  a ’. c a u e l

t h i s , l ) e l ) ce ono tuic  ana  lv si s  p r c a e  t ’cl t i r e - S  0 re  has i’d it pean  ( h e ’ .  e’ l e a p i n g a

c,t  s i - i  f l ow  t e a t ’  t ’a cia  a t  the  o h  t e ’ n - u i , ,  L i ’ .  e~ S a nid then its ing ~ 
i- c-s e’n I ‘. a Inc

‘-a 0
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t ee’hn iqut ’ s t e a  eornpa re -  co s t s  (Re ’ l ~ 3 1. The t r a n s p a a  r t a t i o n  ma-id el

(1e v e lop ed h-re ’ r e~ is e camp a t ib le  f e - i  r t h i s  t ype’ eaf  an  o h  v si s

R e ’e r e a t i n g  t i c  e a r l i e r  scena rio . a c ondi t ion w a s  add ed w h - r i ’  r e b y

h a t  a t  S e - i t - i - i t’ eat - r e’ t irne- cos t . h<.~ , a d d i t i o n a l  to nka  ge w as  s e  c u t e d  a t

l o cat i on  i. A s s o c i a t e d  w i t h  t h i s  a c- o ui s it i e an  w a s  scout’ c’s t i n - i a  te ’d v e - ,c n I ’ .

un i t  s t e — r a g e ’ e c - i S t , Cj j ~ The ’ c a l a l e ’ c- t i ’ .  e’ at  t h i s  w a s  t e a  ile ’t e ’r n m n e ’  i t . t h a t

as a r e su l t  c-if t h i s  new c ondi t i em , sto no ge  c o s t s  w - r c ’ reduced s t i l l  i -a

~
- i e - n t l y l . a  j u s  ( i t ’ .  th ai ’  K~. Bc’c a cisc’ t i -re’  c - i t - r e’ t i m e’ i~ . ’s I • h\~ d id  n c - i t  f i t  a

1 ir - ie’a i’ p r e a g  u - a rn mi ng  fo u- mu t a t  ion . t h e ’ t i -an  spea u t a t  j ean  un .  .c l  a - I  ‘a’. c s  n t - i t

s t u - i c t l v  c j - i p l i e a b l e ’ . i lowe ’v e ’r , t i t e ’ f o l l o w i n g  n u e ’ t i a a a d c a l c - i g ’ a . a a s ’ c h  c an  t u e

guid eline’ s fe -i r I ) ed)  cc o n c -u n i e - ana lv s u i t , c - i ’ .  c ’ r ’c a n - i c -  t i i  it p r c a l a l  e ’ uu  , and ‘a’. as

t i se ’c l  in  a n a i v , -in g  the ’  p r e - ip ea sed  a d d i t i o n a l  t a n i s a g e - :

-\ t i t ’ c tt’ h , e  i - i , - c - i n - i  c- if  ii ‘a a ’,, rs  ‘a’. a s  c s t  m u . , !  e’d c - i ’ .  er  ‘a’. h -u i~ hi
i t  ‘a’. as t -e ’a Sc)i’,a bl e I a a s s  ume t h a t  t i - r e  y e  wefl l ldl  I c ’ h a t

o h - i a n  g e ’ in u’ t’qui r e m  en Is a-i I’ c O  p oe - i t ’ .  t a - i t ’  t i - i c ’  it e e’rt a n - - i c - i ’
The n e ’n l a in ing  u s e f u l  t i l e ’ of a l l  p i i v s i e a i  a s s e ’ t s  w a s
as  suun e ’ d g r e a t e r  than t i - r e ’ v a l u e’ c - i t  rt .

2. TI -r i’ n pa v m e nu s  e f  e ’,t oh c. r e p r e - s  e ’nt  a c a S  h e a i i t  -a

I lea ’. ’ .  of n r e n t s . i h e  d i i c e e-iuin t e ’d l a t , t l  c - i f  sue-h a
i t t  n’ c’a in  of pa yn e’ n t s  . des i gna  t ed  e~~~1 . i s :

c . . ’ = (c j j / R )  ~ l - ( 1  F ) ~~~ (

‘a’. h u e ’ re hi = cl is c~ ca i i r i t t a te ’  a ’ i t t  ~~l - h i s  hued  t a r
Dol) e’c e a n c a m n i e  .u n u a l  ‘a S 1 5

This  fe-i r rnu la  a O f l  t a o  fc und in nuan’ . t i n - i a  fl e e’ t e x t  —

ba a et ks ,us  that ’  j - i t - - i t i ’n t  ‘a ,t l i i i .’ c i !  o i l  a - i n a l i n , I  i- ’. a n u n i i i t ’ .

~
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3. Inc lud ing  t i - ce ’ added c cand i t ion , each  - ui  ti -re
model w as  t -ep laced b~- i t s  c~~1 .  ‘I he ~ranspo r-

ta t ie - in  s imp lex w a s  then  imp h~ment e d  to d e t e r -
inine  the  optima l a l loca t ion  of s t e - i  n - a g t ’  and the
a s s o c i a ted  cos t  in p r e s e t - i t  v a l u e  d o l l a r s , desig-
na tt-a’d Z j .

4. 1 rovided tha t t i e  new locat ion  en t e red  ti-r e solu-
tion , a clew tota l s y s t e m  cos t , de’si g n a t e  14, w a s
ca l c u l a t e d :

= N- + z~ ( 4 )
1 1 1

Note  t ha t  because  ti-r e K~ is a c u r r e n t  e x p e n d i t u r e .
it w a s  not d i scounted .

5. Ti-re cos t  of this so ena i’1c w i t h o u t  tFi e nc’w c onditj e-in
and for  a sing le y e a r  had been p rev ious ly calcu-
lated as Z~ . Its d i sccaunt ed  v a l u e ’ , /~~~, fo r  n ve ’a rs
was  d e t e rA ined: -

Z~ = (Z~~/ R ) (  1 - ( 1  + R ) ~~n ) (5 )

0. i~ was  compared  w i t h  Y~ to d e t e r m i n e  if a d d i n g
t a n k ag e  dec reased  sto rage  cos t s  to o f f set  K m
(Z ~ g r e a t e r  than Z~ ) .

W h i l e  this methodology a d h e r e s  to an al y s i s  guide l ines  and is suf-

f i c ien t  f o r  anal y z i n g  a sing le p r e a j e c t in a l imited scen a  r i c a , ti -re f ixed

co st e’le ’nui ’nt is n ev e’r inc luded in the opt imizat ion p r o ce s s .  It is

simply a cos t  c o m p a r i s o n  c t  two s t o r a g e  opt ions  wi th  an i n v e s t m e n t  ca s t

added to one . Ti -re ’ f ixed cha t g e ’ mixe’d i n t e g e r  line ’ar  p r o g r a m m i n g

model is a muc h m o re  robu s t  w a y  tea fe- i rn iu la  te t i e  p r ob l en  t t h a t  would

a lleaw f o r  th is  f ixed c east  c ondi t ion.  ‘ l i ie n’ e’ t o r e ’  • a p~-t r t i on  c l  the and lv  s s

w a s  devoted  t i- i an i t ’ .  e s t i g a t i o n  of this  t y p e ’ of a p p r o a c h  te a de’te’ i-mi ne if

suc h a fo rmu la t i on  using a t r an s po  n t a t i e - i n  iu i ad e ’l w a s  p o s s i b l e .  It w a s

-a— -a
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r e c c a gn iz e d  tha t - if f c - a sj b h i ’  , t i c  s o l u t i o n  p r e a c  edur e  f o r  t h i s  type  of

p r o b l e m  cxc ceded the  i- e am p u t a t i o n a l  se’ope e f  t h i s  repe- i  n ’t . The p r i —

n ua i v  pu rp o s e’ ‘a’. as nc - i t  t cu  s e a l  v e’ th e  p i’ob le to  but  I c - i  she-i ’.’.- t i - r a t  a l e- in g

t e -r n l  cap ital  in v e s t tu en t  dec i s ion  w i t h  a f ixed Se ’t up c h a r g e’ cou ld  I c e ’

me- idel e ’d iii a mixed i n t e ’ge ’r fct i ’tnat  s u i t a b l e’ t e a t’ a t r a n sp o  r t a t i c - i n  mode l .

Cha pte i’ III repo r t s  on t i c c ’ res cdt s ~af this  r e’s ea r ch .

Tiii s conc ludes  ti -re ’ t’e’ s c’a r e h  t -n e th i - ido le - igy  cha pt ci- . it  ha s  lae ’ei -i

oct0 0 e ri -red w i th  exp l a i n i n g  t i -re  I-low behind t i c  I’ i’s ca rc h ; t i c ’ I c - cm  i q ue s

and da ta  s c - i u r c e’s u s e d  to acce - in ip l ish  ti -re ’ objc ’c t i ’ .-es  cal  t i - r e ’  siu d ~ - .

C h a p t e r  III to f o l l o w  p r e s e n t s  I hue ’ \V h a t ;  an e’xp lana  tj e r i  c c f  t h u c ’ rc’ s u i t s

c oining f r o m  the  methodole- igic ’s des c  t’ibed in t h i s  . hap t  e r -

--i 3

- -a -- a - -a - a - - a - -  - - - ---a -~~~~~~~~-- a - - -



- —---‘-- --a-a-. - - - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ ~~~~

III . A N A L Y S I S  A N D  RESULTS

Introduc Lion

This chap te r  p r e s e n t s  the r e su l t s  of ti -re ana l ys i s  e f f o r t .  Ti-r e

f indings  al - c’ pr e s e n t e d  in ti-r e o r d e r  in w hich they we ’r e  d i scussed  in

Chapter  II and include a s u m m a ry  of t i -r e  r e s u l t s . So as not  to lose

si ght of the initial goals of ti -r e r e s e a r c h  e f f o r t , each of the sec t ions

has been identified w i t h  a specific a s p e c t  of the  o bj e c t i v e s  in i t i a l l y

s t a t e d  in Chap te r  I. Because’ it was  f e l t  t i -rat  identif y ing p a r t i c u l a r

locations with op era t iona l  data  would add no th ing  to the  r e p e a r t  and

mig ht c reate  some uneas iness, no i n s t a l l a t i ons  a r e  ment ioned by name.

Ob jec t i ve  2/Si gn i f i can t  P r o d u c t  and Geographic E l emen t s

The r e s u l t s  of s u m m a r i z i n g  six months  of DEIS consumpt i can  and

issue  da ta  te - i  i d en t i f y the si g n i f i c a n t  e l emen t s  a r e  p r e s e n t e d  in fou r

t a b l e s .  ‘l ab l e  VIII is based on re ta i l  consumpt ion  by p roduc t t y p e .

Table IN c e a n c er n s  ti -re s ame  s t a t i s t i c s  fo r  i s s u e s  a t  ti -re w h o l e s a l e  leve l .

C o n s um ption by r e t a i l  loca t ions  is the s u b j e c t  of T a b l e  N and Table’ )~l

p r e s e n t s  da ta  based  on i s sues  by w h ol e s a l e  l o c a t i o n s .  B e c a u s e - ti -r e

c t h j e’ .. I i ’ .  c w a s  sin-I p ly to r ecogn ize  the  si g n i f i c a n t  c’lements  ant d exat -n ine

the shape i - if  ti-ic d i st  r ibut ion , much  rou nding  at-id t r u n c a t i n g  c - if  d a t a  w a s

accom plished to s ir n p l i f y ti -re p r e s e n t a t i o n  of t i uc ’ i- e’ s u lt s .  1-’igu u - c ’ t-

a p p r o x i n-r a t e l y dep icts  ti -re r e s u l t s  of Tab le  V I I I .  A l t h o u g h s in - u I a n  t y p e ’

-‘4
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l a b l e  \ I I 1

T o ta l  De al )  hi e ta  ii Con i t i i t - i - r j - i t  c 1 1  i t ’ .  P ra i l  ito I

N u n i t  ic  r at ’ Cons i u u n p t  lc-i t Cu n -r u la  t i i  e ’ Cumul  a I i ’ .  a ’
P r o d u c t  I aca tj c an s  N I B b i s  P -r ce ’n t  of Pei ’ c- e’n t  of

_____________ _____________ ____________— —
~~~~~~~~~ P t’od i to I s  ( c- f l  i t i i t i ip t  j c - i l l

1. J i ’1  $77 4 32 o 7  3 . 7  - 12
.~~. \IG ’I c t - -h 2 12 3 1  7 . 4  (‘3
3. i)l”\t - ‘12 11423 1 1 .  1 74
4 ~~~ 3~~

, 
c~ c 17 , ~ 14 .  5

5. 1 -SF ,  i 2 ’~ 4 4 $ c  l S . ’~
~~~. 1-52 14! 32~~ ’ 2 2 . 2  d O

7. ~~~~ - 155 2 2 4 7  2” . a t  c i ’

S. i” SI )  2 2 2  2 1 7 1  2 a ~u . t- i  c 4

ci , j ’~~~ “ a )  $3~ 3 e1 0

i S  e a t h ’ li’r pu -~- i u 1 e i o t s  4 3 15  100 100
103353

Sou r c e ’: DEIS . ( b c t e al ) e’r l c ) 7 7 _ N l , - i i -~~ h i °7 5 .

T a b l e ’ IN

l’ e a t ~~ l l)l- ’SC \‘a ho le’sa lc ’ issue’ s i- i ’ . -  Pu’ e a d u c t

N u u n i a c ’  t’ c I  t s s  i t t ’s C u i nu l a  t iv e Ci inni la  I i ’ .  e
I - r e -d u c t  

~~~~ t t j )n N i  Ub l  s I - c i’c c- i - i t  a t  F e ’ i’ e ’ e’nt of
P n o d u c t s  I s s u e s

( J })4 ~l $  3 $ 5 5 c )  3 . 7
2. D E N t  4 ’— l 1 t ) — ’~ 7. -I 7’,’

. J r - a’ -‘2 1 0 1 04  11 .  1 .1 3
4. N - SF 17 113 7  1- 1.5  0
“ . N i (~ I 22  0 0 1  15. -~

c - i . DEW $ 70 ’  2 2 .  2 07
2 1 i - i t  he r pre - i due- t s 14 7ei 1 00 100

.~~ ~ -- I

S~- i ti  r a e ’: 1)1 15 . O~’ t c b t ’ n 1 ‘ c 7 7 _  \1 ,t  n e i ’ c 1.175 .
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Table  N

Tota l  1)e-iD R e t a i l  C o n s u mp t i o n  b y 1 c a c a t i c a n

Cu tn u l a t  1’. c- N u mub e  i- Cu n uu l a t i ’a  i’ C u tn u l a  tj ’.  e Cumula  ti ’a’ e’

c 1  I c - i o at ions  C c- in s ump t i o n  I e’ r c en t  c> f  I c  cc i ’ri l ot

___________________________________ — 
l ’ai Rb l s  

— 

I oca tj o f l s  C ct n s  uu’np t i o r

40 2°° 10 3. 33 3c
50 4 o l 7 O  u . bb

120 ~ i- i5 8~ 1 0. 0
l u O  t -3 c c- i O  1 3 . 3 3  7c . -
200 u S c 0O I - i - . uc  S2. 5
240 7 1°2 0  2 0 . 0  Sc . 5
250 744°0 2 3 . 3 3  89 . 5
320 7c370  2c . c- ic c i )

300 78130 3 0 . 0
400 7 a1 S7 0  3 3 . 3 3  ( ) 5 •  5

7 1 3  e a t h e ’ r l o c a t i o n s  S2~)°0 100 100

S o u r c e ’: DEIS , Oc tob e ’r 1°77 ~~Ma i- ch i c c 7 S .

Table’ NI

T ota l  DI”SC \ V i i c a l e s a l ’ , ’  i ss u e s  by I i -c a t i o n

Cuunu la t i ’.-c- N u u u h e ’  r Cumula t ive ’ C cu m u l a t iv e ’ Cu u m n u l a t i v i ’
c - i f  Loca t ions  i s s u e s  Pe ’rcent  of P e r c e n t  c-if

N I F - ibis Locat ion s I s sues

i i  2 ” 4 e 0  10
22 3cOt- i 0 ~ 0 c - i S
33 417 50  30 7c
44 4u40 0  40
55 4 i i030 50
c - c  51310 c-i0 03
77 S~~5b0 70 d) ~~~

33 eath e ’ r locations 55 150 100 100

Source ’: I)EIS, Oc t c a h e r  1 d t 7 7  Ma n- c -h li178.

ia
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25 50 75 100

Cumula tive P e r c e n t  of P r o d u c t s

F i g u r e  a. The Dis t r ibu t ion  of Re t a i l  Consumpt ion  by P roduc t

g r a p hs could be made of the othe r tab lc~~, these  would c lose ly r e semble

each o the r  due to ti-re oh ’. icus Pare to  type d i s t r ibu t ion  p r e s e n t  in each

case .  To avoid this redundancy ,  F igu re  0 can be cons ide red  repre-

sentative of all th~ data in Tables VIII th roug h XI. TI-re conc lus ion  in

each case  is the same;  the sign i f i can t  e lements , whi le  r ep r e s e n t i n g  a

small p e r c e n t ag e  of the total , accoun t  fo r  a l a r g e  p e r c e n t a ge  of con-

sumption or i s sues .
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Ob j e ’ c t ive ’  3 A/ F c a r e i o a s t  v e r s u s  A c t u a l  Consu r .up t ion

Onl y the- ’ 104 CONIU S A i r  F o r c e  bases  f o r a ’c a s t i n g  a da i l y

dc-n -rand  r a t e  fo r  JP4 g r e a t e r  t i -ran  2 50 b a r r c ’ls we ’re ’ e x a m i n e d,

B e c a u s e  t h e s e  base -s  a c c o u n t  f o r  the bulk  c-if i F-I c o n s u m p t i o n , the

CONUS base’s w i t h  a DDR less  t i - ran  th is  ‘av e-re not  i n c l u d e d  in the

sa mp le . Ti-re u - e s u lt s  a r e  p r e s e n t e d  in Tab le  XII .  Ti-ic’ base - s a r c

a r r a n g e d  a c c o r d i n g  to f o r e i a s t  DDR w i t h  the hi g h -r e s t  d e m a n d  r a t e ’

being f i r s t  in t h e- t ab l e - . The d i f f e r e n c e  b et w e e n  a c t u a l and  f o r ec a s t

( c o l u m n  2 co lumn 3) is  in co lumn 4 and t i e  p e r c e n t  b y w h i c h  fore-

c a s t  d i f f e r e d  f r o m  ac tua l is in c o l u m n  5 ( ( c o l u m n  4 -~
- co iu m n  3) N 100) .

In e’ither case , a p lus indicates demand i-ave rsta t ed and a m i n u s  si gni-

fies demand understated.

The p e r c e n t a g e s  in co lumn 5 r a n g e  f r o m  a low- of - i 3 ’  to a hi g h

of + 2 9 7 - i ; . T h e r e  w e r e ’ no loca t ions  wh ich  u n d c -r c - s t i r n a t e d  DDR by n o r e

t h a n  25 t ~ and 41 whi o i -r  o ver e s t i m a t e d  DDR by more  ti-r a t-i 2 5 u t . Tw e n t y

one bases f o r e c a s t  den-rand  w i t h i n  5~~ . Fi gure’  7 su l r r tmar i~~e’s the-

r e su l t s  in c o l u m n  4 of Tab le  XII in a h i s t o g r a m  based  on 5~~- i n t e r v a l s .

The ne t  d i f f e r e nce ’ bet w- e’en f o r e c a s t  da i l y usage  and a c t u t a l  d a i l y u s a g e

( c o l u m n  4)  was  +2 4 a 5 8  b a r r e l s , or I 5~~- of a c tua l D DR .

O b j e c t i ve  3B/ T e s t i ng  fo r  N o r m a l i t y

The- co n su m p t i i an  da ta  f o r  A i r  l ore- c’ l’aa s  e A l p ha i s  in c l u d e d  in

A ppendix C. The mean  and  s t ands  nil ( l t ’V i a  I i i)n c l  t h e - s e  I I ~ cIa ta pa -m t s

was  de -t erm ine ’ d and can a l so  be ’ f o u n d  ~n ( h u t ’  a ppe ’nd ix .  A s  d m s c u s  sed in

58
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Tab le X~ L

A c t u a l  ani d F o re c a s t  Dail y JP4 Con~~um p t i u i a
A l l  CON US A i r  Force  Bases  P r oj e - c t L n~ a Da i l y Demand

Rate More Tha n 2 5 0  t3,erre1~

Foreca.a t A . z t u a l  F o re c . , i t  - ~‘a c t u a l  (I- ’ - r a ~ca~ t - A c t u a l ) , ’
Ra nik Bb 1~ 131l.i Bbls ,c.~ t u a l

Pe rc ent

1 7145  7347 - 02 -a 3
52 9 1 30o2 ~ 1329 34

3 51o7 4982 ~ 2 85 4
4 5 1 4 9  4 7 5 4  3 9 8  8

5 5 1 1 1  3621 + 1490  4 1

6 .1782 3784 ~- 998 z6
7 473 9  4457 * 282 6
8 4389 3975 ~ 414 10
9 3 988  3 72 2  246 7

10 3b39 2558 • + 1081 42
11 3333 17~~~9 1 6 0 4  93

12 3326 3351 - 25 0
13 3307 3304 3 0
14 32 54 3150 - 104 3
15 3243 2922  - 3 2 1  1 1
16 3090 2354 736 31
17 3083 3174 - 91 - 3
18 3042 2934 t 108 4

2976 51 59  ~~ 817 38
20 2944 3078 - 132 - 4
11 2938 2644 ÷ 2)4 ii
22 29 14 2507 - 417 17
23 292 3 2 6 2 3  300 11
24 2902 223 3  — 664 30
25 ‘8 10 3613 — 277 11
26 2322 3306 S b  22
27 230 2 1544 — 2 5 3  10
25 2 7 c 0  2 0 5 1  ~ 7-i’~ 33

2~ ’ ’1c) 1 3 3 ~ -a ~2~~5 97
30 2:’j 3 2 ) 7  - 3 7 4  — 13
3 1  2 5 17  2C ~~2 — 4 o5  23
32 2 5 1 3  2 ”-~-~ — Sc -  29
33 2-na S l1~~3 3 2 3  14
34 2 ) c 3  2 3 , 3  ,- 43 2
35 23c~ 15’6 - 170 -a 7
3o 2 3 3 3  2 1~~L 151 8
37 23 05 13~ 5 -a 10 0

2 2 2 2  1~~~4 — 22 5 1 1
3 2 1 o 7  13~~’ — 83~ 63
40 21~~ 2 1 1 1  — 29 1

4 1  2 1 1 1  1 72 5  — 35 - i a  2 2

42 , 0 5 0  1~ 4 )  -a 4 ) 7

4 1~O34 i 4 - 2 -a 1-2 33
1 1 2 1  -a o,~ -i - 17

4--i I - ~44 I -S c — -
~~~~ 

- 2
4” 1’ 1 7 _  • 13

— 
47 !S4- ~ I S l e )  34 2
-I 1- ’’ -7 ) 3 5 t )  — 3~)7

t o l l  I ~14 — 10’  -

~ - 3 t  llSc) -a 30~ 24

15 2 5  t 5 -  -a 1 ’  1

t ~-~s 1 : ‘ - i  — !‘2
53 125 - -i llc- ’ ) - 105 - S

- L i  I

‘ a

--a- ~c’-a -~~- - --a.~-a-a-a-a-~~~~~~ --a-a ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ - -



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - a- --

Fable XL C ‘nt dt

Io r eca~~t Actua l  Fo reca st  - Actua l  F o r e c a s t  - A c t u a l ,
Ra nk Bb 1. Bb ts Bb la A-. t ua l

Ps r c en t

-~~ S

55 L L -~4 145 • 240
So 1107 882 + O S A  32
57 1 1 1 1  1099 t 12 1
58 10°b 1 2 1 7  . 12 1 - 10
50 1070 1003 7 0
00 1058 1010 - 48 - S
0 1 10 2 7  8°8 • 1 2 4  14
o2 1008 1112 - lob - 10
63 080 7 53 - 227  30
0 4 - ‘44 7 14 • 23 0  3 ’

20 2
00 833 oo7 - t o o  25
o7 7 -4  1’iQ — -~~~-4

o8 722 58 1 - 141 24
7 10 o73  ~ 43 0

70 o08 4 Q 1  207 42
71 oo7 485 182 38
72 o15 244 3 7 1  152
73  oOS 50 1 107 2 1
74 52 9  520 ~ -

~ 2
75 529 304 + loS 45
76 529 392 + 137 35
77 503 537 - 34 -
78 476  4 1 0  + 60 18
7° 4e3 424  — 3°
80 428 400 - 32 - 7
81 423 33o - 87 20
82 4 17 3 1o ÷ 101 32
83 3°7 32- i  — oS 2 1
54 38° 217  172  7-i
85 372  230 -a 142 o2
So 370 — 7 1 24
87 3o9 3 72~~ -a 3 0
88 35o 252  — 104 4 1
8° 337 23o 101 4 )

3 3 4  280 — 54 1°
0 1 333 24 4  50 I
Q 2  3 3 3  2 ’ o — 107 47
93 333 300 - 33 11

3 3 1  28 8  - o3 24
05 32 7  200 — 12 1  5°

31° 234 — S- 38
0 7  208 253 — 45 13

290 25 4  • 30 14
288 I - i -i t - 187 - 

2 7 5  — 353
101 277 - - ~~ — , i 3  1 ’ S
1 - 3 2  2 5 5  172 I -a ~3 4~5
103  2~~4 I S S  - 1, _ I  3~
104  2 5 1  1-4 5 • 10)

[r~~Li1 

— 

10 42 ’ ~2 • i - - -’ 13’- - ’

S, -~i rc~~ ~\ a r  -
-a

- - i  r. C 30 , rc~,. 12 . 3  7 . I - v 10 7 7  ari d - 15 - ‘ r
i - 7  .
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( 5 10 15 20 2 a  30 3~ 40 4~ ‘~0 “ ‘~~~()

I - c ’ ri  en I in E r rca r

I”igu re 7. T he Dis I n ibu t ion  of i e ’ rc e ’n t F r r e a  r in
Fea rec-a s t i ng  ( - c a n s  un -op t ion

C h a p t e r  11. the  ch i  squa re goc dne’s s of f i t  I c - s t  ‘av as en s e’d tc ) ink -  c - s t  i g a  I

the  n o r ma l i ty  o f  th is  data  as  a p r e  r equ i s i te ’  te) u s i n g  e q u a t i e - i n i  ( I ) .

A r b i t r a  n i l y .  t ie obse’ r v a t i o ns  ‘ave n - c - d i ’ a  ide ’d in te )  i n t e r v a l s  caf 10 . 000

ga l ions.  As  s h o w n  in Ta ble XIII , the ’ p ‘

~ 

we-  F e ’ t h e n  i~~ le- a U l  a t  e’d

t -i I

---a -a - - - a -  - a —  - a —- - - - -
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T a b l e  XII I

Ai r F e - i n - c e ’ F - i a s  e’ Al pha ‘Ih e ’ i- i re ’t i c a  1 P n c - i l ) a b i l i t i e’s
pe r  Consumpt ion  In t e n -v a l

Class  B o u n d a r y  (b ~ -a X )/ S~ = N~ F ( N~~) I n t e r v a l

1)1 20000 -1.27 . 1 0 2 0  < 2 0 0 0 0  . 1 0 2 0
b ,  a 30000 - . 39  . 3 483  2 0 0 0 0  - 30000 . 2 4 u 3
b 3 = 40000 . 5 0  .b e ) 15  30000 - 40000 . 3432
b4 = 50000 1.38 .i)162 40000 - 50000 .2247

>50000 .0838

F r o m  Table XIII, th e E~ and O~ were comp iled into Table XIV .

Table XIV

Ai r  Force  Base  Al pha Expected  and Obse’rved  Fi - e - qu e n c i c ’s

Class Expected O b s e r v e d

< 20000 12. 1 10
20000 - 30000 2 h 1 .3  34
30000 - 40000 40. 8 37
40000 - 50000 2 - i . 7 3 t)

> 50000  10 8

Then T w a s  ca lcu la ted  using equa t ion  (2 h

C
T = (O~ 

- 
- 2 . 2 8

j l  F 1

The c r i t i c a l  r egion  of s ize ’  .05  e-or n’ a ’sponds I - i  ‘a -al oe ’s cal 1 g n - a - a l  c - n -  t h a n

• ° ‘~~~. the , 5 q u a n t i l e  of a clii  s q u a r e  r a n d o m  ‘ a a  r i ab l e -  w i t h  C -a K — 1 —

_  -- a - — - - - a —  -
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c
-i — 2 — I = 2 d e g ree ’s of I r eedom .  l ’hese  n e ’ s u l t s  i n d i c a t e  t i - r a t  w ith

sonic  deg rc’ e’ of c o n f i d e n c e, it can  be c o n c l u d e d  tha t t he  d a t a  c e am e s

f r o m  a d i s t r i b u t i o n  not  g r e a t ly d i f f e ’  re -n t  f r o m  t h a t  sp c ’c i f i e - d  I ) v t i -re  n u l l

h y p o t h e s i s .  T her e fo  re’ , H~ is n o t  i’ c ’ i e ’ c -t ed  and lhe  u u e - i r r n a l i t y  c ond i t ions

fo r  equat ion ( 1 )  appea r to i-rave ’ been s a t i s f i e d .

A c c i a r d i n g  to the POS computation far this base t o  r t h e ’  pe n e - i d

1 Oc tober  1i4 77  to 31 March 1’-~78 , thie autheari zed safe-tv stock ‘a’aas

1854 ga l lons .  F rom this sa tv e f o r m  t i ie  rep l e n i s h m e n t  t i n - r e  L) is

g iven  as 1 .5  d a y s .  Fia t’ a se’r v l c c  l e v el  iaf 100~~- ( N  = 4) the ’ flew s a f e ty

s tock  is:

— 
Safe ty  Stock h~ L = 4 N \ I .  ~-i X 11308 = - i 5 3 q 5  g a l l a a n s

For  A i r  ~~o r cc- Ba se’ 1 r~1 v a a  the da ta  is S i s e a  t o un d  in A ppendix  C.

The anal y s i s  e a t  t h i s  data w a s  p c - r I c a r m e d  as  f o r  A i r  I” e a n - c c ’  B a s e  Al pha .

R a t h u e  i- tha i - i  re ’pe~c I t i - ic’ p r a e  C’s 5 . e f l l  y the  e x p e c t e d  and c c b s c ’ rve’ d

f r equenc -y t a b l e  is p r c - s e ’n -r t e ’d  w i t h  the- r e s u l t i n g  v a l u e  eaf T . 1~1e  e~ n ’i t i e - a l

reg ion  ol S i / a ’  . 0 5  con  re’spe-incls to va lues  c a f  T g n - e a t e ’ r t i - r i - i n - i  11. - iO t i n e

• c 5  q u a n t i l a -  c-if a c hi s q u a re  r a n d o m  v a r i a b l e  w i t h  C — N — 1 — 2 — I

d c- g r et - s  of f r eedoin .  1 he F e t e - i r e ’ , I l e iS  n c - i t  l e ’~~a ’ c ted a rid eq us l i on  I I

could be a pp lie a l a l e ’ .

i c :  ca rd ing  t o  t l i e  I -iC) S c on -rp u t s  t i t a n - i  f e n  t i n i  S 1)5 s l e a r  (h i t ’  p e n - i  , ‘aI

1 Octobe r l’177 ta - i  3 1 M a r c -h 1 178 ti -re ’ a e i t h a - i r i i e - d  s a l e t v  ~~l c a e k w a s

1 2 25 1 4  g a l l o n s .  1” ron, this san - i- re’ t e a m -i ti-i c r ep l e - n i s h u n - r e n t  time ’ (I 1 is

( ‘3
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Table XV

Air  F o r c e’ Base Bravo  Expected and Obse rved  Frequenc ies

Class Expected Observed

< 20000 9 . 8  11
20000 - 30000 10. 7 lb
30000 - 40000 l 6 . u  11
40000 - 50000 20. 9 23
50000 - b0000 2 1 . 4  19
60000 - 70000 18. 0 14
70000 - 80000 12. 4 15
80000 - 90000 6 .9  8

> 90 000 5. 1 5

T = 6 . 7 5

given as 1.5 days. For a servic e level of l00~~ (N = 4) ti-r e new s a f e t y

s tock  is:

Safety Stock = 4 X V 1. 5 X 22306 = 109277 gal lons

P r e s e n t  Ai r  Force  ope ra t ing  po l icy  requ i res  and soun d f u e l

m a n a g e m e n t  i n s u r e s  tha t peacet ime f ly ing  opera t ions wil l  not  be cur-

tai led due to local  t empora  n y  s h o r t a g e s  of f ue l .  A t  both bases  Al pha

and Bravo the use of a s e r v i c e  !e’a-e l c o n s t a n t  equa l to  4 w a s  inc luded

so as to e s t a b i i s h  a conf idence  of 10 0 - i- i : -  tha t no s h o r t a g e- s would oc c u r

dur ing  the rep len i shment  c c le  (see ’  Table V ) . In c h o o s i n g  a se r ’a ic c’

l eve l  c o n s tan t  l ead ing  t i - i  a s a f e ty  stea c’k f o r  a DF’SC t e r m i n a l , t h e  t a c t

that  it is p a r t  - i - i t  an i n t e r  re la ted  d i s t  r i b u t i e - i n  n e t w o r k  h o i d i n g  n u u a n v

t) 4
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e i - i m n p l c ’ i n e nt a r ~ pr - d u e t s  c ennld be n i l t i c a l i , c i c -  I o n  c h c - e - i s i n g  .1 l e sse r

s er ~ l e e  lc ’a  c i  e - i a n i s t , c i u t .  i ’ o r  i n s t a n ce ’ , i t  ou n i d  h~ r t - a s e - i n l a h ) h e ’  ( c - i  . c i - c e p t

a le ’sse ’ r c o n f i d e n c e ’ i - i f  s ii ca t - t a g c - s  fe - i n ’ ,i l ) 1 - S l - i  h a ’a  i n i g  n - r u a n i ’ a  t a - n ’ n u - i i n a l s

n e ’a rb y ‘au h i - i.- h c ouid  p r  -i ’a ide ’ t t~ n o p e - i r a  ry  b .c i k eip

~~~Je’et i v e  3 C/ Su r v c ’y R e s u l t s

The s u my c -v  ins t  r u n - r e n t  des i gn& ’ d to g a en ge ’ t u i e  t ank  I - i - i - i t t  c - n u and

pip e l ine  is sue  e’e) f l s i st e d  eat five qene’ stic ans and is inc luded  in A p p e n d ix  I) .

Of ( lie ’ 25 ba s e-s s e l ec t ed , 11 fue l s  o t f i c c ’ns  ~-o n - ip Ic ’t ed and r e t u n n u t - c I  ( l i e

sun n - u e ’y.  h ue-  sa n- ip le si ~e wa s  medu e  ed some ’avha t ‘au l i en  one ’ u - r - i a j c a  r i onu  -a

n -r and  sp e c i f i c a l ly  dec l ined  t i - i  au t h o r i . -.e ’ i t s  ba s e’ s t o  r e spond . -p -in

t ak ing  thi s a e t i e - inu , t h i s  c ommand  t n - a n s n - r i t t e ’ d  t i l e ’ f o l l c a ’ a v u n g  n n u e’s s . lg e :

Th i s  s u i b i e ’ct  w a s  a de q u a t c’l y i e a v e’rc’d in t h e  A m -  I - ’ c ’n i - c-

r e -  s p e - i n - i s  c ’ t e  a s it -o i l s  r GAO stud . St ac ka ge’ r e qu i  r e ’ —

nn e’nt  s , i n i n i u -r utn  l eve l s  , and related pea c c ’t i n u c ’  ope t-a t —

i ng  s t e c  ks 1-isv e’ b e en  i e a n t i n u n  a l l  ~ si undi ed dune’ to (h e ’ c e a s t

c - i f  pr o d u c t and eq ui p n -r e n t .  ‘I’ he’ r e’ appe’a n-s t i  - i c ’ l i t t l e
if a n - r v  f ea un d  t h a t  has n i c - i t  a l r e a dy  be’eni t i u ta n eaung li l u c’\ a l u —
at e’d.

A l t h o ug h  su e-h  s k e p t i i i s m  is c’a s i i y un de’r s t c - i e -id . i t  n n . i v  be n n a a t e c l  t h a t

because- of ti e ‘a e’rv r c ’a seans  ci ted in-i t h i s  m e s s ag e  and the ’ e ’ - n l i n n u i n u g

uu -r me ’s c - i l ’a ed n a t u r e ’ k - i f  t h i s  s u bj  c- c t , f u r t h e r  n- c -sea n- c ii . I - i c s i c h  c - S l a c ’ ing

u l u a s t  p r ob a b l e . a l s o  a p p e a r s  ‘au a r r a n t e d .

‘l he ’ re ’spon isc -s w e r e ’  d i v i ded  in to  I w o  c a t e go r i e s . I he t i n - s t  g ~~- i u n p

consisted c a t  t i l e) SC ha ses  r e p o r t i n g  n ca e~ h an g e  s in a e n t h a a  n - i :  e c I  mu c - n - r I - i-i n - ‘a

1ev els dci ring t he  six month  pe’ n o d  (qu e  s t i e - in n  I I  a rid ‘au ‘ i~~~
- t h e r e - I c - i n - c ’

c o n s i d e red  as  o pe r a t i n g  under  n e a r u n . l i e c a n d i t i e c u i s . 11 \\ .1 S I t ’ l l  t l i e ’sc-

-i -i 
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sa ’s uu ould  bc ’st t i t  f l u e ’ as  s i n n i ip t i e a n s  ou t  l i ned  in - i  Chap l  e r 11 . t i - r a t  is .

t h e ’ re sponse - to q u e s t i o n  2 n e p n c ’sen t e ’d  an i n v e n t o r  ,c t  c a r  n n e ’a r  t he

n u a x i n n u i n  a u t h o r i z e d  le ’\ -el ,  In h u e ’ s ix s i t u a t i o n s  w - h e ’ r e -  sue - in w .cs t h e

C~a Sc , the  m et h e a d o i  c g  v I c - i  dc’te n -tn in e n i i i n i n i a  1 I OS 1 c ue l s  ‘a~ a s u t i l i z e d .

I~ s ing so ru e-y  q u e s t i c - i n s  2 and 3 p lus  the  I -iO~-; c c - i m p u t a t i o n s , t i e  i-escil  t s

.1 me ’ s u n n u -r a  n . e -i l  in Tab! e’ X \ 1. In c -n i  v cane ’ c-a  Sc -  uu c old t i - i c’ I i i  e 1 ha u

been s u f f i c i e n t  t i -i d i sp lace -  t a n k  bo t toms  and p ipe ’l i n e .  In ti -re ’ c - t h e n

C , l S ( ’s ‘ay e -  r e  t h e s e ’ un u s a b l e  ~n m o u n n t s  not  i i u i - l en ded  in POS . t h e s e - base - s

would  Ii , i  ‘a c ’ be’e’ in be I c  -i y t he’i r i n - r u - i c - i  Ia 1)1 e 1 e’u e’l

l a b l e  X \  I

Sn ru e’v R e s u l t s  l i a r Ba se ’s Op er a t i n g  U n d e r  N e - i r i n a l  C o n d i t i o n s

Fuc’ l a ’a  , i i l a  ble ’ to dis — A d j u s t m e n t  f e a r  t a n k  A u - a i l a b l e  f ue l  s e n f —
p lace tank be -i t tom s bca t t e - ims  and pipe l ine  l i c i e nt  to d i sp l a c e
and p ipe l ines  l ie -u in I~OS t i n es  e a nn i - iun t s
minimal  UG S o cc u r r e d  (F o r m  7c- l . l i ne s  11
( Qui es  3 - (Q ei c ’ s 2 - an -id 121
P051) G a l l o n s

G a l l o n s

+ 72 2 0 0 0  2 2 7  13e ic ’s

1 183000 2 3 3 5 2 8  N o
+ 3 7 ” O O o  7 3 - i ’124 No
- f 30000 2 3 5 1 5 8  Nc - i
F 10000 8°754 Nc a
- 4 - b Oo 342342  N e - i

i he’ Se ’ c c-n d c . 1 e ’  go r ’- i- i r e sp o n d ent s  c~ ons ist ed  c - i f  t h e  I i  ‘a e n e ’ l u a a  in —

ing has  es repo r t i n g  p rog rarn m e’d c n  inn lo r e ’s  (‘ ( ‘ I i  c t andi  I l e ans  t i - r a t  n - e s - t i l t e d

(-i I-i 

- - -a~~~~~~~~
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in s in in uab i  l i t  y t o  n u .u i n t a i n  c - s t  a ( - i i i  shed i n’a enit c n -v I e ’ a e l  s . A moug ti ie s e ’

i~ e a n i d i t i c a n  s g iu en w c - r e ;  p mod iJe~ t f n o u n  s u p p l i e r  una c c  epta hi e d i n e ’ to poe- in-

q u a l i t u  , t a n k s  t e n ip o r a  n i l u  c a n t  of s e r u  i c e  l i a r le -ak  n- e ’pair c - i  c l e a n i ng .

supp ly de ’la ’a  c a u s e d  ~~~~ Iu i c l  we ’s t i u e r . and p i p e l i n e ’ b r e a k d o w n .  In a l l

e . b S e s t e ’ I l n p c c m a  ~v \ I A I C O N 1  uu . b i v e ’r S  f e - n  s p e c i f i e d  a m o u n t s  e a f  f u e l  w e r e ’

g i a n t t e -d t h a t . in a l  l e e  t r edu e- e’d t h e ’ P\V RN  to  a l l e aw  i’OS I c -i be d r a w- n

I n c - i n n  t h e s e - S t e -c ks u n t i l  t he  c c and i t i c a n ‘au -as rec t i f i e d . T h u s , a l l  fi ’a- c- o f

t i u e ’ s c - H . i ” c ’s w o u l d  s lu - i ’ au u - a  ry ing  n ec l . l t i ’a ’e \ a l c i e ’s in t he  se -c can d  c c a l u n nn

of 1 able ’ X V I .

As r ega  rds  t h e  pe r c - c’n t a g e - c -I t a n k  ( a c - i l L - i n n s  t i - i a t  c o u l d  i - i c’ pumped

cau t w i t h  a ‘a a ii . u i a l  e’ equi  p n n e ’n - r t  (q li e ’ ~ t ic ’n 4) , t he -  n- c’ spean sc ’s Ic’ 11 in - i a r a n g e

cal (1~~- t c  100 ) ’ . ~-\ r a t h e r  Is r g c - n u r n t h e ’r (7  ca u t  ca t  i i )  p la c e d  the ’ p e r c e n t - a

ag e  a l - i c - u  e °0 ’  . The  fea  s i b i l i t  v ccf u s i n g  p i p e l i n e ’ f i l l  ( q u e s t  j e a n  5) ‘a ’a-a

. u n s w  c-r e d  w i t h  e) ‘
N e ’ ’ ’  and  2 qeial ifi e - cl ‘Yes . ‘

~ O c a n u n n e n t s  n c -g a  n - d i n g  t h i s

en tj  ne i s s u e’ ‘au c rc a l s o  s c dj c i t c ’d. Some ’ selec  ted rc’spons es a r e :

‘1 l i e ’ fue l  in t a n k  beat t c - i n n s  • in r u u i a s e ’ c a s e ’ s • u’a evsld n - rot
t nc’ e’t (lu -ta ii t v r equ i  r e n t - r en t  S

Inc hiding t a n k  b o t t c a t n s  and p ipe’line’ f i l l  a s  u s a b l e  f u e l
in la o s  an - rd 1 W RN  d c - i c’s n e - i t  g ive  a t r u e  p ie - turc ’ of
u s a b l e  s t e a c k .

It is n - ic - i t  c’ c - i n s i c ic ’red I c ’a s ib I e ’  t e a r e c i a ’a ’ c’r  p i p e l i ne  t i l l
due  to sn - i a l I  anu caun t and p r c a b i c n i s  w i t h  a i r  e - l i n u i i n a  -a

t h an ‘avhc’n ii I l i n i g  p ip ing a g a i n .

I t  ( t a n k  bet team a i- id p i pe - l ine ’ I u e l )  is uni t s  a 1) 1 e’ i n - r u  cnn --

I c  n -y t e a t ’  a l l  p r ac  ( i i  . I p u n rp os  c’s.
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( ) ( a l e ’ c- t i ’ a  c ’ 4 / A  S~~ena rio

In th i s  s c c t i c an  a h y p e - i t h e t i c a l  s ce ’ua r i c a  is dc ’u clop ed Sc t h a t  a l l -ca —

t i c fl c a t  s t e) r s g ( ’ us ing  a t r a n s p o r t a t i o n  n eadel i-an  be exp l a i n e -d .  Ti-re ’

loca t ions  ma k ing  up t h e ’ 5e ’ e’na ri ca a n d  the  i n i t i a l  c on - i d i t i o n s  a re - inc luded

in Table  N \ I I .  Ti -re ’ c a n l v  fue l  p r o d u c f  ini c’luded in-i t he  S e e m S  r i c a  is .1 P4

and .-\i r F o r c e ’ has e~s a re t i - i c -  p r i m a  m y  I c aca  t i e - i l l S .  Ii~ a d d i t  Ic - i r i  ( cc  t h e s e  —

condi t ions  • t ln e  r e’ ‘au - c ’ i e  sc -m e n e s t  n i - t i - i - i n - is i rupe as c -c l - i - i n - i  t h e  sc - c-na r u e - .

T h e s e ’ r e s t r i c ’ t i e a n s  a m c ’ :

1. Lc a~~a t i a n i  F is t c c  f a r  f r c a u n  l e - i c a t i c a n  ~-\ t o  n n a k t - s t e - i m a g e
feasible .

2 .  1 ~- i c’ ation D is t o c a  fa t- fu - c a in  Ic- i c at i o i -r  A to mali c~ s t e - i  r a g e ’
ft -a s i l a l e - .

3. A t  lc) c E l t i on  F the ’ .1 P4 n - e’q u l i r en n e n t  is j ut c o n j u i n e  t i c - i n  w i t  hi
t h n at  I c a c a  t i c - i n  - s use  as a ‘as-a n t i mn e s t a g ing and re -c cay c ry
pc-m it in - i  c u i r r e ’ n t  ‘au ,i n p l an s .  l i n e ’ 75 M Pb l  c ap a c i t y  is
u n u s a b l e  due I c - i  t h e  i n c om p a t i b i l i t y  af P4 w i t h  .11 ~~~‘.

Tite g e n e r a l  a s s u mp t i o ns  app l i c a b l e - te a a n y  Si  e ’in s r i c a  e l s ing  t h i s

model a r c ’ as  fo l low ’s :

1. A l l  t a nk a g e ’ is - on t in uea us  lv e l i u i s i b l e ’  . I ’ha t i s  . r i c a  pa n t i s  I
t a n k s  a rc - a l l e - i u u  c’d. I bis i n s u r e -s t i - ia  t a f u l l  t a n k  i’ c a f l e ’ e”p l
is m a i n t a i n e d .  F e a r  i n s t a n c e ’ , i f  30 M B b l s  a m e Ic - i be ’
st ia re - cl a t  a lia i -~~tjon ‘a’a- i th ‘- i O M l lb l s  s t o r a g e - , t h i s  a u n c - i u i n t
e x a c t ly  f i l l s  t h e a s e  t a n k s  t c  be’ used and a l l  c o s t s  ~- i f
th e  r e m a i nin g  t anls s a re au oided.

2 . O-ap a  c~~~ t g i ’a-en is m a x i m u m  f i l l  l eu - e’ I ( S h e l l  c a p a c i t y  -a

u n u s a b l e  space not t e a  j u t e’ lode t a n k  b ot t  c - i n - i - i t  of • u l l  t a nk s
s n i t a b l e  f o r  the p roduc t b e ing  a llocate ’d .

3. T l ue  l e - i c ’ a t i e - i n - i s  des  e n ib ing  t h e ’ miae l el re-p n. e’s cnn t t i - i t’ e ’f lt  i r e’
sy s  t e r n .  Th i s  e s t a b l i s l u e ’s a b c a u n n d a r y  a c  n - os S w h i c h
t h e re  i s  flea inte ’ r~n c ’ t i c a n .

u - S
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Table  X V I I

Scena r io  C o n d i t i o n s

Loca t ion  Desc ri pti on POS P W R R  C a p a c i t v
( I v l hb l s)  ~i’ a l F - i b l s )  ( l \ l B b i s i

A Ai r  F o r c e’ Base- (SA c, 50 2 1 5  75
B A i r  F o r c e  Base  (M A C )  h O 240 2 7 5
C A i r  Fore -c Base  ~T A C)  25 50 80
D A i r  F o r c e’ Ba s e’ ( A N G )  12 10 30
E A r m y  A i r f i e l d  5 5 15
F N ay a l  A i r  Stat ion 0 150 75
C GOCO t e r m i n a l  40 0 200
H COCO t c -r m i n a l  30 0 2 50

4. Each b a se  n -nin st r e m a i n  ~ e l I  su f f i cj c ’n t  f o r  POS. Ti -ra t  is .
de sp i te  ti -re cos t  each - i  base  mus t  h a v e  t h e ’ l a c i l i t i e s  I c - i

n’ c ’ce- ive , st c - i n - e .  and d i s t r i b u t e  P05. As a r e s u l t , t i -re
c a p a c i t y  ava i l a b l e  f o r  s t o r a g e  to be used in t i l e  model
equals Tota l  C a p a c i t y  -a POS . This  uu ill p r e  v e ’nI  t h e  opt i-
nu i z a t i o n  p r o ce’ss fr o n i  e x c l u d i n g  a n y  l e a c a t i i a n  u vh c - ne ’ it  is
know -n opera t i ons  tviust  be sus ta ined .

5. Suf f i c i en t  t h r o u g h put  exi~~ls  a t  a l l  i c a c a t i c a n s  t a  m a i n t a i n
stc-ck rotation.

u .  Ti-re cari g in a t ion  c o s t  of f ue l  tea an  I c a c a t i o n  it -i t i e  s e e n- i a  r i o

is the s am e - . Ti -rat  is , t l e  p r i c e  of f i l e ’! d el i v e  red e- i A
equals  ti-ic sainc as if i t  ‘a-c c- re  d c l i u ’  e ned 1 c  S i 1~~ ca t l e’ i- b a se
in t i - i c’ sc ena rica .

7. Al l  c o s t s  c-if e ’x i s t ing  f a c i l i t i e ’ s a n~e’ s u n k  c~ost s .  T i - i c y  ha -c e’

ru -i r e s idua l  y a lu e

I h e  sp e c i f i c - a s su m np t i e - i ns  of th i s  Sc c - n - i a  r io a r e  as  l i st e ’d i - i c _ l i - i ’ . ’ .

A l t h o ug h  t l e  cos t  da ta  a n - c- l i s t e d  SS a s su n n n p t i on s  . t h i s  is o n ly  1 c e  1 1 1 5

it ‘a’a ould be d i f f i c u l t  to  v e n i t y  t h e i r  spec i f i c  ea r i g in .  De’sp it c’ t h i s , t hey

i_ -i (I
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ar e -  b a s e d  fl e ’x t c u u s i u  e- ne - sea  r ch  and t h e  op in ions  c f  I h c - i s e ’  i n c - s t

k n i c c u u  led g e a b t e ’ in the f i e l d .

Al l  g c - ’ a e n n n u e n t  s t o r a g e ’ f a c i l i t i e s  cons i s t  ol s u r fa c e
10 Ml3bl w e l d ed  t a n k s  uu i th  a f l o a t i ng  r o o t  de s i gn .  They
a r e  a l l  ca t  ap p r o x i n n a t e ly  ti -re ’ s a n- i c  a g e -  and c - xp a ’r i e n c  c’
sin-tila r c l inu s  i t ic c o nd i t i o n s .

2 . The e ca s I of s te - i n -m g  one bbl c-if f u e l  in -i t i - re  t ank  dc - sc  r ibed
in t, 11 is . 30 pe r  y e - a r . Based on the b e st  a v a i l a l a l e -
info t ’nu a t ion  and as v a l i d a t e d  by base  c iv i l  e-n g in ei- i- s
t h i s  a n ’nount ‘au - as  dc - t e i -  m m  c’d as  f o l l o w s:

R ecu  r n i ng  Ste - i  r a g e - i-~xp en s  c’s pe- r ‘l ank

Tank  c l e a n i n g — — o n c e eu - e ’rv t h  re- c’ ye- a r s  , 120 d i r e c t
l a b o r  h e a u r s
Tank  p a i n t i n g —  — o n c e  e’\ e’n y  f i v e  y e’a rs  . 2 00 d i n e - c t
l a b or  hour s
I n s p e c t ion  an- id p r e ’\ en t i v e ’ nu a i n t e n a n c i- — — o nce - eve - r y
month , 4 d i r e c t  labo r  i-rou t ’s
U n s c h e d u l e d  m a in t e n a n c e  — a s  needed , I c a t a l S  40
d i r e c t  l abor  h o u ns  pe r  ye - a r

Thc’m’e fore

T e a t a l  d i r e - c t  l a b o r  p e r  ve ’ar  :- h - i S  hours per tank

LI

l )j  re - c t  l abo r  is cos ted  at  ~ 12 per  i-r e- i an
Di rc ’c - t m a t e  n ia l  is i c- iS ted a t  ~4 Pt ’ r di r e e l  l ab o r  h c a u n
Civil  eng ine- c- 1-i ng ca ve’ nhead (g r o u n d s  m a i n t e n a n c e ,
u t i l i t i e s , e t c . )  is c o s t e d  a t  ~ 2 pe r  d i re - c t  l a N e - i n  l i e - i n n

n The ’ni

Tota l  a n n u a l  ~~t c - i  r a g e ’  c c - s t  p er  10 ~u i  Bbl t a n k
l u 8~$ 121 + lr- i S~~ 4) + l n - i S ( $ 2 1  = ~ 3024

A n d

An n u n a l  s I c - r a g e ’  c o s t  p e r  b a r r e l  = ~ 302 4/  10000
b a r r e l s  per  t a n k  = . 30

70
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3. The s t o ra g e  cos t  a t  a GOCO t e r m i n a l  is as dc n i u  ed f o r
( 2 )  uvi th  the except ion that  c o n t r a c t o r wage  r a t e s , as
d i sclosed  by n - cc  ent r eques t s  f o r  bid s r e l a t i ng  to fue l s
hand l ing ,  a r e  abou t  80~ of tha t  paid by the g o v e r n m e n t .

T h e r e f o r e

Total  annual  s t o r a g e  cost  per 10 MBb1 tank = l b 8 $9. 6)
+ 168(54)  + l 6 8 ( $2 )  = $2 621

And

Annua l  s t o r a g e  c o s t  per  b a r r e l  = $262 1110000  b a r r e l s
per  tank = . 26

4. The con t rac t ed  cost  per b a r r e l  s to red  at  the COCO in
the s cena r io  is $1. 00. As es t imated  by DFSC , approxi-
mately 40~~. of a COCO c o n t r a c t  is to suppor t  t h roughput .
T h e r e f o r e , the ac tua l  amount  a t t r ibu tab le  to b a r r e l  as
s t o r a g e  is ($ 1 .  0 0 ) ( 6 0~~ ) = . 60

5. .01  in annual  admin i s t r a t ive  expenses  a r e  i n c u r r e d  fo r
eac h b a r r e l  not s tored  at the using f a c i l i t y .  This cos t
is the r e su l t  of EDP p repara t ion  and DFSC command
and cont ro l  s t r u c t u r e  for  EDP implemen ta t i on .  As ve r i -
fied by the Defense  Fuel Reg ions , the agenc ies  having
pr i m a r y  re spons ib i l i t y  fo r  EDP p repa ra t ion, this cos t
was calculated as fol lows:

Total  annual manpower  fo r  EDP p repa ra t i on  = 3750
manhours  at $10 per  hour  = $37500

Total annual administrative expenses (mailing, print-

ing , etc.) $5000

DFSC s taff expenses ( t h r e e  fu l l  time pos i t ions )
= $60000

T h e r e f o r e

Tota l EDP p r e p a r a t i o n  expenses  = $102500 per  yea r

If

The total number of ba r re l s  inc luded on EDP s is
es t imated  at 19 , 000 , 000
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‘H uc’n

Aj m c i , i l  1 1)1-i c’x1) c ’nS e 1)ei’ N a n  r e - i  no t  s t o r e d  ‘au h e i t -
rc ’q u t i  n - e el  $ (02 . ‘00/ 1 - i , 01,10 . 00() hih is

007

. 0 ) 1 f e - i n -  t i n t ’ p u r p o s e ’s c f  c l a r i t y  in t h i s  n ’ c ’ po n - t

~i t i n e ’ e’ l c ’n ie ’~~l s  r t ’ t i i l i  n ’ e ’d Io n’ . 1 t r~1 I 1 s p e - i r I . c t n c ’ n l  i u n t a d ’ l  l e n - n n u u l , i t i -in

to  t h is s e e ’ n u , n  m i c a  ‘ a ’ a e’ mc ’ f lc ’e\ , i ’ a  aj l . i l - l c - . R~n t l n c ’r t l u ~~n t t _ c b t c n n c n n s i v  l’ c - i r n i u  t b - -

o b j e c t i v e ’ f u m n e t i e - i u u  , i n d  - o n i s l  r . i i n u t  c’ i l i t t  i c - i n n s , t i - i c ’ i n t c - i n t i u l t i c - i n u  uv , l S  c c - I - a

Ie ’c t e ’d il - i  .1 c O S t  .nn el n’ t ’q u n i i ’ e ’ n n e ’n t s  t’ c a n ’i naI  m u n c h  l i ke  I ’ , n l - i l e’ \ 11 c c l

C l u . i l a t c ’r  11. In - i t h i s  u - c a y  i t  ‘aV~~I S  r e l a t i v e l y  Si m p l e -  t c  ce~ m l a u I t c ’ t i - i c ’  c - i p t i -

ins 1 .11 Ic- ic .n t i c - i n - i  c f  a t e ’  r i c e ’ , ‘av t u e  ii i s  j j id  n e i l  t e c h  in  t i n e ’ . 1 1) 1)  n - c a l )  n ’ i~i I c  hoxe ’~

c - i t t ’ able ’ X V I I I . ln n n n e ’e l i a t e ’ I y p r e ’c’ c’d n n i g  ti - i c ’ 1.l i,)Ie ’. ti - re ’ ‘a ,il~~t ’ c 1  t h e ’

c - la e e l  l u  e t u r i c  t i c - i n , t a r  ‘/, . is c.i Ic  in 1st ed , ‘1’ lii a i s  t i n e ’ t n t  i nn  n i _ i l l - i - i  cos t t c

Stcn’ e’ t i u i s  f u e l  .i s  t l c ’ ( c ’ m n i u n n e ’ u I  u s i n g  a I r an - r a p ea rl.i t t c - tt aiiun p le ’x a p p n - c - i . nc h . -1
,“ \ e t e n a l l ’ a  i i i  t i n s  i n s t , c n n c e , as  in - i  s c a n - i c ’  c - i l  t h e ’ c-asc ’ s I t  l o I i c a ’ a ’ a . i t w a s

pe- ia~~ib l e ’ tea  cl t - t t - m- n ui ne ’ t i t ’ -i-’ c a l e n t l c - i n - i  uu i t l i c a u t  r i g c - i r c - i u n a lv  I c - i l l - i - i - c - c  n u t  h u e ’

s j n a l a l c ’x n u t ’ t i u c - i e I , l’b c ’ c a r L : , c n i r  i t n e a n i  i - i f  t h e ’ i n t c - i m n a t i o n  in i t e a  .1 t . i l a l t ’  ‘asas

s i i f f i e ’ ie ’n i t h - i  t ’n n n t n c ’  r . n t e ’ .u ;o l u n t i o n .  be - c a us e ’ h u e ’ I -i t ) 5  , c n u u c - i c i n i t s  had be e ’n u

de l e ’te ’ti  f r o i i - r  t h e ’ c -~~ t i 1 i l i  a t i c a n i  ac ’ h e t i - r t ’ ( g c ’i t t ’ n ’ . i l  S s S i l t f l I ) t i c a f l  - I ) , i t  w a s

n n t ’ e & ’ S S, l  n - -c I t - i  . nc l e l  t i n e  - i — t e a  n ’ i l g e ’ e o a t s  a a s o i . i t e ’d u\ i t l u  t h i s  i n ’ a - e n i t t a r ’ a  b ac k

ir i t o  ( I t t ’ T t n i l u i n l n u l t t - r  c c - S I  s c d i i t i c a i - r  t e a  ~~e ’t  .1 t u n i c  t e a t a l  s t e - i n , n c e - c ’ c c s t .

-‘ ‘I ’ .u bte  \ \ l t I  i l i u u s t , r , l t ’a t w o  c h ~~i ’a c lc ’r i s t i e ’S t 1  t h e  t m ’ a i u s p - i a r t u u t i -in

i i  node’ I that nt e’e’d lu n -d uet ’ -‘. p Ia its l i t - n .  ‘ i l - i t ’  I n n - s t  i s  I I c ’  i n s  e ’ - i t  t i c ’  -i i ’n

N I  N l e ’ l I o d  to i c l e l i t i l y  c t ’t’ t a i t t  i n i t - a s i b u c ’ e - c a i n h i n , u t n e - n s  c- i l h - s t i n - r a t i c n e u ~

. n l n t l  s u n p p I i t ’n ’ s . I i i  t h i s  e a s t ’ , h - e . i t l o n i 5  I )  ,n ml  I \~~ e I t ’ Pt’t ’’a noi n sl ’a
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he d e t e r m i n e d  us ing  a I i ’ i l l l S~~ i) t ’ t a t ~~c a n - i  t u e - i d e1.  1’ c a l- c ’ x . i n n p h’ . h i t s

tno de’l c’ ould c’s si l v  he ’ e xpanded  in - i  nu t -n bc - n’ c f  s I c  n ’ . c g e ’ icc a t  i c n s  an d

nunmb c ’  r of len -a l i o n s  i’t ’quni r i ng  S t e - i  m’s go I c - i  inc  linde t he ’  I c - i t  a 1 ( T( )N 1. S

S i c a  r i g  e ’ n e t w  ca i’k . 1 t i c ’ r ems  m e ’ n ’ k- i l t i - i c’ a na I v  s i  a I c -. c c - i l - i c’ c’ r i n e d  us - n t  hu

. d t  t i s t i ng  the ’ i n i t i a l  e c _ a n - i d i t i c - in - i  a c l  t in ’  Si  enni  n’ i i a  t i - i  m e ’ I u n c l e  p m’ e ’v i o i n s  lv

idc ’nt j f j e ’d  in ip l ’ ov e’n e’nts  c-i  r c,’ 1  1.1 ug  c’5 in  ca p e’ m’s t i c a n  s t o  dc ’t e ’  n’ m i  nc I b e t

c t  t e e  I can St  - - n~.I go  c c - i S

( ) hj  i’ e- t iv e- ‘-‘A i t  n - ed i~~~~~~ I )a H v D enu.-ind R a t e  ~J)DR) u n  t l ~ NI  c a m e  A c c u r a c y

‘I ’ . ib le ’ XI I  i n d i e - a t c’d tha t t i e ’ Ic- i re - c a s t  l ) I ) R , , - i n t  t h e  av e  r a g e . c - u  e r - a

c’s t i n m a t e ’d de ’inand l a u  1’ ’ , . in the ne’ xl  s c ’e ’ I n  on i t  uu i l l  be ’ Si c a \ u l n  t h a t

t a n k  b i a t to ms  and p i pe - i in c ’s i c e  oun t  l’e-i r a b c a u n t  2 (Y , - c - i l  c 15 , ‘t h i s  a n i c c u n t

is not  a t e n n i -t i c a n  c a l  l) 1)R .  ,‘ \ l S c - i , dc - - c i , u t i c a n s  ~l in c ,’ ) I ‘i_ aS c c a n ’ n p u n t a l i c a n t .

‘a vh i i’ i u  ar c ’ c s t it ’n i a t c ’el t e a  ~u c c - o n a n t  l e a r  a b o u t  I O ° ~- c- if l C S . a re  n - i - i t  r e ’ i , i l t ’ ci

tea l ) i )R .  The’ m’ e ’i’naindc’ r of Ui _ ) S , e a r  a i) c a u m t  70’’ , - , i s  sca l e ’ lv  dt ’ t c ’n ’ t n i ne ’d

i-i the ’ p mu icc tc ’d d c’m’nand r a t e .  11 l)DR ‘a u -as a ci jun  s t  ed dc -i -c - cnn-c-a i’d t t a In ca i’ 0

~i e e ’ui i ’a t e ’ i v  n’ e - f l e c h  , u e ’ t u m a l e- o r i d i t io n s , t i u n s  e ’ q u a i l c - s  I _ - i  a l t ) ’ - n ’ c ’ c l - i, n e t i c - i n u  in
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e’ eHldi t i c n .  The ’ n- e ’stni tin ng ca p t in i n al S l I o c i l t i c a n  of s t e - i m a g e ’ and  n ’u ’uu !ua i n i —

mun ’n s I c - i  n - .u in’ c o s t  us -c ’ n - c ’ d e t e ’ rm in c d  i n s  ing the ’ I n ’ a n u s  p en n I  .11 n ‘ it  h - i  n - n inu n la I ion

in the  sa i nt ’ i l u , u n u n n c ’ n- ,u s  f t - n -  t i - r e ’  ea t ’ ’ e c u t u , u i  se ’ e ’n , l  n ’ I t a . “ c’ , , i i e ~~-a ’ I l - r e ’ p r j n u n . i  :- ‘

i t ~ f l - i c  - so  u .us  I c  - in  -ie a sin t .e’ t i t ’ c o e c ’ n - s i  I e l I  e ’ c I cH site ’ h a c iui ug  c ’ - 
, ‘ n n l ’ a  t i n ’

4
. -i

L.~~ — ,- a - -a -a -~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _- .--,~ - -~~~~~~



_ _ _ _ _ _ _ _ _  - -~~~~~

new to ta l  c o s t  i S  r e p o r t e d :

Z 1 = $ 3 1 4 , 5 6 0 .

Objec t ive  SB / A l l o w a n c e s  f o r  T a n k  Bot toms  and Pip el ine  Fuel

The tank  bot tom , p ipel ine , and POS to ta ls  w e - r e  c a l c u l a t e d  f r o m

t i - i c’ 15 Jul y P 177 POS Connpu ta t i i an s  and a r e  s u m m a r i z e d  in Tab le  N IX .

Based on the s u r v e y  r e s en l t s  it appeare-d  t ha t  a tota l a l l owance  f o r  p ipe-

line and tank bot tom f u e l  u’~ould not  bc’ f ea s ib l e .  In f a c t , t in e  o p e r a t i o n a l

— c o n s i d e r a t i o n s  a g a i n s t  u s i n g  p ipeline- f u e l  a pp e a r e d  ny c  r wh e l m i n g  and

ce r t a in  obs tac les  lirr -iited t i ie  usc’ of tank b o t t o n - i s .  h o w e v e r , a m a j o r i t y

of Base  Fuels M a n a g e m e n t  O f f i ce s  did r e p o r t  ti -rat  p o n t i c a n s  of t h e i r  t a n k

bottom fue l  r i -ray  be u s a b l e .  T h e r e f o r e , it w a s  f e l t  f i u r l h c ’ r n e - S e a  re i n

uvou ld onl y be w o r t hwh i l e  as  r e g ar d s a p ar t i a l  a l l o w a n c e  ba s ed on t a n k

bo t toms  alone- . Ti-rat  is , if f o r  example 40 of ti -ic t a n k  b c a t t ’ a m s  a r e

c o n s i d e r e d  usab l e , this  equa te s  to a 5~~~; C r e d u c t i o n  ~~ POS l e ve l s  4O~

N 12. 3~~) .  Based on such  a c l-range to the scer i a r i ca , a new s t o r a g e ’  c o S h

was  d e t e rm ined tha t  took i n t o  a cc e a u n t  this  added s t o r a g e  m - r cauv  a v a i l a b l e ’

f o r  w a r  rese  r y e ’ f ue l .  This  new cos t  us -as:

= S~~Z l , 4 SF - i.

Obje’ctive S C/ U s e ’  of l’ xpec  ted l o u  els of POS to Re duc e’ P \ \ R R

A m in iumnn -i expected i c - c  e ’l c - i f  POS as  del e’ n’mined to be s i n f f i e ’ i c - n - i t

at e ’ a c h  I c a c a t i o n  t e a reduc e’ UW R R  b y 25% . Th is  in t u r n  lt a se ’ne ’ d t h e
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Table  XIX

Tota l  Tank B o t t o m n , Pipel ine and POS Q u an t i t i e s
CONUS A i r  Force’ Bases , JP4 Onl y

Am o u n t— B b l s  As  a P e r c e n t a g e  of
Total  POS

Tank Bottoms 2 n 3 , 708 12 . 3
Pi peline 141 , 501 u . b
Total  305 , 2 09 18.9
POS 2 , 141 , l O u  - -

Source:  POS Computat ions 15 J u l y 1977.

r e q u i r e m e n t  fo r  s t o r a g e .  The r e s u l t i n g  op t ima l  a l loca t ion  of s t o r a g e

with no o the r  c l-ranges  to the r e q u i r e m e n t s  dete r mina t ion  p r o c e s s  and

new min imum s t o r a g e  cost  w e r e  de t e rmined  as be fo re .  The to t a l  cos t

w a s :

/ 3 = $3 0 5 , 5 8 5 .

O b j e c t i v e  S D / R e p lacement  of JP4  and JPS wi th  JP8

If JP4 and JP5 a re  rep laced b y JP8 this makes  a - c a i l a b l e  75 , 000

bbls of g o v e r n m e n t  s t o r a g e  a t  locat ion  F t e a  s t o r e  P W R R  fue l .  The i - re t

e f f e c t  of suc h a change  was  measu red  by the i’hange  in the s t e - r a g e ’ cos t.

The new m i n i m u m  cos t  w a s :

Z 4 
$305 , 100.

Objec t ive  S E / C o n s t r u c tion of N e w  Tank s

A Condi t ion I , n ’ e’1)i’ e ’sent imn g 12 5 , 000 bbls of n e u u  sto r age  at

71,,
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locat ion A , us-as added ( - i - i  t h i e  o r i g i n a l  s c e n a ri o .  The cost  of this con-

s t r u ct i o n  \u ’as e s t i m a t e d  at  $12 a b a r r e l , (Re f  1 4 : 12 5) .  In e a s e - n c -c . t h i s

r ep r e s e n t s  a fixed c h a r g e  of $1 , 500 , 000 a s soc i a t ed  w i t h  t h i s  p o t e n t i a l

new s t o r a g e  loca t ion .  The annual  s t o r a g e  expenses  of a new t a n k  a re ’

e s t imated  to be two th i rds  ti -rat  of e -xi st i ng  s t o r ag e , thus  n -r a k i n g  the

yea r ly s t o r a g e  . 2 0  per  b a r r e l . A t ime h o r i z o n  of n equa l 10 v c ’s r s  was

es t imated ove r w h i c h  ca p a c i t y  and r eq u i r e m e n t s  would  r ema in  s t a b l e .

Us ing  DoD ’ s recommended  d i s c o u n t  r a t e  fo r  econe-imic anal y s i s  of 10’;

(Ref  2 3 : 1 1 ) ,  all the va r i ab l e s  to a n a ly z e -  ti -re e c O f lo n n iC  e t f c , ’c t i \  e ’ne ’ss of

this new c o n s t r u c t i o n  w e r e  known .

All annual  s t o r ag e  cos t s  of ti -r e s c e n a r i o  uv c’re d i s c o c  r i led us ing

equat ion (3)  w i th  n = 10 y e a r s  and R . 10. Once o r g a n i z e d  in a c o s t

and r equ i r emen t s  tab le  f o r m a t  it w a s  s imple enoug h to ci - in pute  t h e

min imum cost  solut ion in d i s c o u n t e d  d o l l a r s  (z 5 1) .  A pp l y ing  equa t ion

( 4 ) , it was  then poss ib le  to ca lcu la te’  t o t a l  s t o r a g e  i- e a s t  (7 5 ’)  f i a t  ( u t-

s cenar io  wi th  Condition I added.  Table  XX sun-i t - i - i a  n - i zes  ti -ic s o lu t i o n

and is follow ed by the c a l c u l a t i o n  of z 5 ’ and Z 5
1 .

To m e a su r e  the ne t  s av ings  cal  add ing  th i s  n e w  s t e - r a g e  i l  w a s

n e c c ’s s a ry  to e x a m i n e  the  a l t e r n a t i  e- ; not  t o  build a ny  ne” av t anks  an -id

a b s o r b  a sli gh t l y hi g h e r  annua l s t - c - t’age e ’xpens e’ bunt  fo r eg i a  t i - re ’  i n i t i a l

i n ve s t m e n t  t h a t  the c o n s t r u c ti o n  r e q u i r e d .  In o t h e r  w i - i  r d s , m a i n t a in

the s t a t u s  quo of t i - i c ’  or i g ina l  s cen a  r ic a . U s i n g  the ’ o m ’ ig in a l  v a l u e  caf

f o r  the s c e n a r i o  this w a s  d i s c o u n t e d  at n 10 v t -a us  and R , i O .  F ro m -n
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T a b l e  X X

Discounted  Costs  and R eq u i re m e n t s , N e w
Tanks  Scenar io  ( M B bl s )

Locat ions  Supp ly e) f
wi th  

A B C D E F 
S t o r a g e

St o r a g e

A 1.84 1 .90  1 . 9 0  M M 1 .90  
25

25 
________ ________ _______ ________ _______

1.90 1.84 1 .90 1 .90  1 .90  1.~~O
B 2 15 215

1 .90  1 .90  1. 84 1. 90 1 .90  1 .90
C 50 

_______ _______ _______

D 
M 1.9 0  1.90 1.84 1.90 1. 90

_______ _______ _______ 
10 

_______ 
8

M 1.90 1.90 1. -’O 1.84 1. °0F - 

5 10

1 . 6 6  1. ub 1. ub 1. ec 1. uu 1. ui- i
G u5 25 

______- ______ ______ 
70 l e O

3 . 7 5  3 . 7 5  3 . 7 5  3 . 7 5  3 . 7 5  3 . 7 5
H u 2  2 2 0

1 .23  1 .29  1 .2 9  1, 29  1 . 2~ 1. 2Q
I l2 5~ ______ ______ ______ _______ ______ 

125

Demand
fo r  215  240 50 10 5 150

Storage

Discounted  minimum s t o r a g e  cos t  excluding c on s t r u c tion c l - ia  r ges
= z 5 ’

= 305~~ 1. 84 ) + l 8 ( $ 1 .  90’j + l I a O($ 1. u o ) - t - l 2 5 ( $ l .  2 3 )  -
~ t ’2 ( $3 .  7 5)

+POS
= 1247. 2 5+ 1  9 2 ( $  1. 84 ) + 4 0 ( $ i .  b O ) + 3 0 ( $ 3 .  u - I )
= 170 l . ca3 = $ 1 , 70 1 , u30 .

Total  Discounted  Storage’  Cos t s  inc luding  Cons t ruc tion C o s t s  =

+ z5 =

= 1, 500 , 000 + 1 , 70 l , u - i 30
= ~ 3 , 2 0 l . 630.
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equat ion ( 5 )  t i - ic ’  re ’ s u i t s  we ’ n- c-:

To ta l  1) iscounted S t o r a g e  Cost  w i t h o u t  C o n s t r u c ti o n  Z -

328.  35 ( 1  - ( 1 .  l )  l0~ 1 ~

-i

= 2 0 1 7 . 57  = $2 , 017 , 570.

Tea j u s t i f y  th i s  cap i ta l  inve’stmen t  Z 0 ’ should exceed  Z 5 ’ . In this

case’ , a l t h o u g h e-ipe r a t ing  expenses a r e  r educed  b y $3 Ic - i , 000 iav e  n a 10

y e - a r  pe r iod , th is  onl y p ar t i a l l y re’ c c ave ’r s  the $1 . 500 , 000 ini t i a l  i n v e s t -

ment .  T h e r e f o r e , it could be conc luded  ti -ra t u s i n g  t i - r e  p a r t i c u l a r

va lues  chosen  b y this r e p o r t , economic  ana l ys i s  uvould  i n d ica t e -  r i - i - i l

i nves t ing  in ti -re new c o n s t r u c t i o n .

M o r e  p r e c i s e ly .  this p rob lem c o n c e r n i n g  a long t e n ’ m c-a p i t al

im n e s tm n e n t  c oinld be s e t  imp in a f ixed c h a r g e  mixed i n n t c ’ g e r  f o n ’ r n a t  . A

‘c- ind i t iona l  t r a n sp o r t a t i o n  m e a d c - l , w hic h inc ludes  se t  up cos t s  and

selc ’ction c- if an optimal ~~e’t of sou r c es  to mee t  demand , is a p p r o p r i a t e

in th is  n e spe ’c t  ( R c ’t  2 1 : 2 8 °b  . It is d e s c r i b e d  h e r e  as  app lied to Ibis

pa r t i c ula  r s i t u a t i o n  c f  a l l o c a t i n g  s to r a g e  u s i n g  a t r a n sp o r t a t i o n  mn - r ode- i

wh e n  se t  up cl- ia rges  a r e  a f a c t o r .

The t o t a l  d i s c o u n t e d  c a s t  f o r  a n y  s to rage’  loca t ion  i can  be n ’epr e ’ _

se nte ’cI l a y :

= N i + E c x . - if an y x~~ > 0

C~ f o r  any i l . 2 i i i

= 0 if a l l  ~~~ = 0

7q
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w h e r e  x , - = n u m b e r  c a l b a r r e l s  s t o r e d  at  l i - c a t i o n  i
f o r  location j .

c
~ 

= cos t  per  b a r r e l  fo r  n y e a r s  s t o r e d  a t  loca-
lion i f o r  lc-icat ion j d i s c o u n t e d  to p r e s e n t
va lu e us ing  equa t ion  ( 3 ) .

= t he d  c o s t  a s s o c i a t e d  w i t h  s e t t i ng  up at
location i.

A zero - cane v a r i a b l e , y~ , w a s  i n t r o d u c e d  wh ich  a s su m e d  a va lue  of one

if locat ion i was  used (an y  x 1~ g r e a t e r  than  0) and a v a l u e  of ze ro  if

location i was not used (all xj~ equal to 0) .  The o b j e c t i v e  func t ion  then

became:

M i n i m i z e  Z = ~~ K~y~ + ~~ c j~ ’x~~
i= l  i= 1 j = l  -

To i n s u r e  that  ti -re y~ would t ake  on onl y va lues  i-if  z e r o  or  one , one sc’ h

of c o n s t r a i n t s  w a s :

y i �1

is an i n t e g e r  f o r  i = 1, 2 mi

Plus , to i n s u r e  ti -ra t 
~~ 

equals  z e ’r o  if locat ion  i was  not  selee’t c ’d , ti-r e

supp ly c o n s t r a i n t s  became:

x . .  = s~ y .  i = 1 . 2 
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The de’mand and norm negat i’~-i t y c o n s t r a i n t s  remained unchanged :

~~~~x . = d. j = 1 , 2 n

x . .  > O fo r all i and j
1J

The advan t age  of this app roach  uvas  that  now the set  up c h a r g e s

us c r c  explicit ly included in the l inear  p r o g r a m m i n g  f o r m u l a t i o n .

Because  of this, fixed l a r g e  mixed i n t e g e r  p r o g r a m m i n g  is muc h m o r e

computat ional ly e f f i c ien t  and be t t e r  sui ted to l a r g e  p r o b l e m s .

U n f o r t u n a t e l y,  the solut ion p r o c e d u r e  f o r  thi s type of p rob lem can  be’

somewhat  soph i s t i ca t ed .  The r e - fo r e ’ , wh i l e  c o m p u t a t i on a l l y exc c eding

the scope of this repor t , the ana lysis has succeeded in ident i fv imag  a

sui table  approach f o r  use wi th  a t r a n s p o r t a t i o n  model to a l l oca t e

s to rage  when potential  s t o r a g e  c o n s t r u c t i o n  a n d / o n -  mode r n i z a t i i a n  is a

par t  of ti-ic a l locat ion dec i s ion  s i tua t ion .

Summa ry

This chapter  began wi th  a p r e s en t a t i ca n  of a da ta  a n a l y s i s  e f f o r t

to f o rma l ly identif y the mos t  si gn i f i c an t  p r o d u c t  and g e o g r a p hic e’le-

n’uents  of DoD bulk fue ls  o p e r a t i o n s .  In this n c ’spect ,  Pa r e - I - i - i s law us -as

shown to be in evidence’  in both the- re ’t a i i  and ‘a v i i c de s a l e  d i s t  r ib u t i o n

s ys te ’in s. Ti-re irnpo r t a n c  e of this uv as t h a t  it hi g hli g h ted  the cli I t  e’ -i’ en I

degrc -e s  to w hich m a n a ger i a l  c o n t r o l  mig ht be app lied to g r c - i u p s  c - i t
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p r o d u c t s  an-rd l o c a t i o n s .  T h a t  is , a g e n e r a l  knowled ge of the  si gn i f i i - an t

e l ements  was  a log ie  a l  ‘as a \ eaf  c’S La bu s h i ng  s - i - i n - i - i c -  c a r d e r  t e~ t in ’ m a g n i t u d e -

of DFS C c- ipc ’ra t i cm s .

Ne xt . the re- s u i t S  of inu’ c- s t i g a t i n g  t h r e e  a sp e c t s  of t i n e  l aOS c o m p u —

ta t ion  fo r n in n l a  us c r c  p re’s e nt c ’d . Ce ’n t a in l y . t i - i c ’ e n t i r e  p r e - i c e d u n - e’ fo r

dete r rn in ing  inve’ n t i  r y  m’ c’quire nne’nits ‘au-an nan -its re sea n e  hi , t h i s  s t u d  o n l v

m e l ud e d  the ’ so t h r e e’ spe~’ d i e a spe c ’ I s . l ) ~ t a f r o m  a n u nu b e  r of se-i u r e c - S

‘au as an alvze ’d :  a i t u a l  c on s u n in p t i on  fn ’ c a n - i i  t h e  D l - 1 S  . p n - o j e c t e d  c-o n su r n p —

t i c n fo r t h e  A i m -  F e - i r e - c’ F e a r n i  7 u l , d a i ly  i n - i - c  e’n l n c ’ r v  lc ’ - c e ’ l s  t t ’ c - i F f l  t h e  ,-\ i n-

F o rc e ’ F or n -i 1237 , and s u r v e y  re - su l t s  f r o m  se ’s e - r al  b a s e ’ f ine - i s  n -n a n - r a g e - —

m en t  e - i t t l c e ’ r s .  b a sed  on -i t h i s , it ‘a s a s  p c a s s i b l e  te ) n u ak e - S c a t le ’ q e n a n t i  —

t at i ’a  el y bas ed s t . c l e ’tn e’ut s  a b oun t  ce ’n ’ t a i n i  a sp c - i- h s i - i f  t h e  f c a r n - r u l a  t a  c om-

pute POS.

I’ c ) l l c - i \ u m n ig t h i s , a s i L ’n a m le a  ‘as -as dc - - c c’ l ca p c ’el t i - i  e t c - n - ic - i n s t r a t e -  n i - i c’

cu p~~ii ,- abi l i ty  of a l inear  p n a g  ra n-li -f ling I ra n a p e - i  nt  a t i c - i n - i  n -ne- id ci tea  t h e ’ a iL - i  -a

c-at ion  of SI~~r age .  1 his model  ‘as-as t h e n  u s e f u n l  i i i  e x a n u i n m i n i g  t h e ’ t’e ’l , c —

t i ’a c’ c ’ e) S 1 i mup a e e a t  i’ h a ng c -s t o  POS e o tu p u t a  t j c a r i  p n’ c - i -, cdun’ e ’ . \V it  is the ’

e x c ep t i o n  c-i t  a d u n  I c ’  r e n t  s a n e - t v  s t e a c k  f o r m u l a . l i i i ’ c o n d i t i o n s  ‘ - i i  t i - ic ’

se en -m ar io  w e  re - a d j u s t e d  to r e ’f le ’ e t  each of t u i e  ea r l i c  r d i s c c c s s ’ ’ i i  rc ’qui re - -a

t n e ’ t s  i s s un e s  b e a m - i n g  i- ir i  b u l k  fue l s  S t - i - i r a g e’ . T h i s  p r c - i v i d t -d a n n t ’ a t t a  c - i l ’

in teg r a t i n g  tn a n v  see ’ming l )- inn related t -i~a i c s  m t  - i -  a t l d j f j e ’ ( I  p e r s p c ct i s  e ’ .

TI-a’ rc’ s u i t s  ,1 n’ e’ s e n m u m a  r i zed  in fa b l e  X X I ,

A s  r ega rds i n t v r p n ’ o t a t i n - i  c - i t  t i - r e -  r e s u l t s  n u  1 a b l e ’  X X I . i t  m u s t  - i c ’

r er n e’n iben’ t ’d t h a t  t i - i c ’  nu t  n a l  e can  l i t i c - i n - r  s t e - r a g e ’ c c s t  w;is based c - i n  a n t

- - - a ’  -a -a -  
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Table X X I

The Sc’ns i t iv i ty  of the  S c e n a r i o  to V a r i o u s
Cl-manges in P a r a m e t e r s

Scenar io  Minimum S to rage  Change f r o m  P e r c e n t
Co st - Z~ In i t ia l  Change

$ Condit ions ( $ )

ini t ia l  Condit ions 328 , 350 - -  - -

M o r e  a c c u r a t e  Dail y 314 . 560 13 , 790 4 . 2
Demand Rate

An aI l c - iw a n c c  f o r  321 , 455 t , 8Ia5 2. 1
t ank  bot toms

An a l lowance  fo r  305 , 585 22 , 7€- i S ~~~ , 
e~

expected POS
a g a i n s t  F~ \ V R R

U s i n g JP8 305 , 100 23 , 250 7. 1

Init ial  Condi t ions
( 1 0  yea r c o s t s)  2 , 017 .  570 - -  - -

Adding more storage’
(10  yea r c o s t s)  3 , 2 01 , u30  1 , 184 . 000 5 8 . 6

optimal al location of s t o r a g e  as calculated using a p r e c i s e  m a t h e m a t i -

cal  model.  In actual i ty , s t o r a g e  is not al located in qui te  s u c h  an

c a r d e r l y f a sh ion .  T I - i e r c fo r e , no knowled ge existed as to h e aw t h , e  s t e - i n -

age - i - i l  JP4  would  be or ganized if L i - m i s s cena r io  ex i s t ed  as a real uvo

s i tu at ie ,n .  l i e - i - c - c  e’u i’r , due t e a ti-r e lin i ted s iz e ’ of the  scena rio and l imi ted

cons t r a in t s  it ‘a s - ca u ld n--i e’e’ m reasonable’  to  am ~sum rn e tha t  e’ve ’n w i t h c a u i t  a
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fe- i  rma l proc edu re ’ s i c )  r a g e ’  uvo u m i d hay  e’ be-en d i st r i b u t e d  in ab ou t  t i - r e

same m a n n e r  as c a l c u l a t e d  us ing  ti -re m e-idel .

Chap te r  IV d i s cu s s e s  these  r e s u lt s  in m o r e  det a i l . It a l so

- includes some u’eciammuendatjons for further stud y and draws se-u oral

c o n c l u s i o n s  f r o n u  t i -re  re’se ’a r ch .
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IV . SUMMARY AND CONCLUSIONS

The O b j e c t i v e s  in Re si ew -

The f i v e  spec i f ic  o b j e c t i v e s  of this s tud y w e r e  desc r ibed  in

Chap te r  1. Due to the ease of losing sig ht of the ove ra l l  goals in a

somet imes  involved opera t iona l  s tud y of ti -mis n a t u r e , the w r i te r  has

made a consc ious  e f f o r t  to ident i f y each aspec t  of the r e s e a r c h- i  w i l l - i  a

par t ic ular  ob jec t ive .  \ \ - ihu lc  at  t imes  this may have caused  the r ep i )r t

to appear  over l y s t r u c t u r e d , it w a s  f e l t  to h -rave  a ided in ti -re c o n t i n u i t y

of r e p o r t i n g  ti -me anal y s i s .  For one f inal  t ime the obje c : t ives a r e

reviewed and p ar t i c u l a r  r e su l t s  emp has ized.

It uvas n e c e s s a r y  to bc f a m il i a r  with DoD bulk f u e l s  opera t ions

to knowledgeabl y vieuv the r e s e a r c h  e f f o r t .  O b j e c t i v e ’  One was  formu-

lated wi th  this in mind. The concep t  of in t e ’gn - a ted  n -m a t e r i a l  m a n ag e -

n-rent  as app lied to DFSC was  in t roduced.  S tandard  pr ic ing  and s tock

fund o rgan iza t ion  w e r e  d e s c r i b e d  so as to p rov ide  an insi ght in-ito how

costs are  de t e rmined  and d i s t r i b u t e d  among ti-me us ing  a g e n c i e s .  An

in t roduc t ion  to son-me of the p r o c e d u r e s  used in se t t ing  i n v e n t o r y  leu e’ls

and associa ted t er n ñ n c - i I o gv  was  a l so  p r c s c -n t e d .

O b j e c t i v e  Two grew out of a ne- ed t ia ob~ ectiu el y scope down ti -re

r e s e a r c h  v a r i a b l e s .  This  led to an i n v e s t igat ion o~ P a r e - t o ’ s law as it

app lied I - ia ti -ic 27 pr o d u c t s  and a l n u c - i s t  1200 loc a t i o n s  c o mp r i s i n g  1)oD -

fuel distr ibution s y s t e m .  Tab les  \ IiI t h r c - i u g h  N I  and F igu r e  u we- r e’
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helpful in showing that in both the wholesale and retail aspects of bulk

fuels the significant elements do indeed represent a small percentage

of the total. An important outcome of this was tha t it formalized ~

theory of managerial control intuitively practiced by DFSC; identif y

the critical elements and concentrate control efforts  on these items.

As regards the subsequent research, the results supplied credence to

a cons olidation of DoD fuels into a hypothetical scenario involving JP4

and Air Force installations.

Three aspects of the formula for  computing POS levels were

examined as part of Objective Three . The availability of actual Air

Force Form 761s (POS computations) provided a unique opportunity

to investigate data not commonly accessible. Combined with the DEIS,

this info r mation enabled a comparison of projected and actual con-

sumption rates. Next , the validity of an economically defensible

safety stock formula based on the normal distribution was tested.

Actual safety s tock levels were compared to values calculated using

this formula. Finally, the issue of what adjustments should be made

to POS for fuel in tank bottoms and the pipelines was discussed. In

conjun ction with thi s policy, the research reported on some limited

results based on an informal survey of several Air Force base fuels

management officers .

Accomplishment of Objective Four led to an investigation of the

transportation model for the allocation of storage and a practical
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demonstration of thi s linear programming approach to this situation.

The availability of the required inputs to such a model was researched.

In some detail a scenario was developed that illustrated many of the

conditions present  in the DoD bulk fuels environment. A storage allo-

cation solution based on these initial conditions of the scenario was

derived usin g the transportation model formulation.

In conjunction with Objective Five , the initia l solution of the

scenario provided a base case against which the cost of several alterna-

tives could be compared. These comparisons supplied the thread that

tied together much of the analysis effort of this study. Thi s emphasis

on sens itivity analysis was based on a concern that, while DFSC and

the military services are well aware that there are certain costs

incurred in not considering tank bottoms usable or not using POS to

offset PWRR or not applying some of the other alte rnate procedures

tha t would reduce inventories , they are for  the most part  unaware of

the overall effect of such decisions. Sensitivity analysis provided a

means of measuring the effect of such changes in existing inventory

dete rmination methods or allocation of storage procedures agains t a

predetermined standard . In this case , that measure was the storage

cost of a hypothetical scenario as determined using a transportation

model. Certainly, other linear programming models are equally

appropriate and this is surely not the only measure available. For

that matter, the specific value of the objective function as the
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parameters of the scenario were changed is not tha t important. Wha t

is important is that no matter how inflexible inventory policy mig ht be ,

there are costs associated with these policies and it is rational to

attempt to measure them.

The Research Questions

At the outset of this stud y effort , two research questions were

posed. The analysis complete , a reexamination of these questions is

now possible.

As stated in Chapter I , the f i rs t  question was:

Do present inventory determination methods provide
justifiable requirements?

In an economic sense the results of this s tud y indicate that it would be

d ifficult to corroborate  some aspects of the present procedures f o r

setting inventory levels. Empirical data revealed projected daily

demand rate , the determining factor in calculating POS, was over-

estimated by 15% during October 1977 to March 1978. While this

equates to about only 250 barrels per each of the 104 locations in the

sample , in total it represents almost 25 , 000 barrels of JP4 unneces-

sarily earmarked as POS for each day ’ s supply on hand. Considering

an average POS level as five days (line 7, POS computation , A ppendix

A) ,  the ultimate effect of this 15% erro r is an overage of 125 , 000

barrels of JP4. This is not an indictment of the individual fuel man-

ager ’ s usage projections. On the contrary ,  the 15% f igure  appears to

be a rather remarkable accomplishment in light of the subjective
88
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elements in a usage predic tion. The point is , any calculation based

on such an imprecise figure will not truly reflect needed inventories.

Other aspects of procedures for determining inventory levels are

potentially suspect. The safety level calc ulation (line 5, POS computa-

tion , Appendix A) was previously identified. DFSC itself has expressed

concern with the derivation of thi s amount. The stud y reported on two

Air Force bases where the use of a precise safety stock formula pro-

vided somewhat lesser safety stock levels . In addition , adjusting POS

for “unusable” quantities in the tankage system remains a questionable

practice in the opinion of some investigators. In the survey of this

study, a significant number of fuels officers said tha t some of these

quantities were “usable. ” War reserve requirements account for a

large percentage of the stock of bulk fuels . These levels , which are

based on detailed war plans and usage projections , would support the

f i rs t  days of a war effort.  Considering the complexity underl ying their

determination and in light of the results for POS , it would be reason-

able to assume some inefficiencies in PWRR determination could be

POS sible.

Many of the apparent shortcomings that surfaced in analyzing

inventory levels can be traced to a single condition . As Leuba and

Schneider observed in their report following interviews with hundreds

of fuels operations managers and an extensive literature search (Ref

l4 :vj ) :
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The petroleum industry manages its inventories
with an implicit/experience based prac tic e rathe r
than with a formal/analytic technique.

This statement is equally relevant to DoD petroleum management.

Prior to an awareness of anal yti c methods for setting inventory

levels and before increased public scrutiny, a rule of thumb of five

days supply prevailed in DoD fuels management. This same rule of

thumb exists today, now incorporated into the formula for  c omputing

POS. Many other aspects of government fuels operations were

observed to be founded on such intuitive ground. Based on years and

years of practical experience, it is difficult and may appear presump t-

uous to find fault with these intuitive approaches. Unfortunately, rules

of thumb become difficult to defend when considered alongside precise

mathematical solutions .

The second research question asked was:

Once inventory levels have been assigned , is there a
concise anal ytical tool to enable evaluation of alterna-
tive storage options within the en tire storage network?

The study developed a transportation model that was shown to be useful

in this respect. Sensitivity analysis using thi s model made it possible

to view individual changes for their overall effect. Within the confines

of a hypothetical scenario, certain options , to includ e a more accurate

daily demand rate forecast , allowances for  tank bottoms , allowances

for expected levels of POS against PWRR , storing JP8 , and adding

more sto rage , were evaluated using a storag e cost cri terion.
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However , some limitations to this approach were  previousl y identif ied

as needing fur ther  investigation.

The f i rs t  limitation concerned the lack of adequate cost  data

associated with maintaining petroleum inventory levels. The approach

taken by this s tud y relied on a rathe r specific interpretat ion of storage

costs that included onl y civil engineering tank maintenance functions.

While the appratus for  collecting thi s cost information does exist , in

the form of civil engineering cost accounting capabilities , fuel storage

costs are not presently identified as a specific item. Thus , such

costs had to be estimated for  the report .  Othe r identifiable holding

costs need to be considered before an accurate  account of what it costs

to maintain DoD’s fuel inventory can be determined.

Another limitation to the app licability of this approach is that

under the existing arrangement  ther e is no central  manager who has

the authority to direct allocation of s torage.  DFSC cannot even order

a particular storage arrangement  within its own GOGO terminals  with-

out prior service approval. It is these conditions tha t make it impera-

tive that such a model be made available. This may even provide the

necessary impetus to change the situation. Simp ly because it is not

practical in the present  environment should not be interpreted to mean

that development of a bette r way of doing business should go unnoticed.

The third limitation cited in Chapter II was  that the problem

does not concern a homogeneous commodity, a usual  assumption of
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transportation models. Recall ing the ear l ier  identification of the

significant produc t and geograp hic elements , this would provide some

basis for  priori t izing those resources  to be allocated. The allocation

of s torage then becomes an i terat ive process of solving the model for

successive elements in the order of their priori t ies .

The last limitation addressed the computational diff icul ty and

data considerat ions associated with  modeling any sizeable subset  of

the entire population. While this is certainly t rue , it is not peculiar

to this model. The number of possible interactions in a storage net-

work  of 1, 200 locations is trul y f r ightening.  What is heartening to

realize is that the number  of feasible in teract ions  is considerably less

due to such constraints  as dis tance , tank compatibility, etc . The

sparseness  of a t ransportat ion model matr ix is an important fac tor  in

determining the computational di f f icul ty  or the amount  of compute r

time neces sa ry  to handle such a problem. In conjunc tion with  thi s , it

may be conceivable to part i t ion the entire sys tem into several  subsets

and approac h the problem in that respect.

In summary  of the research  questions , the research  indicated

tha t some inflation of inventory  levels does exist. A total reevaluation

of P05 requirements might well result  in a reduc tion of petroleum

stocks . The model developed , despite some limitations, is a logical

approach to evaluating the ef fec t  of any suc h reduc tions. However ,

there is a degree of uncer ta in ty  present  in petroleum management that
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is diff icul t  to quantify in any model. The continuing backlash of the oil

embargo of 1973 and recur r ing  threats  of a similar na ture  can be ve ry

disconcert ing to a fuels manager.  A poorl y defined national energy

policy is also a fac to r .  Less dramatic occurrences  affect ing the avail-

ability of fuel , such as rail or t ruck  s t r ikes  or bad weather , which are

totally unpredictable , seem to be increasingly devas ta t ing .  The result-

ing tendency is to d is t rus t  any quantitative technique which may reduce

requirements and insure that available inventories take suc h disturb-

ances into account as much as possible. The autho r is unable to find

fault  with such a practice. The onl y qualm is that such unce r t a in ty

should be openl y acknowledged and not subtl y included as a tacit

adjustment to operating inventory levels.

Recommendation for  Further Stud y

As with any analysis , the research ef for t  has raised more ques-

tions than it has answered and several of these are candidates for

possible fur the r research.  Three potential areas for  research con-

cern: (i) exercising the methodology devised by this report  concerning

displacing tank bottoms fuel with P05, (ii) a critical evaluation of the

POS formula , and (iii) a replication of this s tud y in a classified form.

Each of these is discussed in the following material .

The emotional concerns that seem to surround the tank bottom

and pipeline issue were  unexpected. The methodology and data exist

to once and for all objectively address thi s issue.  LI it can be shown
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tha t it is a s t a t i s t i ca l ly  common occu r r ence  for  opera t ions  to occu r  at

inventory  levels w h e r e  POS would not be sufficient  to disp lace tan k

bottom and pipeline amounts , then the re  is no ra t ionale  to change

present  operating p rocedures .  Unt i l  such a p rec i se  response  can be

made , external  agencies will  continue to question such a pol icy.

A review of the total  POS computat ion itself is w o r t h y of con-

siderat ion.  There a re  pitfal ls  of s t ra igh t jacke t ing  all locations in to

this sing le fo rmula  that have onl y been a lluded to by this r epor t .  For

ins tance , is the same POS forma t app licable to Air National Guard

bases where  fl y ing is p rimarily a F r i d a y - S a t u r d a y - S u n d a y  proposit ion

or undergradua te  pilot t r a in ing  bases where  opera t ions  a re  planned

onl y Monday throug h Fr iday or a DFSC terminal  that may issue

200 , 000 barrels  twice a month or a MAC base that  exper iences  seven

da ys per week of un i fo rm ac t iv i ty ? An abundance of emp i rical data

consist ing of the DEIS , Ai r  Force Form 76 is , DFSC POS computa-

tions , and base level inven tory  records is available fo r  r e sea rch  that

in turn  may provide an insig ht into a more comprehens ive  formula

tha t ta kes into account  thi s location by locat ion var iabi l i ty .  One pos-

sible s ta r t ing  point is the safe t y stock calculation and the p r ac t i c a l i t y

of equation ( 1 )  of this report.

This report  has purposely avoided many aspects of mi l i t a ry

fuels operations because of their  secur i ty  c lass i f icat ion.  Poss ib le

replication of this s tudy under a classif ied cover  has severa l
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possibil i t ies.  An invest iga t ion  of the PWRR calculat ion appears to be

a logical  follow ofl. The same sor t  of quest ions addressed by thi s

report  as regards  jus t i f i ab le  r equ i remen t s  and the net  e f f ec t  of differ-

ent operat ing policies need to be answered .  Anothe r  potential  a rea  of

i n t e r e s t , also of a sens i t ive s ecu r i t y  na tu re , is A i r  Force fuel  planning

in Europe and the overlap with NA TO .  Once again , th e same ques tions

are re levant , onl y this time on a basis tha t t r an scend s onl y A i r  Force

opera ti ons to include o th er c lose ly allied countr ies .

Con c 1 us ions

As stated in Chapter I , the p r imary  object ive of this stud y was

to invest i gate the es tabl ishment  of inventory  requi rements  and the

resulting s torage  of these levels to determine if there were  possible

a i e a s  for increased effic iency.  The following brief s ta tements  sum-

marize  the general findings of this report  in accomp lishing this

object ive:

1. Utilization of existing s torage could be improved
if assignment of tankage was central ly determined.

2. Supp lementing present  inventory  determinat ion and
storage procedures  with more analytic techniq ues
could improve the credibility of these calculations.

3. The cost imp lications of less s t r ingent  inventory
requirements, while often overlooked , represent
measurable savings of considerable magnitude.

In conclusion , this thesis has concerned itself with s t r i c t l y opera-

tional problems . Many of these have defied solution since they w e r e
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f i r s t recognized .  There  is no reason to expect any d ramat ic  reversa l .

Yet , in many cases  the mere  acknowled gment  of a problem is the

most  important  step leading to its eventua l  solution. If thi s work

ef f ec t s  onl y slightl y the DoD fuels  managers ’ knowled ge of how , wh y,

or w here  these problems exist and tha t  they a re  not unsolvable , the

ef f o r t  will  have been worthwhile .
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APPENDIX A

Inventory and Storage Forms

1. P repo sitioned War  R e s e rv e  Requi rements  for  Te rmina l
Storage

2. Excess Base Storage

3. Emergency Distribution Plan

4. Bulk Fuels P eace t ime  Opera t ing  Stock (POS ) Computa t ion
(A F)

5 , DFSC PSO F o r m a t
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Emergency I ;istribution Plan (E1)P )

This  is the plan for distributing fuel dur in g nat ional  emergency  condi-
t ions. It o r ig ina tes  w i t h  the I)FR and is updated annual l y or as
requirements change.  DISC is respon~ ible fo r  o r i g ina t i ng  and moni-
toring tile execution of any movement of fuel under thi s order .  In this
hypothetical example of an ED)) , the 1~asc Fuels Management ()ffic~~r ,
1\irtland AI” ll , must supp ly four  and two t rucks  dail y to Cannon AE B
and Luke AFI3 , re ’spect ivcl y,  of the  amounts  indicated should E l ) l

~~~ lementation be required. 
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Air Force Form 7b1 , Bulk 1- uels t’c,,cetime Uperating.Stock (PUS)
Computation 

- -

‘l’his is the f o r m  completed biannuall y by the base fuels officer in which
he computes his operating stock. Some terms that might not be self
explanatory  a r e :

Econ~ niic Reorder Quantity (line 8)- -Minimum tender acceptable
• b y d e l i v e r y  vehicle (rail car , tank truck , pipeline).

Deviations (line 9)- -individual pecuhia rities requiring adjustments
• to 1t ) S .  A common examp le concerns floating roof tanks and the

• added f uel tha t  mu st r ema in in the tank to prevent the roof from
res t ing  on t i le  tank bottom resu l t ing  in damage  to t h e roof seal.
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Extracted from DoD 4140. 25-M , the following is a sample fo rmat  of
the calculation DFSC accomplishes in ar riv ing at PSO (equivalent  to
POS) for its ternunals.

Terminal____________________ Produc t______________ Date

1. Most recent 6 month net issue

2 . Computed 6 month requirement 
__________________

3. Dail y Demand Rate (DDR) (line 2 180) 
_________________

4. Pipeline Time Quantity (PTQ ) (DDR X Resupply
Time in Days)  

________________

5. Safety  Level (2.  25 X DDR + 25~~~I of PTQ) 
__________________

b. Additional Safety Level Requi rement  
_________________

7. Augmented Safety Level (Line 5 + line 6) 
__________________

8. Number of Days in Safety Level (line 7
lin e 3) 

__________________

9. Deviation Quantity 
__________________

10. Method of Resupp ly 
—_______________

11. Economic Reorder  Quantity (ERQ ) 
________________

12. Number of days Supply in ERQ (line 11
line 3) 

___________________

13. PSO (line 4 + line 7 + line 9 or line 7 +
line 11 , whic hever is g r e a t e r )  

________________

Note: The meaning of Deviation Quantity (line 9) and Economic R e o r d e r
Quantity (line 11) is basically the same as for the A i r  Force Form
761.
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APPENDIX B

DFSC Reports

I. Defense Energy Information System

2. Report  of Bulk Pe t ro leum Storage Facilities
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APPENDI X C

Daily Consumption and Inventory Levels at Air Force Bases

L. Inven to ry  (Fue l s  / M iss i l e s  P rope l l an t s )

~~~. Consumption at Air Force Base Alpha

3. Consumption at  A i r  Force  Bravo
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Air  Force  Base Al pha
JP4 Consumption (Gallons)

Column G , Form 1237
28 A pril  1978 to 24 Augus t 1978

Date A pril June A u g u s t

1 42116 28349 30056 41895
2 36489 45061 13142 23331
3 22 797  22205 30058 25202
4 29972 22937 19145 36414
5 2 8624 40861 38930 43658

27120 37634 33674 30698
7 14286 24434 43737 38006
8 32205 49373 42122 34513
9 b 1905  42415 15359 24430

10 33611 32733 37313 53567
11 249 19 23534 37424 56395
12 42 954 38628 33755 24739
13 18316 36101 53224 22245
14 22753 31183 48279 42050
15 4452 3 32 092 21178 4 197 4
lu 45896 39958 31802 252 98
17 38867 20531 39599 29883
18 44786 21448 4879 1 38799
19 49075 48137 39820 23553
20 28545 31550 27701 30031
21 26412 31500 57885 34539
22 39236 36017 21657 37284
23 51063 22558 19646 59464
24 42489 8163 35725 3 1685
2 5 35278 171 02 48722
26 49104 44976 24963
27 2522 9 38080 62692
28 4 5182 12939 400 36 41864
29 12030 21696 26303 24952
30 42782 47029 26493 28844
31 46501 42994

119
X X~ = 34390 = an est imate for  ,u
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A i r  1~’o r 4 .- c  Base  B r a v o
41 1 4  Cons uuiption ~( Ia l ions)

Uolu inn  (I , Fo rm 1237
I I \ l ar c l i  1~ 178 to 30 J une 1~)7 8

R it e  I’- ll z-~.-h ~ _p ri 1 M a y  J u i ie

4) 1,483 1017 2 3 ( I ’~~~ 1 ‘4 13q
2 5u2 1’~ 1, 1592 4 111)08 1 )2 1  Su

28 1.58 8  (14344 1)0 81 )3  3 1 ) 1 ,63

4 179~~u (1 ’u ) 03 702u 7  2 4 u 2  1
2 02 5 ’)  7 3510 ( I4 4 1 ) ’ fl ~74~~3

1, 4854 u 47~ uI0 ~~~~~~~~~~

( I33~ )8 84107 3 7 7$ 1 4) ~ 18 14
S 3~~~78 2 72 3t ~ 37001 ‘ 1712
9 4b89 1) 183 17 7 1308 10033”
10 78u’~2 5u 33 4447 3 1 , 4 ) 1 ,0

i i 154 38 2887 1) u0 °) 0  1 2 15 ‘~u ”
12 20853 52508 5u34$ 4 1 )7 41 )

13 7 I ) )
€ , ()  (15() 5 1 28 1) 3u

14 ~322~ 9304 k 32144 ( 1 0 ( 4 3 4

(5  485u0 14t b7 -125 17 47 ’83
L u 7 15 8 2 5  4 ) t ’~ 1 28080 82705
17 47780 1 ) 1 , 1 ) 3 4 5  I , Q 3 1~~~ ) 4 174 u
18 2 052 5  53670 84802 l~~170

+ 19 25478 ‘-‘40 1~ 08 lu
4339 ) 72408 2 3 1uo 7 Iu 0 4

2 1 3’ 072 u4 02 3 44483
22 u4403 484u2 7 0 1 u1 )  ( 14 3( 5 7

23 5090 1) l 1~-~4 1 u2u  ~) S 7u20  I
24 78255 42u1)9 ‘1(4~ 4 4 1 5 7 1 )

2 5 235~)0 825~ 1 57537 1 ( 40b
14341 3 1u5 1 70758 4 865 1 5

27 3 1 1 ) 14  55u8 1 7 39 04 Ou 64
28 5 1073 849 18 2 8413 I) $8 2 ()
21) (1 1801 5u424 1 ( 1 54 3

30 4480u ~ 7~~$u 3 l u u 7  $ 1 3 8 4
31 1 l1)2c~L (‘1)152

- - 122

X -- = I,! 32 3 = ~n e st i m a te  t o l  M
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APPENDIX D

Tank Bottom and Pipeline Survey

1. Cover Letter

2. Answer  Form

~
II
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SUBJECT: Thesis Data Collection

FROM: Captain Crai g M. Nor th rup ,  AFIT/ EN , W r igh t-Pa t t e r son
A F B , Ohio 45433

TO:

Your assis tance is requested in conjunction with a thesis  investi-
gation of the Defense Fuel Supp ly Center ’ s s torage  of bulk petroleum,
The stud y is being performed by Captain Craig Nor thrup , a full  time
student in Operations Research at the Air Force Institute of Technology.

On e area of concern is the issue of including tank bottoms and
pipelines as usabl e fuel in Peacetime Operating Stock (POS ) computa-
tions when POS and Prepositioned War Rese rve  are  stored in the same
system (as the General Accounting Office discussed in a 1975 repor t
entitled Bulk Fuels Need to Be Better Managed), To form a samp le
data base f rom which to analy tically examine this concept , it is
requested that you review your Forms 1237 for  the period 1 October
1977 to 31 March 1978 for JP4 only and note on the enclosed f o r m  your
highest and lowest observed physical inventory (column M). In addi-
tion, any comments you wish to make regarding such a change in policy
would provide added insight to the research .

Your  responses will become pa r t  of a random sample  and wi th in
the report  no references  to specific A i r  Force  bases will  be made.
Your participation is entirely voluntary and no action of any kind wi l l
be taken if you choose not to respond.

Please use the answer  sheet provided and f o rw a r d  irs the
enclosed envelope.

Ilu



-- ---

1. During the period 1 October 1977 to 31 March 1978 do you recall
any significant changes in your authorized inventory levels? Note ’
Examp les of significant changes in inventory might be ( 1)  tanks
closed for  cleaning caused a readjustment of inventory, (2 )  reserve
level changes , (3)  similar actions causing fluctuations in inventory.
YES/N O / U N K N O W N

If answer YES , please exp lain.

2. Highest observed physical invetitory for  the period 1 October 1977
to 31 March 1978.

Gallons JP4 
__________

Date 
___________

3. Lowest observed physical inventory for the period 1 October 1977
to 31 March 1978.

Gallons SP4 
__________

Date 
__________

4. Usin g available equipment and if absolutely necessary ,  what per-
centage of the fuel in your tank bottoms could be pumped out?

5. In cases of absolute necessi ty do you consider it operationall y
feasible to recover fuel bein g used as pipeline fill?

Comments , if any

Thanks for your help!
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Craig M. Northrup w a s  born in \V inona , Minneso ta  on 20
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f r o m  .1 unc I° uu to J une 1 ~70 and g r a d u a t e d  w i t h  a B a c h e l o r  o~ Sc i ence
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United States Air F o rc e .  After gradua tion . he attended Undergraduate

Pilot Training at  \V ebb Air  Force Base , ‘l exas .  A f t e r  r e c e i v i n g  his
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Captain Nor th rup  entered the Air  Force ins t i tu te  of T echnology in

J une . 11 57 7  as a g radua te  s tudent in Operat ions  R e s e a r ch .

Cer n i anen t  Address :

1172 I3enton W a y
St Paul , Ivt inn 55 14() 1

This thesis was typed by Joyce  C la rk .
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This s tud y anal yzes the proced ures for establi shing autho rized fuel levels
at DoD fac ilities to determin e If pr esent petroleum invento ries re pre sent
actual needs. Three aspects of the formula that is used by both the Defense
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were studied.
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To estimate the effect t~z~ costs to the government of various  inventory
policies , the storage of petro leum was modeled in a linear prog ramming
fashion using a tr an sportation model tha t mininuzed storage cos t s.  A hypo-
thetical scenario consisting of location s using/storing bul k petroleum was
described and subsequentl y modeled as a transportation problem. The condi-
tions delineating this scenario were then changed to reflect  several  alternate
methods of calculating required inventory levels .  The value of the objective
function for each of these scenarios was measured against the minimum cost
solution of the ori ginal conditions to dete rmine the net e f fec t  on storage costs.

The stud y concludes that ( I )  utilizat ion of existing storage could be
improved if assignment of tankage was centrall y determined , (2) supp lementing
present inventory determination and storage procedures with more anal ytic
techniques could improve the credibility of these calculations , and (3 )  the cost
implications of less str ingent inventory requirement s , while often overlooked ,
re present measurable saving s of considerable magnitude.
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