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SUMMARY 

I n f o r m a t i o n  from an A i r  Force  s tudy  was used t o  d e t e r m i n e  t h e  p o t e n t i a l  
a v a i l a b i l i t y  and c o s t  o f  a m o d i f i e d  c o n v e n t i o n a l  f u e l  w i t h  a h i g h  naphthene 
c o n t e n t  which c o u l d  have a thermal  s t a b i l i t y  near  t h a t  o f  JP-7 f o r  h igh-speed 
c i v i l  t r a n s p o r t s .  R e s u l t s  showed s u f f i c i e n t  c a p a c i t y  for a f u e l  made o f  a 
b l e n d  o f  50 p e r c e n t  n a p h t h e n i c  s t r a i g h t  r u n  kerosene and 50 p e r c e n t  hydro-  
c racked p r o d u c t ,  assuming a near - te rm r e q u i r e m e n t  of 210 000 BBL pe r  day. Fuel  
c o s t  c o u l d  be as low as 62.5 t o  64.5 c e n t s  p e r  g a l l o n ,  assuming $20 pe r  b a r r e l  
f o r  c rude .  

INTRODUCTION 

The i n c r e a s i n g  i n t e r e s t  i n  h igh-speed c i v i l  t r a n s p o r t s  (HSCT) r e q u i r e s  
i n f o r m a t i o n  on  t h e  a v a i l a b i l i t y  and cost of f u e l s  t h a t  a r e  more t h e r m a l l y  s t a -  
b l e  than  Je t -A .  A m o d i f i e d  c o n v e n t i o n a l  f u e l  w i t h  a h i g h  naphthene c o n t e n t  
c o u l d  have a the rma l  s t a b i l i t y  near  t h a t  of JP-7 i s  one f u e l  t h a t  c o u l d  be con- 
s i d e r e d  a c a n d i d a t e .  The work r e p o r t e d  h e r e i n  i s  a p r e l i m i n a r y  e s t i m a t e  o f  t h e  
a v a i l a b i l i t y  and c o s t  e s t i m a t e  f o r  p r o d u c i n g  such a commercial  m o d i f i e d  conven- 
t i o n a l  f u e l  f o r  HSCT. The p r i m a r y  source  o f  i n f o r m a t i o n  used i n  p e r f o r m i n g  t h e  
a n a l y s i s  i s  from an A i r  Force s t u d y  on t h e  a v a i l a b i l i t y  o f  h i g h  d e n s i t y  j e t  
f u e l s  ( r e f .  1 ) .  
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I n  o r d e r  t o  d e t e r m i n e  t h e  p o t e n t i a l  a v a i l a b i l i t y  o f  a t h e r m a l l y  s t a b l e  
m o d i f i e d  c o n v e n t i o n a l  f u e l  f o r  HSCT, JP-7 r e q u i r e m e n t s  were s e l e c t e d  as a 
s t a r t i n g  p o i n t .  These chemica l  and p h y s i c a l  r e q u i r e m e n t s  and t e s t  methods a r e  
i d e n t i f i e d  i n  MIL-T-38219B ( U S A F ) ,  and a r e  summarized i n  t a b l e  I. I n  produc-  
t i o n ,  however,  t h e  end p o i n t  i s  u s u a l l y  l i m i t e d  t o  500 O F  t o  meet f r e e z i n g  
p o i n t  and hydrogen c o n t e n t  requ i remen ts .  Tab le  I 1  shows a t y p i c a l  s e t  o f  meas- 
u r e d  JP-7 p r o p e r t i e s ,  which were  o b t a i n e d  from r e f e r e n c e  2 .  

I t  i s  e s t i m a t e d  t h a t  i n  t h e  near - te rm,  t h e  q u a n t i t y  o f  t h e  m o d i f i e d  con- 
v e n t i o n a l  f u e l  r e q u i r e d  w i l l  be about  t h a t  o f  c u r r e n t  JP-4, wh ich  i s  about  
210 000 b a r r e l s  p e r  day.  S ince  t h e  a i r c r a f t  r e q u i r i n g  t h i s  f u e l  w i l l  e n t e r  
t h e  marke t  g r a d u a l l y ,  i t  w i l l  t ake  a number of y e a r s  t o  reach  t h e  e s t i m a t e d  
n e a r - t e r m  r e q u i r e m e n t s .  To determine i f  r e f i n e r i e s  have t h e  needed c a p a c i t y  
f o r  f u e l  p r o d u c t i o n  r e q u i r e m e n t s ,  i n f o r m a t i o n  from r e f e r e n c e  1 was used. 



I n  o r d e r  t o  meet t h e  t h e r m a l  s t a b i l i t y  r e q u i r e d  o f  t h e  f u e l ,  s t reams h i g h  
i n  naphthene c o n t e n t  were c o n s i d e r e d .  A c c o r d i n g  t o  r e f e r e n c e  1 ,  t h e  a v a i l a b l e  
n e a r - t e r m  c a p a c i t y  f o r  n a p h t h e n i c  s t r a i g h t  r u n  kerosene and h y d r o c r a c k e r  k e r o -  
sene i s  253 200 BBL p e r  day. 
t i o n  o f  t h e  m o d i f i e d  c o n v e n t i o n a l  f u e l .  The kerosene streams i n  t h e  model used 
i n  r e f e r e n c e  1 a r e  f o r  a t e m p e r a t u r e  range o f  400 t o  550 O F ,  which  i s  t h e  k e r o -  
sene tempera ture  range used by  Bonner and Moore ( r e f .  3 ) .  To meet a l l  JP-7 
r e q u i r e m e n t s ,  t h e  end p o i n t  o f  t h e  kerosene streams shou ld  be reduced t o  500 O F  

( t a b l e  11). An e s t i m a t e  o b t a i n e d  b y  a computer program t o  d e t e r m i n e  a 086 
b o i l i n g  c u r v e  f o r  t h e  400 t o  550 O F  b o i l i n g  range p r o d u c t  shows a p p r o x i m a t e l y  
200 000 BBL p e r  day o f  t h e  kerosene st reams s h o u l d  be a v a i l a b l e  f o r  t h e  modi- 
f i e d  c o n v e n t i o n a l  f u e l  w i t h  a 500 O F  end p o i n t .  T h i s  i s  10 000 BBL p e r  day 
les's t h a n  JP-4 r e q u i r e m e n t s .  T h i s  p r o j e c t i o n  m i g h t  be s l i g h t l y  o p t i m i s t i c ;  
however, t h e  a v a i l a b l e  h y d r o c r a c k e r  shutdown c a p a c i t y  o f  43 800 BBL p e r  day 
shou ld  be s u f f i c i e n t  t o  make up any s h o r t f a l l  ( r e f .  1 ) .  

These two streams c o u l d  be used f o r  t h e  produc-  

The p r o j e c t e d  a v a i l a b i l i t y  o f  t h i s  m o d i f i e d  c o n v e n t i o n a l  f u e l  i s  based on  
t h e  assumpt ion  t h a t  r e f i n e r s  w i l l  have segregated  n a p h t h e n i c  s t reams f o r  f u e l  
b l e n d i n g .  Such s e g r e g a t i o n  i s  p r a c t i c a l  o n l y  where t h e r e  i s  a r e a l  demand. 
P r e s e n t l y  t h i s  s e g r e g a t i o n  t a k e s  p l a c e  i n  PADD 3 ,  where l u b e  o i l  i s  p rocessed,  
and i n  PADD 5, where c rudes  a r e  h i g h l y  n a p h t h e n i c .  Hence, as a f i r s t  a p p r o x i -  
m a t i o n  i t  appears t h a t  t h e r e  i s  more t h a n  s u f f i c i e n t  c a p a c i t y  t o  produce 
210 000 BBL p e r  day o f  t h e  d e s i r e d  f u e l .  
a b l e  i f  r e q u i r e m e n t s  c o u l d  be r e l a x e d .  

A d d i t i o n a l  c a p a c i t y  c o u l d  be a v a i l -  

FUEL COST 

A l l  t h e  i n f o r m a t i o n  f o r  e s t i m a t i n g  t h e  f u e l  c o s t  i s  i n  r e f e r e n c e  1 .  The 
company where t h i s  work was done, Bonner and Moore A s s o c i a t e s ,  I n c . ,  i s  a w e l l  
known and r e s p e c t e d  c o n s u l t a n t  t o  t h e  o i l  i n d u s t r y .  The i n f o r m a t i o n  i n  r e f e r -  
ence 1 was t h e r e f o r e  c o n s i d e r e d  r e l i a b l e  and was used i n  e s t i m a t i n g  t h e  f u e l  
c o s t  f o r  t h i s  r e p o r t .  The f u e l  cost i s  based on b l e n d s t o c k  r e p l a c e m e n t ,  wh ich  
has averaged 1.052 t i m e s  c r u d e  c o s t .  S i n c e  t h e  m o d i f i e d  f u e l  w i l l  r e q u i r e  seg- 
r e g a t e d  s t o r a g e  and l o a d i n g  s y s t e m ,  i t  was e s t i m a t e d  t h a t  c a p i t a l  r e c o v e r y  and 
r e l a t e d  c o s t s  were $0.27 p e r  b a r r e l .  The near - te rm f u e l  p r o d u c t  o f  210 000 BBL 
p e r  day w i l l  be ach ieved g r a d u a l l y .  Fuel  p r o d u c t i o n  much l e s s  t h a n  t h i s  amount 
c o u l d  i n c r e a s e  t h e  c a p i t a l  r e c o v e r y  and r e l a t e d  c o s t s .  To show t h e  e f f e c t s  o f  
s c a l i n g ,  s c a l i n g  f a c t o r s  o f  0 . 7  and 0.8 was used for p r o d u c i n g  l e s s  t h a n  
200 000 BBL p e r  day o f  t h e  d e s i r e d  f u e l .  

From t h e  streams a v a i l a b l e  f o r  b l e n d i n g ,  i t  appears t h a t  a b o u t  50 p e r c e n t  

Hydrogen consumpt ion  s h o u l d  
o f  t h e  f u e l  w i l l  r e q u i r e  h y d r o d e a r o m a t i z a t i o n .  C a p i t a l  r e c o v e r y  and hydrogen 
s u p p l y  a r e  t h e  main cost i n  h y d r o d e a r o m a t i z a t i o n .  
be around 3000 s t a n d a r d  c u b i c  feed (SCF)  p e r  b a r r e l .  W i t h  hydrogen a t  a c o s t  
o f  $1 p e r  1000 SCF and c a p i t a l  c o s t  o f  $6 p e r  b a r r e l  of c a p a c i t y ,  cost o f  
h y d r o d e a r o m a t i z a t i o n  p e r  b a r r e l  o f  f u e l  p r o d u c t  i s  $4.50 ( 5 0  p e r c e n t  o f  streams 
h y d r o t r e a t e d ) .  These c o s t  e s t i m a t e s  a r e  for t h e  p r o d u c t i o n  l e v e l  o f  t h e  f u l l  
n e a r - t e r m  f u e l  r e q u i r e m e n t s  o f  210 000 BBL p e r  day.  I f  i t  i s  assumed t h a t  t h e  
e f f e c t  o f  s c a l i n g  w i l l  o c c u r  be low 200 000 BBL p e r  day, p r o d u c t i o n  costs would 
i n c r e a s e  fo r  f u e l  r e q u i r e m e n t s  be low t h i s  l e v e l .  Based on t h i s  assumpt ion,  
f u e l  c o s t  e s t i m a t e s  a t  20, 25,  and 100 p e r c e n t  o f  t h e  n e a r - t e r m  f u e l  r e q u i r e -  
ments a r e  shown i n  t a b l e  I11 f o r  s c a l i n g  f a c t o r s  o f  0 . 7  and 0.8.  
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T h i s  s c a l i n g  e f f e c t  would depend on  t h e  r e f i n e r y  and on  t h e  r e f i n e r y  p rod-  
u c t  s l a t e ;  hence, i t  may or may n o t  o c c u r .  I f  a l l  s t reams used i n  t h i s  f u e l  
r e q u i r e d  h y d r o t r e a t i n g  t o  meet thermal  s t a b i l i t y  r e q u i r e m e n t s ,  t h e  c o s t  would 
i n c r e a s e  t o  59.6 c e n t s  p e r  g a l l o n  f o r  $15 p e r  b a r r e l  c rude and 72.2 c e n t s  p e r  
g a l l o n  fo r  $20 p e r  b a r r e l  c r u d e .  A t  $20 p e r  b a r r e l ,  t h e  maximum c o s t  would be 
8 6 . 6  c e n t s  p e r  g a l l o n  a t  t h e  10 p e r c e n t  l e v e l  w i t h  a l l  s t reams h y d r o t r e a t e d .  

I n  a d d i t i o n  to  t h e  above r e f i n i n g  c o s t ,  a d d i t i v e  c o s t s  and s p e c i a l  stor- 
age t a n k  p r e p a r a t i o n  cost must be added. A c c o r d i n g  t o  r e f i n e r y  s o u r c e s ,  t h e  
c o s t  shou ld  be o n l y  1 to  3 c e n t s  p e r  g a l l o n .  The s p e c i a l  s t o r a g e  t a n k  p r e p a r a -  
t i o n  i s  s i m p l y  p a i n t i n g  w i t h  epoxy p a i n t .  T r a n s p o r t a t i o n  c o s t s  s h o u l d  be m i n i -  
mal i f  m u l t i p r o d u c t  p i p e l i n e s  can be used.  

DISCUSSION 

The f u e l  a v a i l a b i l i t y  a n a l y s i s  shows t h a t  t h e r e  i s  s u f f i c i e n t  c a p a c i t y  t o  
p r o v i d e  a m o d i f i e d  c o n v e n t i o n a l  f u e l  w i t h  h i g h e r  thermal  s t a b i l i t y  a t  a p roduc-  
t i o n  r a t e  o f  210 000 BBL p e r  day.  Wi th  t h e  a v a i l a b l e  h y d r o c r a c k e r  shutdown 
c a p a c i t y  o f  43 800 BBL p e r  day, excess c a p a c i t y  i s  a v a i l a b l e .  

A c c o r d i n g  t o  r e f i n e r y  sources ,  t h e  c o s t  o f  r e c e n t  p r o d u c t i o n  o f  J e t  A was 
54.5 t o  56 c e n t s  p e r  g a l l o n  w i t h  c rude p r i c e s  a t  $20 p e r  b a r r e l .  The c o s t  o f  
t h e  new f u e l  would be 62.5 t o  64.5 c e n t s  p e r  g a l l o n  ( 6 1 . 5  c e n t s  for  t h e  r e f i n e d  
p r o d u c t  p l u s  1 t o  3 c e n t s  for a d d i t i v e s ) ,  assuming m u l t i p u r p o s e  p i p e l i n e s  can 
be used fo r  t r a n s p o r t a t i o n .  T h i s  i s  about  a 15 p e r c e n t  i n c r e a s e  i n  c o s t .  

A c c o r d i n g  to  a p r o d u c e r  of JP-7, i t  i s  b e i n g  s o l d  a t  more t h a n  $1.09 p e r  
g a l l o n  w i t h  c rude a t  $20 p e r  BBL. T h i s  exc ludes  t h e  c o s t  o f  t r a n s p o r t a t i o n .  
The c o s t  o f  p r o d u c i n g  JP-7 i s  h i g h  because severe h y d r o t r e a t i n g  o f  t h e  e n t i r e  
p r o d u c t  i s  r e q u i r e d  t o  a c h i e v e  a hydrogen c o n t e n t  o f  14 .4  p e r c e n t .  Also JP-7 
i s  n o t  produced c o n t i n u o u s l y .  P r o d u c t i o n  a t  one JP-7 s u p p l i e r  i s  o n l y  once 
e v e r y  s e v e r a l  weeks t o  r e f i l l  t h e  two d e d i c a t e d  s t o r a g e  t a n k s .  P a r t  o f  t h e  
h i g h  c o s t  o f  JP-7 i s  t h e  e f f e c t  o f  s c a l i n g ,  wh ich  can be seen i n  t a b l e  111. I f  
a l l  o f  t h e  new f u e l  would r e q u i r e  s i g n i f i c a n t  h y d r o t r e a t i n g  i n s t e a d  o f  j u s t  
50 p e r c e n t  o f  t h e  b l e n d ,  t h e  f u e l  p r o d u c t  c o s t  c o u l d  i n c r e a s e  t o  72.2 c e n t s  p e r  
g a l l o n  a t  t h e  100 p e r c e n t  l e v e l  and 86 .6  c e n t s  p e r  g a l l o n  a t  t h e  10 p e r c e n t  
l e v e l ,  assuming $20 p e r  BBL o f  c rude.  

CONCLUDING REMARKS 
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From t h e  p r e l i m i n a r y  a n a l y s i s  used i n  t h i s  r e p o r t ,  t h e r e  i s  adequate 
r e f i n e r y  c a p a c i t y  t o  p r o v i d e  210 000 BBL p e r  day o f  m o d i f i e d  c o n v e n t i o n a l  f u e l  
h i g h  i n  naphthene c o n t e n t  for  a h igh-speed t r a n s p o r t  i n  t h e  near - te rm.  The 
a n a l y s i s  shows t h a t  about  50 p e r c e n t  o f  t h e  f u e l  b l e n d  would be a h y d r o c r a c k e d  
p r o d u c t  w i t h  t h e  o t h e r  50 p e r c e n t  a n a p h t h e n i c  s t r a i g h t  r u n  kerosene.  The c o s t  
of p r o d u c i n g  such a b l e n d  was found t o  be 61.5 c e n t s  p e r  g a l l o n  w i t h  a n o t h e r  1 
t o  3 c e n t s  f o r  a d d i t i v e s  and epoxy p a i n t e d  f u e l  t a n k s ,  assuming c r u d e  a t  $20 
p e r  BBL. 



The r e s u l t s  o b t a i n e d  seem r e a s o n a b l e ,  b u t  s h o u l d  o n l y  serve  as p r e l i m i -  
n a r y  e s t i m a t e s .  Fuel  p r o p e r t y  r e q u i r e m e n t s  and r e f i n e r y  a n a l y s i s  based on t h e  
f u e l  r e q u i r e m e n t s  a r e  needed for a more e x a c t  p r e d i c t i o n  o f  f u e l  a v a i l a b i l i t y ,  
q u a l i t y ,  and c o s t .  The r e s u l t s  a l s o  assume t h a t  i n  t h e  f u t u r e  t h e r e  i s  n o t  
much change i n  p r o d u c t  demand or r e f i n e r y  s l a t e .  
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TABLE I. - CHEMICAL AND PHYSICAL REQUIREMENTS AND TEST METHODS 

[Summary o f  Mil-T-382198 (USAF).] 

Requi rements 

Aromatics, vo l  %, maximum 

Mercaptan s u l f u r ,  w t  %, 

Su l fu r ,  t o t a l  w t  %, maximum 

D i s t i l l a t i o n ,  "C  (OF) 

maxi mum 

I n i t i a l  b o i l i n g  po in t ,  
minimum temperature 

10 percent recovered, 
m i  n i  mum temperature 

20 percent recovered, 
m i  nimum temperature 

50 percent recovered, 
maxi mum temperature 

90 percent recovered, 
maximum temperature 

End po in t ,  maximum temperature 
Residue, vo l  %, maximum 
D i s t i l l a t i o n  l oss ,  vo l  %, 

Flash po in t ,  minimum, "C (OF) 

Densi ty,  kg/m3, minimum 
("API, maxi um) a t  15 "C  

Densi ty,  kg/mg, maximum 
("API, minimum) a t  15 "C 

Vapor pressure, kPa ( p s i )  a t  

Vapor pressure, kPa ( p s i )  a t  

Freezing po in t ,  "C ( O F ) ,  

Viscos i t y ,  a t  -20 "C, 

Heat ing value, ne t  heat o f  

maxi mum 

149 "C. maximum 

260 "C, maximum 

maxi mum 

cent is tokes ,  maximum 

combustion MJ/kg (B tu / l  b ) ,  
minimum 

Hydrogen content,  mass percent, 

Copper s t r i p  cor ros ion ,  100 "C 

Thermal s t a b i l i t y  

minimum 

(212 OF), maximum 

JFTOT, change i n  pressure drop i n  

JFTOT, d e l t a  TOR spun, maximum 

Ex is ten t  gum, mg/100 m l ,  maximum 

P a r t i c u l a t e  mat te r  ( t o t a l  so l  i d s )  
FOB o r i g i n  d e l i v e r i e s ,  mg/l 

FOB des t i na t i on  d e l i v e r i e s ,  mg/l 

5 h r ,  mm Hg, maximum 

maxi mum 

maxi mum 

Values 

5 

0.001 

0.1 

182 (360) 

196 (385) 

206 (403) 

Report 

260 
288 

60 

500) 
550) 

1.5 

1.5 

140) 

779 (50 

806 (44 

20.7 (3.0 

331 (48.0 

-43.3 (-46) 

8.0 

43.5 (18 700) 

14.4 

l b  

25.0 
12 

5.0 

0.3 

0.5 

Test method, 
ASTM standards 

01319 

03227 

01266 o r  03220 

D86 

093 

01298 

01298 

02386 

0445 

D2382. 03338 

03343, 03701 

0130 

038 1 

02276 

5 



TABLE 11. - MEASURED JP-7 PROPERTIESa 

Property 

Descr ip t ion  

I d e n t i f i c a t i o n  number 

Cetane number 

Surface tension, dynes/cm 

Density: 
Sp G r  a t  60 O F  

" A P I  

D i s t i l l a t i o n ,  

5 vo l  Ye 

IBP 

10 
20 
30 
40 
50 
60 
70 
80 
90 
95 
FBP 

V iscos i ty ,  cSt a t  40 "C 

Heat o f  combustion 
Gross, MJ/KG 
B tu / l  b 
Net, MJ/KG 
B tu / l  b 

Flash p o i n t ,  "C ( O F )  

Cloud p o i n t ,  "C (OF) 

Elemental anal y s i  s, 
M percent 

Carbon 
Hydrogen 
S u l f u r  

H/C atom r a t i o  

Hydrocarbon type, vo l  X 
Saturates 
01 ef i ns 
Aromatics 

aRef. 2. 

Method 

0445 

D240 

D93 

02500 

M i  cro-combustion 

Base fue l  

JP-7 

FL-0233-T 

57.2-+1 

26.1 

0.7954 
46.4 

"C  O F  

198 388 
206 402 
207 404 
208 406 
209 408 
210 410 
211 412 
213 416 
216 420 
220 428 
228 442 
237 458 
259 498 

1.57 

46.934 
20 178 
43.815 
18 837 

69 (157) 

-43 (-45) 

85.6650.09 
14.70ir0.01 

<0.01 

2.04 

96.9 
1 .o 
2.0 

6 



10 

Fuel cos t  per BBL 
Hydrodearomati z a t i  on, 

Storage f a c i  1 i t i e s ,  
per  BBL 

cost per  BBL 

25 1 ooa 

0.54 0.54 

20 

21.04 

5.98 

0.41 

27.43 
65.3 

15 20 

15.78 21.04 

4.50 4.50 

0.27 0.27 

20.55 25.81 
48.9 61.5 

[Sca l ing  f a c t o r  = 0.8.1 

Fuel cos t  $ per BBL 
Fuel cos t  $ per ga l l on  

23.72 28.98 22.17 
56.5 69.0 52.8 

I 10 25 1 ooa 

Fuel cos t  per BBL 
Hydrodearomatization. 

Storage f a c i l i t i e s ,  
per BBL 

cost per  BBL 

7 

Crude cos t  $ per BBL 

15 20 15 20 15 20 

15.78 21.04 15.78 21.04 15.78 21.04 

6.21 6.21 5.42 5.42 4.50 4.50 

0.43 0.43 0.36 0.36 0.27 0.27 

Fuel cost  $ per BBL 
Fuel cos t  e per ga l l on  

22.42 27.68 21.56 26.82 20.55 25.81 
53.4 65.9 51.3 63.9 48.9 61.5 
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