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PRESENTA

GAS TO 
LIQUIDS



March 2nd 2007 House Resources

Confirmed:

Dr. Godwin Chukwu, Ph.D., P.E.
Petroleum Development Laboratory 
Institute of Northern Engineering 
University of Alaska Fairbanks 
(his presentation will probably take one hour)

Cathy Foerster, Commissioner
Alaska Oil and Gas Conservation Commission
(via teleconference for questions)

Kevin Banks, Acting Director, Division of Oil and Gas 
Alaska Department of Natural Resources 
(via teleconference for questions)

BP - Mike Gradassi, Project Development Manager for BP's Conversion Technolo 
Centre
(brief presentation, probably ten minutes)

SasolChevron -  Peter Cook (Sasol London)
(presentation for about half an hour)

Invited:

Shell - Cam Toohey 
Exxon - Kevin Jardell
Conoco Phillips -  Michael Hurley, Gerry Gallagher
Flint Hills -  Bob Evans, Jeff Cook
PctroStar -  Royce Weller, Jerry Mackey, Doug Chapados
Alyeska -  Mike Healwole
AOGA -  Kara Mori arty, Judy Brady
American Petroleum Institute-Peter Lidiak (pipeline specialist)
(probably most will be in the audience)
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Locations for GTL

G T L

M a r k e t s

HI G a s
R e s e r v e s

• L a r g e  g a s  r e s e r v e s  ( > 2 0  T C F )

• E c o n o m i c  g a s  f e e d s t o c k

• A c c e s s  to  t h e  o p e n  o c e a n





EGTL -  Escravos, Nigeria
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O P E R A T I O N A L  I S S U E S  I N  G A S - T O - L I Q U I D  ( G T L )

T R A N S P O R T A T I O N  T H R O U G H  

T H E  T R A N S  A L A S K A  P I P E L I N E  S Y S T E M  ( T A P S )

P r e s e n t e d  t o  t h e  A l a s k a  S t a t e  L e g i s l a t u r e

( H o u s e  R e s o u r c e s  C o m m i t t e e )

M a r c h  2 ,  2 0 0 7  

G o d w i n  A .  C h u k w u  ( P h D ,  P E )

P r o f e s s o r  o f  P e t r o l e u m  E n g i n e e r i n g

D e p a r t m e n t  o f  P e t r o l e u m  E n g i n e e r i n g  

U n i v e r s i t y  o f  A l a s k a  F a i r b a n k s



O U T L IN E

■ A N S  G a s  R e s o u r c e s

■ A N S  G a s  U t i l i z a t i o n  O p t i o n s

■ P r o b l e m  S t a t e m e n t

■ P o s s i b l e  S o l u t i o n

■ G a s  t o  L iq u i d  T e c h n o l o g y  

> F e a t u r e s  o f  T A P S



O U T L IN E  (C o n t'd )

> P r o j e c t  F o c u s

■ P r o p o s e d  M o d e s  o f  G TL T r a n s p o r t a t i o n  t h r o u g h  
T A P S

■ G TL T r a n s p o r t a t i o n  I s s u e s

■ O p e r a t i o n a l  C h a l l e n g e s

■ C o n c l u s i o n s



A N S  G A S  R ESO U R C ES

■ P r o v e n  a n d  R e c o v e r a b l e  C o n v e n t i o n a l  N a t u r a l  
G a s  R e s e r v e s :  3 8 +  T C F

.  P r u d h o e  B a y  ( 2 9 +  T C F )

«  P o i n t  T h o m p s o n  ( 9 + T C F )

■ O t h e r  P o t e n t i a l  R e s o u r c e s :

■ C o n v e n t i o n a l  G a s  i n  A N W R  ( 3 1  T C F )

■  A N S  G a s  H y d r a t e s  ( 5 9 0  T C F )

-  C o a l  -  B e d  M e t h a n e  ( 1 0 0 0 +  T C F )



A N S  G A S  U T IL IZ A T IO N  
O P T IO N S

■  T r a n s p o r t a t i o n  t h r o u g h  a  N e w l y  C o n s t r u c t e d  T r a n s - A l a s k a  G a s  

p i p e l i n e

■  C o n v e r s i o n  t o  m i s c i b l e  i n j e c t a n t  ( M l )  f o r  E n h a n c e d  O i l  R e c o v e r y  

( E O R )  o p e r a t i o n s  o n  t h e  n o r t h  s l o p e

■  B u i l d  N a t u r a l  G a s  b a s e d  p e t r o c h e m i c a l  c o m p l e x  

h  F o r  E l e c t r i c a l  P o w e r  g e n e r a t i o n

■  B u r n i n g  N a t u r a l  G a s  t o  G e n e r a t e  S t e a m  f o r  p o t e n t i a l  T h e r m a l  

R e c o v e r y  O p t i o n s

■ C h e m i c a l  C o n v e r s i o n  t o  G T L  p r o d u c t s  a n d  t r a n s p o r t  t h r o u g h  

T A P S



P R O B LE M  S T A T E M E N T

■  D w i n d l i n g  o i l  p r o d u c t i o n  o n  A l a s k a  N o r t h  S l o p e  ( A N S )  i s  e x e r t i n g  

i n c r e a s e d  b u r d e n  o n  e c o n o m i c  o p e r a t i o n  o f  t h e  T A P S

■ H o w  d o  w e  c o n t i n u e  t o  o p e r a t e  t h e  T A P S  e c o n o m i c a l l y  i n  t h e  

f u t u r e

■ W h a t  d o  w e  d o  w i i t h  s u c h  v a s t  g a s  r e s o u r c e s ?

■ D o m e s t i c  g a s  m a r k e t  f a r  a w a y  f r o m  A N S

■ V e r y  s m a l l  l o c a l  d e m a n d

■ L i m i t e d  n a t u r a l  g a s  u s e  i n  E O R  a n d  o t h e r  o p e r a t i o n s
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P O S S IB L E  S O L U T IO N

--------------------------------------------------------------------------------------------------

■ A  c o m b i n a t i o n  o f  t h e  t w o  p a r t  p r o b l e m  s t a t e m e n t  c a n  l e a d  c o  a  

f e a s i b l e  s o l u t i o n

■ T h e  v a s t  n a t u r a l  g a s  r e s o u r c e s  o n  t h e  A N S  c a n  b e  c o n v e r t e d  t o  

G a s - t o - L i q u i d s  ( G T L )  p r o d u c t s  u s i n g  t h e  F i s c h e r - T r o p s c h  ( F T )  

p r o c e s s  t h a t  d a t e s  b a c k  t o  W W  I I  p e r i o d

■ T h e s e  s o  c a l l e d  G T L  p r o d u c t s  c a n  b e  u t i l i z e d  t o  f i l l  u p  t h e  T r a n s  

A l a s k a  P i p e l i n e  S y s t e m  ( T A P )  w i t h  c r u d e  o i l

■ I n  t h i s  m a n n e r  w e  c a n  a d d r e s s  b o t h  t h e  i s s u e s ,  i . e . ,  i n c r e a s e  

t h e  e c o n o m i c  l i f e  o f  T A P S  a n d  m o n e t i z e  t h e  h u g e  g a s  

r e s o u r c e s  o n  t h e  A N S
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G A S -T O -L IQ U ID  (G T L ) T E C H N O LO G Y

» ----------------------------------------------------------------------------------------------------

- 3 -s te p  F ishe r-T ropsch  chem ica l p rocess  
f o r  conve rt ing  n a tu ra l g as (CH4)  to  
syn th e tic  c rude

■ D irec t p roduc tion  o f  D iese l, N aph tha , 
K e ro sen e



G A S -T O -L IQ U ID  (GTL) T E C H N O LO G Y
( c o n t ' d )

Methane {CH4)

+

S t e a m  (rfcO)

Oxygen (Oj)

Courtesy: Fischer-Tropsch process for obtaining GTL products (Fischer, 2001)



G A S -T O -L IQ U ID  (G TL )TE C H N O LO G Y  
( c o n t ' d )

Fluidized Bed
Syngas
Generation

Gas
Feed
Steam

Slurry Hydrocarbon 
Synthesis

Steam

H ,0

2H2/CO

Hydro-
isomerization

Wax

Gas Conversion 
Liquids

Courtesy: Exxon AGC-21 (Advanced Gas Conversion fo r the 21st Century), October, 1998
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G A S -T O -L IQ U ID  (G TL) T E C H N O L O G Y
( c o n t ' d )

O xygen  Methane S te am

Carbon
Monoxide

C o ba lt HCS 

C a ta ly s t

■ N a tu ra l G a s R e a c t s  w ith  0 2 / H 2 0

Hydrogen

M -

■CO /H2 C a ta ly t ic a lly  S y n th e s iz e d  To 

W ax

A  rA

W ax  + H20

■ W ax  I so m e r iz e d  To L iq u id s

L iqu id

Courtesy: Exxon Chemistry for producing AGC- 
21 Liquids (O ctober  1 9 9 8 )



G T L  T E C H N O LO G Y  ( c o n t'd )

W h y ?
■  S i g n i f i c a n t  w o r l d w i d e  v o l u m e s  o f  s t r a n d e d  g a s  r e s e r v e s

■ D i v e r s i f y  m a r k e t i n g  o p t i o n s

■ P r o d u c t i o n  o f  E n v i r o n m e n t a l l y  F r i e n d l y  F u e l s

W h y  n o w ?
■  T e c h n o l o g y  a d v a n c e s  h a v e  s i g n i f i c a n t  r e d u c e d  c a p i t a l  

c o s t s

W h y  A l a s k a ?
■ N o  e c o n o m i c  g a s  u t i l i z a t i o n  o p t i o n  n o w

■ I n v e s t i g a t e  a l l  p o t e n t i a l  o p t i o n s

■ C o n t i n u e d  o p e r a t i o n  o f  T A P S  w i l l  r e q u i r e  s i g n i f i c a n t  

i n c r e a s e  i n  t h r o u g h p u t



B EN EF ITS  O F  G A S -T O -L IQ U ID  
(G TL) PRODUCTS

G T L  i s  a n  a t t r a c t i v e  w a y  t o  u t i l i z e  A N S  g a s  r e s o u r c e s

A  " c l e a n "  s o u r c e  o f  e n e r g y  

■ e n v i r o n m e n t a l l y  f r i e n d l y

M a k e  u s e  o f  e x i s t i n g  T A P S  i n f r a s t r u c t u r e

W o r k  a s  d i l u e n t  i n  f u t u r e  d i v e r s e  t h r o u g h p u t  o f  A N S  h e a v y  

o i l s

G T L  t r a n s p o r t  w i l l  i n c r e a s e  T A P S  t h r o u g h p u t  a n d  e c o n o m i c  

o p e r a t i o n a l  l i f e



FEATU R ES  O F  TAP S

■  E x i s t i n g  i n f r a s t r u c t u r e  f o r  t r a n s p o r t i n g  c r u d e  o i l

■  8 0 0  m i l e s ,  4 8  i n c h  d i a m e t e r ,  P r u d h o e  B a y  t o  V a l d e z

■  U n d e r g r o u n d  a n d  a b o v e  g r o u n d  s e c t i o n s

■  C r o s s e s  t h r e e  m o u n t a i n  r a n g e s

■  A m b i e n t  a i r  t e m p e r a t u r e  a s  l o w  a s  - 8 0 ° F

■  D e s i g n e d  f o r  2 . 2  M i l l i o n  B P D  t h r o u g h p u t .  C u r r e n t l y  a t  l e s s  

t h a n  8 0 0 , 0 0 0  B P D  a n d  d e c l i n i n g

■  C o n t i n u e d  o p e r a t i o n  o f  T A P S  w i l l  r e q u i r e  s i g n i f i c a n t  

i n c r e a s e  i n  t h r o u g h p u t
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PR O JECT  FO C U S

T A P S  w a s  o r i g i n a l l y  d e s i g n e d  f o r  t r a n s p o r t i n g  A N S  c r u d e  

o i l

( A )

> I n t r o d u c t i o n  o f  G T L  p r o d u c t s  w i l l  u n a v o i d a b l y  p o s e  s o m e  

c h a l l e n g e s  t o  t h e  o p e r a t i o n  o f  t h e  p i p e l i n e

( B )

-  A n t i c i p a t e d  p r o b l e m s  i n c l u d e

. Gel formation during cold weather shutdown
- Possibility of vapor formation
- Altered pumping pressure requirements 
. Solids precipitation and deposition



P R O P O S E D  M O D E  O F  G TL T R A N S P O R T A T IO N

T H R O U G H  T A P S

■ B a t c h  F l o w

a O t h e r w i s e  k n o w n  a s  " s l u g g i n g " :  a l t e r n a t e  
b a t c h e s  o r  s l u g s  o f  C r u d e  O il  a n d  GTL a r e  
t r a n s p o r t e d  t h r o u g h  T A P S

■ C o m m i n g l e d  F l o w

■ G TL a n d  C r u d e  O il a r e  p r e m i x e d  a n d  
t r a n s p o r t e d  t h r o u g h  t h e  p i p e l i n e  a s  a  s i n g l e  
p h a s e  f l u i d
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P R O P O S E D  M O D E  O F  GTL 

T R A N S P O R T A T IO N  ( C O N T 'D )

1 8 1
~ d m   -

T ran sp o rta t io n  M odes:
■ Batch Mode A: As -  is Batch ing

■ Batch Mode B: Batch ing w ith  pigs

■ Batch M ode C: M odern  Batch ing

■ C om m ing led  Mode



BATCH M O D E A : A S -IS

■ Batch s lu g s  o f  GTL and c rud e  o il le tt ing  
physics c o n tro l s lug  m ovem en t in TAPS

■ M inimal add it ion s  to  cap ita l and  la b o r

■ In c re a s e d  le v e ls  o f  m ix ing be tw een  s lu g s

*
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BATCH  M O D E B: W IT H  P IG S

■ T r a d i t i o n a l  b a t c h i n g  w i t h  p i g s  p h y s i c a l l y  
s e p a r a t i n g  o i l  a n d  G TL

■ P ig  s e n s o r s  c a n  d e t e c t  p r o d u c t  m o v e m e n t

■ P i g s  m u s t  b e  t r a n s i t i o n e d  b e t w e e n  p u m p  s t a t i o n s

■ T r a n s i t i o n i n g  p i g s  r e q u i r e s  a d d i t i o n a l  l a b o r

■ P i g s  m a y  c a u s e  i n c r e a s e d  t u r b u l e n c e  b e t w e e n  
s l u g s

19



BATCH  M O D E C: M O D ER N

U s e s  n e w  t e c h n o l o g y  f o r  i n t e r f a c e  d e t e c t i o n  a n d  
t r a c k i n g  p r o d u c t  m o v e m e n t

S u c c e s s f u l  u s e  in  o t h e r  p i p e l i n e s  h a v e  b e e n  
r e p o r t e d  ( p r o v e n  t e c h n o l o g y )

H e l p s  m a i n t a i n  G TL p u r i t y  b e t t e r  t h a n  o t h e r  
m o d e s

C o m p l e x  t e c h n o l o g y ,  h e n c e  e x p e n s i v e  t o  i n s t a l l  
a n d  m a i n t a i n ,  b u t  e f f e c t i v e



C A P IT A L  IN V E S T M E N T S

N e w  H o l d i n g  T a n k s  o n  S l o p e

N e w  S t o r a g e  T a n k s  a t  T e r m i n a l

D C S  a n d  A c c e s s o r i e s  ( a t  i n l e t  a n d  o u t l e t  p o i n t s )

R e l i e f  T a n k s  a t  P u m p  S t a t i o n s

A d d i t i o n a l  P i p i n g

P i g s  ( i f  n e e d e d )

C o n t i n g e n c y  P l a n  C a p i t a l



C O M M I N G L E D  M O D E

■ R e q u i r e s  m i n i m a l  c a p i t a l  a n d  l a b o r

■ L o w  g r a d e  G T L  c a n  b e  p r o d u c e d  a t  

N o r t h  S l o p e

■ G T L  p u r i t y  i s  f u l l y  l o s t ,  b u t  h i g h e r  

o u t p u t  o f  d i e s e l  a n d  g a s o l i n e  a t  

d o w n s t r e a m  e n d

*



W H Y  C O M M I N G L E D  M O D E

T h e  e x p e c t e d  l o s s  o f  p u r i t y  o f  t h e  p r o d u c t  
m i x t u r e  a n d  a  t r a d e - o f f  b e t w e e n  l o s s  in  p r o d u c t  
v a l u e  d u e  t o  c o n t a m i n a t i o n  a n d  c o s t  o f  k e e p i n g  
t h e  p r o d u c t  p u r e  a t  t h e  t e r m i n a l

F l e x i b i l i t y  o f  u s i n g  e x i s t i n g  i n f r a s t r u c t u r e  w i t h  
m i n i m a l  a d d i t i o n  t o  c a p i t a l  c o s t  f o r  t r a n s p o r t a t i o n

T h e  c o m m i n g l e d  m o d e  o f  t r a n s p o r t a t i o n  d o e s  n o t  
r e q u i r e  a d d i t i o n a l  f a c i l i t y  b e c a u s e  t h e  p r e s e n t  
r e l i e f  t a n k s  s y s t e m  i s  c a p a b l e  o f  h a n d l i n g  t h e  
c r u d e  o i l -G T L  b l e n d  p r o d u c t

23



G T L  T R A N S P O R T A T I O N  I S S U E S

■  T A P S  d e s i g n e d  f o r  s p e c i f i c  t y p e  o f  c r u d e  o i l

■  G T L  f l o w  b e h a v i o r  t h r o u g h  T A P S

■  C o l d  t e m p e r a t u r e  e f f e c t s  o n  t h e  g e l  s t r e n g t h  o f  t h e  c r u d e  

o i l - G T L  b l e n d s  w i t h  r e s p e c t  t o  c o l d  r e s t a r t  o f  t h e  p i p e l i n e  

d u r i n g  p r o l o n g e d  s h u t  d o w n s

b  T h e  p h a s e  b e h a v i o r  o f  t h e  G T L  p r o d u c t s  a n d  a n y  v a p o r  

p r e s s u r e  c o n c e r n s

a  E f f e c t s  o f  s o l i d s  p r e c i p i t a t i o n  a n d  d e p o s i t i o n  o f  t h e  b l e n d s  

( w a x  a n d / o r  a s p h a l t e n e s )  w i t h i n  t h e  p i p e
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O P E R A T IO N A L  C H A LLE N G E S

T A S K P U R P O S E

Gel strength 
M easurement

Deals with cold restart issues

Density and viscosity 
M easurement and 
M odeling

Required to characterize flow conditions 
In the pipeline for a given fluid hlcnd

Flow Rlieology For pumping horsepower requirement

Solid deposition Study
Evaluate the tendency for asphaltene 
and wax deposition, crude oil stability, 
W AT measurements



E F F E C T  O F  G E L  S T R E N G T H

F l u i d  g e l  s t r e n g t h s  g e n e r a l l y  d o  n o t  p o s e  a  p r o b l e m  d u r i n g  

n o r m a l  p i p e l i n e  o p e r a t i o n s  a t  h i g h  a m b i e n t  t e m p e r a t u r e s ,  

b u t  c o u l d  p o s e  a  p r o b l e m  a t  s u b - z e r o  t e m p e r a t u r e s .

G e l  s t r e n g t h s  a r e  r e d u c e d  a s  t h e  p e r c e n t a g e  o f  G T L  i n  t h e  

c r u d e  o i l - G T L  m i x t u r e  i n c r e a s e s  e v e n  a t  l o w  t e m p e r a t u r e  o f  

- 2 0 ° F .  T h i s  t h e r e f o r e  i s  f a v o r a b l e  t o  p i p e l i n e  r e - s t a r t  

c o n d i t i o n  a f t e r  a n  e x t e n d e d  s h u t  d o w n  a t  t e m p e r a t u r e s  

d o w n  t o  - 2 0 ° F  ( c o l d  r e - s t a r t  c o n d i t i o n ) .

T h e  p o t e n t i a l  f o r  c o l d  r e s t a r t  p r o b l e m s  a f t e r  a  p r o l o n g e d  

w i n t e r  s h u t d o w n  o f  t h e  p i p e l i n e  i n c r e a s e s  a s  f l u i d  g e l  

s t r e n g t h s  i n c r e a s e .



D E N S IT Y  E F F E C T S

T h e  d e n s i t y  o f  e a c h  o f  t h e  s a m p l e s  w a s  m e a s u r e d  a t  

d i f f e r e n t  t e m p e r a t u r e s  f r o m  0 ° C  t o  5 0 ° C  ( 3 2 ° F  t o  

1 2 2 ° F ) /  i n c l u s i v e .

A s  e x p e c t e d ,  t h e  d e n s i t y  v a l u e s  d e c r e a s e d  w i t h  

i n c r e a s i n g  t e m p e r a t u r e .

A d d i t i o n  o f  A K G T L  t o  t h e  s a m p l e s  c a u s e d  a  r e d u c t i o n  

i n  d e n s i t y ,  b e c a u s e  t h e  b l e n d s  c o n t a i n  m o r e  l i g h t  

e n d s  t h a n  t h e  p u r e  c r u d e  o i l .



__
_

EFFECTS OF RHEOLOGY (SHEAR 
STRESS VS SHEAR RATE 

RELA T IO N SH IP )

V iscous f lu id  c la s s if ic a t io n  fo r  pum p ing  
req u irem en ts

■ N ew ton ian  T
■ N on -N ew ton ian  (Shearstr“s)

■ B i n g h a m  P l a s t i c

■ P o w e r - l a w  f l u i d s

y
(Shear Rate)
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Bingham Plastic



E F F E C T S  O F  R H E O L O G Y  (S H E A R  

S T R E S S  V S  S H E A R  R A T E  

R E L A T I O N S H I P )  ( c o n t 'd )

■ AKGTL shows pseudoplastic behavior at all temperatures in the 
given temperature range (50°C to -20°C).

■ Crude Oil shows Newtonian behavior at temperatures 20°C and 
above and shows Bingham plastic behavior below 20°C.

■ Blends of AKGTL and Crude Oil shows Pseudoplastic behavior at 
higher temperatures (above room temperature), Newtonian at 
intermediate temperatures (around room temperature) and 
Bingham plastic behavior at lower temperatures (near zero 
degree Celsius and below) in the given temperature range.

■ This Bingham Plastic flow characteristic indicates that high 
pumping power requirements are necessary to re-start the 
pipeline after extended shut down at low '.<smperatures.



EFFECTS OF VAPOR PRESSURE

m ----------------------------------------------------------------------------------------------------------

■  T h e  v a p o r  p r e s s u r e  i n c r e a s e d  w i t h  t h e  a d d i t i o n  o f  A K G T L  b u t  t h e  

v a l u e s  a r e  b e l o w  t h e  m i n i m u m  T A P S  o p e r a t i n g  p r e s s u r e ,  e n s u r i n g  

a  s i n g l e  p h a s e  o n l y - l i q u i d  f l o w  o f  t h e  b l e n d s .

■  T h e  b u b b l e  p o i n t  p r e s s u r e  r e s u l t s  s h o w e d  t h a t  t h e  b l e n d s  w o u l d  

f l o w  t h r o u g h  t h e  T A P S  a s  c o m p r e s s e d  l i q u i d s  f r o m  i n c e p t i o n  t o  

d i s c h a r g e .

■  T h e r e f o r e ,  V a p o r  f o r m a t i o n  i n  t h e  p i p e l i n e  a s  t h e  b l e n d s  a r e  

t r a n s p o r t e d  i s  n o t  p o s s i b l e .

■ I t  i s  d e t e r m i n e d  t h a t  u n d e r  c u r r e n t  T A P S  o p e r a t i n g  c o n d i t i o n s  a n d  

f o r  a l l  b l e n d  r a t i o s  c o n s i d e r e d  i n  t h e  s t u d y ,  t h e  f l u i d  w i l l  a l w a y s  

e x i s t  a s  a  s i n g l e  p h a s e  l i q u i d  t h r o u g h  o u t  t h e  p i p e l i n e  c o n d i t i o n s
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E F F E C T S  O F  S O L I D S  D E P O S I T

l m -------------------------------------------------------------------------------------

■  A s p h a l t e n e  f l o c c u l a t i o n  a n d  d e p o s i t i o n  i s  a  p o t e n t i a l  m a j o r  

p r o b l e m  i n  t h e  t r a n s p o r t a t i o n  o f  t h e  b l e n d s  t h r o u g h  t h e  

T A P S .

■  A s p h a l t e n e s  a r e  s t a b l e  i n  p u r e  T A P S  c r u d e  o i l .  T h i s  m e a n s  

t h a t  A N S  c r u d e  h a s  t h e  a b i l i t y  t o  r e t a i n  A s p h a l t e n e  i n  

s o l u t i o n  i n  T A P S .

■  A d d i t i o n  o f  A K G T L  c a u s e d  a  d i s r u p t i o n  o f  t h i s  s t a b i l i t y  a n d  

p r e c i p i t a t i o n  o f  s i g n i f i c a n t  a m o u n t  o f  t h e  a s p h a l t e n e s  f r o m  

t h e  c r u d e  o i l  a s  a  r e s u l t  o f  i t s  l i g h t  e n d s .

■  A s p h a l t e n e  f l o c c u l a t i o n  o c c u r r e d  i n  a  b l e n d  c o n t a i n i n g  a s  

l i t t l e  a s  5 . 7 %  b y  v o l u m e  o f  A K G T L .
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C O N C L U S I O N S

■ T h e  r e s u l t s  o f  t h e  s t u d y  s h o w  t h a t  g e l  s t r e n g t h  i s  
n o t  a  s i g n i f i c a n t  f a c t o r  o f  c o n c e r n  a t  a l l  t h e  f o u r  
t e s t e d  r a t i o s  o f  G T L - C r u d e  o i l  b l e n d  m i x t u r e s  f o r  
t h e  T A P S  c o l d  r e - s t a r t  a f t e r  a  p r o l o n g e d  s h u t  
d o w n  a t  t e m p e r a t u r e s  a b o v e  - 2 0 ° F .

» T h e  B i n g h a m  f l u i d  f l o w  c h a r a c t e r i s t i c s  e x h i b i t e d  
b y  t h e  b l e n d s  a t  l o w  t e m p e r a t u r e s  i n d i c a t e  h i g h  
p u m p i n g  p o w e r  r e q u i r e m e n t  d u r i n g  p r o l o n g e d  
s h u t  d o w n  o f  t h e  p i p e l i n e .



m

C O N C L U S I O N S  ( c o n t ' d )

■  B a s e d  o n  t h e  p h a s e  b e h a v i o r  s t u d i e s ,  t h e  G T L - C r u d e  o i l  

m i x t u r e  w i l l  f l o w  a s  a  s i n g l e  f l u i d  s y s t e m  a t  a l l  t h e  f o u r  

( 1 : 1 ;  1 : 2 ;  1 : 3 ;  1 : 4 )  b l e n d  r a t i o s .

■  T h e  m i t i g a t i o n  o f  s o l i d s  d e p o s i t i o n  r e m a i n s  t h e  p r i m a r y  

c h a l l e n g e  o f  t r a n s p o r t a t i o n  o f  G T L  - C r u d e  o i l  p r o d u c t s  

t h r o u g h  t h e  T A P S .

■  U n d e r  c o m m i n g l e d  f l o w  p r o f i l e ,  d e c r e a s e  i n  t h r o u g h p u t  i n  

t h e  T A P S  c a n  r e s u l t  t o  f a s t e r  a n d  m o r e  d e p o s i t i o n  o f  t h e s e  

s o l i d s  a l o n g  t h e  p i p e  w a l l .  T h i s  w i l l  r e s u l t  t o  f r e q u e n t  

p i g g i n g  o f  t h e  p i p e l i n e  o r ,  i f  l e f t  u n c h e c k e d ,  c a n  r e s u l t  t o  

p i p e l i n e  c o r r o s i o n .
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L ad ie s  and  G en tlem en :  I w ill l ike  to w e lc o m e  every  o n e  o f  you to th is  8 11, A n n u a l  
C o n fe re n c e  o n  G T L . T o  s o m e  o f  us, th is  has b e c o m e  a resourcefu l  and  p ro fe ss io n a l  event 
that ev e ry o n e  w h o  has  a t ten d ed  o n c e  sh o u ld  look  forw ard to. T n e  b en e f i ts  d e r iv ed  from 
in te rac t ive  d iscu ss io n s  a n d  d e l ib era t io n s  have  p ro v e d  successfu l from  p r io r  years  
p a r t ic ip a n ts ’ co m m en ts .

I w ill  like to  m ak e  s o m e  few  c o m m e n ts  on  the co n fe ren ce  focus sub jec t  area.:  T h e  two 
m o s t  v iab le  op tio n s  for the u ti liza tion  o f  natural gas  are the L N G  an d  G T L . T h e se  tw o 
o p t io n s  are w id e ly  p u rsu e d  w o rld  w ide ,  and w ill  be the m ain  focus o f  th is  co n fe ren ce  
w ith  m o re  e m p h a s is  on the future o f  G T L  in w orld  en e rg y  m arket.

D e c l in in g  G T L  p ro d u c tio n  costs  (due  to  pos i t ive  learning curve),  g ro w in g  w orld -  w ide  
d iese l  d e m a n d ,  p ro jec ted  h igh  c ru d e  oil p rices ,  s tr ingen t d iese l  ex h au s t  em iss io n  
s tan d ard s ,  an d  fuel sp ec if ica t io n s  are d r iv in g  the  p e tro leu m  in d u s try  to rev is i t  th e  G T L  
p ro c e s s  for p ro d u c in g  h ig h e r  q u a l i ty  d iese l  fuels. As o f  today ,  Q a ta r  s tan d s  out as  o n e  o f  
the  m o s t  ac tiv e  co un tr ie s  that rem a in  c o m m itte d  to ach iev in g  d e p e n d en ce  on  G T L  as an 
a l te rn a t iv e  fuel source . C o m p a n ie s  like Sasol C hev ro n ,  Shell,  E x x o n M o b il ,  BP, R en tech ,  
to m en t io n  so m e ,  a re  c o m m itte d  to the d ev e lo p m e n t  o f  this resource .  I am  h ap p y  f i a t  w e 
h av e  rep resen ta t iv e s  from these  c o m p a n ie s  to share  th e ;r ex p e r ien ce s  w ith  us and  to 
u p d a te  us o n  their  c o m p a n ie s ’ G T L  pro jec t  status.

W ith  w orld -  w ide  in terest  in G T L  tech n o lo g y  o n  the increase , I find the fo l lo w in g  G T L  
in d u s try  c o m m o n  d e n o m in a t io n s  (p resen ted  b y  Beatrice  F ish e r  o f  IFP  &  A x en s ,  F rance  at 
the  5 th D o h a  C o n fe ren ce  o n  N atu ra l  G as  at D oha , Q a ta r  on  F eb ru a ry  28, 2 0 0 5 )  
in teresting :

E d u ca t in g  s tak eh o ld e rs  abou t the im pac t  o f  G T L  p ro jec ts  and  the  bene fi ts  o f  
th e  G T L  industry .
H e lp in g  gas  rich c o u n tr ie s  (o th er  than  Q atar)  to d ev e lo p  the r igh t po lic ies  and 
p rac t ices  to d ev e lo p  G T L  projects.

- E n co u rag in g  p o l icy  m a k e r s  an d  regu la to rs  to co n s id e r  po lic ies  o r  p ro g ram s 
that su p p o r t  G T L  produc ts .
L o w e r in g  costs ,  in c reas in g  effic ienc ies ,  id en tify in g  synerg ies ,  re d u c in g  
e m is s io n s  and im p ro v in g  p ro jec t products .
D ev e lo p in g  h ig h  v a lu e  m ark e ts  for G T L  produc ts .

In  s u m m a ry ,  and  b o rro w in g  the re m a rk s  o f  Q a ta r  S eco n d  D e p u ty  P rem ie r  an d  M in is te r  o f  
E n e rg y  &  Industry , 1 I.E. A b d u l la  B in  H am ad  A l-A ttiyah ,  at th e  5 lh D o h a  C o n fe re n c e  on 
N a tu ra l  G as, D oha , Q a ta r  (Feb. 28 , 2005),  “ — d ev e lo p in g  this indus try  invo lves  g rea ter  
c o o p e ra t io n  an d  co n su l ta t io n  b e tw e en  c o n su m ers  and p ro d u ce rs  for m a rk e t  s tab i l i ty” , —  
“ an d  th e  po ten tia l  o f  co n su m ers  to  co n tr ib u te  to p roduc tion  p ro jec ts ,  an d  p ro v id e
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sa t is fac to ry  fu n d in g  co n d i t io n s  from financia l  in s titu tions ,  thus  in c reas in g  gas  produc tion  
p ro jec ts  w h ic h  w il l  lead  to fur ther indus try  and  c o n s u m p t io n  g ro w th ” .

A ga in ,  I w e lc o m e  all o f  yo u  to this co n fe re n ce  and  I h o p e  that  y ou  w ill  en jo y  the 
p resen ta t io n s  an d  d iscu ss io n s  as w e  p rog ress  in the  day. T h a n k  you.

Dr. Godwin A. Chukwu, Professor 
University o f A laska Fairbanks, USA 

October 24 Conference Chairman
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OPERATIONAL CHALLENGES IN GAS-TO-LIQUID (GTL) 
TRANSPORTATION THROUGH TRANS ALASKA PIPELINE 

SYSTEMS (TAPS)

EXECUTIVE SUMMARY

T he A laskan  N orth  S lope (A N S) has a huge amount o f  natural gas reserves, w hich  can be 

exploited in m any  different ways. It is seen as an excellent economic potential for the 

state o f  A laska. The estim ated ANS proven and recoverable reserves o f  natural gas in 

know n oil and gas  reservoirs is about 38 trillion standard cubic feet (TC F) [1]. Currently  

the Natural Gas in the A laska North Slope is primarily used  for pressure m aintenance, 

miscible injection, running gas turbines in pum p stations 1 to 4, pow er oil production 

facilities and  for Enhanced Oil Recovery (EO R) projects. M ost o f  the gas m ay  remain 

unused upon  depletion o f  North Slope recoverable oil and will thus be stranded unless a 

m eans o f  transporta tion  is developed to m ake it marketable.

T he various options being  exam ined for operational and economic feasibility for the 

op tim um  use o f  A NS natural gas include: constructing a new  Alaska Natural Gas 

Transportation System  (A N G T S) to transport the gas to lower 48 states via Canada; 

constructing a shorter Liquefied Natural G as (LN G) pipeline to Valdez from where the 

gas w ould  be sh ipped  to the markets; and converting the gas to gas-to-liquid products 

(GTL), b lend  it with the ANS crude oil and transport the re J t ing  liquid through the 

existing Trans A laska Pipeline System (TAPS). Previous studies [1] proved that the best 

o f  these three options is the third option (that is, the G T L  option). The G T L  technology 

might also prove the best m ethod for monetizing other stranded natural gas reserves 

w orldwide.

With the dw ind ling  production o f  oil from the ANS fields, the throughput o f  oil into the 

Trans A laska Pipeline System  (TA PS) is declining steadily and is expected  to continue to 

decline in future. It is p rojected  that by  the year 2015, A N S crude oil production will 

decline to such a level (200,000 to 400,000 bbl/day) that there will be a critical need for 

pum ping  additional liquid through the pipeline in order to maintain econom ic operation



o f  the T A P S  [2]. Production o f  G TL from A NS natural gas and transporting it through 

T A P S  will increase  the pipeline throughput and its econom ic life.

T he schem atic  com mercialization o f  stranded natural gas resources using G TL 

technology  has received much attention from both the governm ent and private industry. 

A s new  G T L  technologies have improved and m atured, energy  com panies continue to 

invest s ignificant m oney to m ove improved G T L  technologies from small pi.ot facilities 

to com m ercia l  developm ents. British Petroleum Exploration  A laska (B PX A ) has 

com pleted  and  tested a 300 bbl/dny pilot G TL facility in Nikiski, Alaska. Production 

from this pilot facility was to demonstrate a new synthesis gas generation technology and 

to assess cha l 'engcs  o f  G T L  production in a cold climate. Experiences from this facility 

m ay  be app lied  to a possible commercial G T L  facility on the ANS.

G T L  products  are less viscous than crude oil. The viscosity o f  N orth  Slope oil has been 

increasing with  the increase in production o f  oil. The T A PS  was originally designed tor 

less v iscous fluids. Thus the increasing viscosity o f  the present crude oil might have 

adverse effects on the life o f  TAPS. The blending o f  the light G T L  products  with crude 

oil w ould  help  in retaining the API o f  the fluid that the T A P S  was originally designed for. 

Also presently  the daily  transfer o f  fluid through T A PS  is less than the capacity o f  TAPS. 

This increases the ta r i f f  on the pipeline. Transporting G TL through TA PS would meet the 

capacity  o f  T A P S  and  w ould  decrease the tariff.

T he T A P S  was specifically designed for transporting A N S crude oil. Introduction o f  GTL 

products  into the p ipeline might lead to some operational problems. Anticipated problems 

include altered pum ping  pow er requirements, possibility o f  vapor formation, solids 

precipita tion  and deposition and  gel formation.

The p rim ary  goal o f  the proposed research will be to s tudy the flow o f  G TL/A N S crude 

blend m ixtures through TA PS in view o f  these operational challenges. The scope o f  this



w ork  w ou ld  include experim ental and simulation study o f  the prc icrties o f  G T L  products 

and  their b lends at all possib le  TAPS operating  conditions, including a cold  weather 

shutdown.

C o n c lu s io n s

Based on the w ork  presented  in this report, the fo llowing m ain conclusions are drawn.

It appears that fluid gel strengths generally  do not pose a problem  during normal pipeline 

operations at high am bient temperature, how ever  TA PS operations are far from normal. 

T he  potential for a pro longed winter shu tdow n o f  the pipeline increases as fluid gel 

strengths increase. High gel strengths significantly  reduce the am ount o f  tim e available 

to m ake repairs and  return the pipeline to a flowing condition  before restart is possible.

T he  result o f  this s tudy also indicates that by altering the final boiling point o f  the G T L  

introduced into the pipeline, the gel strength o f  the com m ingled  G T L  and crude oil m ay 

be controlled. Additionally , the resulting m ixture has gel strength lower than that o f  

crude oil with w hich  the G T L  is mixed.

Blends o f  A K G T L  and Taps Crude Oil show  Pseudo-plastic behavior at higher 

tem peratures (above  room  temperature), N ew ton ian  at interm ediate  tem peratures (around 

room  tem perature)  and B ingham  plastic behav ior at low er tem peratures (near zero degree 

Celsius and below ) in the g iven tem perature range.

Blends o f  A K G T L  and T A PS crude o ;l indicate that:

G T L  has the tendency  to flocculate A sphaltenes,  as a result o f  its 1: ,h t  ends.

G T L  is not as s trong a precipitant as n-pcntane or n-hcptanc.

T A P S  crude oil is a s table cm d c  in term s o f  A sphaltene deposition

C onsidering the low T A P S  operating tem perature  and high flow pressure it is determ ined 

from this study that i f  G T L  w ere  to flow through T A P S  in either the batch  m ode or as



co m m in g led  m ixture, under current TA PS operating conditions, the fluid will always 

exist as a s ing le  phase  liquid through out the pipeline conditions.

R e c o m m e n d a t io n s

G T L  techno logy  m ay be an available m eans o f  recovering and  o r  transporting huge 

resource o f  A laska  heavy oils. Feasibilty study and characterization o f  the flow o f  blends 

o f  A K G T L  and  A N S heavy oil through 'he  TA PS is necessary. Such study i f  found 

feasible, will further be evaluated *' r economic viability com pared  to other technologies 

in place.

A  study o f  solid  deposition o f  G T L /A N S crude oil m ixtures under dynam ic conditions 

will be im portan t to investigate. This will help to understand  the true behavior o f  such 

m ixtures  for practical applications.
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Abstract
It is projected that bv the year 2015, Alaska North Slope 
(ANS) crude oil pro jction will dceline to such a level 
(200,000 to 400,000 bbl/day) that there w ill be a critical need 
for pumping additional liquids through the pipeline in order to 
maintain economic operation o f the Trans Alaska Pipeline 
System (TAPS). The estimated proven and recoverable gas 
reserves o f 38 trillion cubic feet (TCF) on the North Slope of 
Alaska can be converted to a high premium liquid product 
using the Gas-to-Liquids (GTL) technology. The GTL product 
can be transported from the ANS to the Southern port o f 
Valdez, Alaska through the TAPS.

One o f the proposed modes o f transportation o f the GTL 
products from ANS to market is by commingling it with crude 
oil as a single phase and pumping the mixture through the 
TAPS. This mode of transportation changes the properties o f 
the GTL as well as the crude oil. The focus o f this work 
therefore was to determine the physical and chemical 
properties o f GTL and its blends with ANS crude oil, analyze 
the energy requirements for flowing the mixture through 
TAPS, and to determine the optimum blend ratio that would 
maximize the transportation economics. Four blends of 
GTL/crude oil mixture in the ratios of; 1:1; 1:2; 1:3; and 1:4; 
were prepared for their rheological evaluation and pressure 
drops at different temperature conditions.

The results o f the analysis show that flow behavior of the GTL 
and GTL blends are temperature sensitive. Viscosity and 
density o f the blends were found to decrease with increasing 
amount o f GTL and increasing temperature. The optimum 
GTL/crude oil blend ratio of; 1:2.5 (28%: 72%) was 
determined to take full advantage o f the economics of 
commingled flow o f GTL/crude oil mixture through the 
TAPS.

Introduction
The ANS has a huge amount o f natural gas reserves, which 
can be exploited in many different ways. It is seen as an 
excellent economic potential for the state o f Alaska. The 
estimated ANS proven and recoverable reserves o f natural gas 
in known oil and gas reservoirs is about 38 TCF (Thomas, et 
al. 1996). Currently the Natural Gas in the ANS is primarily 
used for pressure maintenance, miscible injcctant (MI), 
running gas turbines in pump stations 1 to 4, power oil 
production facilities. Most o f the gas may remain unused upon 
depletion o f ANS recoverable oil and will thus be stranded 
unless an option for transportation is developed to make it 
marketable. The various options being examined for 
operational and economic feasibility for the optimum use of 
ANS natural gas include: constructing a new Alaska Natural 
Gas Transportation System (ANGTS) to transport the gas to 
lower 48 states via Canada; constructing a shorter pipeline to 
Valdez from svhere the gas would be converted to Liquefied 
Natural Gas (LNG) and shipped to the markets; end 
converting the gas to gas-to-liquid products (GTL), blend it 
with the ANS crude oil and transport the resulting liquid 
through the existing TAPS. Previous studies (Thomas, ct ul. 
1996) proved that the best o f these three options is the third 
option (that is, the GTL option). The GTL technology might 
also prove the best method for monetizing other stranded 
natural gas reserves worldwide.

With the dwindling production o f oil from the ANS fields, the 
throughput of oil into thcTAPS is declining steadily and is 
expected to continue to decline in future. It is projected that by 
the year 2015, ANS crude oil production will decline to such a 
level (200,000 to 400,000 bbl/day) that there will be a critical 
need for pumping additional liquids through the pipeline in 
order to maintain economic operation of the TAPS (Khataniar 
et al, 2004). Production o f GTL from ANS natural gas and 
transporting it through TAPS will increase the pipeline 
throughput and its economic life.

The TAPS was specifically designed for transporting ANS 
crude oil. Introduction o f GTL products into the TAPS might 
lead to some operational problems. Anticipated problems 
include altered pumping power requirements, possibility o f 
vapor formation, solids precipitation and deposition and gel 
formation.



2 SPE 100375

The o b j ectives o f  this s tudy are :
1) to eva lua te  rh e o lo g y  and dens ity  o t  G T L , 

A N S  crude o i l  and th e ir b lend s at d iffe re n t 
tem peratu res;

2 ) to dete rm ine and a n a ly ze  the en e rg y  
requ irem en ts f o r  f low in g  the flu id s  th rough  
the T A P S ;

3 ) and to dete rm ine the op tim um  G T L /C ru d e  O i l 
b lend  ra tio  that can f low  th rough  the T A P S .

Study Background and previous work:
The schem atic  com m e rc ia liza t io n  o f  stranded  natu ra l gas 
re so u rc e s  using G T L  te ch n o lo g y  has rece ived  m uch atten tion  
from  b o th  the g ove rnm en t and p riva te  industry . A s new  G T L  
te c h n o lo g ie s  have im p roved  and m atured , e n e rg y  com pan ies 
c on tin u e  to invest s ig n ific an t resou rces to m ove  im p ro ved  
G T L  tech n o log ie s  from  sm a ll p i lo t  fa c ilit ie s  to c om m e rc ia l 
d e ve lopm en ts . B P  E xp lo ra tio n  (A la s k a ) , In c . (B P X A )  has 
a lre ad y  started the p rodu c tion  o f  G T L  from  p i lo t  G T L  fa c i lity  
in N ik is k i ,  A la ska  and a ls o  started the p rod u c tion  to 
d em on stra te  a new  syn thesis gas gene ra tion  te c h n o lo g y  and 
assess ch a llen g e s  o f  G T L  p roduc tion  in a c o ld  c lim a te . 
E xp e rie n c e s  from  this fa c i lity  m ay be app lied  to a p o ss ib le  
c om m e rc ia l G T L  fa c ility  on  the A N S .
G T L  p rod u c ts  are less v iscous than crude o i l. T h e  v isc o s ity  o f  
N orth  S lo p e  o il has been inc reas ing  w ith the increase in m ore  
and m o re  vis ou s o i l p roduc tion . T he  T A P S  was o r ig in a lly  
d e s ig n ed  fo r  less v iscous flu id s . Thus the inc reas ing  v isc o s ity  
o f  the p re sen t c rude o i l m igh t have  adve rse  e ffe c ts  n the li fe  
o f  T A P S . The b lend ing  o f  the ligh t G T L  p roduc ts  w ith  c rude 
o i l w o u ld  help in re ta in ing  the A P I o f  the f lu id  that the T A P S  
was o r ig in a l ly  des igned  fo r . A ls o  p re sen tly  the d a i ly  tran s fe r 
o f  f lu id  th rough  T A P S  is le ss than the capac ity  o f  T A P S . Th is 
inc reases the t a r i f f  on  the p ip e lin e . T ran sp o rtin g  G T L  th rough  
T A P S  w o u ld  m eet the capac ity  o f  T A P S  and w ou ld  decrease 
the t a r i f f .

Modes o f transportation:
The  tw o  m odes o f  f lo w  cons ide red  fo r  G T L  tran spo rta tion  
th rough  T A P S  are :
1) Batch made: - T he  tran spo rt o f  G T L  and c rud e  o i l in s lugs 
o r  b a tches resu lts in c rea tion  o f  an in te rfa ce  zon e  betw een 
both f lu id s . T h is  in te rfa ce  zo n e  is m ade up o f  a i r  p ocke ts  and a 
m ix tu re  o f  both flu id s . T h e  m agn itude o f  the in te rfr.ee  zon e is 
a fu n c tion  o f  the f lu id  v e lo c ity , d en s ity  d iffe ren ce s , v isc o s ity , 
p ipe d iam e te r, p ip e  leng th , tim e and  com p os it io n  (B a u m  et a l, 
1 9 9 8 ). A  c om p le x  tw o-phase  f lo w  is created b y  th is inode .
2 )  Commingled mode: - In  this m ode o f  tran sp o rta tion , the 
c rude o i l  and G T L  a rc  b lended  b e fo re  being sen t th rough  the 
p ip e lin e  as a s ing le  liq u id  phase m ixtu re .

T he  p ressu re  d rop  and c n c .g y  ba lance  equa tion s w e re  
d e te rm ined  fo r  both  batch and c om m in g led  f lo w  m odes o f  
tran sp o rtin g  G T L  th rough  the T A P S . T he  so lu tio n s  to  these 
equa tion s w e re  p resented fo r  d e te rm in ing  p re ssu re  g rad ien t 
and o p tim um  s lu g  length  fo r  batch op e ra tion s . T h e  B e rn o u l li  
equa tion  o f  p re ssu re  fo r  the f lo w  o f  flu id s in p ip es was u sed  to 
d e riv e  f lo w  equa tion s a p p lic ab le  to  sp e c ifie d  op e ra tin g  
cond ition s o r  constra in ts o f  the T A P S , (A kw u kw acg b u , 2 0 0 1 ) .

T h e  re su lts  o f  the A kw ukw aegbu  s tu d y  ind icates that the 
p ressu re  g rad ien t ob ta in ed  from  the batch f lo w  ca lcu la tion s  
a re  h ig h e r than those ob ta in ed  fro m  that o f  c om m in g led  f low . 
T h e  rea son  is that fo r  batch f lo w , the p re ssu re  g rad ien t is the 
ra tio  o f  the to ta l p ressu re  d rop  ac ro ss  the s lu g  to the leng th  o f  
the s lu g , w he reas fo r  c om m in g led  f lo w , it is the ra tio  o f  the 
to ta l p ressu re  d rop  to the leng th  o f  the p ipe segm ent. In  
p ressu re  d ro p  c a lcu la t ion s  d if fe re n t f lo w  patterns that m igh t 
o c c u r in e ith e r batch o r  c om m in g led  f lo w  sh ou ld  be taken in to  
account.

In  c om m in g le d  m ode  o f  f lo w  c a lcu la t io n s , the G T L  and c rude  
o i l sam p le s w e re p rcm ix ed  to  rep resen t a s ing le  phase f lu id  
system . S in c e  both  G T L  and c rude  o i l a re  h yd roca rb on s they 
sh o u ld  have  a s im i la r  f lu id  p rop e rtie s  and a h om ogenou s 
m ix tu re  can be expec ted . T h is  was supp o rted  b y  the re su lts  o f  
the tests conducted  b y  R am ak rish n an  ( 2 0 0 0 ) .  Phase b eh a v io r 
re su lts  b y  S h a rm a  ( 2 0 0 3 )  show  that at T A P S  tem peratu re and 
p ressu re  c on d itio n s  the m ix tu re  o f  G T L  and crude o i l is s ing le  
h om ogenou s  phase. T h u s  in th is study , the G T L /c ru d e  o i l 
b lend s w i l l be trea ted as a s in g le  liq u id  phase.

R h e o lo g y :
W hen  a f lu id  is f low in g , a fo rc e  ex is ts  in the f lu id  that opposes 
the f low . T h is  fo rc e  is k n ow n  as shea r stre ss , w h ich can a ls o  
be seen as the fr ic t io n a l fo rc e  betw een the tw o  ad jacen t la y e rs  
o f  f lu id . A nd  the re la t iv e  v e lo c ity  w ith  w h ich  an ind iv idua l 
la y e r  m ove s w ith  the n e ig hb o rin g  la y e rs  is shear rate . The 
shear stress is a func tion  o f  p ressu re  and the shea r ra te  is a 
fu n c tion  o f  g e om e try  and ave rag e  v e lo c ity  o f  the f lu id . T he  
re la t io n sh ip  betw een shear stress and shea r rate d e fin es the 
f lo w  b e h a v io r o f  the f lu id .

T h e  rh e o lo g y  o f  f lu id s  is dependen t on  th e ir shear strcss-shea r 
rate re la tion sh ip . L in e a r re la t io n sh ip  o f  sh ea r stress and shear 
ra te  on  a C arte s ian  p lo t , w h ich  passes th rough  the o r ig in , 
ind icates that the f lu id  exh ib its  N ew ton ian  charac te ristics . The 
n on -N ew ton ian  b eh a v io r o f  flu id s  can be cha rac te rized  by 
c ith e r the B in gh am  P la s tic  o r  P ow e r-L aw  f lu id  f lo w  m ode l 
(am on g  o th e rs ), d epend ing  on  the f lu id ’ s shea r strcss-shea r 
rate re la t ion sh ip . F ig u re  1 sh ow s the rh eog ram  o f  N ew ton ian , 
B in gh am  P la s tic  and P ow e r-L aw  flu id s .

T he  co rre sp on d in g  equa tion s o f  these f lu id  m ode ls a re  g iven  
in equa tion s 1, 2  and 3 , re sp ec tiv e ly .
For Newtonian fluids:

T=py (1)

T h e  ab so lu te  o r  true v isc o s ity  (p )  is constan t fo r  N ew ton ian  
flu id s .
For Bingham Plastic Fluids:

x =  ppy +  t 0 (2 )

T h e  p la stic  v is c o s ity  (p p)  o f  B in g h am  p la stic  f lu id s  is 
described  as that part o f  res is tance to f low  caused  by 
m echan ica l fr ic tio n . P r im a r i ly , it is a ffe c ted  b y  (a )  so lid s  
concen tra tion  (b )  s ize  and shape o f  s o lid s , and ( c )  v isc o s ity  o f  
the f lu id  phase . A n  inc rease  in p la s tic  v isc o s ity  ind icates an
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increase in the percent by volume o f solids, a reduction in size 
o f the solid particles, a change in the shape o f the particles, or 
a combination o f all. Yield point is that part o f the resistance 
to flow caused by the attractive forces between particles.
For Power-Low fluids:

t  = k(y)° (3)

n and k are called the parameters o f Power-Law model. The 
parameter n shows the degree o f deviation o f fluid from 
Newtonian fluid characteristics. Based on the value o f n, fluids 
can be classified as follows:
n = 1 — Newtonian examples: air, water, high viscosity fuels 

n < 1 — Pseudoplastic examples: grease, printer‘s ink, soap 
n >1 — Dilatant examples: clay, starch in water, peanut butler

Experimental Methodology:
Laporte light GTL samples were used for the initial 
experimental investigation in this study. This GTL was 
distilled in three sample cuts as suggested by Timmckc (2002) 
it temperatures o f 254, 302 and 344°C so that a wide range of 
GTL products that may be transported through TAPS is 
obtained for the study. GTL field samples were received from 
BPXA GTL pilot plant. The samples therefore are referred to 
as AKGTL or GTL and the sample cuts are denoted as 
GTL254, GTL302 and GTL344. Crude oil samples were taken 
front the TAPS at pipeline conditions and preserved in 
constant pressure Welker cylinders. GTL and crude oil sample 
blends were prepared gravimetrically in the ratios o f 1:1, 1:2, 
1:3 and 1:4 for density, rheology and viscosity measurements 
al different temperatures.

Density Measurements:
The density o f the GTL cuts, AKGTL, TAPS crude oil and 
their blends were determined in the laboratory using the 
Anton-Paar digital densitometer at atmospheric pressure. Two 
different crude oil samples were used to blend with the GTL 
cuts and AKGTL. This work concentrates more on study of 
AKGTL compared to the GTL cuts because AKGTL might be 
the representative sample o f the GTL that would be produced 
from the ANS natural gas. A wide experimental range of 
temperature (0°C to 50”C) was selected for AKGTL and its 
blends with crude oil. The results obtained from the density 
measurements arc shown in tables 1 through 4.

It can be seen from the results o f density measurements that 
AKGTL has higher densities at all temperatures than GTL344. 
Hence AKGTL is heavier than all the GTL cuts.

Rheology and viscosity measurements:
Brookfield’s cone plate viscometer was used to measure the 
viscosity o f the fluid samples. The readings within the 10% to 
100% torque range were accepted for accuracy as mentioned 
in the manual. For viscous fluids and at lower temperatures the 
100% torque is achieved at comparatively lower shear rates. 
Hence fewer data points are obtained at low temperatures as 
well as for viscous fluids. These shear stress values are , otted 
against shear rale values. Regression coefficient (R2) is used to

decide the best fit curve. Flow behavior parameters n & k and 
viscosities are determined with the help o f these curves. GTL, 
crude oil and their blends are then classified as Newtonian or 
non-Newtonian fluids based on the best fits and values o f n 
and k.

Crude oil
TAPS crude oil shows Newtonian behavior at higher 
temperatures (>20°C). At lower temperatures it shows 
Bingham Plastic behavior with some yield point. Viscosity of 
crude oil is determined by the slope of the shear stress vs. 
shear rate plot. The experimental results are plotted on the 
cartesian graph. The representative rheograms at temperatures 
50 °C, 30 °C and 10 °C are shown in figures 2 through 4. The 
classification o f crude oil behavior based on temperature is 
tabulated in table 5. The table also summarizes the absolute 
viscosities for Newtonian behavior and plastic viscosities (PV) 
and the yield values for Bingham Plastic behavior.

A K G TL
From the experimental results, the rheograms o f AKGTL field 
sample were plotted on the cartesian graph. Log-log plots (log 
y vs log y) were used to determine the n and k values. From 
the plots and values o f n it was concluded that GTL shows 
pscudoplastic behavior at all the temperatures in
consideration. The representative rheograms and the log-log 
plots at temperatures 50°C, 30°C, 10°C and -10° C are shown 
in figures 5 through 8. The n and k values arc tabulated in 
table 6.

AKGTL/Crude Oil Blends
Blends o f GTL and crude oil show Newtonian, pscudoplastic 
and Bingham Plastic behavior depending on the temperature. 
At higher temperatures (above room temperature) 
pscudoplastic behavior is observed, at intermediate
temperatures (around room temperature) Newtonian behavior 
can be seen whereas at lower temperatures (around 0 "C and 
below) Bingham plastic behavior is noted. This is summarized 
in tables 7 through 10.

Application of Pressure urop:
The total pressure drop in TAPS while transporting fluid from 
pump station one to the Valdez Marine terminal is due to 
friction, elevation change and some other minor losses like 
fitimgs losses. Pressure losses due to acceleration arc
neglected since it is assumed that the flow rate is constant. For 
calculation purpose, TAPS is divided into 5 segments between 
pump station one (PS-1) on the ANS and Valdez Marine 
terminal. Only the operating pump stations are considered 
here. The center line elevation o f each pump from sea level, 
elevation change between two consecutive pump stations, 
distance of each pump station from PS1 is given in table 12. 
The table also shows the assumed values of minor losses, 
which were used for calculations. These minor losses are 
considered constant for all the fluids. The data in table 12 
were calculated using appropriate model based on the 
rhcological evaluation results (either Newtonian or Power 
Law). Pressure drop per mile is evaluated at various 
temperatures based on the daily throughput o f 1.02 MMBPD. 
Total pressure drop along TAPS at various temperatures for
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•  GTL samples, crude oil and their blends are shown in tables 
13 through 15. From tables 13 through 15, pressure drop along 
TAPS can be found at various temperatures considering that 
particular terrr _,.,ure is constant throughout the TAPS length. 
In reality, tempera ti res along the TAPS varies, hence average 
pressure drop at cm rent TAPS temperature conditions between 
pump stations are shown in table 16. These average 
temperatures arc : ssumed to remain constant throughout the 
particular pipe segment in consideration.

Power required to transport fluids between Pump 
Stations:
The hydraulic h 'rscpower required to flow liquid from one 
point to the other is a function o f the pressure drop between 
the points, and 1 ic fluid flow rate. The hydraulic horsepower 
required to flow fluid between two consecutive pump stations 
was calculated In this study, the flow rate is kept constant at 
1.02 MMBPD. Pressure drop varies with temperature and 
fluid behavior. Details on pump specifications and efficiency 
are not considered in the present analysis. The results arc 
tabulated ir> tables 17 through 19 Hydraulic horsepower 
required between pump stations at the present average 
temperature conditions for AKGTL, crude oil and their blends 
is shown in figure 9.

Optiinu ,i blend ratio for transportation through the 
TAPS:

•  In ord r to determine the optimum blend ratio or optimum 
amoi a j f  GTL in the blend, average pressure drop per mile 
due j  respective fluid was calculated and plotted against 
pcrc nt amount Oi «jTL in blend as shown in figure 10. The 
minimum of this curve gives the optimum amount o f GTL in 
the ( L/crudc oil blend. It should be noted that various 
facto ■ such as flow behavior parameters o f the fluid, pipeline 
char; teristics, elevation changes, temperature conditions 
among others are responsible for this pressure drop. Hence 
optimum blend ratio also depends on all these parameters. 
From figure 10, it can be seen that at 28% of GTL, the curve 
shows minimum. Thus 28% GTL in GTL/ANS crude oil blend 
is the optimum blend ratio.

Conclusion:
Blends o f AKGTL and crude oil show Pseudo-Plastic 
behavior at higher temperatures (above room temperature), 
Newtonian behavior at intermediate temperatures (around 
;oom temperature) and Bingham Plastic behavior at lower 
temperatures (near zero degree Celsius and below) in the 
given temperature range.
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S l o p e

Gas-to-liquid (GTL) conversion is an emerging technology that very likely will be widely used 
within the next decade. With its vast natural-gas resources, the Alaskan North Slope (ANS) will 
be one of the first areas In the U.S. to exploit this new technology. The objective of this study is 
to evaluate the technical and economic feasibility of transporting GTL products through the 
Trans-Alaskan pipeline system (TAPS).

Introduction
The ANS contains some of the largest hydrocarbon-gas reserves in the U.S. The proven and 
recoverable conventional-natural-gas reserves in developed and undeveloped fields in the ANS are 
estimated to be 38 Tscf. and estimates of additional undiscovered gas reserves in the Arctic fields 
range from 64 to 142 Tscf. Produced gas from the ANS oil fields is separated and processed in surface 
production facilities where natural-gas liquids (NGLs) and the components used for miscible injectant 
(Ml) are separated from the gas stream. Some of the NGLs are mixed with crude oil for transportation 
through the TAPS. The remaining NGLs and Mis are used in enhanced-oil-recovery operations. Most 
of the lean gas is injected back into the reservoirs for pressure maintenance.
GTL technology, where gas is chemically converted to fuel-grade liquid products, was first used during 
World War II. In recent years, GTL technology has re-emerged as the technology for producing clean, 
environmentally friendly fuels. Although there are several different methods for GTL conversion, the 
basic GTL-conversion process considered in this study is a two-step process. In the first step, natural 
gas is combined with oxygen or air to form a mixture of carbon monoxide and hydrogen called 
synthesis gas by use of steam reforming, partial oxidation, or autothermal reforming. In the second 
step, synthesis gas is converted into liquid fuel, usually through the Fischer-Tropsch (FT) synthesis 
process. The liquid hydrocarbons produced by FT synthesis are free of impurities like sulfur and 
primarily consist of straight-chain hydrocarbons.
Transportation of the natural gas from the ANS is the key issue in monetization of this valuable 
resource. The existing infrastructure for transporting crude oil from the ANS fields is the 800-mile-long 
TAPS, extending from Prudhoe Bay to the marine terminal at Valdez. With declining oil production from 
the ANS fields, the oil throughput in TAPS is declining. Currently, 4 of tho 12 pump stations are shut 
down because of the decline, and the pipeline is operating at one-half its design capacity. It is 
projected that by 2015, ANS crude-oil production will decline to such a level (200,000 to 400,000 B/D) 
that there will be a critical need to pump additional liquid through the pipeline. The vast natural-gas 
resources of the ANS can provide an adequate liquid volume for economic TAPS operation by use of 
GTL technology.
Transportation Issues
Because TAPS was originally designed to carry a specific type of crude oil, the possibility of flowing 
GTL products through TAPS raises several questions. Operational problems associated with 
transporting GTL products through TAPS depend on the physical and chemical properties of the GTL 
products and GTL-product/ANS-crude-oil blends.
Ability to Transport GTL Products. TAPS was specifically designed for Prudhoe Bay crude, which is 
24 to 32"API. GTL products have a much higher API gravity and physical and chemical properties 
significantly different from those of Prudhoe Bay crude. Thus, a thorough study of GTL-products flow 
hydraulics and compatibility is necessary to evaluate potential problems in GTL-products transportation 
through TAPS,
Gelling and Cold-Restart Issues. Because FT-based GTL products are paraffinic, they tend to form 
gels at low temperatures. This can be a particularly troublesome Issue for TAPS because of the 
extremely cold Arctic environment. In an extended TAPS emergency shutdown in the winter, the fluids 
inside tho pipeline will gradually cool and form a gel. The pressure required to break the gel and restart 
tho pipeline could be greater than the pumn and pipeline capacities. Thus, pipeline throughput must be 
tested to ensure that a cold restart after a shutdown is possible.
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Effact of Solids Precipitation. Presence of GTL products may increase solids precipitation (wax 
and/or asphaltene) significantly within the pipeline. Buildup of such deposits may impede fluid flow to 
the extent that the deposits have to be removed mechanically.
Objectives
The first objective of this study was to address the cold restart of TAPS by measuring the gel strength 
of i-T-based GTL products and GTL-product/crude-oil blends. Because restart feasibility depends on 
the cold-temperature gel strength of the transported fluid, gel strength is the key parameter 
determining feasibility of transporting a given GTL product through TAPS. The second objective of the 
study was to conduct a preliminary economic analysis of GTL-product transportation through TAPS, 
considering the fluid properties and flow hydraulics.
Gel-Strength Measurements
Gel strength gives an indication of the cold-restart pressure at which the liquid In the pipeline will yield.
Thus, gel strengths of various GTL products and GTL-product/ANS-crude blends were determined by 
the rotating-vane technique at different temperatures.
Sample Preparation. FT-based GTL products obtained from two different sources were used to 
simulate the variation in GTL products that could be produced at an ANS facility. The first GTL product 
used in this study, GTL1, was a light-hydrocarbon liquid. The second GTL product, GTL2, was a diesel 
fuel obtained from FT synthesis. In addition, heavy alkanes were separated from a wax sample Ly a 
vacuum-distillation process to produce only the 20% overhead fraction. This wax distillate was 
gravimetrically mixed with GTL1 to create GTL samples with varying wax content. Because gel strength 
is a function of wax content, samples were made with varying wax content so the limiting conditions for 
flow through TAPS could be estimated. GTL2 was not mixed with the wax distillate to represent the 
scenario where clean diesel is produced and transported through TAPS.
Measurement Procedure. Test temperatures were selected on the basis of cold ramping the 
GTL-product/crude-oil blends from 90 to -20°F over a 21-day period. The temperature-decay curve 
used for sample conditioning and test-temperalure selection was based on TAPS cold-restart data 
supplied by the pipeline operator. The temperature ramp simulates fluid cooling inside TAPS under 
winter-shutduwn conditions.
Gel strength of the samples was determined by the rotating-vane method. This method uses 
commercial rotary viscometers and vane spindles, which extend horizontally through a sample to 
minimize slippage at the spindle wall. This method determines the minimum torque necessary to 
initiate oil movement at low shear and subsequent gel breakdown after flow initiation. Gel strengths 
were measured at predetermined temperatures along the cooling rainp.
Results and Discussion. In several cases, gel strength was beyond the maximum torque capacity of 
the viscometer. Gel strengths of GTL1/crude-oil blends are generally low at 40 to 60°F, but increase 
rapidly as temperature drops to 20°F. Gel strength can increase significantly in the presence of even 
moderate amounts or wax components in tho GTL product.
The result, 'or GTL2 also show that gel strength increases rapidly with decreasing temperature. The 
pure form of GTL2 showed high gel strength at 20°F; however, gel strength at 20°F decreased 
markedly when GTL2 was blended with crude oil. For the GTL2/crude-oil blends, gel strengths at 0*F 
were quite high.
Results indicate that gel strength of GTL products or GTL-product/crude-oil blends can Increase 
abruptly once the temperature falls below a threshold. The threshold temperature can be as high as 
20°F and depends on wax content. This may pose a serious problem for pipeline cold restart. To be 
transported through TAPS, the GTL products manufactured at ANS must be relatively free of wax 
components. This may require the products from FT synthesis to be hydrocracked to remove the 
higher paraffins before entering the pipeline.
Because the pure GTL sample gels at a higher temperature than GTL-product/ crude-oil blends, 
batching of GTL products could be more troublesome than commingled flow. Rigorous studies are 
needed to identify the upper limit for the paraffin quantity and molecular weight that is acceptable in 
GTL products for TAPS flow.
Economics of GTL Transportation
There are two possible ways to tiansport GTL products through TAPS: (1) batch or slug mode, where 
GTL products and crude oil flow as alternate slugs, and (2) commingled or blended mode, where GTL 
products and crude oil are mixed to form a single phase. In either mode, the feasibility and economics 
of moving GTL products through TAPS depend on the physical properties of the GTL products and 
GTL-product/crude-oil mixtures. Table 3 in the full-length paper lists the economic assumptions.
The GTL products are assumed to have a premium of 125% over the crude-oil price. Also, it is 
assumed that GTL-product quality is maintained in the batch mode. For the commingled mode, the
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GTL-product/ ciude-oil mixture is assigned a premium of U.S. $1 over the crude-oil price to account for 
the increased gasoline or diesel yield after refining.

The results of the economic analysis are presented in the form of rate of return (ROR). The ROR 
increases with decreasing capital expenditure (CAPEX) for both modes of transportation. The CAPEX, 
expressed in U.S. dollars par daily barrel (U.S. $/Dbbl), represents initial investment for the ANS GTL 
plant only and does not include the additional capital investment necessary in the batch mode for liquid 
storage. The batch mode shows higher ROR than the commingled mode (F ig . 1), although the batch 
mode had higher initial expense than the commingled mode. The difference in ROR of the two modes 
decreases witn decreasing CAPEX, indicating that the two modes may become equally economical if 
the CAPEX is sufficiently small.

F ig . 1— R O R  f o r  b a tc h  a n d  c o m m in g le d  m o d e s .

The U.S. $1 premium of the GTL-product/crude-oil mixture used in the base case of commingled mode 
is entirely arbitrary because it is very difficult to quantify the increase in product value achieved by 
adding a GTL product to the crude oil. Therefore, a sensitivity analysis was performed by varying the 
premium applied to the commingled mode from U.S. $1 to $3 more than the crude-oil price. For a fixed 
CAPEX of $25,000/Dbbl, as the mixture premium increases from $1 to $3, the ROR of the commingled 
mode approaches that of the batch mode.

C o n c lu s i o n s
This study indicates that transportation of GTL products through TAPS may pose significant problems 
from the cold-restart point of view. From the preliminary economic analysis, batch-mode transportation 
appears to be more economical than commingled mode. However, the difference may lose 
significance as CAPEX decreases and/or the premium for the commingled product stream improves. 
Because blending GTL products with crude oil tends to lower gel strength significantly and aid restart, 
the commingled mode may emerge as a more viable option than the batch mode from a technical 
standpoint.

F o r a  lim ite d  time, the fu ll-leng th  p a p e r is  ava ilab le  free to S P E  m em bers. The p a p e r h as  no t been p e e r  
rev iew ed.

Source

This article, written by Assistant Technology Editor Karen Bybee, contains highlights of paper SPE 
86931, "Technical and Economic Issues in 1 ;ansportation of GTL Products From Alaskan North Slope 
to the Markets," by Santanu Khataniar, SPE, Godwin A. Chukwu, SPE, Shirish L. Patil, SPE, and 
Abhijit Y. Dandekar, SPE, U. of Alaska Fairbanks, prepared for the 2004 SPE International Thermal 
Operations and Heavy Oil Symposium and Western Regional Meeting, Bakersfield, California, 16-18 
March.

Purchase full paper from eLib, ary

f t

} of 3 I i / f i / ; n n f i  i i ?n  a m

file:///C:/Documents%20and%20Settings/lhsclaf/Desktop/GTL/JPT%


G ^ s - to  Liqu ids (GTL) P ro je c t s

Qatar Petro leum is actively pursuing a number o f  world-scale gas-to- liquids 
conversion pro jects fo r  the production o f  synthetic fuels and base oil stocks. The 
pro jects a re  all integrated with o ffshore  deve lopment to supply the large amounts  o f 
gas needed fo r  these projects. These are active business opportunities that are being 
pursued, but the status o f each o f the pro jects is still at the prelim inary stage. A brief 
summary fo r  eacn pro ject is given.

#

The GTL plant will be ready fo r sta rt-up in December 2 0 0 5  and first product will 
enter the international market during the second quarte r o f  2 0 06 .

QP and Saso l Chevron have signed a Memorandum o f Understanding (MOU) fo r  the 
ORYX GTL Expansion pro ject and have discussed the technical and business 
principles that will support the planned increase in the output o f the foundation plant 
to 1 0 0 ,0 0 0  bbl/day. This will involve defining the feasibility o f a three ( 3 )  train,
6 5 ,0 0 0  bb l/day facility with an expected start up by 2009 .

Pearl GTL
Shell's GTL is an integrated pro ject which will develop about 1 .6 BSCFD o f  North 
Field gas to produce approx imate ly  1 4 0 ,0 0 0  BPD o f synthetic fuels and base oils. The 
pro ject will be developed in two phases with the first phase operationa l in 2 0 0 9 ,  
producing around 7 0 ,0 0 0  bpd o f GTL products with the second phase to be 
completed less than two years later. Qatar Petro leum and Qatar Shell GTL Limited 
(She l l )  signed the Deve lopment and Production Sharing Agreement (DPSA ) fo r Pearl 
GTL in July 2 0 0 4 .

Oryx GTL Project
All m a jo r  pro ject 
agreements have been 
signed with the re levant 
parties. Oryx GTL Ltd. was 
established at the end o f 
January 2 0 0 3  as a JV 
company between Qatar 
Petro leum ( 5 1 % )  and Sasol 
( 4 9 % ) .  The design capacity 
o f the pro ject is 3 4 ,0 0 0  BPD 
o f gas-to-liquid fuel. The 
EPC contract was awarded 
to Technip and the 33 - 
month contract is being 
executed from  their Rome 
office. The pro ject reached 
financial close on 18 March 
2 0 0 3  with EPC contract 
effective from  19 March 
2003 .

His Highness Sheikh Tamim 
Bin Hamad Al Thani, the 
Heir Apparent, o r  7 December 2 0 0 3  laid the Foundation Stone fo r the Middle East's 
first gas-to- liquids plant.
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The first o f two appraisa l wells in the North Field were drilled in February 2 0 0 4  and 
the Front End Engineering and Des ig r (FEED) contract was awarded to JGC Inc. o f 
Japan in March 2 0 0 4 .

S a s o l  C h ev ron
Saso l Chevron submitted a Pro ject Profile Proposa l to QP in July 2 0 0 2  fo r an 
integrated upstream /downstream  GTL pro ject to produce 1 2 0 ,0 0 0  BPD o f GTL 
product in two phases. The pro ject will produce naphtha and diesel as the primary 
products. A S ta tem en t o f In ten t was signed fo r  this pro ject in November 2 0 0 2 .

As part o f  its ongoing pro ject work, Saso l Chevron submitted a Scoping Study to QP 
in June 2 0 0 3 .  P rogress has yet to be made on commercia l issues to  enab le fu rther 
progress with the technical deve lopment o f the project.

Initial indications were fo r s ta rtup o f the p ro ject by 2 0 1 0 ,  but a revised sta rtup date 
will be produced when the next round o f  negotiations with Sasol Chevron 
commences.
QP and Saso l Chevron have a lso  signed a Letter o f In tent (LO I) to exam ine GTL Base 
Oils opportunities in Qatar.

QP and Saso l Chevron have agreed to pursue the opportunity to deve lop a 1 3 0 ,0 0 0  
bb l/day upstream /downstream  integrated GTL pro ject based on the Saso l S lu rry  
Phase Distillate Process and utilizing resources from  the North Field. This will involve 
defining the feasibility o f  a six ( 6 )  train facility with an expected s ta rt up by 2 0 1 0 . 
These e ffo rts  will lead to the estab lishment o f  a Heads o f Agreement (HOA) fo r  the 
project.

ExxonM ob i l
ExxonMobil GTL pro jec t is fo r  the production o f  synthetic GTL products in excess o f
1 5 0 ,0 0 0  BPD. Feedstock fo r  the GTL Plant will be provided from  two wellhead 
p la tfo rm s; app rox imate ly  1 .8 BSCFD will be required to yield the ta rge f GTL 
production. The pro ject will produce base oil stocks in addition to the synthetic fuels.

Onshore gas trea tm ent and NGL recovery plants will benefit, to the maximum  extent 
possible, from  the existing RasGas in frastructure to reduce the overa l l p ro ject cost. 
LPG, condensate and su lphur s to rage/ load ing will most likely be shared with other 
ongoing pro jects at Ras Laffan.

The HOA signed in July 2 0 0 4  specifies the principal te rm s for the pro ject that will be 
defined in a Deve lopment and Production Sharing Agreement (DPSA ). The term o f 
the DPSA will be 25  years from  the s ta rt o f  production, which is expected to 
commence in 2 0 1 1 .

ExxonMobil will drill an appraisa l well fo r  the GTL pro ject in 2 0 0 4 ,  and will 
supp lement the extensive pre lim inary fron t-end engineering and design (p re-FEED) 
undertaken ear lier . FEED is expected to begin upon execution o f the DPSA.

M arathon
The Marathon GTL pro ject will produce approx imate ly  1 2 0 ,0 0 0  BPD o f naphtha and 
diesel. The pro ject will consist o f two trains o f  equal capacity. Phase I first 
commercia l production is planned fo r 2 0 1 0 .  O ffshore  deve lopment is based on two 
unmanned wellhead p la tforms and two wet scheme pipelines configuration.



Marathon is considering introducing shareho lders to the pro ject; shareho lders  will 
include PetroCanada, Occidental and the Offset Group. Details regarding the venture 
partners will probab ly be concluded during 2 0 0 4 .

The pro ject will be executed on a Production Sharing Agreement basis. Marathon's 
pre-FEED work w*s completed during the last quarte r o f 2 0 0 3  and it is expected that 
commercia l negotiations will commence during ear ly  2004

C on o coP h i l l ip s
ConocoPhillips is planning to deve lop its GTL pro ject in two phases, each producing 
approx imate ly  8 0 ,0 0 0  BPD o f GTL products - naphtha and diesel using CoPOX 
technology. Two wellhead p la tforms with adequate number o f wells will provide the 
required feedstock fo r the GTL plant.

The company completed a feasibility study that was submitted to QP mid 2 0 0 3 .  A 
S ta tement o f In tent to proceed with the pro ject was signed with QP in December 
2 0 0 3 .  The company intends to proceed with pre-FEED work during 2 0 0 4 . Startup o f 
the first phase o f the plant is scheduled fo r 2 0 1 0 .  The pro ject is structured on the 
basis o f a Production Sharing Agreement, as with all o ther large-sca le GTL pro jects .

The company has successfu lly completed the construction o f a 4 0 0  BPD sem i-works 
plant at its refinery in Ponca City, Oklahoma and commissioning o f the plant was well 
underway at the end o f December 2 0 0 3 .  ConocoPhillips will demonstra te  its process 
during 2 0 0 4  and it expects to be able to commence commercia l negotiations in 2 0 0 4  
also.

P e t r o c h em ic a ls -

C r a c k e r  a t  R a s  La ffan
A Joint Venture Agreement (JVA) was signed on 13 June 2 0 0 2  between Q-Chem II 
( 5 3 . 3 1 % ) ,  Qatofin ( 4 5 . 6 9 % )  and QP ( 1 % )  to establish a steam cracker at Ras Laffan 
with design capacity o f 1 ,3 0 0 ,0 0 0  MMTA o f ethylene.

An ethylene pipeline from Ras Laffan to Mesaieed will supply ethy lene to Q -Chem II 
and Qatofin plants.

Q a to f in
Qatofin is a JV between QAPCO ( 6 3 % ) ,  Atofina ( 3 6 % )  and QP ( 1 % )  fo r production o f
4 5 0 , 0 0 0  MTPA o f LLDPE ad jacent to QAPCO site. Feasibility study was completed in 
December 2 0 0 2 .  ITB document fo r  EPC contract was sent to bidders on 22  July 2 0 0 3 .  
Negotiations continued on severa l pro ject agreements . The estimated s ta rt-up o f the 
pro ject is third quarte r 20 08 .

Q -C h em  I I  P r o je c t
An amended JVA was signed on 13 June 2 0 0 2  between QP ( 5 1 % )  and Chevron 
Phillips ( 4 9 % )  to establish an ethy lene derivatives plant at Mesaieed, ad jacent to the 
Q-Chem plant, with a design capacity o f 3 5 0 , 0 0 0  MTPA of HDPE and 3 5 0 ,0 0 0  MTPA 
normal a lfa olefins.

Feasibility study was completed in December 2 0 0 2 .  FELD contract was awarded to 
Aker-Kvaerner . The estimated sta rt-up o f the pro ject is third quarte r 2 0 0 8 .
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DME P r o je c t  v» 5th  MGC
A letter o f intent was signed on 10 June 2 0 0 3  with Mitsubishi Gas Chemicals (MGC) 
and ITOCHU to establish a pro ject fo r  the production o f Di-Methyl-Ether (DME) at 
Ras Laffan in Qatar.

The production capacity o f  the pro ject is 1 .7  MMTPA o f DME. The pro ject is planned 
to sta rt-up around fourth quarte r 2 0 0 8 .

Fuel G r a d e -M e t h a n o l  P r o je c t
Heads o f Agreement (HoA) was signed with Petroworld Ltd on 14 Sep tem ber 2 0 0 3  
fo r  the deve lopment o f  a large scale fuel grade methanol pro ject targeting on out put 
o f  1 2 ,0 0 0  to 1 5 ,0 0 0  MTPD at Ras Laffan. The partners expect the proposed pro ject 
to come on s tream  by 2 0 0 8 .

Q a t a r  In te rn a t i o n a l  R a c e t r a c k
With ove r 1 .5  million on-site attendees to the GrandPrix (GP) in 2 0 0 2  plus television 
viewers from  more than 2 0 0  countries every yea r fo r a total annual audience o f 
5 ,2 0 0  million, it is no wonder that Qatar is building a MotoGP Racetrack. Over 3 20  
million spectators watch each GP!
The Qatar MotoGP Grand Prix will take place on 2 October 2 0 0 4 ,  and building has 
started on the track located on the outskirts o f  the desert country's capital city, 
Doha.
For more in formation click on www.qmmf.com or contact 
investors re la t ions@qata rtou r ism .qov .ga .
Asian  G a m e s  2 0 0 6
As part o f the in frastructura l obligations for 
hosting the Asian Games, construction o f the 
Asian Games City has began. Once completed, 
o ve r 30  sports facilities will be in place. Existing 
buildings are being renovated as new ones being 
built, including Al Sadd Stadium, Al Rayyan 
Sports Centre, Al Ilihad Sports Centre, Al Arabi 
Sports Centre, Swimming Centre (Aquatic) and 
Khalifa Stadium.
For more in formation, click on 
www.qata ro lvm p ics .o rg .
www.dohasiangames.o rg o r  contact investorsre lat iQns@qatartpurism .gov .qa .
D oh a  G o l f  C lub
Doha Golf Club will undergo extensive renovations and expansions a fte r  a customer
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survey revea led the need fo r  increased amenities, including a p lay area fo r  kids and 
swimming pool. The renovation and expansion includes a ground f lo o r  dining hall, 
new bar a rea , pro fessiona l shop, members ' bag sto re , male and fema le  locker a reas, 
ground f loo r kitchen, service yard , first f loo r kitchen, restau ran t, and bar. New 
construction pro jects include swimming pool with Jacuzzi, fitness centre, ground f loo r 
main office in a new building, buggy barn, function hall, two s ta f f  residential 
buildings, new academy building, television building, and a n ine-ho le go l f  course. For 
more information, go to www.dohaaolfclub.com or contact 
in v es to rs re la t io n s (a )aa ta r to u r ism .G O V .aa  .

$ 2 . 5 b n  'P e a r l  o f  t h e  G u lf ' m a n -m a d e  is land  p r o j e c t  s e t  t o  t a k e  o f f
By late 2006, the first of some 30,000 residents should be living on a man-made island 350 meters off the 
coast of Doha's West Bay Lagoon.
The ambitious 'Pearl of the Gulf project was the recent subject of a presentation to the Qatar Tourism 
Authority (QTA), and features in its new project development and investment opportunities newsletter. 
Marketing is expected to begin next month.
The $2.5bn project is the brainchild of United Development Company (UPC). Qatar’s largest private-sector 
shareholding company, and is being developed on a fast-track basis with "full government support", say 
officials.
The master plan and environmental impact study have apparently already received official approval, and a 
financial advisor is to be appointed soon It is understood that detailed infrastructure and landscaping design 
has already been tendered.
Apart from over 7,500 high-quality dwelling units, the island development will also have three luxury hotels 
offering around 900 rooms between them, retail units covering approximately 60.000 square meters, and 
community infrastructural facilities such as entertainment centers, restaurants and parks.
The island is even expected top have its own private schools. An island city within a city' Pearl ot the Gulf is 
to have ten distinct, but inter-related precincts. Officials say that under an agreement signed between UPC 
and the Government of Qatar almost a year ago, UPC would be granted freeholu title to the island, together 
with the right to sub-divide and re-sell the property.
With three huge bays, designed to maximize its water-frontage, the island will, according to the Master Plan, 
also have four marinas to accommodate up to 700 boats. The first occupants are expected to take 
possession at the beginning of the fourth quarter of 2006
UPC has emphasized that "through the process o f an international design 
competition, a Master Plan and an Environmenta l Impact Study prepared by 
international consultants, the island has been positioned with the greatest respect to 
marine env ironment and topography in order to achieve both environmenta l integrity 
and construction practicality."

I'ftrinsulii
source :

For more in formation, click on www.udcqata r .com  or contact 
in v es to rs re la t io n s i .o jg a ta r to u r ism .q o v .Q a  . _________________________________
N o r th  B each  D e v e lo p m e n t  '
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1. EXECUTIVE SUMMARY

• T he  first gas p roduc tion  from northern 
A laska  will focus on the proven, low- 
cost  reserves at P rudhoe B ay (26 tcf).

• T h e  m ost likely scenario  for exports o f  
northern A laska  gas is a gas pipeline 
dow n  existing h ighw ays from Prudhoe 
Bay to Alberta , Canada. N o  decision 
has yet been announced. The State o f  
Alaska, Y ukon  Territory, and most 
s takeholders  advocate  a h ighw ay route. 
Existing regula tory  permits and 
in ternational treaties, subject to review, 
au thorize  the h ig h w ay  route.

• Phillips A laska  es tim ates  that prices 
above  $ 3 .5 0 /m c f  at Chicago city gate are 
needed  for econom ic  success. Chicago 
city  gate prices w ere  approxim ately  
$ 8 /m c f  in Jan u a ry  2001.

• G as de livery  to U.S. via gas pipeline 
from  P rudhoe  B ay  is not expected  before 
years 2007-2010. Regulatory  delays or 
litigation could  de lay  it.

• T he gas p ipeline  will be sized for 
efficient transporta tion  o f  the known gas 
reserves at P rudhoe Bay. For a 4.0 
billion cubic feet per day  pipeline, 
excess capacity  w ould  becom e available 
in year 2023 (assum ing  a 2007 start up).

• C ook Inlet rem a in ing  natural gas 
reserves (2 .56 tcf) will be depicted by 
year 2012. N ew  gas sources m ust be 
located soon  to supp ly  the m ajority  o f  
the S ta te ’s popu lation  which lives in the 
area around  C ook  Inlet.

• The m ost a ttrac tive  gas province in the 
B ering Sea is N orth  Aleutian basin,

Alaska Gas: Key Drivers and Issues w hich  is closed by m oratorium  until year 
2012.

• LNCi export m odels are required for 
future Bering Sea gas production. 
Potential gas resources cannot be taken 
to the U.S. W est Coast because there arc 
no L N G  receiving facilities. T he most 
likely L N G  export m odels deliver gas to 
Japan or other A sian Pacific Rim 
countries.

• A laska has a huge resource base o f  
d iscovered and  undiscovered gas 
(217.91 tcf), but 88 percent o f  this gas is 
undiscovered. Expensive and time- 
consum ing  exploration programs will be 
required to identify new com m ercial gas 
fields.

S u m m a r y

A laska contains 39.88 trillion cubic feet 
(tcf) o f  gas remaining in developed and 
known undeveloped  fields. Some o f  this gas 
is in fields too small or remote to justify  
econom ic developm ent.  O f  the known gas 
reserves, 26.92 t c f  m ay be considered 
available for export at appropriate market 
prices and pending  construction o f  new gas 
transportation systems. M ost o f  this gas is in 
onshore fields and m ostly  beneath State o f  
Alaska surface or subm erged lands. No 
Federal o ffshore gas reserves are considered 
to be readily  available for export at present.

Three percent (0.92 tcf) o f  A laska’s 
exportable gas reserves occur  within fields 
in the C ook  Inlet basin o f  southern Alaska 
and are at present dedicated  to future LNG 
exports to Japan. Cook Inlet has 2.56 tc f  in 
total rem aining gas reserves, most o f  which 
is used locally or converted  to fertilizer 
feedstock. At present rates o f  consumption,
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