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ASSESSMENT OF SLURRY PRESSURE LETDOWN VALVE AND SLURRY BLOCK 
VALVE TECHNOLOGY FOR D I R E C T  COAL LIQUEFACTION DEMONSTRATION 

AND PIONEER COMMERCIAL PLANTS 

R. P. Krishnan 

ABSTRACT 

This r e p o r t  examines t h e  s t a t u s  of t h e  technology of h igh  
p r e s s u r e  s l u r r y  letdown va lves  and s l u r r y  block va lves  i n  c o a l  
l i q u e f a c t i o n  s e r v i c e .  A l l  of t h e  demonstration and p ioneer  
commercial d i r e c t  l i q u e f a c t i o n  p l an t  des igns  ca l l  f o r  t h e  u s e  
of h igh  p res su re  s l u r r y  letdown va lves  f o r  flow c o n t r o l  and 
s l u r r y  block va lves  f o r  flow i s o l a t i o n .  Successfu l  performance 
and r e l i a b i l i t y  of t hese  va lves  i s  a s e r i o u s  concern because of 
t h e  s e v e r i t y  of t h e  process  streams and t h e  l i m i t e d  exper ience  
and performance data on t h e s e  va lves  under such cond i t ions .  

The o b j e c t i v e s  of t h i s  r e p o r t  are 1) t o  examine t h e  e x i s t -  
i n g  data base on these  va lves  from t h e  fou r  major d i r e c t  c o a l  
l i q u e f a c t i o n  p i l o t  p l a n t s  i n  t h e  U.S., 2 )  t o  p re sen t  t h e  recom- 
mendations from t h e  p i l o t  p l a n t  exper ience ,  3) t o  examine t h e  
s p e c i f i c a t i o n s  f o r  t he  letdown and block va lves  i n  t h e  demon- 
s t r a t i o n / p i o n e e r  commercial des igns ,  4 )  t o  i d e n t i f y  t h e  scale- 
up i s s u e s ,  da t a  gaps,  and development and t e s t i n g  needs. 

1 .  INTRODUCTION 

1.1 Background 

The U.S. Department of Energy (DOE) has been suppor t ing  the  deve- 

lopment of d i r e c t  l i q u e f a c t i o n  technology f o r  conver t ing  coa l  i n t o  c l e a n  

l i q u i d s .  I n  process ing  coa l  i n  t h i s  mode, t h e  r e f i n e d  product i s  pro- 

duced a t  high p r e s s u r e  and high temperature and later sepa ra t ed  i n t o  

vapor and s l u r r y  components by letdown t o  a low p res su re  of only a few 

atmospheres. The approach used i n  t h e  four  major l i q u e f a c t i o n  p i l o t  

p l a n t s  i n  t h e  U.S. (SRC-I, SRC-11, H-Coal, and EDS) has been t o  use  

s l u r r y  p r e s s u r e  letdown va lves  t o  e f f e c t  t h i s  p r e s s u r e  letdown. These 

va lves  u s u a l l y  c o n t r o l  t h e  l e v e l  i n  t h e  upstream p res su re  v e s s e l ,  which 

r e c e i v e s  d i r e c t  e f f l u e n t  from t h e  product r e a c t o r  and a l lows  a h igh  

p r e s s u r e  vapor l i q u i d  sepa ra t ion .  I n  conjunct ion  wi th  t h e  p r e s s u r e  let- 

down va lves ,  s l u r r y  block va lves  upstream and downstream of t h e  p r e s s u r e  
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letdown va lves  have been used t o  i s o l a t e  t h e  letdown va lves  f o r  main- 

t e n a n c e / r e p a i r  and by-pass of t h e  process  stream. The block va lves  have 

a l s o  been used f o r  process  stream i s o l a t i o n ,  sampling and instrumenta-  

t i o n ,  and i s o l a t i o n  of o ther  equipment, such as pumps, r e a c t o r s ,  hydro- 

c l o n e s ,  etc.  Experience gathered from t h e  p i l o t  p l a n t s  has i n d i c a t e d  

t h a t  t h e  extreme condi t ions  under which s l u r r y  letdown and block v a l v e s  

o p e r a t e  and t h e  l i f e t i m e  r e q u i r e d  make t h e  s e l e c t i o n  of off- the-shelf  

equipment extremely d i f f i c u l t ,  i f  not  impossible .  

R e l i a b i l i t y  and s u c c e s s f u l  o p e r a t i o n  of t h e s e  va lves  i n  t h e  l a r g e r  

demonstrat ion and pioneer  commercial p l a n t  is a s e r i o u s  concern. S i n c e  

va lves  i n  t h e  s i z e s  requi red  f o r  t h e s e  l a r g e  p l a n t s  have not  been b u i l t  

t o  d a t e ,  t h e r e  is doubt concerning t h e  scale-up and t h e  performance of 

t h e s e  va lves  i n  t h e  l a r g e r  p l a n t s .  The p l a n t  a v a i l a b i l i t y  i s  h e a v i l y  

dependent on t h e  r e l i a b i l i t y  and s u c c e s s f u l  o p e r a t i o n  of t h e s e  c r i t i c a l  

va lves .  

1.2 Objec t ives  and Scope 

The o b j e c t i v e s  of t h i s  s tudy  are 1 )  t o  i d e n t i f y  t h e  technology gaps 

i n  t h e  s i z i n g  methods and/or  s c a l e - u p  of t h e  s l u r r y  p r e s s u r e  letdown and 

s l u r r y  block va lves  and 2) t o  i d e n t i f y  t h e  development needs f o r  t h e s e  

components t o  e l i m i n a t e  some of t h e  scale-up and/or  performance r e l a t e d  

d a t a  gaps. 

This  i s  the second of two r e p o r t s  prepared by Oak Ridge Nat iona l  

Laboratory f o r  t h e  U.S. Department of Energy as a r e s u l t  of t h e  l ique-  

f a c t i o n  c r i t i c a l  components assessment program. The f i r s t  r e p o r t  

addressed  c o a l  s l u r r y  pumps. I n  t h i s  r e p o r t ,  f i r s t  t h e  exper ience  

ga thered  i n  s l u r r y  letdown and block va lves  i n  t h e  SRC-I, SRC-11, H- 

Coal,  and EDS p i l o t  p l a n t s  and t h e  recommendation and l e s s o n s  l e a r n e d  

from t h e  p i l o t  p l a n t s  are b r i e f l y  descr ibed .  Next, t h e  va lve  s p e c i f i -  

c a t i o n s  ( s i z e ,  numbers, des ign  f e a t u r e s )  f o r  t h e  l a r g e r  demonstrat ion 

and/or  pioneer  commercial p l a n t s  (SRC-I, H-Coal, and EDS) a re  pre-  

sen ted .  The t e c h n i c a l  r i s k s l d a t a  gaps i n  s c a l i n g  t h e  va lves  from t h e  

p i l o t  p l a n t  s i z e  t o  t h e  commercial s i z e  are discussed.  To t h e  e x t e n t  

p o s s i b l e ,  t h e  development and t e s t i n g  needs f o r  t h e s e  two c r i t i c a l  

v a l v e s  are  a l s o  i d e n t i f i e d .  
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2. LETDOWN VALVES 

2.1 Function and Serv ice  Conditions of Letdown Valves 

The letdown va lves  i n  d i r e c t  c o a l  l i q u e f a c t i o n  processes  are  de- 

s igned  t o  t h r o t t l e  t h e  flow of t h e  high temperature  l i q u i d  coa l  s l u r r y  

from a high p r e s s u r e  source  ( d i s s o l v e r )  as i t  passes  t o  a low p r e s s u r e  

r e c e i v e r  ( v a p o r / l i q u i d  s e p a r a t o r ) .  As t h i s  high-temperature,  high pres- 

s u r e  s l u r r y  i s  t h r o t t l e d ,  t h e  more v o l a t i l e  hydrocarbon c o n s t i t u e n t s  

f l a s h  i n t o  vapor ,  r e s u l t i n g  i n  high v e l o c i t y  f low of a t h r e e  phase 

g a s l l i q u i d l s o l i d  mixture.  The va lves  a re ,  i n  r e a l i t y ,  s l u r r y  c o n t r o l  

va lves  and they respond t o  changes i n  t h e  l e v e l  i n  t h e  v a p o r l l i q u i d  

s e p a r a t o r  drums. 

Figure 1 i s  a t y p i c a l  c o n f i g u r a t i o n  of t h e  pressure  letdown sys- 

t e m . l  The e f f l u e n t  from t h e  d i s s o l v e r  undergoes phase s e p a r a t i o n  i n i -  

t i a l l y  i n  a high pressure  s e p a r a t o r ,  and subsequent ly  as t h e  remaining 

s l u r r y  phase undergoes p r e s s u r e  reduct ion  through a letdown va lve .  The 

t o t a l  r e q u i r e d  p r e s s u r e  drop i s  obtained i n  one o r  more s t e p s  (two i n  

t h e  example shown), t h e  number of which presumably r e p r e s e n t s  a com- 

promise between t h e  p l a n t  complexity and t h e  magnitude of t h e  r e q u i r e d  

p r e s s u r e  drop a c r o s s  t h e  va lves .  

The letdown va lves  t y p i c a l l y  o p e r a t e  under p r e s s u r e  d i f f e r e n t i a l s  

g r e a t e r  than  6.9 MPa (1000 p s i )  and temperatures  as high as 426°C 

(800°F),  while  t h r o t t l i n g  s l u r r i e s  of 10 o r  more percent  by weight of 

very  f i n e ,  a b r a s i v e  s o l i d s .  The high p r e s s u r e  drop and f l a s h i n g  condi- 

t i o n s  along wi th  p a r t i c u l a t e s  l i m i t  t h e  s e l e c t i o n  of va lves  a v a i l a b l e  

f o r  t h i s  s e r v i c e .  Only a few s p e c i a l  v a l v e  d e s i g n s ,  which employ 

s t reaml ined  i n t e r n a l  geometries and t h e  h a r d e s t  materials w i t h i n  t h e  

t h r o t t l i n g  areas where high v e l o c i t i e s ,  s w i r l i n g ,  and s l u r r y  impingement 

occur ,  have proved s u c c e s s f u l .  A b r i e f  d i s c u s s i o n  on t h e  va lves  t e s t e d  

i n  t h e  v a r i o u s  p i l o t  p l a n t s  and t h e  o p e r a t i n g  experience ga thered  i s  

given i n  t h e  fol lowing s e c t i o n .  
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2.2 Letdown Valve Experience i n  P i l o t  P l a n t s  

Overcoming t h e  s h o r t  s e r v i c e  l i f e  of high-pressure letdown va lves  

has been a major engineer ing  problem i n  t h e  c o a l  l i q u e f a c t i o n  p i l o t  

p l a n t s .  While t h e  technology s t i l l  remains t o  be pe r fec t ed ,  t he  relia- 

b i l i t y  of t h e s e  va lves  have been improved s i g n i f i c a n t l y  by adop t ing  

novel  va lve  des igns  and s e l e c t i o n  of proper materials f o r  va lves  and 

va lve  t r i m  materials i n  t h e  p i l o t  p l a n t s .  This s e c t i o n  d e s c r i b e s  

b r i e f l y  t h e  process  cond i t ions ,  letdown system c o n f i g u r a t i o n ,  and let-  

down va lves  t e s t e d  and the  va lve  performance of each of t h e  fou r  p i l o t  

p l a n t s .  Deta i led  t r ea tmen t s  of t he  letdown va lve  exper ience  i n  t h e  

p i l o t  p l a n t s  can be found i n  Dahl ,2  and t h e  r ecen t  study by C a t a l y t i c 3  

on t h e  s l u r r y  letdown system f o r  t h e  SRC-I demonstration p l a n t .  

SRC-I 

The process  cond i t ions  and va lve  parameters f o r  t h e  high-pressure 

letdown sys t em a t  t h e  Wi l sonv i l l e  p i l o t  p l an t  are  as fo l lows:  

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

The 

p res su re  drop ac ross  t h e  va lves ,  13,800 kPa (2000 p s i ) ;  

temperature of f l u i d  (va lve  i n l e t ) ,  315-425°C (600-800°F); 

f l u i d  v e l o c i t y  (va lve  i n l e t ) ,  0.366-0.396 m / s  (1.2-1.3 f t / s ) ;  

mass f lowra te ,  408-544 kg/h (900-1200 l b / h ) ;  

percent  weight coa l  (va lve  i n l e t ) ,  2.5-3i5; 

percent  weight a sh  (va lve  i n l e t ) ,  3.5-4.5; 

percent volume vapor (valve i n l e t ) ,  -10; 

va lve  type ,  F isher  DBAQ; 

seat type ,  316 s t a i n l e s s  s tee l  and K-703 tungs ten  carb ide ;  

t r i m  s i z e ,  3/8-in. o r i f i c e  with modified m i c r o f l u t e  s t e m ;  

des ign  Cv, 3.36 f o r  l i q u i d  s e r v i c e  ( F i s h e r ) ;  

normal ope ra t ing  p o s i t i o n ,  20% open. 

e n t i r e  p re s su re  drop i s  taken ac ross  a s i n g l e  F i she r  DBAQ a n g l e  

va lve .  The h igh  p res su re  s l u r r y  e n t e r s  t h e  va lve  h o r i z o n t a l l y  v i a  1-in. 

schedule  80 s t a i n l e s s  s teel  p ip ing ,  then t u r n s  90" downward t o  e n t e r  t h e  

va lve  tu rn .  The s l u r r y  i s  discharged i n t o  a 1- f t  s e c t i o n  of a 2-in., 

schedule  160, s t a i n l e s s  s teel  piping. The flow then t u r n s  another  90' 

h o r i z o n t a l l y  i n  a capped-tee connection, runs  about 4 f t ,  and f i n a l l y  

d i scha rges  downward v i a  an  elbow i n t o  t h e  f l a s h  tank .2  
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A vendor suppl ied  F i she r  DBAQ va lve  with a s t e l l i t e  t r i m  w a s  used 

i n i t i a l l y .  Cracking and severe  e ros ion  of t he  t r i m  occurred wi th in  only  

a few hours of ope ra t ion .  The performance w a s  improved subsequent ly  by 

r edes ign ing  t h e  va lve  t r i m  (p lug  and s e a t ) ,  modifying t h e  downstream 

pip ing  and swi tch ing  from S t e l l i t e  t o  Kennametal K703 seats and stems 

(Fig. 2).  Details p e r t a i n i n g  t o  t h e s e  changes can be found i n  Reference 

2. T igh te r  c l e a r a n c e s  between the  plug and seat (0.001-0.002 i n )  helped 

reduce the  v i b r a t i o n  of t h e  plug t i p  and s t e m  breakage.4 The s e r v i c e  

l i f e  of the  va lve  improved cons iderably  and is  of t he  order  of 2000 t o  

4000 h. 

Wi l sonv i l l e  used a Kieley-Muller s t reaml ined  angle flow va lve  i n  

the  p re s su re  letdown s e r v i c e  but switched t o  the  F i she r  DBAQ angle  va lve  

because of t he  ease of maintenance. 

SRC-I1 

The p res su re  letdown system i n  the  SRC-I1 F t .  L e w i s  p i l o t  p l an t  

cons i s t ed  of two s t a g e s  of p re s su re  letdown. The f i r s t  s t a g e  occurred 

between the  high-pressure f l a s h  drum and the  in te rmedia te -pressure  f l a s h  

drum. The second s t a g e  letdown occurred between the  in t e rmed ia t e -  

p re s su re  f l a s h  and e i t h e r  the s l u r r y  r ecyc le  s t r i p p e r  o r  the f i l t e r - f e e d  

f l a s h  v e s s e l .  Two va lves  were i n s t a l l e d  i n  p a r a l l e l  i n  each s t a g e ,  wi th  

one va lve  i n  each s t a g e  kept as standby, making a t o t a l  of fou r  letdown 

v a l v e s  .2 75-6 

Flow en te red  the  letdown va lves  h o r i z o n t a l l y ,  v i a  a 2-in. schedule  

xx, 347 s t a i n l e s s  s teel  p i p e ,  then turned 90" i n s i d e  the  1-in va lve  body 

t o  e n t e r  the  1 / 4  i n .  seat. The d i scha rge  s e c t i o n  w a s  a 2-in. schedule  

xx, 347 s t a i n l e s s  s teel  pipe about 6 f t .  long. A 3/16-in o r i f i c e  (com- 

monly c a l l e d  a bean) w a s  i n s t a l l e d  7-3/4 in .  from t h e  d i scha rge  of one 

of the  f i r s t  s t a g e  high p res su re  va lves .  A similar flow arrangement 

without the  downstream o r i f i c e  (bean) was  used i n  the in t e rmed ia t e  pres- 

s u r e  va lves .  

The t y p i c a l  ope ra t ing  cond i t ions  f o r  these  va lves  w e r e  :2 

1. f i r s t - s t a g e  letdown, LCV 166, AP; 9650 t o  4130 kPa (1400 t o  600 

p s i )  ; 
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second-stage letdown, LCV 175, AP; 6200 t o  2750 kPa (900 t o  400 

p s i  ; 

f i r s t - s t a g e  i n l e t  t empera ture ,  340 t o  400°C (650 t o  750OF); 

i n l e t  f l u i d  v e l o c i t y ,  -1.5 m / s  (-5 f t / s ) ;  

m a s s  f l o w r a t e ,  37.8-56.7 L/min (10-15 gpm); 

percent  c o a l ,  6-8% SRC-I mode; 24-28% SRC-I1 mode; 

percent  a sh ,  4-6% SRC-I; 18-20% SRC-11; 

percent  vapor,  -2% SRC-I and SRC-11; 

t y p i c a l  l i f e t i m e s ,  2500 h; 

seat type ,  K602; 

t r i m  s i z e ,  1/4-in. microform; 

ope ra t ing  p o s i t i o n ,  25% open, without o r i f i c e  i n s t a l l e d ;  40% open 

with o r i f i c e  i n s t a l l e d ;  

o r i f i c e  s i z e ,  3/16 in .  (one loop only) .  

Three d i f f e r e n t  va lves  w e r e  t e s t e d  i n  t h e  letdown s e r v i c e .  Two of 

va lves  were angle va lves  (1-in. F i she r  DBAQ and a 1-in W i l l i s  MlHT) 

the t h i r d  w a s  a globe va lve  (1-in. F i she r  DBQ). The globe va lve  w a s  

taken out of s e r v i c e  due t o  u n s a t i s f a c t o r y  performance. The va lve  body 

and va lve  t r i m  eroded badly a f t e r  only 4 days of ope ra t ion .  

The two va lves  i n  the  f i r s t  s t a g e  of letdown were 1-in F i she r  and 

1-in. W i l l i s  va lves .  Both va lves  i n  the  second s t a g e  of letdown were 

1-in. F i she r  DBAQ va lves .  The W i l l i s  va lve  (Fig.  3) i n  the  f i r s t  s t a g e  

w a s  l a te r  rep laced  by a 1-in. F i s h e r  DBAQ va lve  (Fig.  4) wi th  a down- 

stream back p res su re  bean. 

The main v a r i a b l e s  t h a t  a f f e c t e d  va lve  l i f e  were:5 

0 va lve  des ign  

o t r i m  materials 

o va lve  s i z i n g  

0 p r e s s u r e  drop 

Of t h e s e ,  t h e  most s i g n i f i c a n t  v a r i a b l e  i n  the  l i f e  of t h e  va lve  was  t h e  

t r i m  material. The materials t e s t e d  included s t e l l i t e ,  s t anda rd  grade 

of tungs ten  ca rb ide  with 6% coba l t  b inde r ,  Kennametal K-602 (<1.5X co- 

b a l t  b i n d e r ) ,  K-701, K-703, and Va len i t e  134. The performance of tung- 

s t e n  ca rb ide  w a s  judged a t  least  100 t i m e s  b e t t e r  than t h a t  of 

S t e l l i t e .  The material most favored by For t  L e w i s  i n  t h i s  a p p l i c a t i o n  
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i s  tungs ten  ca rb ide  Kennametal K-602. The F i she r  DBAQ valve  out-per- 

formed the  W i l l i s  va lve  by at  least  a f a c t o r  of t h r e e  and c l o s e r  to  a 

f a c t o r  of e i g h t .  Compared t o  the  16 days va lve  l i f e  with the  W i l l i s  

v a l v e ,  t he  F i she r  va lve  opera ted  100 days before  t r i m  f a i l u r e .  The d i f -  

f e r ence  w a s  a t t r i b u t e d  t o  the  d i f f e r e n c e s  i n  the  impingement angle  

between the  two va lves .  In t h e  DBAQ valve ,  the  impingement angle w a s  

low compared t o  approximately 90" i n  the  W i l l i s  valve.  

One advantage of the  MlHT W i l l i s  va lve  over the  F i she r  DBAQ va lve  

w a s  t h a t  with t h e  former va lve ,  t he  t r i m  could be f a b r i c a t e d  with ero- 

s i o n - r e s i s t a n t  material i n  compression. The  F i s h e r  valve t r i m ,  on t h e  

o t h e r  hand, could not be f a b r i c a t e d  with 100% of the  tungs ten  ca rb ide  

(WC) i n  compression because of t he  b r i t t l e  proper ty  of WC. The t i p  of 

t h e  WC t r i m  w a s  vu lne rab le  t o  t e n s i l e  stresses r e s u l t i n g  i n  t r i m  break- 

age. Increas ing  the  t r i m  s i z e  from 1/4-in. t o  1/2-in. ( f o u r  times t h e  

c r o s s  s e c t i o n a l  a r ea )  i n  the  F i she r  va lve  r e s u l t e d  i n  less breakage. 

However, t h e  i n t e g r a t e d  l i f e  of the 1/2-in. t r i m  w a s  s h o r t e r  compared t o  

a 1/4-in. broken t r i m  because the  1/2-in. t r i m  w a s  overs ized  f o r  t he  

process  condi t ions .  

T r i m  l i f e  w a s  extended i n  both va lves  by a d d i t i o n  of a f i x e d  o r i -  

f i c e  downstream of t h e  va lves .  The advantages of t he  f ixed  o r i f i c e  were 

e Lower pressure  d i f f e r e n t i a l  ac ross  the  t r i m ;  

e Less downstream e ros ion  ( W i l l i s  va lve  on ly ) ;  

e Larger t r i m  s i z e  (F i she r  va lve  only) .  

On the o the r  hand, t h e  disadvantage of the f ixed  o r i f i c e  w a s  t h e  c o n t r o l  

c h a r a c t e r i s t i c s  of both va lves  were adverse ly  a f f ec t ed .  However, t h e  

inhe ren t  flow c h a r a c t e r i s t i c s  of t he  W i l l i s  va lve  requi red  t h a t  t he  

va lve  be opera ted  with a f ixed  o r i f i c e .  Without t h e  o r i f i c e  t h e  d i s -  

charge from the  W i l l i s  v a lve  had a tendency t o  s w i r l  and cause down- 

stream eros ion .  Addition of the  f ixed  o r i f i c e  reduced the s w i r l i n g  ef- 

f e c t  and t h e r e f o r e  the  downstream eros ion .  Furthermore, i n c r e a s i n g  the  

p re s su re  drop ac ross  the  f ixed  o r i f i c e  from 40% t o  80% a l s o  improved t h e  

o v e r a l l  va lve  performance (mainly t r i m  l i f e ) .  

Four plug conf igu ra t ions  were t e s t e d  i n  the  1-in F i she r  valve: (1) 

tapered  microform, (2) snub-nose microform, ( 3 )  snub-nose microform wi th  

a sharpened t i p ,  and ( 4 )  30" cone. T h e  snub-nose plug ( case  2)  w a s  
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considered t o  be t h e  most d e s i r a b l e  c o n f i g u r a t i o n  wi th  l i f e t i m e s  of 

about 2500 h. 

Toward t h e  end of t h e  o p e r a t i o n  Fort  L e w i s  experienced very few 

o p e r a t i n g  f a i l u r e s  wi th  t h e i r  t r i m .  The va lve  t r i m  could be changed 

convenient ly  dur ing  scheduled shu t  down when i t  had eroded. Very l i t t l e  

s t e m  breakage w a s  a l s o  observed us ing  1/4-in. plug,  e s p e c i a l l y  a f t e r  

modi f ica t ions  i n  t h e  s t a r t u p  procedures.  

ECLP 

The high-pressure s l u r r y  letdown va lve  i n  t h e  ECLP p i l o t  p l a n t  i n  

Baytown, Texas c o n t r o l l e d  t h e  l e v e l  of s l u r r y  i n  t h e  r e a c t o r  s e p a r a t o r  

drum. The e n t i r e  p r e s s u r e  drop w a s  taken a c r o s s  a s i n g l e  valve.  Pro- 

cess condi t ions  i n  t h e  letdown system were: 2, 

1. f low ra te  (normal ) ,  55,198 kg/h (25,090 l b / h ) ;  

2. des ign  temperature ,  450°C (840°F);  

3. normal d i f f e r e n t i a l  p r e s s u r e ,  12,720 kPa (1845 p s i g ) ;  

4 .  upstream condi t ions :  l i q u i d ,  -88% w t ;  vapor ,  n i l ;  s o l i d ,  9-16 w t . ;  

l i q u i d / s o l i d  d e n s i t y  a t  c o n d i t i o n s ,  3.88 kg/L (50 l b / f t 3 ) ;  

5. downstream condi t ions :  l i q u i d ,  -65% w t ;  vapor ,  -32% w t ;  s o l i d ,  9-16% 

w t  ; 

6. v a l v e  body s i z e ,  2-in, 2500 Class ANSI; and 

7. normal v a l v e  o p e r a t i n g  p o s i t i o n ,  30-35% open. 

Flow e n t e r e d  t h e  va lve  through t h e  s i d e  nozzle  and t r a v e l e d  v e r t i -  

c a l l y  downwards and e x i t e d  h o r i z o n t a l l y  i n t o  t h e  h o r i z o n t a l  r e c e i v e r  

v e s s e l  l i n e d  wi th  a f i b e r - r e i n f o r c e d  r e f r a c t o r y .  Two s e p a r a t e  va lve  

assemblies  connected i n  p a r a l l e l  were i n s t a l l e d  f o r  t h e  letdown ser- 

v i c e .  No block o r  bypass va lves  were used. 

To e l i m i n a t e  o p e r a t i o n a l  and maintenance problems caused by coke 

bui ldup and format ion ,  a s p e c i a l  purging system w a s  developed by 

Exxon. A cons tan t  f l u s h  of t h e  s m a l l  annular  space ( i . e .  0.10 i n . )  

between t h e  va lve  plug and i t s  guide bushing was used. 

The letdown va lves  i n  t h e  Bayton p l a n t  w e r e  modified s t reaml ined  

Kieley-Muller a n g l e  va lves  with Kennametal K701 t r i m  (Fig.  5 ) .  Exxon's 

i n i t i a l  approach w a s  t o  use  t h e  b e s t  hydrodynamic va lve  body des ign  

coupled wi th  s p e c i a l ,  upgraded t r i m  m a t e r i a l s  f o r  va lve  i n t e r n a l s .  
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FLOW i 

Fig. 5. Sketch of Exxon Kieley-Muller Valve Conf igura t ion  Valve 
Used i n  EDS P i l o t  P lan t  i n  Bayton, Texas (Ref. 2) .  
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Exxon chose t h e  Kieley-Muller 3-x4-in. s t reaml ined  a n g l e  v a l v e  because 

of t h e i r  e x t e n s i v e  and s u c c e s s f u l  a p p l i c a t i o n  of t h e  v a l v e  i n  high- 

p r e s s u r e  letdown, hydrocarbon a p p l i c a t i o n s ,  and because they f e l t  i t  was 

r e l a t i v e l y  easy t o  scale  up t o  m e e t  t h e  needs of f u t u r e  commercial 

p l a n t s .  The i n t e r n a l s  of t h e  v a l v e  were modified t o  f i t  a cage i n  i t s  

housing. The cage,  which provides  extended support  t o  t h e  c a n t i l e v e r e d  

p l u g ,  i s  a l s o  used t o  r e t a i n  t h e  seat i n  t h e  va lve  body. The top e n t r y  

f e a t u r e  of t h e  cage des ign  a l s o  a l lows  ease of t h e  changeout of i n t e r n a l  

t r i m  p a r t s .  The exact changes implemented a r e  not known, but two d i f -  

f e r e n t  des igns ,  one wi th  and one without t h e  cage were planned. 

The f i r s t  se t  of va lve  t r i m  c o n t r o l l e d  s u c c e s s f u l l y  wi th  I l l i n o i s  

No. 6 c o a l  i n  t h e  once through mode of opera t ion .  The va lve  had oper- 

a t e d  s u c c e s s f u l l y  f o r  about  136 d. The e r o s i o n  of t h e  v a l v e  body and 

t h e  downstream pip ing  w a s  minimal. A second set  of t r i m  was i n s t a l l e d  

f o r  o p e r a t i o n  wi th  Wyoming Wyodak coal .  A f t e r  about 800 h ,  t h e  t r i m  w a s  

removed f o r  i n s p e c t i o n .  Eros ive  wear had occurred on one s i d e  of t h e  

plug and seat even though t h e  v a l v e  was c o n t r o l l i n g  s u c c e s s f u l l y .  The 

reasons  o f f e r e d  by Exxon f o r  t h e  a c c e l e r a t e d  wear i n  t h e  second t r i m  w a s  

t h e  h igher  a s h  conten t  of t h e  Wyodak c o a l  and o p e r a t i o n  of t h e  p l a n t  i n  

t h e  vacuum tower bottoms r e c y c l e  mode. Only l i m i t e d  d a t a  w a s  ga thered  i n  

t h e  r e c y c l e  mode of o p e r a t i o n  and t h e  d a t a  i s  not s u f f i c i e n t  t o  draw de- 

f i n i t e  conclusions.  

Towards t h e  end of t h e  p i l o t  p l a n t  o p e r a t i o n ,  t h e  major conclusions 

w e r e :  1) a v a l v e  s e r v i c e  l i f e  i n  excess  of s i x  months can be p r o j e c t e d  

f o r  t h e  once through mode of o p e r a t i o n ,  2 )  i n  t h e  vacuum bottoms r e c y c l e  

mode of o p e r a t i o n ,  t h e  s e r v i c e  l i f e  w i l l  be less compared t o  t h e  once 

through mode, 3 )  i n  t e r m s  of s e v e r i t y ,  t h e  I l l i n o i s  No. 6 i s  t h e  least  

s e v e r e ,  followed by Wyodak and Texas l i g n i t e ,  and 4 )  t h e r e  i s  no t  enough 

t e s t  data on t h e  Texas l i g n i t e  t o  p r e d i c t  va lve  s e r v i c e  l i f e .  

To d a t e ,  t h e  b e s t  r e s u l t s  on letdown va lves  have been obta ined  a t  

t h e  ECLP p i l o t  p l a n t .  Exxon claims t h a t  they can s u c c e s s f u l l y  design a 

letdown v a l v e  f o r  a commercial p l a n t .  Discussions wi th  Exxon revea led  

t h a t  maintaining a n  optimum dimensional  c l e a r a n c e  between t h e  plug and 

seat whi le  a l lowing  t h e  d e s i r e d  f low i s  important  i n  t h e  s u c c e s s f u l  

o p e r a t i o n  of t h e  valve.  Valve s i z i n g  and geometry should t a k e  i n t o  
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account t h e  phase changes occur r ing  i n s i d e  t h e  va lve  dur ing  t h e  depres- 

s u r i z a t i o n ,  t h e  composition, and t h e  thermodynamic p r o p e r t i e s  of t h e  

vapor- l iqu id  s t r e a m s  and t h e  r e s idence  of t h e  s l u r r y  w i t h i n  t h e  conf ines  

of t h e  va lve  seat.8 

H-Coa 1 

The H-Coal p i l o t  p l a n t  i n  C a t l e t t s b u r g ,  Kentucky used a two-stage 

p r e s s u r e  letdown system wi th  two p a r a l l e l  t r a i n s ,  des igna ted  A and B 

(one of which is  a s t andby) ,  i n  each s t age .  In  t h e  f i r s t  o r  high-pres- 

s u r e  s t a g e  t h e  s l u r r y  p r e s s u r e  dropped from 3000 t o  1200 p s i .  The le t -  

down va lves  i n  t h i s  s t a g e  were des igna ted  LV202A and LV202B. The second 

s t a g e  dropped t h e  system p res su re  from 1200 t o  50 p s i .  The letdown 

va lves  i n  t h i s  s t a g e  were des igna ted  LV204A and LV206B. The two s t a g e s  

were sepa ra t ed  by a f l a s h  drum. Block v a l v e s ,  two upstream and one 

downstream, i n  each set of letdowns, were i n s t a l l e d  t o  i s o l a t e  t h e  let-  

down va lves  f o r  r e p a i r s  or replacement.2 

The process  cond i t ions  f o r  t h e  two p r e s s u r e  letdown s t a g e s  are 

summarized i n  Table 1. 

Although t h e  p re s su re  drops i n  t h e  f i r s t  and second s t a g e s  were 

1800 and 1150 p s i  r e s p e c t i v e l y ,  t h e s e  drops were not taken i n  i t s  en- 

t i r e t y  through t h e i r  r e s p e c t i v e  letdown va lves .  A f i x e d  o r i f i c e  was in- 

s t a l l e d  downstream of t h e  letdown va lves  i n  t h e  B t r a i n  t o  t a k e  p a r t  of 

t h e  p r e s s u r e  drop. The s i z e  of t h e  o r i f i c e  was determined by a t r i a l  

and e r r o r  procedure. Where t h e  W i l l i s  letdown va lve  was used, t h e  v a l v e  

i t s e l f ,  had a second, f i x e d  choke o r i f i c e  downstream from t h e  a d j u s t a b l e  

o r i f i c e .  The a d j u s t a b l e  o r i f i c e ,  a p a r t  from t ak ing  a p o r t i o n  of t h e  

p r e s s u r e  drop a l s o  provided t h e  ope ra to r s  s u f f i c i e n t  t i m e  t o  c l o s e  t h e  

upstream block va lves  i n  case of letdown va lve  f a i l u r e  i n  t h e  f u l l y  open 

p o s i t i o n .  

I n i t i a l l y ,  t h e  W i l l i s  r o t a t i n g  d i s k  v a l v e  was used i n  t h e  letdown 

s e r v i c e  i n  runs  1 through 5. The va lve  des ign  cons i s t ed  of two d i s k s  

wi th  lapped f a c e s ,  each wi th  one (o r  two) h o l e s ,  pos i t i oned  f a c e  t o  

f ace .  One d i s c  was s t a t i o n a r y  and t h e  o the r  could be r o t a t e d .  Complete 

alignment of t h e  holes  i n  t h e  two d i s c s  r ep resen ted  f u l l  flow cond i t ions  

and p a r t i a l  alignment caused reduced flow occur.  The performance of t h e  
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Table 1 .  Letdown system cond i t ions  
i n  H-Coal p i l o t  p l a n t a  

Valve p o s i t i o n  
~~ 

LV-202 
~ 

LV-204 

I n l e t  p re s su re ,  kPa ( p s i )  

Ou t l e t  p re s su re ,  kPa ( p s i )  

I n l e t  t empera ture ,  OC ( O F )  

O u t l e t  t empera ture ,  " C  ( O F )  

I n f l u e n t  , kg/h ( l b / h )  
Liquid 
S o l i d s  

E f f l u e n t ,  kg/h ( l b / h )  
Liquid  
S o l i d s  
Vapors 

20,700 ( 3 , 0 0 0 )  

8 ,275  ( 1 , 2 0 0 )  

450 ( 8 5 0 )  

400 ( 7 5 0 )  

18,145 ( 3 9 , 9 2 1 )  
2 ,520  ( 5 , 5 4 5 )  

17,575 ( 3 8 , 6 6 5 )  
2 ,520 ( 5 , 5 4 5 )  
570 ( 1 , 2 5 6 )  

8 , 2 7 5  ( 1 , 2 0 0 )  

345 ( 5 0 )  

400 ( 7 5 0 )  

395 ( 7 4 0 )  

21 ,652  ( 4 7 , 6 3 4 )  
2 ,543  ( 5 , 5 9 5 )  

21,401 ( 4 7 , 0 8 2 )  
2 ,543  ( 5 , 5 9 5 )  
251 ( 5 2 2 )  

aKeference 2.  
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W i l l i s  v a lves  was t o t a l l y  u n s a t i s f a c t o r y .  Eros ion  was a s e r i o u s  problem 

and t h e  s e r v i c e  l i f e  w a s  about 3 t o  13 hours.  The va lve  l i f e  w a s  ex- 

tended t o  100 hours by in-house r edes ign  of t h e  va lve  and a l t e r n a t e  

material s e l e c t i o n  f o r  t h e  v a l v e  p a r t s .  Even so,  t h e  W i l l i s  v a lve  i s  

cons idered  t o  be a poor choice  by H-Coal. An i n h e r e n t  drawback i n  t h i s  

t ype  of va lve  i s  t h a t  t h e  high-pressure s l u r r y  impinges on t h e  d i s c  f a c e  

a t  a large ang le  of 90" and cause t h e  hard  b r i t t l e  material t o  wear 

f a s t e r . 2 9 9  

A l t e r n a t e  va lves  were procured f o r  t e s t i n g  i n  t h e  letdown s e r v i c e  

i n  runs 6 through 11.  The fo l lowing  va lves  were obta ined  i n  t h e  t e s t i n g  

program. 

0 Cameron (pneumatic and hydrau l i c  a c t u a t o r ) ,  

8 Kieley  and Mul le r ,  

e Hammer-Dah1 , 
Q Masoneilan Saso l ,  

Masoneilan Pro to type ,  and 

Paul valve.  

A schematic of t h e s e  va lves  are shown i n  Figures 6 t o  12. With t h e  ex- 

cep t ion  of t h e  Paul va lve ,  a l l  t h e  o t h e r s  were t e s t e d  i n  t h e  letdown 

s e r v i c e .  Table 2 con ta ins  a b r i e f  d e s c r i p t i o n  of t h e  des ign  f e a t u r e s  of 

t h e s e  va lves  and t h e i r  performance. The cumulative exper ience  on t h e  

h igh  p res su re  letdown va lves  i s  t h a t  any of t h e  above mentioned va lves  

wi th  some des ign  changes i s  commercially accep tab le .  A s ix  month ser- 

v i c e  l i f e  f o r  commercial a p p l i c a t i o n s  is poss ib l e .  Encouraging r e s u l t s  

ob t ined  wi th  t h e  e rodable  plug and r e v e r s e  flow va lve  des ign  (Masoneilan 

Saso l  and Masoneilan Pro to type)  suggest t h a t  t h e s e  may be d e s i r a b l e  fea- 

t u r e s  i n  h igh  p res su re  letdown va lves  and should be confirmed i n  l a r g e r  

s i z e  p l a n t s .  

2 . 3  Letdown Valve S p e c i f i c a t i o n s  f o r  t h e  
Demonstration/Pioneer Commercial P l a n t s  

De ta i l ed  mechanical des ign  and v a l v e  s i z e s  f o r  t h e  l a r g e r  demon- 

s t r a t i o n  and pioneer d i r e c t  c o a l  l i q u e f a c t i o n  p l a n t s  are not  i n d i c a t e d  

i n  t h e  des ign  b a s e l i n e  documents. Only f u n c t i o n a l  s p e c i f i c a t i o n s  with- 

out r e f e r e n c e  t o  any s p e c i f i c  v a l v e  a re  a v a i l a b l e .  What i s  known are  



18 

0
 

t- W
 



19 

0
 

t- 
w

 
Lo 
m

 
0

 
W
 I t 

co 



20 

n
 

t
 

UI 

W
 

m 0 
W

 I t 
W

 

0. 
E
 a -J
 

V
 

c I 
.- i 

t 
W

 

I 

h
 

Q
I 

0
 

a
 

U
 

aJ 
d
 

a, 
Ll 
1
 

v
) 

i . 03 



2
1

 

u
 

m
 



N 
N 

t 
FLOW 

Fig. 10. Masoneilan Sasol Pressure Letdown Valve (Ref .  9 ) .  
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ORNL-DWG 84-6099 E T D  

Fig. 11. Masoneilan Prototype Letdown Valve (Ref. 13). 
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1 )  ACTUATOR 
2) VALVE PACKING 
3 )  VALVEBODY 
4 )  VALVECAGE 
5) SOLID 2-in. B A L L  
6) VALVESEAT 
7) VALVE BUSHING 
8) BALLSTEM 
9) TAPER DISCHARGE CONE 

ORNL-DWG 84-6100 ETD 

1 

PAUL VALVE BY 
CONTINENTAL DISC. CORP. 

FLOW 
4- 

Fig .  12. Paul Pressure  Letdown Valve (Ref. 1 3 ) .  
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Tab le  2. ( c o n t i n u e d )  

Valve type  Valve d e s i g n  
f e a t u r e s  

Valve t r i m  , S e r v i c e  l i f e ,  F a i l u r e  mode material hour s  
Remarks 

Hammel-Dah1 I n l e t  l i n e  s i z e ,  6" 6% Cr-Co ( b i n d e r )  250-1000 E x c e s s i v e  v i -  0 Flow t o  c l o s e  
Sweep f low plug and WC t r i m  c o a t  w i th  b r a t i o n  r e s u l t -  0 Valve u s e s  a 
seat  a n g l e  va lve  TMT 5 i n g  i n  t r i m  t r i f l u t e d  plug 

Valve body s i z e ,  6"  b reakage  d e s i g n  w i t h  an 
Valve t r i m  s i z e ,  3/4" 0 E r o s i o n  e q u i v a l e n t  Cv 
A c t u a t o r  pneumatic Plug h o l d e r  s i z e  f o r  a 314" 

f a i l u r e  d i a m e t e r  plug 
Valve used i n  

low p r e s s u r e  
s e r v i c e  o n l y  
(AF.850 p s i )  

0 Smooth f r e e  
f low sweep 
t r i f  l u t e d  p lug  
d e s i g n  is  c l o s e  h, o\ 

t o  be wear re- 
s i  s t a n t  

Masonei lon  I n l e t  l i n e  s i z e ,  6" Kennametal-703 1300 
P r o t o t y p e  Reverse  f low plug and 

seat ( e r o d i b l e  plug) 
a n g l e  v a l v e  

Valve body, 6" 
Valve t r i m  s i z e ,  314" 
Plug l e n g t h ,  4" 

Wear of t h e  ex- 
pendab le  plug 0 

( e r o s i o n )  
0 S o l i d s  b u i l d  up 

i n  p lug  r e g i o n  
p r e v e n t i n g  pro- 
p e r  a c t u a t i o n  

0 

0 

0 

Flow t o  open 
F l a s h i n g  o c c u r s  

i n  t h e  va lve  
body 

Expendable plug 
( l i p s t i c k  de- 

Only plug f a c e s  
s i g n )  

t h e  f low and i s  
s u b  j ec t ed t o  
wear 

Good the rma l  
resist  ancce 

Wear o c c u r s  due 
t o  w h i r l i n g  ac- 
t i o n  of s l u r r y  
r a t h e r  t han  d i -  
rect impinge- 
ment 



Table  2. ( c o n t i n u e d )  

Valve type  
Valve des ign  

f e a t u r e s  
Valve t r i m ,  S e r v i c e  l i f e ,  F a i l u r e  mode 

mat e r i a 1  hour s  
Remarks 

~~ ~ 

Masonei lon I n l e t  s i z e ,  6" 6% Cr-Co 800 
S a s o l  Sweep f low,  plug and WC w i t h  RIT coa t -  

s e a t  ( e r o d i b l e  p lug)  i n g  
ang le  v a l v e  

Valve body, 6" 
Valve t r i m  s i z e ,  3 / 4 "  
Plug  l e n g t h ,  6" 

Wear of t h e  ex- Flow t o  c l o s e  
pendable  p lug  8 Expendable plug 
( e r o s i o n )  ( l i p s t i c k  de- 

s i g n )  
Square plug t r i m  
modi f ied  t o  
p a r a b o l i c  shape  
p lug  f o r  less 
wear 
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t h e  s e r v i c e  cond i t ions  a n t i c i p a t e d  f o r  t h e  v a l v e s ,  t h e  p o t e n t i a l  va lves  

t h a t  can m e e t  t h e  s e r v i c e  requirements and t h e  d e s i r a b l e  f e a t u r e s  i n  t h e  

va lves  f o r  s u c c e s s f u l  ope ra t ion .  

SRC-I 

The process  cond i t ions  f o r  t h e  high-pressure letdown system of t h e  

SRC-I demonstration p l a n t  are l i s t e d  i n  Table 3.  S l u r r y  from t h e  c o a l  

d i s s o l v e r  e f f l u e n t  s epa ra to r  a t  2015 p s i a  i s  cooled from 840'F t o  750°F 

i n  t h e  h igh  p r e s s u r e  s l u r r y / h o t  o i l  exchanger, combined wi th  t h e  d i s -  

s o l v e r  blow down s o l i d s  and reduced i n  p r e s s u r e  t o  115 p s i a ,  f l a s h e d  and 

phase sepa ra t ed  i n  t h e  medium p r e s s u r e  f l a s h  drum. The p r e s s u r e  of t h e  

f l a s h e d  s l u r r y  i s  f u r t h e r  reduced t o  40 p s i a ,  f l a shed  and phase separ- 

a t e d  i n  t h e  low p r e s s u r e  f l a s h  drum. The twice f l a shed  s l u r r y  is then  

t r a n s f e r r e d  t o  t h e  vacuum s e c t i o n .  

Of t h e  many p o s s i b l e  conf igu ra t ions  of t h e  high p res su re  letdown 

system (2015 ps i a  t o  115 p s i a )  t h e  s i n g l e  s t a g e  p r e s s u r e  letdown w i t h  

two p a r a l l e l  t r a i n s  is  considered t o  be t h e  optimum from t h e  s t andpo in t  

of r e l i a b i l i t y  (system u n a v a i l a b i l i t y ) ,  and t o t a l  s y s t e m  c o s t  ( c a p i t a l /  

o p e r a t i n g  and maintenance. This  scheme c o n s i s t s  of s i n g l e  s t a g e  letdown 

p r e s s u r e  from 2000 p s i g  t o  100 p s i g ,  having two ( 2 )  p a r a l l e l  v e s s e l s  and 

two (2 )  h igh  p r e s s u r e  letdown va lves .  The normal o p e r a t i o n  i s  one ( 1 )  

v e s s e l  and one (1) letdown va lve  o p e r a t i n g  whi le  t h e  second v e s s e l  and 

va lve  act  as spare. Each v e s s e l / v a l v e  t r i m  w i l l  be hea t - t raced  (650'F) 

t o  minimize tempera ture  shocks. S l u r r y  block va lves ,  two upstream and 

two downstream of each letdown va lve  a r e  provided t o  d e a c t i v a t e  a f a i l e d  

letdown va lve  and t o  b r ing  t h e  s p a r e  letdown va lve  on stream. Provi- 

s i o n s  f o r  f lu sh ing /purg ing  of t h e  letdown va lves  and block va lves  wi th  

h igh  p r e s s u r e  f l u s h  so lven t  i s  i n d i c a t e d  i n  t h e  process  and instrumenta- 

t i o n  diagrams. However, t h e  f l u s h  requirements are not c u r r e n t l y  spec i -  

f i e d  and i s  t o  be determined a f t e r  t h e  f i n a l  s e l e c t i o n  and t e s t i n g  of 

t h e  va lves  i n  t h e  f u l l  s i z e  p l a n t .  

It i s  e s t ima ted  t h a t  t h e  t r i m  diameter f o r  t h e  high p res su re  let- 

down va lve  w i l l  be roughly 1.75 t o  2.0 inches  a t  65 t o  70% va lve  l i f t .  

Any d e v i a t i o n  between t h e  c a l c u l a t e d  and a c t u a l  s i z e  requi rements  w i l l  

be m e t  by provid ing  adequate  margins (up t o  1.5 t i m e s  t h e  des ign )  i n  t h e  

v a l v e  body s i z e  t o  accommodate t r i m  changes. 



29 

Table 3. SRC-I demonstration plant 
high-pressure slurry letdown valve 

service conditionsa 

Upstream Downstream 

Pressure (psia) 2,010 115 

Pressure differential 1,895 

Temperature ( O F )  780 730 

Flow (lb/hr) 1,200,000 1,200,000 

Flow (gpd 2,823 

Wt % solids 6 6 

Wt % liquids 94 54 

Line size (in.) 16 TBD h 

Wt % gas 0 40 

aReference 3. 

bTo be determined. 
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The va lve  body s i z e  i s  es t imated  t o  be around 6 t o  8 inches  i n  d ia -  

meter. Cont ro l  va lve  s i z i n g  equat ions  conta ined  i n  ANSI/ISA Standard 

S75.01 have been used i n  t h e  c a l c u l a t i o n s .  A flow-to-close ang le  va lve  

i s  shown i n  t h e  process  and in s t rumen ta t ion  diagrams but a flow-to-open 

v a l v e  i s  maintained as a v i a b l e  opt ion .  

EDS - 
There i s  very l i t t l e  publ i shed  informat ion  on t h e  p r e s s u r e  letdown 

system f o r  t h e  EDS commercial design. Discuss ions  wi th  personnel  a t  

Exxon r evea led  t h a t  a scale-up of 27 t i m e s  t h e  s l u r r y  capac i ty  handled 

i n  t h e  ECLP p i l o t  p l a n t  i s  p ro jec t ed .8  It appears  from t h e  process  flow 

diagrams i n  t h e  EDS commercial p l a n t  s tudy  update ,  t h a t  s i n g l e  letdown 

va lves  w i l l  p rocess  t h e  r e a c t o r  e f f l u e n t  s l u r r y  from two of t h e  fou r  li- 

quefac t ion  l i n e s  (one r e a c t o r  per l i n e ) .  The s l u r r y  flow rate  of t h e  

va lve  i n l e t  is es t ima ted  t o  be roughly 650,000 l b s / h r  a t  540°F and 1935 

p s i  p re s su re .  A back-up system w i l l  be provided but t h e  d e t a i l s  have 

not  been worked out .  The s l u r r y  p r e s s u r e  w i l l  be reduced i n  one s t a g e  

from 1935 p s i  t o  80 p s i .  The s l u r r y  w i l l  be f ed  t o  t h e  a tmospher ic  

tower a t  788OF. 

Exxon i n d i c a t e d  t h a t  i t  has t h e  necessary  data t o  design a letdown 

va lve  f o r  t h e s e  s e r v i c e  cond i t ions .  A two year s e r v i c e  l i f e  f o r  t h e  

letdown v a l v e  i n  t h e  commercial p l a n t  w i l l  be  t h e  u l t i m a t e  t a r g e t .  Ac- 

cord ing  t o  Exxon, t h i s  can be achieved with continued development and 

t e s t i n g .  A one year l i f e  wi th  t h e  I l l i n o i s  No. 6 c o a l  i n  t h e  once 

through mode of o p e r a t i o n  i s  p o s s i b l e  with c u r r e n t  technology. I n  t h e  

case of t h e  Wyodak coa l  and Texas l i g n i t e ,  t h i s  may not be poss ib l e .  

Also, i n  t h e  vacuum bottoms r e c y c l e  mode, t h e  s e r v i c e  l i f e  can be much 

lower than  t h e  once through mode. A t  p r e s e n t ,  t h e r e  i s  i n s u f f i c i e n t  

t e s t  d a t a  t o  p r o j e c t  va lve  s e r v i c e  l i f e  i n  commercial p l a n t s  f o r  t h e  

more seve re  c o a l s  and vacuum tower bottoms r e c y c l e  mode. I n  any even t ,  

Exxon c la ims  t o  have a good unders tanding  of t he  c r i t i c a l  parameters t o  

des ign  a letdown v a l v e  which can las t ,  e v e n t u a l l y  up t o  two years .  Ex- 

pansion of t h e  e x i s t i n g  l i m i t e d  d a t a  base on letdown va lves  performance 

wi th  t h e  r e a c t i v e  c o a l s  and t h e  r e c y c l e  mode of ope ra t ion  w i l l  be t h e  

f i r s t  s t e p  t h a t  Exxon would t ake  t o  develop s u c c e s s f u l  va lves  f o r  t h e s e  

s e r v i c e  cond i t ions .  
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H-Coal 

The H-Coal pioneer commercial p l a n t  i s  designed t o  convert  16,500 

t ons  per day of c lean  washed coa l  t o  50,000 b a r r e l s  per day of c lean  hy- 

drocarbon l i q u i d s .  The t o t a l  c o a l  feed c a p a c i t y  i s  provided by e i g h t  

i d e n t i c a l  t r a i n s  (seven opera t ing  and one s p a r e ) ,  each r a t e d  a t  2400 TPD 

c o a l .  The fol lowing s e q u e n t i a l  s t e p s  are c a r r i e d  out  i n  each t r a i n  - 
c o a l  s l u r r y  p r e p a r a t i o n  and pumping, s l u r r y  prehea t ing  and r e a c t i o n ,  

phase s e p a r a t i o n  and cool ing ,  and c a t a l y s t  a d d i t i o n  and withdrawal. 

The p r e s s u r e  letdown system is a n  i n t e g r a t e d  p a r t  of t h e  H-Coal 

phase s e p a r a t i o n  and cool ing  p l a n t  ( P l a n t  4 ) .  Here, t h e  two r e a c t o r  ef- 

f l u e n t  streams from each t r a i n  are separa ted  i n t o  l i q u i d  and vapor 

streams by pressure  letdown and/or cool ing ,  followed by f l a s h i n g  and 

phase s e p a r a t i o n .  l o  

Figure 13 i s  a schematic of t h e  primary s e p a r a t i o n  and p r e s s u r e  

letdown system. The vapor stream from t h e  r e a c t o r  i s  cooled and f l a s h e d  

i n  t h e  high pressure  f l a s h  drums (4C-102 and 4C-103) t o  recover  t h e  hy- 

drogen. The condensate from t h e  high pressure  w a r m  f l a s h  drum (4C-102)  

i s  cooled,  letdown i n  pressure  from 2,975 p s i  t o  735 p s i  and combined 

wi th  t h e  l i q u i d  stream from t h e  r e a c t o r  a f t e r  i t  has a l s o  been letdown 

i n  pressure  from 2975 t o  735 p s i .  The combined s t ream is  phase sepa- 

r a t e d  i n  t h e  i n t e r m e d i a t e  s l u r r y  f l a s h  drum (4C-105) .  The vapor stream 

from 4C-105 is  cooled,  f l a s h e d  i n  t h e  i n t e r m e d i a t e  pressure  w a r m  f l a s h  

drum (4C-101) .  The bottoms from 4C-101 is  f u r t h e r  letdown i n  p r e s s u r e  

t o  75 p s i  and fed t o  t h e  low p r e s s u r e  s l u r r y  f l a s h  drum (4C-107) .  The 

vapor stream from 4C-101 is  cooled and f l a s h e d  i n  t h e  in te rmedia te  pres-  

s u r e  cold f l a s h  drum (4C-104).  The condensate from t h e  high p r e s s u r e  

cold f l a s h  drum (4C-103) is  letdown i n  p r e s s u r e  t o  715 p s i  and a l s o  

f l a s h e d  i n  4C-104). The r e s u l t i n g  vapors from 4C-104 are s e n t  t o  t h e  

gas  p l a n t .  The l i q u i d  stream from 4C-104 i s  reduced i n  p r e s s u r e  from 

715 p s i  t o  50 p s i  and f l a s h e d  i n  t h e  low pressure  cold f l a s h  drum 4C-108 

along with t h e  vapor stream from t h e  low p r e s s u r e  w a r m  f l a s h  drum a f t e r  

i t  has been cooled. The r e s u l t i n g  vapor streams from 4C-108 are  s e n t  t o  

t h e  gas p l an t .  

The bottom streams from 4C-107 and 4C-108 are combined and s e n t  t o  

t h e  d i s t i l l a t i o n  p l an t .  The bottoms from 4C-106 i s  s e n t  t o  t h e  r e c y c l e  
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s l u r r y  p l a n t .  The stream cond i t ions  a t  t h e  f i v e  p re s su re  letdown loca- 

t i o n s  shown i n  F igure  13 are  summarized i n  Table  4. Valve s e l e c t i o n  and 

s p e c i f i c a t i o n s  are not r epor t ed  i n  t h e  design. It is es t imated  t h a t  t h e  

va lve  t r i m  s i z e  w i l l  be of t h e  order  of 2 inches.  Parallel letdown 

va lves  w i l l  be used i n  each letdown s t e p  which w i l l  enable  one va lve  t o  

be r e p a i r e d  whi le  t h e  o the r  va lve  i s  i n  s e r v i c e .  H-Coal has opted f o r  

t h e  two-stage p res su re  letdown system. 

Based on t h e  H-Coal p i l o t  p l an t  exper ience  on letdown va lves ,  t h e  

fo l lowing  g u i d e l i n e s  w i l l  be used i n  t h e  s e l e c t i o n  of va lves  f o r  t h e  

H-Coal commercial p l a n t : l 1 - l 3  1) any of t h e  high p res su re  letdown 

va lves  t e s t e d  a t  t h e  H-Coal p i l o t  p l an t  could,  with some des ign  changes, 

be used i n  t h e  commercial p l a n t ;  2 )  a s i x  month s e r v i c e  l i f e  out of t h e  

v a l v e s  i s  d e s i r a b l e ;  3 )  f o r  optimum c o n t r o l ,  t h e  va lve  should be de- 

s igned  t o  o p e r a t e  a t  30 t o  60 percent  open; 4 )  sweep flow erodable  plug 

i n  t h e  Masonelian flow-to-open pro to type  va lve  i s  a d e s i r a b l e  f e a t u r e  

from a n  e r o s i o n  s t andpo in t  bu t  c o n t r o l l a b i l i t y  may be d i f f i c u l t  i f  t h e  

v a l v e  f a i l s ;  5) no p a r t i c u l a r  shape  i s  favored f o r  t h e  plug and seat; 6 )  

plug  and s h a f t  should be n e a r l y  of t h e  same s i z e  t o  minimize v ibra-  

t i o n .  H-Coal is i n  t h e  process of i s s u i n g  t h e  f i n a l  r e p o r t  on t h e  p i l o t  

p l a n t  letdown va lve  experience.  Fur ther  d e t a i l s  on t h e  va lves  t e s t e d  i n  

t h e  p i l o t  p l a n t  and t h e  recommendations on t h e  commercial r ead iness  of 

t h e s e  va lves  are t o  be published i n  t h e  f i n a l  r e p o r t .  

2.4 Valve S iz ing ,  Scale-up Data Gaps 

S i z i n g  of p re s su re  letdown va lves  f o r  t h r o t t l i n g  coal/hydrocarbon 

mixtures  is  done by e x t r a p o l a t i o n  of t h e  s i z i n g  equat ions  developed f o r  

s i n g l e  phase f l u i d s .  The method t h a t  i s  widely used by t h e  va lve  in- 

d u s t r y  i s  t h e  ANSI/ISA c o n t r o l  va lve  s i z i n g  method f o r  s i n g l e  phase 

f l a s h i n g  f l u i d s . 1 4  A br i e f  d i scuss ion  of t h e  method fo l lows .  

For a f i x e d ,  upstream p res su re  and a l i q u i d  which does not  change 

s ta te ,  t h e  flow through a r e s t r i c t i o n  i s  l i n e a r l y  p ropor t iona l  t o  t h e  

squa re  r o o t  of t h e  p re s su re  drop measured a c r o s s  t h e  r e s t r i c t i o n  

(va lve ) .  The s l o p e  of t h e  l i n e  r e p r e s e n t s  t h e  va lve  capac i ty  f a c t o r ,  

Cv. When t h e  p r e s s u r e  decreases  below t h e  l i q u i d  vapor p re s su re , '  f l a s h -  

i n g  w i l l  occur.  As t h e  l i q u i d  cont inues  t o  flow p a s t  t h e  poin t  of 
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lowest p r e s s u r e  (vena c o n t r a c t a )  which corresponds t o  t h e  h ighes t  ve- 

l o c i t y ,  p r e s s u r e  recovery w i l l  occur as t h e  v e l o c i t y  head i s  converted 

back t o  pressure  head. When t h i s  recovery p r e s s u r e  exceeds t h e  l i q u i d  

vapor p r e s s u r e ,  t h e  vapor i n  t h e  bubbles w i l l  recondense; i n  t h e  extreme 

case, t h i s  w i l l  r e s u l t  i n  c a v i t a t i o n .  I f  t h e  p r e s s u r e  recovery does not 

r i se  t o  t h e  l i q u i d  vapor p r e s s u r e ,  then  a two phase ( l iquid-vapor)  

stream w i l l  cont inue along t h e  flow path.  When two phase flow i s  pre- 

s e n t ,  t h e  aforementioned l i n e a r  r e l a t i o n s h i p  between t h e  flow and pres-  

s u r e  drop is no longer  v a l i d  and t h e  s t r a i g h t  l i n e  p l o t  s tarts t o  bend 

- such t h a t  t h e  Cv va lue  begins t o  decrease.  When a s i g n i f i c a n t  f r a c -  

t i o n  of t h e  l i q u i d  i s  converted t o  vapor,  t h e  flow may become "choked" 

and f u r t h e r  reduct ion  i n  pressure  (downstream p r e s s u r e )  w i l l  not r e s u l t  

i n  a n  i n c r e a s e  i n  flow. Since with choked flow, i t  is not  p o s s i b l e  t o  

u s e  t h e  a c t u a l  p r e s s u r e  drop measured a c r o s s  t h e  va lve ,  a "pseudo" 

te rmina l  p r e s s u r e  drop has been used i n  t h e  s i z i n g  of t h e  valve.  For 

s i z i n g  purposes,  t h i s  APa i s  c a l c u l a t e d  from t h e  fol lowing equa- 

t i o n  : 3 14 , 1 5  

AP = F ( P i  - Ff Pv) a L 

o r  

AP = FL2 ( P i  + a pvc) 

where 

AP = "pseudo" te rmina l  pressure  drop a c r o s s  t h e  va lve  (maximum 

a l lowable  pressure  d i f f e r e n t i a l  a c r o s s  t h e  va lve  a t  a given 

upstream p r e s s u r e ) ,  p s i  

a 

FL = l i q u i d  pressure  recovery f a c t o r  which r e p r e s e n t s  t h e  a b i l i t y  

of t h e  va lve  t o  convert  v e l o c i t y  head back t o  p r e s s u r e  drop; 

FL i s  a func t ion  of t h e  va lve  i n t e r n a l  geometry and must be 

experimental ly  determined by t h e  valve manufacturer us ing  a 

test f l u i d  . 
P 1  = pressure  a t  va lve  i n l e t ,  p s i a  

Pv = vapor p r e s s u r e  of l i q u i d  a t  i n l e t  temperature ,  p s i a  

Ff = l i q u i d  c r i t i c a l  p ressure  r a t i o  f a c t o r ;  i t  is  t h e  r a t i o  of t h e  

apparent  vena c o n t r a c t a  p r e s s u r e  a t  choked flow c o n d i t i o n s  

(Pvc) t o  t h e  vapor pressure  of t h e  l i q u i d  (P,) a t  i n l e t  
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t empera ture  ( i . e .  , Pvc/Pc); Ff must be determined 

exper imenta l ly  and is  p l o t t e d  as a f u n c t i o n  of P,/P,, where Pc 

i s  t h e  c r i t i c a l  p re s su re  of t h e  l i q u i d ;  i n  t h e  absence of 

exper imenta l  da t a  , Ff i s  es t imated  from t h e  c o r r e l a t i o n ,  

Ff = 0.96 - 0.28 fl . ( 2 )  v c  
The s i z i n g  procedure i s  o u t l i n e d  i n  t h e  fo l lowing  s e q u e n t i a l  s t e p s :  

1 .  For t h e  g iven  f l u i d ,  determine Pv, a t  i n l e t  temperature and Ff from 

exper imenta l  da t a  or estimate Ff from ( 2 ) ,  

2. For t h e  g iven  va lve  type ,  s e l e c t  t h e  a p p r o p r i a t e  va lue  of FL from 

t h e  v a l v e  manufacturers data, 

3 .  C a l c u l a t e  AP from equat ion  ( l ) ,  

4 .  
a 

C a l c u l a t e  t h e  va lve  c o e f f i c i e n t  Cv from t h e  ISA equat ion  f o r  choked 

flow. 

where 

= t e rmina l  vo lumetr ic  flow rate ,  gpm 
y,X 

G = s p e c i f i c  g r a v i t y  of t h e  vapor- l iqu id  mixture a t  flowing t e m -  

p e r a t u r e  and p r e s s u r e  ( e s t ima ted  from: thermodynamic proper- 

t i es  of t h e  vapor-liquid mixture)  

5. Determine from the  va lve  manufac turer ' s  c a t a l o g ,  t h e  va lve  s i z e  f o r  

t h e  C, c a l c u l a t e d  from equat ion  ( 3 ) .  

Proper va lve  s i z i n g  is  a c a l c u l a t i o n  t h a t  must be made wi th  care 

us ing  as f a r  as p o s s i b l e  exper imenta l ly  determined va lues  f o r  t h e  v a r i -  

ous c o e f f i c i e n t s  i n  t h e  s i z i n g  equat ions .  The ch ief  u n c e r t a i n t y  i s  i n  

t h e  numbers provided f o r  FL and Cv by t h e  va lve  manufacturers.  Cv i s  

u s u a l l y  de f ined  as t h e  q u a n t i t y  of 60°F water i n  g a l l o n s  pe r  minute t h a t  

w i l l  pa s s  through a s p e c i f i c  va lve  s i z e  a t  maximum v a l v e  l i f t  a t  1 p s i  

p r e s s u r e  drop. The ISA s t anda rd  p r e s e n t s  a method f o r  p r e d i c t i n g  Cv f o r  

pure l i q u i d s  but  t h i s  method has  extremely narrow l i m i t s  of a p p l i c -  

a b i l i t y ,  e s p e c i a l l y  i f  t h e  f l u i d  i s  o the r  than  water. Consequently, ex- 

t r a p o l a t i n g  t h e  Cv va lues  f o r  o the r  cond i t ions  i s  r i sky .  The p r e d i c t i o n  
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of va lve  s i z e s  based on i n c o r r e c t  Cv va lves  g e t s  p r o g r e s s i v e l y  worse as 

t h e  f l u i d  changes from water t o  pure l i q u i d s ,  t o  l i q u i d  mixtures  and 

f i n a l l y  t o  two o r  t h r e e  phase f l u i d s .  Furthermore,  t h e  Cv va lues  are 

obta ined  i n  r e l a t i v e l y  small s i z e  va lves  and e x t r a p o l a t i n g  them t o  

l a r g e r  s i z e  va lves  in t roduces  a d d i t i o n a l  e r r o r  i n  s i z i n g .  The ex ten t  of 

e r r o r  i s  unknown. 

The tendency i n  t h e  va lve  i n d u s t r y  has been t o  o v e r s i z e  t h e  va lves  

t o  compensate f o r  e r r o r s  i n  Cv. However, o v e r s i z i n g  t h e  valve can be  

j u s t  as d e t r i m e n t a l  as t h e  f a l s e  economy of unders iz ing  t h e  valve.  An 

overs ized  v a l v e ,  i n  order  t o  produce low f low rates,  must be t h r o t t l e d  

down t o  a n e a r l y  c losed  p o s i t i o n .  Under condi t ions  of h igh  l i n e  pres- 

s u r e ,  r a p i d  wear t o  t h e  s e a t i n g  s u r f a c e s  w i l l  occur as t h e  l i q u i d  i s  

forced  through t h e  narrow space between t h e  seat and va lve  plug. A pro- 

p e r l y  s i z e d  va lve ,  on t h e  o t h e r  hand, w i l l  be a b l e  t o  t h r o t t l e  down t o  

t h e  d e s i r e d  flow with ample space remaining between t h e  plug and seat.  

An undersized va lve  w i l l  produce poor c o n t r o l  by f a i l i n g  t o  respond 

quick ly  t o  changes i n  l i n e  demands. Bhide15 s ta tes  t h a t  f low c o n t r o l  

va lves  should i d e a l l y  be s i z e d  t o  o p e r a t e  i n  t h e  60 t o  80% open range t o  

provide s a t i s f a c t o r y  flow c o n t r o l  and minimize "wear-out of t r i m "  due t o  

erosion.  

The l i q u i d  pressure  recovery f a c t o r  a t  choked flow i n  t h e  equat ion 

( l ) ,  i s  t h e  o t h e r  c o e f f i c i e n t  €or  which t h e r e  i s  d i f f i c u l t y  g e t t i n g  

v a l i d  numbers. FL v a l u e s ,  l i k e  Cv,  can be determined by t e s t i n g  and i s  

publ ished by va lve  manufacturers.  This f a c t o r  converts  the s i z i n g  fac- 

t o r ,  Cv, f o r  use wi th  p r e s s u r e  drop P 1  - Pvc where Pvc i s  t h e  pressure  

of t h e  vena cont rac ta .  Although t h e  r e l a t i o n s h i p  i s  considered r e l i -  

a b l e ,  t h e r e  i s  a problem i n  p r e d i c t i n g  Pvc. If t h e  l i q u i d  i s  non- 

aqueous, one i s  forced  with t h e  problem of p r e d i c t i n g  t h e  minimum ef- 

f e c t i v e  vena-contracta p r e s s u r e  without t h e  b e n e f i t  of experimental  

d a t a .  

The p r e s s u r e  r a t i o  (Al?/FL2) necessary  t o  o b t a i n  choke f low is not 

w e l l  def ined.  The c r i te r ia  f o r  choked f low f o r  f l a s h i n g  l i q u i d s  is: 
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Ff i n  equa t ion  ( 4 )  i s  t h e  l i q u i d  c r i t i ca l  p re s su re  r a t i o  f a c t o r  

(pvc/Pv). It should be es t imated  from t h e  exper imenta l  d a t a  on vapor 

p re s su re  (P,) and the  c r i t i c a l  p re s su re  Pc of t he  l i q u i d  since i t  i s  not 

poss ib l e  t o  a c t u a l l y  measure Pvc a t  choked flow. However, t h e r e  is  no 

d a t a  on Pc f o r  coa l  l i q u i d s  and the  vapor p re s su re  d a t a ,  i f  any, i s  very 

l imi t ed .  P, i s  g e n e r a l l y  es t imated  from one of the a v a i l a b l e  thermo- 

dynamic equa t ions  of s ta te  f o r  multicomponent v a p o r / l i q u i d  streams as- 

suming a set of key components i n  the  coa l  l i q u i d .  The knowledge of t h e  

key s p e c i e s  i n  coa l  l i q u i d s  t h a t  c o n t r i b u t e  t o  f l a s h i n g  is  ex t remely  

poor. Furthermore, t hese  key s p e c i e s  a l s o  change wi th  t h e  coa l  type. 

Coal l i q u i d s  from l i q u e f a c t i o n  processes  are complex mixtures  of in- 

d i v i d u a l  chemical compounds. The formation of t hese  components are de- 

pendent on t h e  process ,  t he  ope ra t ing  c o n d i t i o n s ,  and the  coa l  type 

used; however , t o  d a t e ,  t he  phys ica l  and thermodynamic p r o p e r t i e s  of 

t h e s e  l i q u i d s  are s t i l l  being researched. There are some published 

c o r r e l a t i o n s  t o  estimate t h e  phys ica l  and thermodynamic p r o p e r t i e s  of 

coa l  l i q u i d s .  A summary of t hese  c o r r e l a t i o n s  can be found i n  O t t  and 

Khan.16 

It has been r epor t ed  t h a t  Ff i s  a f f e c t e d  by va lve  geometry. This 

probably i s  r e l a t e d  t o  t h e  non-equilibrium n a t u r e  of the  f l a s h i n g  oc- 

c u r r i n g  i n  the  valve.  Any va lue  t h a t  i s  used f o r  Ff i n  t he  s i z i n g  cal- 

c u l a t i o n  should have allowed f o r  e r r o r s  i n  e x t r a p o l a t i n g  t o  o t h e r  va lve  

geometries and should be v e r i f i e d  by tes t  d a t a  when poss ib l e .  With 

g r e a t e r  understanding of t he  f a c t o r s  which in f luence  F f ,  t h e  l e v e l  of 

confidence i n  s i z i n g  letdown va lves  f o r  choked flow c o n d i t i o n s  can im-  

prove s i g n i f i c a n t l y .  

Thermodynamic p r o p e r t i e s  such as vapor and l i q u i d  compositions , 
vapor p r e s s u r e ,  l i q u i d  c r i t i c a l  p r e s s u r e ,  molecular weight,  s p e c i f i c  

volume, e t c .  a t  flow cond i t ions  are necessary  t o  a c c u r a t e l y  estimate 

va lve  s i z e .  A s  s t a t e d  ear l ie r ,  t h e r e  i s  a d e a r t h  of such d a t a  a t  

p re sen t .  Once these  p r o p e r t i e s  are known, it i s  p o s s i b l e  t o  c a l c u l a t e  

t he  energy change occuring wi th in  t h e  va lve  by a n a l y t i c  models, which 

can then be v e r i f i e d  i n  va lve  models. With t h i s  i n fo rma t ion ,  t he  

p r e f e r r e d  va lve  geometr ies  t o  d i s s i p a t e  the  energy without undue damage 

t o  the  va lve  can be developed. 
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. 
The technique descr ibed  above t o  s i z e  letdown va lves  has s e v e r a l  

l i m i t a t i o n s  and should be regarded, a t  b e s t ,  as an approximation. S ince  

no va lve  i n  t h e  requi red  s i z e  and conf igu ra t ion  f o r  t h i s  a p p l i c a t i o n  has 

been b u i l t ,  any s p e c i f i c a t i o n  f o r  a commercial letdown valve should be 

regarded only as a func t iona l  s p e c i f i c a t i o n  and not a d e t a i l e d  des ign  

s p e c i f i c a t i o n .  Valve manufacturers claim t h a t  they could s i z e  t h e  com- 

mercial p l an t  va lve  t o  wi th in  1 / 4  t o  3/8 in .  of the  t h e o r e t i c a l l y  re- 

qui red  s i z e ,  but t h e  b a s i s  f o r  t h e i r  claims are not known. The p i l o t  

p l a n t  experience has improved our understanding of t hese  valves.  Manu- 

f a c t u r e r s  seem t o  know what t he  problems are and have a l s o  i d e n t i f i e d  

s o l u t i o n s  i n  many cases. Only some of t hese  s o l u t i o n s  have been at- 

tempted i n  the  p i l o t  p l an t s .  The t r a n s f e r  of in format ion  from the  p i l o t  

p l an t  personnel t o  the  va lve  i n d u s t r y  has helped speed up the  l e a r n i n g  

process.  Although an optimum valve has not been i d e n t i f i e d  t o  d a t e ,  i t  

can be s t a t e d  t h a t  t h e r e  is gene ra l  agreement among process des igne r s  

and va lve  manufacturers t h a t  t h e r e  are some d e f i n i t e  f e a t u r e s  t h a t  are 

d e s i r a b l e  i n  letdown va lves  i n  t h i s  a p p l i c a t i o n .  Some of t h e  charac- 

ter is t ics  of t he  s u c c e s s f u l  letdown va lves  are17 '18 ( 1 )  s t r eaml ined  

va lve  s u r f a c e s  t o  reduce s l u r r y  impingement ang le s ,  ( 2 )  an unobstructed 

seat geometry t h a t  de lays  f l a s h i n g  u n t i l  the flow is  d i r e c t e d  i n t o  an 

expanded pipe s e c t i o n  o r  v e s s e l  where the  pool of downstream l i q u i d  may 

he lp  absorb the  energy, ( 3 )  proper s i z i n g  t h a t  allows the  choked flow 

cond i t ion  to  pass the  requi red  amount of f l u i d  while keeping the  va lve  

i n  an opened p o s i t i o n ,  ( 4 )  a long s t r a i g h t  o r  s l i g h t l y  tapered  choking 

s e c t i o n  t o  de l ay  v a p o r i z a t i o n ,  and (5)  upgraded t r i m  m a t e r i a l s  t h a t  are 

f a b r i c a t e d  under s t r i c t  q u a l i t y  c o n t r o l  measures and to  precise dimen- 

s i o n a l  t o l e rances .  In  a d d i t i o n ,  c a r e f u l  ope ra t ing  and maintenance pro- 

cedures which allow f o r  t he  b r i t t l e  na tu re  and thermal shock e f f e c t s  on 

the  va lve  t r i m  and s p e c i a l  purging connections t o  va lve  i n t e r n a l s  t o  

m i t i g a t e  coke and s o l i d  buildup are important cons ide ra t ions  f o r  optimum 

valve  performance. 

2.5 DeveloDment and Tes t ing  Needs 

While s u b s t a n t i a l  p rogress  w a s  made i n  the  p i l o t  p l a n t s  i n  demon- 

s t r a t i n g  the  s u i t a b i l i t y  of s e v e r a l  d i f f e r e n t  p re s su re  letdown c o n t r o l  
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v a l v e s ,  t h e r e  are s t i l l  s e r i o u s  concerns regard ing  the  s c a l e a b i l i t y  and 

r e l i a b i l i t y  of t h e s e  va lves  f o r  t he  l a r g e r  demonstration and/or  p ionee r  

commercial p l a n t s .  P r e s e n t l y ,  no s c i e n t i f i c  procedure exists f o r  ac- 

c u r a t e l y  s i z i n g  t h e  letdown va lves  f o r  f l a s h i n g  t h r e e  phase f l u i d  

streams. Valve manufacturers have r e l i e d  on t h e i r  exper ience  i n  r e l a t e d  

a p p l i c a t i o n s  and used a cons ide rab le  amount of judgement t o  s i z e  va lves  

f o r  t h e  coa l  l i q u e f a c t i o n  p i l o t  p l a n t s .  This  has i n e v i t a b l y  l e d  t o  a 

t r i a l - and-e r ro r  procedure i n  t h e  s i z i n g  of t h e  va lves .  While t h i s  ap- 

proach is  not unusual i n  t h e  i n d u s t r y ,  e s p e c i a l l y  f o r  f i r s t  of-a-kind 

component such as t h e  s l u r r y  p r e s s u r e  letdown va lve ,  a p r e d i c t i v e  method 

should be developed which w i l l  not r e q u i r e  as many i t e r a t i o n s  t o  a r r i v e  

a t  t h e  optimum va lve  s i z e  and c o n f i g u r a t i o n  f o r  t h e  l a r g e r  p l a n t s .  Th i s  

would not on ly  ensure  s a t i s f a c t o r y  va lve  performance, bu t  would a l s o  

e l i m i n a t e  t h e  need t o  s t o c k  va lve  t r i m  i n  s e v e r a l  s i z e s  and f r equen t  re- 

placement of va lve  t r i m  i n  a commercial p l an t .  

S c a l e a b i l i t y  of letdown va lves  t o  demonst ra t ion /p ioneer  commercial 

p l a n t  s i z e  i s  c u r r e n t l y  unce r t a in .  The l a r g e  p l a n t s  would r e q u i r e  a 

d i a m e t r i c a l  scale-up of t h e  e x i s t i n g  p i l o t  p l a n t  t e s t e d  va lves  by a fac-  

t o r  of a t  least  10 o r  more. It is  t h e  concensus of t h e  va lve  manufac- 

t u r e r s  t h a t  t h e  maximum scale-up of e x i s t i n g  va lves  i s  no more than  

t h r e e  by e x i s t i n g  technology. Lack of proven va lve  l i f e  and va lve  per- 

formance i n  t h e s e  e r o s i v e  a p p l i c a t i o n s  i n  t h e  s i z e s  r equ i r ed  f o r  t h e  

l a r g e  p l a n t s  i s  perhaps t h e  number one l i m i t a t i o n .  U n t i l  a f u l l  s i z e  

p ro to type  va lve  i s  b u i l t  and t e s t e d ,  a f a i r  amount of mod i f i ca t ions  i n  

t h e  design and o p e r a t i o n  should be a n t i c i p a t e d .  

Experience i n  t h e  p i l o t  p l a n t s  has shown t h a t  t r i m  components i n  

t h e  letdown va lves  are s u b j e c t  t o  extreme cond i t ions  of e ros ion/cor ro-  

s i o n  and c a v i t a t i o n  and t h e r e f o r e  r e q u i r e  s p e c i a l i t y  materials. Premium 

grades  of cemented c a r b i d e s  ( tungs t en  ca rb ide  i n  cobalt-chrome ma t r ix )  

appear t o  be t h e  most du rab le  materials. However, even t h e s e  have a 

maximum s e r v i c e  l i f e  measured i n  weeks, o r  a t  b e s t ,  a few months. The 

des ign  of and f a b r i c a t i o n  of cemented c a r b i d e  va lve  t r i m  is  a h i g h l y  

s p e c i a l i z e d  s k i l l  and has t o  be c a r r i e d  out i n  s p e c i a l  shops experienced 

i n  t h i s  technology. Advanced cand ida te  t r i m  materials and s u r f a c e  

t r ea tmen t  of materials which are i n  t h e  i n i t i a l  s t a g e s  of c h a r a c t e r i z a -  

t i o n  and e ros ion  t e s t i n g  could be t h e  s o l u t i o n  i n  t h e  long run. 
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. 
The ques t ion  of s ing le - s t age  versus  m u l t i p l e  s t a g e  p res su re  letdown 

(i.e. p r e s s u r e  letdown through a s i n g l e  va lve  ve r sus  p re s su re  letdown 

through m u l t i p l e  va lves  i n  s e r i e s )  i s  s t i l l  open. SRC-I and EDS have 

opted f o r  t h e  s i n g l e  s t a g e  letdown. The H-Coal des ign  s p e c i f i e s  mul t i -  

s t a g e  p re s su re  letdown, presumably f o r  process reasons.  The s e l e c t i o n  

has been mainly based on p i l o t  p l an t  exper ience ,  economics, and some 

p re l imina ry  r e l i a b i l i t y  c a l c u l a t i o n s .  What is known from these  s t u d i e s  

i s  t h a t  t h e  s i n g l e  s t a g e  letdown i s  probably adequate and economically 

a t t r a c t i v e  compared t o  the  mul t i s t age .  However, from t h e  s t andpo in t  of 

va lve  l i f e  and performance, maintenance requi rements ,  and r e l i a b i l i t y  

t h e  answers are not obvious. A c t u a l  t e s t i n g  of t h e  concept i n  t h e  

demonstration and/or  pioneer commercial p l a n t  w i l l  be r equ i r ed  t o  recom- 

mend t h e  optimum scheme. 

The f l u s h  requirements and t h e  design of t h e  f l u s h  system f o r  pres-  

s u r e  letdown va lves  a r e  not c u r r e n t l y  known. Limited da ta  have been 

c o l l e c t e d  i n  t h e  p i l o t  p l a n t s  and may be a v a i l a b l e  i n  f u t u r e  r e p o r t s .  

However, t h i s  i s  an a r e a  t h a t  has not been addressed  s u f f i c i e n t l y .  Suc- 

c e s s f u l  ope ra t ion  of va lves  i n  s l u r r y  s e r v i c e  w i l l  r e q u i r e  a dedica ted  

f l u s h  system. A da ta  base i s  needed f o r  spec i fy ing  f l u s h  requi rements ,  

des ign  of t h e  f l u s h  system, e t c .  f o r  t h e  l a r g e  p l a n t s .  

While t h e  technology is  a v a i l a b l e  t o  provide  letdown va lves  fo r  t h e  

l a r g e r  p l a n t s ,  i t  i s  not adequate from t h e  s t andpo in t  of r e l i a b i l i t y ,  

s e r v i c e  l i f e ,  and o v e r a l l  economics. The fo l lowing  areas are considered 

t o  be c r i t i c a l  i n  the s u c c e s s f u l  design and ope ra t ion  of s l u r r y  p re s su re  

letdown va lves .  Fur ther  work is needed i n  t h e s e  areas t o  b r idge  t h e  

e x i s t i n g  da ta  gaps. 

2.5.1 Valve S iz ing  and Scale-up 

E f f o r t s  i n  t h i s  area should focus on f i r s t  developing a n a l y t i c a l  

models t o  d e s c r i b e  and s imula t e  t h e  f l u i d  flow, phase change with chemi- 

cal  r e a c t i o n  and energy d i s s i p a t i o n .  Proper understanding of t hese  

phenomena w i l l  r e v e a l  t h e  v a l i d i t y ,  t h e  l i m i t a t i o n s ,  t h e  range of 

a p p l i c a b i l i t y ,  and modi f ica t ions  needed ( i n  q u a n t i t a t i v e  t e r m s )  t o  t h e  

e x i s t i n g  c o r r e l a t i o n s .  Secondly, t h e  models should be v e r i f i e d  wi th  

tes t  da ta  from l a b o r a t o r y  and/or t h e  p i l o t  p l an t  s c a l e  valves.  Data on 
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p r e s s u r e s  (upperstream/downstream), flow rates, f l u i d  t empera tu res ,  

s o l i d s  con ten t  i n  t h e  stream, s o l i d s  p a r t i c l e  s i z e ,  va lve  p o s i t i o n ,  rate 

of change of va lve  p o s i t i o n  wi th  t i m e  and f l u i d  parameters ( d e n s i t y ,  

v i s c o s i t y ,  vapor p r e s s u r e ,  c r i t i c a l  p re s su re ,  e t c . )  should be recorded 

i n  t h e  experiments over a v a r i a t i o n  of upstream p res su re ,  p re s su re  drop, 

and flow q u a n t i t y .  A 4 t o  1 v a r i a t i o n  has been suggested by a va lve  

manufacturer.  These da t a  can be used i n  the  model t o  p r e d i c t  t h e  onse t  

of f l a s h i n g ,  t h e  compositions of t he  stream, t h e  r e s idence  t i m e ,  and t h e  

p r e s s u r e  drop, e t c .  i n s i d e  the  va lve  which are o therwise  d i f f i c u l t  t o  

measure. 

2.5.2 Valve Geometry and Conf igura t ion  

Tes t ing  of va r ious  va lve  geometr ies  and c o n f i g u r a t i o n  should con- 

t i n u e  wi th  d i f f e r e n t  types  of coa l  and process  cond i t ions .  To some ex- 

t e n t ,  t hese  tests were c a r r i e d  out a t  t he  p i l o t  p l a n t s  but t he  tests 

have not been conclus ive .  

2.5.3 Thermodynamic and Phys ica l  Proper ty  Data Base 

A sound da ta  base should be developed f o r  use by va lve  des igne r s  

and process  engineers .  The c r i t i ca l  p r o p e r t i e s  of c o a l  l i q u i d s  should 

be determined on va r ious  c o a l s ,  coal/hydrocarbon mixtures  a t  tempera- 

t u r e s  and p res su res  commensurate wi th  t h e  needs of t h e  coa l  l i q u e f a c t i o n  

process.  

2.5.4 Materials 

Advanced materials, s u r f a c e  c o a t i n g s ,  composites,  e t c .  should be 

i d e n t i f i e d  and t e s t e d  f o r  t h e  e r o s i o n ,  c o r r o s i o n ,  and mechanical 

s t r e n g t h .  Ongoing e f f o r t s  i n  the  materials area should cont inue  and 

should be cons idered  a long-term commitment. 

2.5.5 Maintenance and Qua l i ty  Assurance Procedures 

These are c r i t i ca l  i t e m s  i n  the  s u c c e s s f u l  o p e r a t i o n  of t h e  l a r g e r  

p l a n t s .  Valuable informat ion  on va lve  assembly procedures,  s t a r t - u p  and 

o p e r a t i o n ,  maintenance needs,  va lve  mal func t ion  and f a i l u r e s ,  has been 

. 
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gathered  i n  the  p i l o t  p l an t .  In a d d i t i o n ,  s o l u t i o n s  t o  problems r e s u l t -  

ing from thermal shock, v i b r a t i o n  and chipping of t h e  plug and seat ,  

a c t u a t o r  f a i l u r e s ,  etc. have a l s o  been documented in t he  p i l o t  p l an t .  A 

thorough a n a l y s i s  of t h e  p i l o t  p l an t  records  should be made and a docu- 

mented d a t a  base on the  maintenance, q u a l i t y  assurance  and s t a r t - u p  and 

ope ra t ing  procedures f o r  f u t u r e  p l a n t s  should be e s t a b l i s h e d .  

. 
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3. BLOCK VALVES 

3.1  Function and Se rv ice  Conditions of Block Valves . 
Block va lves  are used throughout t h e  p l a n t  t o  i s o l a t e  process  

equipment such as pumps, p r e s s u r e  letdown va lves ,  sampling l i n e s ,  i n -  

s t r u m e n t a t i o n ,  by-pass l i n e s  , etc. from t h e  flow medium when t h e s e  

equipment need r e p a i r  o r  replacement.  The b a s i c  requirement i n  t h e  de- 

s i g n  of block va lves  is  t h a t  they  o f f e r  minimum flow r e s t r i c t i o n  and 

p r e s s u r e  l o s s  when open. Because of t h e  combination of tempera tures  t o  

850°F, p r e s s u r e s  t o  3000 p s i g ,  and t h e  ab ras iveness  of t h e  c o a l  

p a r t i c l e s  i n  t h e  s l u r r y ,  t h e s e  va lves  r e q u i r e  special cons ide ra t ions  i n  

t h e  des ign ,  s e l e c t i o n  of materials, and f a b r i c a t i o n .  I n  a d d i t i o n ,  t h e r e  

are  o p e r a t i o n a l  requi rements  such as s i z e ,  cyc l ing  frequency of t h e  

v a l v e ,  a c t u a t i o n  t i m e ,  p r e s su re  drop a c r o s s  t h e  va lve  seat ,  and f l u s h i n g  

o r  purg ing  t o  minimize s o l i d s  bui ldup  i n  t h e  va lve  body c a v i t y  and 

s o l i d s  entrapment between t h e  s e a t i n g  su r faces .  T ight  shu to f f  i s  a l s o  

r e q u i r e d  i n  t h e s e  va lves  t o  provide  i s o l a t i o n  f o r  removal and mainten- 

ance  of equipment i n  areas where t h e  p re s su res  are i n  excess of a few 

hundred pounds. A s  a p recau t iona ry  measure, double block va lves  a re  

u s u a l l y  provided on e i t h e r  s i d e  of t he  equipment f o r  s a f e  removal and 

replacement . 

3 . 2  Block Valve Experience i n  P i l o t  P l a n t s 4 ,  l 9  

Seve ra l  d i f f e r e n t  va lve  types  have been t e s t e d  f o r  t h e i r  accept -  

a b i l i t y  as block va lves  i n  s l u r r y  s e r v i c e .  While a d e t a i l e d  d i s c u s s i o n  

of t he  exper ience  on t h e s e  va lves  i s  beyond t h e  scope of t h i s  r e p o r t ,  a 

synops is  by f a c i l i t y  i s  presented  i n  t h e  fo l lowing  paragraphs.  

3.2.1 W i l s o n v i l l e  (SRC-I) P i l o t  P l an t  

The 6-ton per day SRC-I p i l o t  p l a n t  a t  Wi l sonv i l l e ,  Alabama i s  us- 

i ng  t h e  Kockwell Edwards Y-Pattern Globe Valves as blocking va lves  on 

a l l  s l u r r y  s e r v i c e .  Other manufac turer ' s  block va lves  (EPG, Kamyr, WKM 

wi th  t r i m  18, H i l l s  McCanna) have been t e s t e d  i n  t h e  p l an t  w i th  vary ing  

degrees  of success .  The i n l e t  l i n e  s i z e  w a s  1 or  2 i nches ,  t h e  l i n e  
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p r e s s u r e  2000 p s i g ,  and t h e  process  stream temperature 600'F. The v a l v e  

t r i m  material i n  t h e  Rockwell globe va lve  i s  S t e l l i t e  6. The va lve  body 

i s  347 s t a i n l e s s  s teel .  The va lves  a r e  opera ted  as double block and 

b leed  wi th  minimal f lu sh ing .  These va lves  have opera ted  wi th  moderate 

success  wi th  some seat leakage. The normal s e r v i c e  l i f e  has been 

roughly  1-2 y e a r s .  l 9  

3.2.2 For t  L e w i s  (SRC-11) P i l o t  P lan t  

I n  t h e  SRC-I1 For t  L e w i s  p i l o t  p l a n t ,  t h e  Rockwell-Edward Y-pattern 

g lobe  va lve  (Model 6624) w a s  used e x c l u s i v e l y  f o r  a l l  block s e r v i c e s .  

The p res su re  r a t i n g  on t h e  va lve  w a s  2000 ps i . 5 -6  The stream tempera- 

t u r e  range was 500-800°F, and t h e  s o l i d s  conten t  of t h e  s l u r r y  was 5-48 

percent .  Valves were procured wi th  347 s t a i n l e s s  s t ee l  bodies and 

s t e l l i t e  t r i m .  The l i n e  s i z e  was 1 t o  3 inches .  Most r e c u r r e n t  

problems wi th  t h e s e  were s t e m  leakage i n  hydrogen and s l u r r y  s e r v i c e  and 

through l e a k s  i n  s l u r r y  s e r v i c e .  I n  l o c a t i o n s  wi th  s e v e r a l  hundred 

pounds p r e s s u r e  drop, one or a few openings and r e c l o s i n g s  on s l u r r y  

s e r v i c e  l e d  t o  block va lve  f a i l u r e .  A l l  va lves  i n  t h e  h igh  p res su re  

s e r v i c e  were double-block and bleed va lves  wi th  f lu sh ing .  For t  L e w i s  

has  t e s t e d  o the r  va lves  i n  t h e  high p res su re  s l u r r y  s e r v i c e .  These in- 

cluded Gulf and Western EBV b a l l  va lves ,  t he  W i l l i s  r o t a t i n g  d i s c  block 

v a l v e s ,  and t h e  Walworth pressure-sea l  g a t e  valve.  The EBV b a l l  va lves  

d id  not  func t ion  w e l l  because of r e c u r r e n t  packing f a i l u r e .  They were 

r ep laced  with the  Rockwell globe va lve  which was continued t o  be used 

till p lan t  shutdown. S l u r r y  leakage w a s  a l s o  a problem wi th  t h e  Willis 

va lve .  The cause was a t t r i b u t e d  t o  a manufacturing de fec t  which was 

l a t e r  c o r r e c t e d  and t h e  va lve  opera ted  s a t i s f a c t o r i l y  f o r  about s i x  

months. Experience on t h e  Walworth block v a l v e  was s a t i s f a c t o r y  except 

f o r  s l i g h t  leakage. 

A block v a l v e  t e s t i n g  program was being i n i t i a t e d  a t  t h e  t i m e  t h e  

p l a n t  ope ra t ions  ceased. No d e f i n i t e  conclus ions  were reached i n  t h e  

F o r t  L e w i s  SRC-I1 p i l o t  p l a n t  on block va lves  because of t h e  i n s u f f i -  

c i e n t  ope ra t ing  experience.  
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3.2.3 Exxon Donor Solvent P i l o t  P lan t  

I n  t h e  250 ton-per-day p i l o t  p l a n t  i n  Baytown, Texas ,  f i v e  commer- 

c i a l l y  a v a i l a b l e  block v a l v e  des igns  were eva lua ted .  20, 21 The v a l v e  

types  eva lua ted  were t h e  through condui t  g a t e  va lve ,  a metal s e a t e d  

t runn ion  mounted b a l l  va lve ,  a l u b r i c a t e d  plug v a l v e ,  a wedge type  g a t e  

v a l v e ,  and a ramseal va lve .  There were about 50 va lves  i n  t h e  s i z e  

range  1-6 inches .  The des ign  f e a t u r e s  of t h e s e  va lves  a re  g iven  i n  

Table  5. I n  o rde r  t o  e s t a b l i s h  long-term r e l i a b i l i t y  and va lve  f l u s h i n g  

requi rement ,  a block v a l v e  p r o j e c t  w a s  c a r r i e d  out  a t  t h e  p i l o t  p l a n t .  

These e f f o r t s  are desc r ibed  i n  t h e  EDS q u a r t e r l y  r e p o r t s ,  i n  p a r t i c u l a r  

t h e  r e p o r t  f o r  t h e  per iod  October 1 - December 31 ,  1979. The f i n a l  EDS 

p r o j e c t  r e p o r t ,  which is i n  p u b l i c a t i o n ,  should c o n t a i n  t h e  f i n a l  con- 

c l u s i o n s  and recommendations from t h e  block va lve  p r o j e c t .  A summary of 

t h e  p i l o t  p l a n t  block va lve  exper ience  i s  presented  i n  Table 6. For 

i s o l a t i n g  h igh  tempera ture  (800°F), h igh  p res su re  (2000 p s i ) ,  high 

s o l i d s  con ten t  (up t o  45%)  process  streams, Exxon i n d i c a t e d  t h a t  t h e  

p r e f e r r e d  cho ice  i s  t h e  WKM through condui t  g a t e  va lve  (F ig .  14). The 

only s t r i n g e n t  requirement w i th  t h i s  v a l v e  i s  a good f l u s h  system s i n c e  

i n  t h e s e  va lves  t h e  g a t e s  and seats are not  i n  con tac t  dur ing  c y c l i n g  

and t h e r e  i s  t h e  p o t e n t i a l  of s o l i d  b u i l d  up i n  t h e  body. The 6-in. 

v a l v e  used about 10 gpm of h igh  p r e s s u r e  f l u s h  system. The metal s e a t e d  

b a l l  v a l v e s  were t e s t e d  i n  less s e v e r e  s e r v i c e  (bottoms r e c y c l e ) .  A 

schematic of t h e  va lve  i s  shown i n  Fig. 15. The va lve  performance was 

judged s a t i s f a c t o r y .  The main concern wi th  t h i s  va lve  w a s  s o l i d s  b u i l d  

up i n  t h e  s p r i n g  c a v i t y  which w a s  minimized by f l u s h i n g .  Opera t iona l  

problem areas experienced wi th  t h e  l u b r i c a t e d  plug and seat v a l v e  (F ig .  

16).  Recurrent jamming of t h e  va lves  occurred. The va lves  w e r e  in- 

adequate  f o r  s e v e r e  s e r v i c e .  The maintenance needs f o r  t h e  plug v a l v e s  

were a l s o  excess ive .  The va lves  were a l s o  l i m i t e d  by temperature (650OF 

max) due t o  l a c k  of proven h igh  tempera ture  s e a l a n t s .  Other concerns 

wi th  t h e s e  va lves  a r e  t h a t  they are  not a f u l l - p o r t  des ign  and t h e r e  i s  

t h e  p o t e n t i a l  f o r  t h e  p r e s s u r e  ba lanc ing  p o r t s  t o  p lug  or coke up wi th  

s o l i d s .  The plug and seat va lves  w e r e  a l s o  very  expensive i n  comparison 

t o  t h e  o t h e r  va lves .  The wedge type g a t e  v a l v e  w e r e  used on t h e  s u c t i o n  

s i d e  of t h e  a tmospher ic  bottoms pump. They d i d  not  r e q u i r e  f l u s h i n g  
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Table 5. Design f e a t u r e s  of EDS p i l o t  p l an t  block va lves  

Valve type Design f e a t u r e  

WKM through-conduit 
g a t e  va lves  

Metal sea t ed  t runnion  
mounted b a l l  va lves  

Tapered l u b r i c a t e d  
plug and seat va lve  

Wedge-type gas  valve 

Ram- type va lve  

Ful l -por t  design;  a smooth s t r eaml ined ,  f low 
path; seats pos i t ioned  out  of the  flow stream; 
s p l i t  g a t e  des ign  t o  i s o l a t e  t h e  body c a v i t y  
from the  flow stream i n  open and c losed  posi-  
t i o n s ;  hard-face s e a t i n g  s u r f a c e s ,  body c a v i t y  
f l u s h i n g  connect ions;  va lve  i n t e r n a l s  t o t a l l y  
i s o l a t e d  from flow stream 

Full-port  design;  s t reaml ined  flow patch;  seats 
pos i t i oned  out  of flow stream; s p r i n g  pre- 
loaded metal seats t o  prevent  s o l i d s  bui ldup 
i n  body c a v i t y  and s o l i d s  entrapment between 
the  s e a t i n g  su r face ;  hard-face s e a t i n g  and 
t runnion  bear ing s u r f a c e s ;  body and sp r ing  
c a v i t y  f l u s h i n g  connect ions 

Streamlined flow path;  s e a t i n g  s u r f a c e  out  of 
f low stream and i n  cons tan t  con tac t ;  balancing 
p o r t s  t o  equa l i ze  p re s su re  between t h e  plug 
and bore and the  s e a l a n t  c a v i t i e s ;  hard-face 
s e a t i n g  su r face ,  body c a v i t y  not  exposed t o  
s o l i d s  

Ful l -por t  des ign ,  hard-face s e a t i n g  s u r f a c e  

Fu 11 -port  des  i gn 



Table 6. EDS p i l o t  p l an t  block va lve  experiencea 

Valve type(  s )  Number of Cycles Sizes  t es t  valves  range 
Operab i l i t y  and 

l eak  t ighnes s 

Through condui t  ga t e  

Metal sea t ed  b a l l  

Lubr ica ted  plug valve 

Wedge g a t e  

R a m s  ea1 

15 0-93 100% capable  of i s o l a t i o n  

1 "-6 " 12  1-27 100% capable  of i s o l a t i o n  

2'1-4'' 11 1-77 Operab i l i t y  problems pre- 

2 I' -6 " 
80% passed leakage t e s t i n g  

60% passed leakage t e s t i n g  

vented i s o l a t i o n  of equip- 
ment 

10% passed leakage 

3 "-4 I' 7 2-93 50% passed leakage t e s t i n g  

1"-6" 3 3-24 Valves inoperable  and 

a f t e r  9 3  cyc les  

damaged 

aPersonal  communication with A. D. Radha Krishnan,  Exxon Engineer ing,  Florham 
Park. 
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ORNL-DWG 84-6101 E T D  

SPLIT GATE DESIGN ISOLATES 
BODY CAVITY FROM FLOW IN 
OPENKLOSED POSITION 

SEATS POSITIONED FULL  PORT DESIGN 
OUT OF FLOW STREAM STREAMLINED FLOW PATH 

HARD F ACED SEAT IN G 
SUR FACES 

GATE GUIDES 
CONN ECTl ONS 

Fig. 14. Through Conduit Gate Valve Used a t  t h e  Exxon Donor 
Solvent  P i l o t  P lan t  (Ref. 20).  
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ORNL-DWG 84-6102 E T D  

SEATS POSITIONED OUT 
OF FLOW STREAM 

BODY CAVITY FLUSHING 
CONNECTIONS ^.^ - , - -  ^ ? ^ ,  

I'HUVIbIUN I U b t  

SPRING CAVITY- 

F U L L  PORT 
DESIGN - 

H L  - f 1 t 
SPRING PRELOADED METAL 
SEATS ISOLATES BODY SURFACES 
CAVITY FROM FLOW 

HARD FACED SEATING 

Fig.  15. Trunnion-mounted Ball Valve Used a t  t h e  Exxon Donor 
Solvent  P i l o t  P l an t  (Ref. 20).  

ORNL-DWG 84-6103 E T D  

FLUSHING CONNECTIONS 
TO CLEAR BALAN 
PORTS OF SOLIDS HARD FACED 

BALANCING PORTS 
TO ALLOW OPERATIO 
WITHOUT LUBRICANG 

FLUSHING CONNECTIONS TO C L  
BALANCING PORTS OF SOLIDS 

SEATING SURFA 

STREAMLINED 
FLOW PATH 

E 

Fig.  16. Lubricated Plug and Seat  Valve Used a t  t h e  Exxon Donor 
Solvent  P i l o t  P l an t  (Ref. 20). 
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because they  c losed  on d i l u t e d  s l u r r y .  The wedge g a t e  va lves  is  con- 

s i d e r e d  adequate  i n  l o c a t i o n s  where a t i g h t  shut-off i s  no t  a b s o l u t e l y  

e s s e n t i a l  and some leakage can be t o l e r a t e d .  

3.2.4 H-Coal C a t l e t t s b u r g  P i l o t  P l a n t  

I n  t h e  H-Coal T/day c o a l  l i q u e f a c t i o n  p i l o t  p l a n t ,  t h e r e  are i n  ex- 

cess of 15,000 va lves ;  approximately 80% are  block v a l v e s ,  p r i m a r i l y  

g a t e  valves .  Block va lves  are used i n  t h e  s l u r r y  pressure  letdown sys- 

t e m ,  r e a c t o r  c a t a l y s t  a d d i t i o n  and withdrawal system, vacuum tower area, 

cyclone feed area and t h e  hydroclone area. Of t h e s e ,  t h e  block va lves  

i n  t h e  p l a n t  s l u r r y  letdown system are  considered t o  be i n  t h e  most 

s e v e r e  s e r v i c e  and r e q u i r e  s p e c i a l l y  designed valves .  Valves used i n  

t h e  lower p r e s s u r e ,  lower temperature  areas of t h e  p l a n t  are exposed t o  

less severe  c o n d i t i o n s ,  and t h e  requirements have been m e t  by conven- 

t i o n a l  va lves .  Operating experience on t h e  var ious  block va lves  t e s t e d  

a t  t h e  H-Coal p l a n t  i s  b r i e f l y  summarized here .  A more complete review 

of t h e  s u b j e c t  can be found i n  t h e  H-Coal t o p i c a l  r e p o r t s  on block 

va lves .  22923  

I n i t i a l l y ,  (Runs 1 through 5 )  t h e  Gulf and Western EPG f u l l  por ted ,  

quar te r - turn  b a l l  va lves  wi th  metal-to-metal s e a t i n g  were used (Fig.  

1 7 ) .  Serv ice  condi t ions  f o r  t h e  design of t h e s e  valves  were 3600 p s i g  

p r e s s u r e ,  875"F, s o l i d s  content  20%. The l i n e  s i z e  w a s  6 and 10-inch. 

The va lves  c o n s i s t e d  of a s o l i d  body design wi th  bol ted  bonnet and 

t runnion  mounted b a l l .  The seal i s  obtained by a combination of system 

pressure  and i n t e r n a l  loading provided by a r i n g  of c o i l  s p r i n g s  behind 

t h e  seal. Valve body w a s  316 SS wi th  s t e l l i t e  6 overlay and t h e  

b a l l / t r u n n i o n  316 SS with Haynes 25 over lay  and Metco plasma spray. The 

s p r i n g s  were made of Hastal loy.  

The EPG va lves  were found t o  be inadequate  f o r  s l u r r y  s e r v i c e .  

Problems experienced with t h e s e  valves  included 

1. 

2. Stress c o r r o s i o n  c racking ,  

3. 

4 .  Spring c a v i t y  plugged with s o l i d s ,  

5. D i f f i c u l t i e s  i n  disassembly, 

Spool and s t e m  packing f a i l u r e  causing leakage and e r o s i o n ,  

Spring material inadequate  fo r  high temperature ,  
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6. Balls and seats not  in te rchangeable ,  

7. Poor q u a l i t y  con t ro l .  

Because of numerous problems, a l t e r n a t e  replacement va lves  f o r  t h e  

s l u r r y  had t o  be considered. 

The Mogas C-1 f l o a t i n g  b a l l  va lve  was i n s t a l l e d  i n  Run No. 6 and 

w a s  used ex tens ive ly  i n  t h e  p l a n t  u n t i l  t h e  last run (Run 11) (F ig .  

18). The va lve  i s  a s p l i t  body design wi th  a f l o a t i n g  ba l l .  Sea t s  are 

he ld  a g a i n s t  t h e  b a l l  by a s i n g l e  bevel washing type  load sp r ing .  A 

unique f e a t u r e  of t h e  va lve  i s  t h e  double a c c u r a t e  bow type  cu rva tu re  on 

t h e  b a l l  which g ives  a wide poin t  e n t r y  f o r  t h e  flow and consequently 

reduces  wear. Seve ra l  materials were t e s t e d  f o r  t h e  balls. These in- 

cluded 410 SS wi th  chrome ca rb ide  coa t ing ,  316 SS with s t e l l i t e - 6  over- 

l a y ,  and 431 SS with TMT-5 coa t ing  seats, s o l i d  s t e l l i t e - 3 .  The Mogas 

va lve  w a s  t h e  easiest t o  dissassemble.  There were no s e r i o u s  problems 

wi th  t h e  va lve  except f o r  i s o l a t e d  i n s t a n c e s  of va lve  s e i z u r e s  dur ing  

tempera ture  excur s ions ,  s o l i d s  i n t r u s i o n ,  and minor steam leakage. 

Opera t iona l  changes e l imina ted  most of t h e s e  problems. 

The K a m y r  K-7 b a l l  va lves  were used i n  Run No. 9 through 11 (Fig .  

19). The va lve  i s  a s o l i d  one-piece body des ign ,  having bo l t ed  bonnet 

and bo l t ed  seat i n s e r t s  which a l low seat removal. Balls are  t runn ion  

mounted wi th  almost no b a l l  cav i ty .  The b a l l s  are 316 SS with n i c k e l  

boron coa t ing .  These va lves  are compact, have a good r e s i s t a n c e  t o  

thermal shock, and r e s i l e n c e  from incorpora t ion  of g r a p h i t e .  Problems 

experienced wi th  these  va lves  w e r e  va lve  s e i z u r e s ,  p i t t e d  coa t ing ,  and 

chipped b a l l .  These were not considered s e r i o u s  and t h e  o v e r a l l  per- 

formance w a s  judged t o  be good. 

Metal coated b a l l  va lves  manufactured by Cameron I ron  Works were 

a l s o  t e s t e d  i n  Runs 9-11 (Fig.  20).  The b a l l  and seats w e r e  made of a 

s u b s t r a t e  base (347 H SS, 422 SS, H-13 t o o l  s t e e l )  and coated with TMT- 

5. The va lves  w e r e  2500 ANSI p re s su re  class. A t  t h e  end of t h e  p i l o t  

p l a n t  ope ra t ion ,  t h e s e  va lves  had rece ived  30 t o  50 cyc le s  and both t h e  

body and t h e  coa t  were i n  e x c e l l e n t  condi t ion .  The Cameron va lve  was 

judged t o  be one of t h e  bes t  va lves  by t h e  H-Coal s t a f f  and is  a l s o  t h e  

most expensive va lve .  
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SEAT 
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ORNL-DWG 84-6105 

LOAD SCREWS GLAND PACKING RING 

STEM PACKING SPLINED STEM TOP 

VALVE BODY 

L L  LOCATOR PIN 

BODY GASKET-I 

ETD 

/ 

Fig. 18. Mogas Ball Valve Used a t  t h e  H-Coal P i l o t  P l an t  
( R e f .  2 3 ) .  
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BALL  TRUNNION 
STEM PACKIN 

COVER INSERT 

COVER INSERTSEAL 

YLOCK HUB 

ORNL-DWG 84-6106 ETD 

GLAND FOLLOWER PLA 

LOWER SLEEV 

ACTUATOR MOUNTING 
BRACKET HOLES 

EARING SEAL 

\ \RETAINER RING 

v LSEAT INSERT SUPPORT 

GLAND PACKING 

Fig .  19. K a m y r  Ball Valve U s e d  a t  t h e  H - C o a l  P i l o t  P l a n t  
( R e f .  2 3 ) .  
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JDY 

Fig .  20. Cameron Ball Valve Used at t h e  H-Coal P i l o t  P l a n t  
( R e f .  2 3 ) .  
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Table 7 con ta ins  a summary of t h e  block va lve  performance i n  t h e  

H-Coal ~ 1 a n t s . l ~  The va lves  a re  r a t e d  i n  s e v e r a l  c a t e g o r i e s  w i th  

r e s p e c t  t o  a c c e p t a b i l i t y  f o r  blocking s e r v i c e .  

3.3 Block Valve Requirements f o r  Demonstration/Pioneer 
Commercial P l a n t s  

The need f o r  s l u r r y  block va lves  as a means of process  i s o l a t i o n  

and c o n t r o l ,  i s o l a t i o n  of process  equipment f o r  maintenance purposes and 

in t e rconnec t ing  of m u l t i p l e  t r a i n s  w i l l  e x i s t  f o r  a l l  fo re seeab le  com- 

mercial p l an t s .  T y p i c a l l y ,  t h e  l a r g e  demonstration and/or p ioneer  

commercial p l a n t s  could u s e  i n  excess of 3000 block va lves .  21 Depending 

on t h e  l o c a t i o n  and s e v e r i t y  of t h e  process streams, a wide spectrum of 

va lves  ranging from convent iona l  wedge g a t e  va lves  t o  s p e c i a l l y  designed 

g a t e  and/or b a l l  va lves  w i l l  be used i n  t h e  p l a n t s .  The c r i t e r i a  f o r  

v a l v e  s e l e c t i o n  w i l l  be based on t h e  s l u r r y  tempera ture ,  t h e  s l u r r y  con- 

c e n t r a t i o n ,  t h e  l i n e  p r e s s u r e ,  t h e  t o l e r a n c e  l i m i t s  on leakage and f l u s h  

requirements.  For h igh  temperature,  high p res su re  s l u r r y  s e r v i c e  t h e  

hard metal f a c e  a l l o y  s teel  2500 pound ANSI c l a s s  s p e c i a l i t y  va lves  w i l l  

be mandatory. A 10,000 hour s e r v i c e  l i f e  i s  considered t o  be a 

real is t ic  t a r g e t  f o r  s l u r r y  block va lves  be fo re  they are removed f o r  

r o u t i n e  maintenance. A c y c l i c  l i f e  of 100 cycles f o r  a commercial p l an t  

i s  a reasonable  goa l .  Typ ica l ly ,  t h e s e  va lves  should not  be cycled more 

than  10 t i m e s  over a one-year period.21 The cyc l ing  t i m e  ( t ime  r equ i r ed  

t o  c lose /open  t h e  va lves )  c a p a b i l i t y  of on-line maintenance, f l u s h i n g  

requi rements ,  e t c .  w i l l  be a major parameter t h a t  needs t o  be cons idered  

i n  t h e  s e l e c t i o n  of t he  va lves  f o r  t h e  l a r g e r  p l a n t s .  

The va lve  s i z e  s p e c i f i e d  f o r  t h e  demonstration and/or pioneer com- 

mercial p l a n t s  range from 2 t o  48-inches. The l a r g e s t  s i z e  block v a l v e  

t h a t  was considered i n  t h e  SRC-I demonstration p l a n t  design was a 48- 

i n . ,  2500 ANSI 347 SS body block va lve .  The va lve  was  s p e c i f i e d  f o r  t h e  

s i n g l e  s t a g e ,  high p res su re ,  letdown va lve  s i n g l e  sepa ra to r  v e s s e l  con- 

f i g u r a t i o n  (Case A2 i n  t h e  C a t a l y t i c  letdown system c o n f i g u r a t i o n  

s tudy) .3  However, i t  w a s  recognized t h a t  t h e  va lve  w a s  not cos t -  

e f f e c t i v e .  The p r i c e  quoted by one vendor w a s  $5.0 mi l l i on .  Fur ther -  

more, no such va lve  has ever been manufactured and t h e  r i s k  w a s  
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T a b l e  7.  H-Coal p i l o t  p l a n t  b lock  v a l v e  performance 

KAMYR CAMERON Type v a l v e  EPG MOGAS 

Number of Each 

Cyc l e /Ea  ch 

Parameter  

Stem Leakage 

Body 

Thermal Shock 

Leak-Through 
Ease of Disassembly d 

Ease of Assembly 

Comments 

12 14 4 216 

30-50 

U ? A A 

A ? A A a  

? ? A Ab 

U A ? / A c  A 

U A AC A 

U A A A 

Good f o r  Does no t  All around Most expens ive  
non- s lu r ry  work w e l l  a good v a l v e  proba  y t h e  
a p p l i c a t i o n  wi thou t  h i g h  p robab ly  b e s t  b e s t  .y (Un- 
easiest t o  d i f f e r e n t i a l  f o r  pneumatic a c c e p t a b l e  b u t  
d i s a s s e m b l e  t r a n s f e r  changing  de- 

s i g n )  

The on ly  one Compact 
f a i l i n g  was a lmos t  no 
used a s  t h e  b a l l  c a v i t y  
t h r o t t l i n g  
v a l v e  

Had more 
problems t o  
overcome 

LEGEND 

U - Unacceptable  

A - Accep tab le  

? - Unsure of d i v i d e d  op in ion  

aSome "0"- r ing  problems. 

bSome b i n d i n g  on one v a l v e  d u r i n g  one c l e a n i n g .  

'Appears t o  have  s o l u t i o n .  

'All v a l v e s  i n  commercial p l a n t  must be removable and r e p a i r e d .  

e I n  t er c h a n g e a b i l i t y  of p a r t s .  

fCameron v a l v e  V-3 a f t e r  1st letdown v a l v e  f a i r e d  very  w e l l .  

gRef e r e n c e  13. 
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cons idered  t o  be too  high. An a l t e r n a t e  c o n f i g u r a t i o n ,  v i z . ,  a s i n g l e  

stage p res su re  letdown va lve  wi th  two p a r a l l e l  v e s s e l s  (Case A l ) ,  w a s  

chosen f o r  t h e  h igh  p res su re  letdown system. With t h i s  arrangement, t h e  

l a r g e s t  s i z e  block va lve  needed would be 16-inches, which i s  w i t h i n  t h e  

l i m i t s  of t h e  c u r r e n t  s ta te -of - the-ar t .  

Discuss ions  wi th  Exxon revea led  t h a t  t h e  l a r g e s t  s i z e  block v a l v e  

s p e c i f i e d  f o r  t h e  EDS commercial p l a n t  i s  18-inches. A 12 t o  18 i n c h  

r ange  is  considered t o  b e  both prudent and economically v i a b l e  range f o r  

b lock  va lves  i n  s l u r r y  s e r v i c e .  I n  c l ean  s e r v i c e ,  s i z e s  up t o  36 inches  

( b a l l  va lves )  are not uncommon. Exxon i n d i c a t e d  that t h e  c o s t  of t h e  

va lves  i n c r e a s e s  cons iderably  beyond 18-inches. The s p e c i a l i t y  va lves  

(h igh  a l l o y  s tee l ,  hard face va lves )  c o s t  roughly t e n  thousand d o l l a r s  

per inch .  The 18-inch v a l v e  s p e c i f i e d  i n  t h e  EDS design would c o s t  

roughly two hundred thousand d o l l a r s .  Conventional wedge g a t e  va lves  

c o s t  much less ( roughly  a t h i r d  or one-fourth t h e  c o s t  of s p e c i a l i t y  

v a l v e s )  and should be used whenever p o s s i b l e  i n  commercial p l a n t s .  I n  

t h e  l a r g e r  s i z e s  (36-48 i n . ) ,  Exxon i n d i c a t e d  t h a t  t he  b a l l  va lves  and 

g a t e  va lves  are d e f i n i t e l y  not economical. For t h e s e  s i z e s ,  s l i d e  

va lves  may be a proper choice. Exxon has used 36 t o  48-inch s l i d e  

va lves  (a  p r o p r i e t a r y  des ign)  i n  t h e i r  petroleum ope ra t ions .  

The EDS commercial p l an t  w i l l  use  t h e  through conduit  gate va lves  

wi th  f l u s h i n g  i n  t h e  seve re  a p p l i c a t i o n s .  The m e t a l  s e a t e d  b a l l  va lve  

w i l l  be t h e  next bes t  a l t e r n a t i v e ,  a l though they were only t e s t e d  under 

r e l a t i v e l y  mi ld  cond i t ions  (vacuum bottom r e c y c l e )  i n  t h e  ECLP p i l o t  

p l a n t .  However, Exxon i n d i c a t e d  t h a t  t h e  H-Coal exper ience  on metal 

s e a t e d  b a l l  va lves  i s  determining and does i n d i c a t e  t h a t  t h e s e  va lves  

w i l l  pertorm s a t i s f a c t o r i 1 . y  i n  s e v e r e  s e r v i c e .  The l u b r i c a t e d  plug 

v a l v e ,  which was a l s o  t e s t e d  i n  t h e  ECLP p i l o t  p l a n t ,  is t h e  least  

d e s i r a b l e  f o r  s e v e r e  s e r v i c e .  These va lves  were a d i s a s t e r  accord ing  t o  

Exxon i n  t h e  p i l o t  p l a n t .  

Block va lves  f o r  t h e  H-Coal pioneer commercial p l an t  are expected 

t o  be i n  2-20 inch  s i z e  range. Among t h e  va lves  t e s t e d  i n  t h e  p i l o t  

p l a n t ,  t h r e e  of t h e  va lves  look promising f o r  t h e  commercial p l an t  

These a re  t h e  Mogas f l o a t i n g  b a l l  v a l v e ,  t h e  Cameron, and t h e  Kamyr 

metal s ea t ed  ba l l  va lves .  The WKM through conduit  g a t e  va lve  was used 
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i n  t h e  design b a s e l i n e  and may s t i l l  be considered i n  t h e  f i n a l  de- 

s ign .  However, t h e  l a t t e r  r e q u i r e s  f l u s h i n g  and H-Coal f a v o r s  block 

va lves  t h a t  do not  r e q u i r e  f l u s h i n g  wi th  c o a l  s l u r r y .  The basis f o r  t h e  

p r e f e r e n c e  i s  t h e  p i l o t  p l a n t  exper ience  on b a l l  valves .  H-Coal i n -  

d i c a t e d  t h a t  t h e  f l u s h  system is  not  dependable. The c r i t i c a l  areas i n  

block va lves  are considered t o  be s t e m  packing, seat type ,  method of 

disassembly and materials. I n  a d d i t i o n ,  t h e  s p h e r i c i t y  of t h e  b a l l  is 

c r i t i c a l  and H-Coal i n d i c a t e d  t h a t  t h e  manufacturers’  should be r e q u i r e d  

t o  g i v e  s p e c i f i c a t i o n s  f o r  t h e  ball /seat  assembly from a m e t a l l u r g i c a l  

s tandpoin t .  The 410/422 SS b a l l  wi th  LC-l/H-13/TMT-5 c o a t i n g ,  and 

s t e l l i t e  seats are a c c e p t a b l e  w i t h i n  reasonable  l i m i t s  of mechanical 

loading.  1 - 1 3  

The p i l o t  p l a n t  experience has demonstrated t h a t  any one of t h e  

t h r e e  b a l l  va lves  could be used i n  t h e  commercial p l a n t .  Improvements 

are needed i n  each case t o  i n c o r p o r a t e  t h e  b e s t  f e a t u r e s  which have been 

i d e n t i f i e d  and demonstrated on another  type  of valve. While t h e  

problems are known, t h e  f i x e s  a v a i l a b l e  have not been t e s t e d .  Scale-up 

i s  a problem but n o t  insurmountable.  Improvements can be made i n  block 

va lves  wi th  f u t u r e  t e s t i n g  and experience from f u l l  scale tests i n  t h e  

l a r g e r  p l a n t s .  

3.4 Development and Tes t ing  Needs 

The design of h igh  p r e s s u r e ,  high temperature  block va lves  i n  t h e  

s i z e s  commensurate wi th  t h e  requirements  f o r  a l a r g e  scale l i q u e f a c t i o n  

p l a n t  i s  s t i l l  i n  t h e  development s t a g e .  A d i r e c t  scale-up of t h e  p i l o t  

p l a n t  v a l v e s  t o  commercial s i z e  i s  u n c e r t a i n  and poses t e c h n i c a l  

r i s k s .  Manufacturers have l i m i t e d  experience on block va lves  i n  such 

s e v e r e  a p p l i c a t i o n s .  The approach adopted i n  t h e  p i l o t  p l a n t s  have been 

t o  use off- the-shelf  va lves  wi th  t h e  understanding t h a t  i f  a va lve  does 

n o t  f u l f i l l  i t s  missions,  then  a follow-up engineer ing  e f f o r t  w i l l  be 

i n i t i a t e d  t o  r e s o l v e  t h e  problems. However, t h i s  i s  c l e a r l y  not  a 

d e s i r a b l e  approach f o r  a commercial p l a n t  because of t h e  n e g a t i v e  e f f e c t  

on p l a n t  a v a i l a b i l i t y .  While t h e  problems have been i d e n t i f i e d ,  t h e  

s o l u t i o n s  t o  t h e  problems have not  been t e s t e d  t o  t h e  e x t e n t  d e s i r e d  t o  

recommend t h e  b e s t  va lve  design i n  t h i s  a p p l i c a t i o n .  What is  known is  
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t h e  d e s i r a b l e  f e a t u r e s  i n  t h e s e  va lves  and t h e  p r e f e r r e d  choice  of t h e  

materials of c o n s t r u c t i o n  f o r  t h e  va lve  body and v a l v e  i n t e r n a l s .  Addi- 

t i o n a l l y ,  t h e r e  is  an  upper l i m i t  of t h e  s i z e  f o r  t h e  va lves  (18-20 

i n c h e s )  beyond which t h e  confidence i n d i c a t e d  by t h e  manufacturers is  

poor. Manufacture of p a r t s  f o r  t h e  l a r g e r  va lves  i n  t h e  2500 pound 

p r e s s u r e  class are  considered t o  be a s e r i o u s  problem, p a r t i c u l a r l y  w i t h  

r ega rd  t o  material procurement, fo rg ing ,  machining, q u a l i t y  c o n t r o l ,  and 

sh ipping .  The d e l i v e r y  t i m e  f o r  t h e  l a r g e  va lves  may a l s o  be q u i t e  long 

( a s  much as 24 t o  36 months). Considering t h e  greater d e n s i t y  of va lves  

r e q u i r e d  f o r  t h e  commercial p l an t  and t h e  l i m i t e d  number of manufac- 

t u r e r s  a v a i l a b l e  wi th  t h e  c a p a b i l i t y  t o  f a b r i c a t e  va lves  i n  t h e  l a r g e r  

s i z e s ,  t h e  a v a i l a b i l i t y  of t h e  va lves  and t h e  s p a r e  p a r t s  i n  t h e  re- 

qu i r ed  s i z e  and numbers f o r  t h e  commercial p l a n t  i s  doubt fu l .  

U n c e r t a i n t i e s  a l s o  exist  wi th  r e s p e c t  t o  performance of t h e  l a r g e r  

va lves .  The major concerns are t h e  ex ten t  of va lve  d i s t o r t i o n  t h a t  w i l l  

occur i n  t h e s e  l a r g e  s i z e s  due t o  t h e  thermal g r a d i e n t ,  t h e  s l u r r y  flow 

p a t t e r n  i n  t h e  l a r g e r  c a v i t i e s ,  s o l i d s  build-up, ease of disassembly, 

leakage  ra tes ,  f l u s h i n g  requirements and maintenance needs. A l l  t h e s e  

i s s u e s  need t o  be q u a n t i f i e d  i n  a f u l l  scale va lve  tes t  program, pre- 

sumably i n  t h e  l a r g e r  p l a n t s  i t s e l f .  

There i s  a l s o  t h e  need t o  reduce t h e  c o s t  of t h e s e  va lves .  It is 

es t imated  t h a t  t h e  block va lves  and t h e  a s s o c i a t e d  p ip ing  could approach 

25 t o  30% of t h e  p l a n t  c o s t .  The economics of l i q u e f a c t i o n  p l a n t s  can 

be s u b s t a n t i a l l y  improved i f  lower c o s t  va lves  a r e  a v a i l a b l e .  

While i t  is recognized t h a t  most of t h e s e  i s s u e s  cannot be ad- 

dressed  i n  small scale tests and t h e  r e s u l t s  ex t r apo la t ed  t o  t h e  l a r g e  

s i z e  va lves ,  t h e r e  are some areas where f u r t h e r  work could prove 

b e n e f i c i a l  i n  t h e  understanding, s e l e c t i o n ,  and design of s l u r r y  block 

va lves  f o r  t h e  l i q u e f a c t i o n  s e r v i c e .  These a r e :  

8 i d e n t i f i c a t i o n  of c r i t i c a l  va lve  areas f o r  e ros ion  and wear under 

p rogres s ive ly  seve re  cond i t ions ,  

0 l eakage  measurement over a predetermined number of cyc le s ,  ( s i m i l a r  

t o  t h e  tests i n  t h e  p i l o t  p l a n t ) ,  

9 d i f f e r e n t i a l  p r e s s u r i z a t i o n  a c r o s s  t h e  va lve  seat i n  conjunct ion  

wi th  leakage measurement, 
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0 mechanical cycling of valves in high temperature environment, 
ab flush system design and flushing, 

requirement of alternative materials/coatings. 

Attempts have been focused on some of these issues in the pilot plants 
but the data base needs to be expanded. Valve manufacturers and other 

institutions with in-house capability should be encouraged to address 

these problems. 
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4. CONCLUSIONS 

The conclus ions  drawn from t h i s  assessment are: 

1. a l i m i t e d ,  but u s e f u l ,  da t a  base e x i s t s  i n  s l u r r y  pressure  let-down 

and s l u r r y  block va lves  from the  p i l o t  p l an t  ope ra t ion ;  

2. promising va lves  f o r  both p re s su re  letdown and blocking s e r v i c e s  

have been i d e n t i f i e d  i n  the p i l o t  p l a n t s  which can be used i n  t h e  

l a r g e r  demonstration and pioneer commercial p l a n t s ;  

3.  the  s e r v i c e  l i f e  of s i x  months fo r  the  p re s su re  letdown va lves  and 

up t o  a year f o r  s l u r r y  block va lves  p r i o r  t o  r o u t i n e  maintenance i s  

pro j e c  t ed ;  

4. a scale-up f a c t o r  of a t  least  10 t o  1 from the  p i l o t  p l an t  s i z e  is 

t o  be expected f o r  t hese  va lves  i n  the  l a r g e r  p l a n t s ;  

5 .  only gene r i c  s p e c i f i c a t i o n s  f o r  s l u r r y  p re s su re  letdown and s l u r r y  

block va lves  a re  a v a i l a b l e  i n  t h e  demonstration/commercial p lan t  

des igns  ; 

6 .  t e c h n i c a l  u n c e r t a i n t i e s ,  mainly with regard t o  va lve  s i z i n g  tech- 

n iques ,  machining, f a b r i c a t i o n ,  q u a l i t y  c o n t r o l ,  and performance and 

maintenance e x i s t  which need t o  be resolved f o r  success fu l  ope ra t ion  

of t h e s e  va lves  i n  the  l a r g e r  p l a n t s ;  

7. excep t iona l  q u a l i t y  c o n t r o l  and c a r e f u l  ope ra t ing  and maintenance 

procedures which allow f o r  t h e  b r i t t l e  na tu re  and thermal shock ef -  

f e c t s  on the  va lve  i n t e r n a l s  and special  purging and f l u s h i n g  

methods t o  prevent s o l i d s  build-up and coking i n s i d e  the  va lves  are 

extremely important t o  ensure  success fu l  ope ra t ion  and va lve  l i f e ;  

and 

8. f u r t h e r  development and t e s t i n g ,  e s p e c i a l l y  with regard t o  va lve  

s i z i n g ,  va lve  des ign ,  materials, f l u sh ing /purg ing  systems, hydro- 

dynamic cons ide ra t ions  i n  t h r e e  phase f l a s h i n g  flow and thermo- 

dynamics of phase change could s u b s t a n t i a l l y  improve the  p re sen t  

understanding of t he  design and ope ra t ion  of t he  va lves  and poss ib ly  

a l s o  have a s i g n i f i c a n t  impact on va lve  c o s t s .  
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