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PROTOTYPE LOCKHOPFER VALVE TESTING AND 

DEVELOPMENT PROJECT TEST PLAN . 

1 J .  F. Gardner and T. R. Holtz 2 
, .  . 

1 FOREWORD 

This dqcument has been prepared t o  summarize t h e  - o v e r a l l  plari f o r  
t e s t i n g  and evaluat ing pro.totype 1,ockhopper valves beimg developed by 
Fa i rch i ld  I n d u s t r i e s ,  Inc .., St ra tos ,  Division,  . and Consolidated Controls  
Corporation under cont rac t , .  t o  DOE/METC. The . . t e s t i n g  . . e f f o r t  described 
herein w i l l  be used t o  e s t a b l i s h  t h e  .capabi l i ty  of these  valves t o  meet t h e  

. design c r i t e r i a  contained , i n  "Lockho.pper Valve and System. Design C r i t e r i a  
and: . G u i d e l i n e s  f o r  Coal .Conversion and U t i l i ' z a t i o n  A p p l i c a t i o n s u ,  
DOE/METC/54-138. 

The design c r i t e r i a  was based on the  requirements of t h e  Lockhopper 
Valve RFP 1813, ana lys i s  of those coal  conversion processes t h a t  a r e  most 
promising f o r  demonstration and pioneer commercial p l a n t s ,  and a d e s i r e  f o r  
valve l i f e  canparable with other  p lant  equipment. 

The t e s t  plan was prepared with inputs  from, and i n  cooperation with,  
Morgantown Energy Technology Center personnel and is  a major revis ion  of 
"Prototype Lockhopper Valve Test Plan ,I1 METC/R 1-79/5/R2. 

Projec t  Manager, Valve Testing and Develaprnent P ro jec t s  
United s t a t e s  Department o f '  Energy 
Mprgantown Energy Technology Center 
Morgantown West V i ~ . g l a l a  
(Now with Xomox, Cincinnati  ,, Ohio) 

Staf f  Engineer, TRW Energy Engineering ~ i v i s i o n  
McLean; Virginia 
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PROTOTYPE LOCKHOPPER VALVE TESTING AND 
DEVELOPMENT PROJECT TEST PLAN 

1.0 INTRODUCTION 

I The Uni ted  S t a t e s  Department o f  Energy,  O f f i c e  o f  F o s s i l  Energy,  

awarded c o n t r a c t s  i n  May and June  1976 r e s p e c t i v e l y  t o  Conso l ida ted  

C o n t r o l s  C o r p o r a t i o n  (CCC)  and F a i r c h i l d  I n d u s t r i e s ,  Inc . ,  S t r a t o s  D i v i s i o n  

(FSD) f o r  t h e  development o f  new lockhopper  v a l v e  d e s i g n s .  These a w a r d s  

were based on t h e  e v a l u a t i o n  o f  r e s p o n s e s  t o  a r e q u e s t  f o r  p r o p o s a l  (RFP) 

by t h e  DOE Valve Source  l valuation Board. A t  p r e s e n t ,  t h e s e  c o n t r a c t s  a r e  

managed by t h e  Morgantown Energy Technology Cen te r  (METC) . The implemen- 

t a t i o n  o f  t h e s e  c o n t r a c t s  is  i d e n t i f i e d  a s  t h e  P r o t o t y p e  Lockhopper Valve  

T e s t i n g  and Development p r o j e c t .  Both c o n t r a c t s  o r i g i n a l l y  i n c l u d e d  t h e  

d e s i g n  and f a b r i c a t i o n  o f  a set o f  p r o t o t y p e  and a set o f  p i l o t  p l a n t  lock-  

hopper v a 1 v . e ~  ' t h a t  would meet t h e  s e v e r e  c o a l  c o n v e r s i o n  and utilization 

s e r v i c e  c o n d i t i o n s  and cou ld  be . sca led  t o  t h e  s i z e  r e q u i r e d  by f u l l  commer- 

c i a l  s i z e  c o a l  c o n v e r s i o n  and u t i l i z a t i o n  p l a n t s .  Subsequen t ly ,  t h e  FSD 

c o n t r a c t  h a s  ,been reduced i n  ,scope t o  i n c l u d e  t h e  d e s i g n  and . f a b r i c a t i o n  o f  

o n l y  f o u r  p r o t o t y p e  lockhopper  . v a l v e s  and t h e  d e s i g n  a c t i v i t y '  f o r  p i l o t  

p l a n t  .val.ves. The p r o t o t y p e  lockhopper  v a l v e s  o f  . b o t h  c o n t r a c t s  a r e  t e s t e d  
. . 

a t  METC.' The . p i l o t  p l a n t  lockhopper  v a l v e s  t h a t  a r e  f a b r i c a t e d  w i l l  be  

a c c e p t a n c e  t e s t e d  a t  METC and.  t h e n  tested i n  a p i l o t  p l a n t  t o  be  s e l e c t e d  

l a t e r .  The p r o t o t y p e  lockhopper  v a l v e  t e s t i n g  is d e f i n e d  and d e s c r i b e d  i n  

t h i s  test p l a n .  

The purpose  o f  t h i s  test p l a n  is  t o  d e f i n e  t h e  o b j e c t i v e s ,  tests, 

methods ,  measurements,  and d a t a  r e q u i r e m e n t s  f o r  t h e  e v a l u a t i o n  o f  p ro to -  

t y p e  lockhopper  v a l v e s .  The p l a n  was used initially a s  a b a s i s  f o r  test 

equipment d e s i g n  and f o r  c o o r d i n a t i o n  o f  a c t i v i t i e s  . . among t h e  government 

and c o n t r a c t o r  o r g a n i z a t i o n s  invo lved  i n  t h e  P r o t o t y p e  Lockhopper Valve  

T e s t i n g  and Development p r o j e c t .  A s  t h e  v a l v e  d e s i g n s  and ' t e s t  sys tem 

d e s i g n s  have p r o g r e s s e d ,  t h e  test p l a n  h a s  been r e v i s e d  t o  r e f l e c t  t h e .  
I 
I 

changes .  I n  its p r e s e n t  form, t h e  t e s t  p l a n  i s  t h e .  b a s i s  f o r  d e t a i l e d '  tes t  

o b j e c t i v e s ,  p r o c e d u r e s ,  i n s t r u m e n t a t i o n ,  and d a t a  a n a l y s i s  r e q u i r e m e n t s .  



1.1  OBJECTIVES 

The o v e r a l l  o b j e c t i v e  of  t h e  Pro to type  Lockhopper Valve Tes t ing  and 

Developnent p r o j e c t  is  t o  eva lua t e  t h e  a b i l i t y  o f  t h e  contractor-developed 

p ro to type  lockhopper va lve  des igns  t o  o p e r a t e  with h igh  r e l i a b i l i t y ,  long 

l i f e ,  and low maintenance under s eve re  o p e r a t i n g  cond i t i ons ,  which i n c l u d e  

t h e  h igh  tempera ture ,  h igh  p r e s s u r e ,  and s o l i d  m a t e r i a l s  exposure found i n  

coa l  conversion and u t i l i z a t i o n  lockhopper a p p l i c a t i o n s .  S p e c i f i c a l l y  , t h e  

d e t a i l e d  o b j e c t i v e s  a r e  t o :  

Evaluate  t h e  c a p a b i l i t y  o f  contractor-developed pro to type  lock-. 
hopper va lve  des igns  under s imulated s e r v i c e  cond i t i ons  

Compare pr 'ototype lockhopper La lve  performance with s ta te-of- the- :  
a r t  design.  lockhopper va lve  performance 

Provide da ta  f o r  de s ign .  improvements concerning 

- Leakage r a t e s  
- Wear - R e l i a b i l i t y  and maintenance 
- F a i l u r e  mode i d e n t i f i c a t i o n  
- Purge requirements  

V e r i f y  d e s i g n  improvements  t h r o u g h  o p e r a t i o n  , i n  p i l o t  . o r  
demonstrat ion p l a n t s .  



2.0 BACKGROUND 
. .  . .. , 

. . . . 

A t  t h e a  t ime t h e . -  METC. P r o t o t y ' p e  ~ o c k h o ~ ~ e r  V a l v e  ~ e s t i . n g  8 n d  

Development p r o j e c t  was i r i i t i a t e d ,  . t h e  commercia1.ly a v a i l a b l e  v a l v e s  b e i n g  

used  were n o t  c a p a b l e  of  r e l i a b l y  h a n d l i n g  t h e  - p r e s s u r e s ,  'temperatui-es , and  

s o l i d .  m a t e f i ' a l s  k s s o h i a t e d "  w i t h  f e g d i n g  ' d r y '  c o i l  a'nd l im ' e s tones  and  r'gmov- 

i n g  d r y  and wet r e s i d u e s  ' ( a s h / s l a g ? c h a r )  produced.  by many ' c o a l  conversion 
p r o c e s s e s .  The e a r l y  p i l o t  p l a n t s  tried a wide  ' v a r i e t y  ' o f  v a l v e  ' t y p e s  .' 
The , o n l i n e  .ti.mes e x p e r i e n c e d  w e r e - . , i n  t h e  o r d e r  o f  h o u r s  o r  d a y s .  The  

~ e ~ a r t m e n t  o f  ' ~ n e r ~ ~ , .  t h r o u g h  t h e  ' M o r g a n t o h  ~ n e r ~ ~  .Technology c e n t e r ,  

i n i t i a t e d  t h e  Lockhopper V a l v e  Development Program ; t o  a s s i s t  i n d u s t r y  and  

t h e  government i n  r e s o l v i n g  t h i s  p r o b l e .  The two m a j o r  e f f o r t s  t h a t  

evo lved  a re  t h e  P r o t o t y p e  Lockhopper v a l v e  T e s t i n g  and Development and  t h e  

S ta t e -o f - the -Ar t  Lockhopper v a l v e  T e s t i n g  and D e v e l o - p e n t  p r o j e c t s .  

METC i s  DOE'S l e a d  t e c h n o l o g y  c e n t e r  i n  c o m p o n e n t  a n d  v a l v e  

development  f o r  c o a l  c o n v e r s i o n  and . u t i l i z a t i o n  p r o c e s s e s .  The METC 

a p p r o a c h  i n  implement ing  t h i s  r e s p o n s i b i l i t y  is  t o :  

" 

. .Develop a s t r o n g .  c o o p e r a t i v e  e f f o r t '  between indus ' t ry .  m a n u f a c t u r e r s ,  
t h e  t e s t / d e v e l o , p m e n t  p r o j e c t ,  and  t h e  c o a l  c o n v e r s i o n  p i l o t / p i o n e e r  
commercia l  p r o j e c t  t eams  

P r o v i d e  ' a d e q u a t e  tes t  f a c i l i t i e s  w i t h  r e a l i s t i c  s e r v i c e  c o n d i t i o n s  
to  a c q u i r e  m e a n i n g f u l  test d a t a  t o  s u p p o r t  m a n u f a c t u r e r ' s  improve- 
men t s  i n  d e s i g n ,  new d e s i g n s ,  and  v e r i f i c a t i o n  o f  a l l  d e s i g n  
c o n c e p t s  

Feedback d a t a  from t h e  test f a c i l i t i e s ,  s p e c i f i c a l l y  a c q u i r e d  t o  
f i l l  t h e  n e e d s  o f  t h e  m a n u f a c t u r e r ,  t o  implement  d e s i g n  m o d i f i -  
c a t i o n s  o r  new v a l v e  d e s i g n s  

R a p i d l y  t r a n s f e r  i n f o r m a t i o n  on e x p e r i e n c e  and p rob lems  w i t h  ope ra -  
t i o n  o f  v a l v e s  i n  p i l o t  p l a n t s  and ' p i o n e e r  commercia l  p l a n t s  

T r a n s f e r  m a t e r i a l s  development  and  t e s t i n g  t e c h n o l o g y  t o  i n d u s t r y  .' 

m a n u f a c t u r e r s ,  p l a n t  o p e r a t o r s ,  and t h e  p r i v a t e  s e c t o r  

e Sponsor  p e r i o d i c  c o n f e r e n c e s / w i r k s h o p s  t o  b r i n g  t o g e t h e r  i n d u s t r y ;  
p l a n t  d e s i g n e r s  and o p e r a t o r s ,  and t e s t i n g  g r o u p s ,  i..e.,  organt town 
Va lve  Workshops (November 1977 and Oc tobe r  1980) .  



To d a t e ,  t h e  most e f f e c t i v e  way t o  s t i m u l a t e  t h i s  coope ra t i ve  e f f o r t  

has  been through making adequate  test f a c i l i t i e s  a v a i l a b l e  t o  a l l  members 

of the governmen.tl,industry team. S u i t a b l e  test f a c i l i t i e s  would o r d i n a r i l y  

be p r o h i b i t i v e l y  expensive f o r  an i n d i v i d u a l  manufacturer  t o  develop. The 

METC v a l v e  test f a c i l i t i e s  have been designed t o  r e a l i s t i c a l l y  s imu la t e  

a c t u a l  lockhopper s e r v i c e  cond i t i ons .  Tes t  cond i t i ons  and da t a  a c q u i s i t i o n  

can t o  a g r e a t  ex t en t  be t a i l o r e d  t o  t h e  va lve  manufac turers t  needs. These 

test  f a c i l i t i e s  t h e r e f o r e  s a t i s f y  t h e  va lve  manufac tu re r t s  need by pro- 

v id ing  a method f o r  ob t a in ing  des ign  v e r i f i c a t i o n  and improvement d a t a .  
d 

They a l s o  a s s i s t  i n  s a t i s f y i n g  t h e  DOE need t o  have commet-cially a v a i l a b l e  

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

s u c c e s s f u l  demonstrat ion o f  coa l  conversion processes .  

The s t a t e  of  t h e  a r t  has  changed s i n c e  t h e  State-of-the-Art Lockhopper 

Valve Tes t ing  and Development p r o j e c t  was i p i t i a t e d  i n  t h e  1976-77 time 

frame. A t  t h a t  time, t h e .  accepted opinion was t h a t  a va lve  i n  lockhopper 

s e r v i c e  had t h e  c a p a b i l i t y  of approximately 500 c y c l e s  a t  no more t han  500 

p s i g  per s t a g e  ope ra t i ng  a t  t empera tures  up t o  600'~.  Valves . have now 

progressed t o  t h e  c a p a b i l i t y  on t h e  o rde r  o f  a 15,000-cycle l i f e  a t  pres- 

s u r e s  of 1,000 p s i g  per s t a g e  and tempera tures  up t o  ' 1 , 0 0 0 ~ ~ :  System.3 ' 

showing t h i s  l e v e l  o f  c a p a b i l i t y  have been v e r i f i e d  i n  o p e r a t i o n  on t h e  

METC g a s i f i e r  and a t  o t h e r  DOE-sponsored p i l o t  p l a n t s .  

The g o a l s  o f  t h e  s t a t e - o f - t h e - a r t  p r o j e c t s  a r e  t o  d e m o n s t r a t e  

lockhopper s e r v i c e  c a p a b i l i t y  with c o a l ,  l imes tone ,  s l a g ,  c h a r ,  and a sh  t o  

25,000 c y c l e s  without i n t e r n a l  refurbishment  a t  p r e s su re s  of  1,200 p s i g  per  

s t a g e  and media tempera tures  up t o  1 , 6 0 0 ~ ~ .  The g o a l s  o f  t h e  pro to type  

p r o j e c t  a r e  t o  extend lockhopper s e r v i c e  c a p a b i l i t y  with c o a l ,  l imes tone ,  

s l a g ,  cha r ,  and ash  t o  30,000 c y c l e s  without i n t e r n a l  refurbishment  a t  
0 p r e s s u r e s  up,-to 1,600 ps ig  per s t a g e  and media temperature$ up t o  2,000 F. 

. . . . .. ..j'.. 
. ' [ .  . . 

Valves a r e  being developed f o r  four  types  o f  i b c ~ o p p e r  , s e r v i c e .  
. . . .. 

Figu re  2-1 shows t h e  t i p i c a 1  lockhopper v a l v e . ~ ; a p p l i c a t i o r i s  a * and , . . i nd i ca t e s  
.. .. '.-,; .:: 

:. .; ::?'.. : 

where each o f  t h e  four  va lve  t y p e s . m a y  be Zsed.. The appl,i<a:tions a r e  
;. . . :: 

f u r t h e r  descr ibed  below. 

Type I Valves - These a r e  u s u a l l y  l oca t ed  a t  t h e  i n l e t  t o  a 
load ing  ' lockhopper or  an i n j e c t i o n  hopper. They permit t h e  flow o f  
coa l  o r  o t h e r  s i m i l a r  s o l i d  media -from t h e  feed hoppers t o  t h e  



Figure  2-1. Typical  ~ o c k h o p p e r  Valve Appl ica t ions  f o r  Coal 
Conversion and U i t l i z a t i o n  
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load ing  . lockhoppers o r  'from t h e  loading lockhoppers t o  t h e : . i n j e c -  . 
t i o n  l o c k h o p p e ~  They, ace. . requi red  . t o  o p e r a t e  a t  temperatures  from 
ambient t o  350 F and a t  p r e s su re s  from atmospheric t o  1,600 p s i g .  
Leakage requirements  sha'X1 'be s a t i s f i e d  a t  any from 20 - .  

p s l g  , t o  t h e  maximuq op.qrating , p r e s su re .  .They on ly  a c t u a t e  . . a t  , 
balanced pyessure,  e i t h e r  atmospheric o r  ope ra t i ng .  Sol id  ma' ter ia l  
f lows .  i n  "wi ly  one d i r ec t i , on  through 'the va lve ,  .from i n l e t  ko out- 
l e t .  The valve,.must s e a l  .:in only ,one. . . .  . d i r e c t i o n ,  which 1s r e v e r s e  ) .' 
t o  t h e  s o l i d s  f low d i r e c t i o n ,  i .e. ,  t h e  d i f f e r e n t i a l  p r e s su re  i s  
app l i ed -  from o u t l e t  t o  i n l e t '  a c r o s s  ' bheS.valve. . , , .  . . 

Type I1 ".Valves '-- These' ' v a lves  a r e  : ' located ' between' t h e .  , load ing  
lockhoppers and t h e  g a s i f i e r  o r  a t  t h e  o u t l e t  of  char  lockhoppers .  
They permit f low 'of coa l  and s i m i l a r '  s o l i d  media t o  en t e r  t h e  gas i -  

" 

f i e r  a t  p r e s su re ,  and char  , o r  s i m i l a r '  m a t e r i a l .  t o  be d i scharged  . ' 

from, t h e  char  lockhopper t o .  atmosphere. . They a r e  requirced t o  ., 

operate '  a t  temp6ratures  from anibient to' 6 0 0 ' ~  and a t  any i n t e r n a l  
p ressure '  r a n g i n g  from atmospheric  t o  1';600 p s i g  .' ' Leakage. 'require- 
ments s h a l l  be s a t i s f i e d  * a t  any pressuqe from 20 p s i g  t o  t h e  maxi- 
mum ope ra t i ng  -pressure .  They only  a c t u a t e  a t  balanced p re s su re ,  
e i t h e r  atmospheric o r  ope ra t i ng .  S o l i d  m a t e r f a l  f lows i n  on ly  one , 

. d i r e c t i o n  through t h e  va lve ,  from l n l e t  !o o u t l e t .  The va lve  must 
s e a l  i n  both d i r e c t i o n s ,  i .e . ,  with t h e  d i f f e r e n t i a l  p r e s su re  from 
i n l e t  t o  o u t l e t  a c r o s s  ' the  va lve 'and  with t h e  d i f f e r e n t i a l  p r e s su re  , 

from o u t l e t  t o  i n l e t  a c ros s  t h e  valve.  

Type I11 Valves - These . a r e  l oca t ed  a t  t h e  o u t l e t  o f  a g a s i f i e r  o r  
a t  t h e  o u t l e t  o f  an a sh  lockhopper. The d i scha rge  from t h e  gas i -  
f i e r  i s  t y p i c a l l y  i n t o  an a sh  -lockhopper.  The d i scha rge  from t h e  
a sh  lockhopper is  t o  atmosphere. These valveso .a re  'designed t o  
o p e r a t e  with media temperatures  a s  h igh  a s  2,000 F and a t  i n t e r n a l  
p r e s su re s  from atmospheric  t o  1,600 p s i g .  Leakage requir'ements 
s h a l l  be s a t i s f i e d  a t  any p re s su re  from 20 p s i g  ' t o  t h e  maximum 
ope ra t i ng  pressure .  They only a c t u a t e  a t  balanced p re s su re ,  e i t h e r  
a tmospheric  o r  ope ra t i ng .  Sol id  .mater ia l  flows i n  on ly  one d i r ec -  
t i o n  through t h e  va lve ,  f r c k  i n l e t  t o  o u t l e t .  The v a l v e  must s e a l  
i n  on ly  one d i r e c t i o n , .  which i s  t h e  same a s  t h e  m a t e r i a l  f low 
d i r e c t i o n ,  i . e . ,  t h e  d i f f e r e n t i a l  p r e s su re  is  appl ied  from i n l e t  t o  
o u t l e t  a c r o s s  t h e  va lve .  

. . 

Type I V  Valves - These a r e  used f o r  s l u r r y  d i s cha rge  and a r e  
l oca t ed  a t  t h e  d i s cha rge  o u t l e t  of a g a s i f i e r  o r  s l a g  lockhopper.  
They a r e  requi red  t o .  opefa te  a t  temperatures  from ambient t o  6 0 0 ' ~  
and a t  i n t e r n a l  pressures. '  from atmospheric  t o  1,600 ps ig .  Leakage. 
requirements  s h a l l  be s a t i s f i e d  a t  any p re s su re  from 20 p s i g  t o  the: '  
maximum ope ra t i ng  pressure .  They only a c t u a t e  a t  balanced pres- 
s u r e ,  e i t h e r  a tmospheric  o r  ope ra t i ng .  S l u r r y  m a t e r i a l  f lows i n  
on ly  one d i r e c t i o n  through t h e  va lve ,  from i n l e t  t o  o u t l e t .  The 
v a l v e  must s e a l  i n  o n l y  one d i r e c t i o n ,  which is t h e  same a s  t h e  
m a t e r i a l  f low direction, i . e . ,  t h e  d i f f e r e n t i a l  p r e s su re  is  app l i ed  
from i n l e t  t o  ou t l ' e t  a c r o s s  t h e  valve.  



Consolidated., .,Controls Corpo ra t ion  . i s  con t r ac t ed  t o  f a b r i c a t e  two 

n d i n a l  8-inch diameter  va lves  of  each type '  fo r  .METC " t e s t i n g  and eva lua t ion  
. .. . . ,  

purposes.  Due t o  t h e  change i n  scope of  t h e  FSD &ont rac t ,  o n l y  two v s l v e s  

each of  Types I1 and I11 a t  a  nanina l  8-inch diameter  . 
o "  

a r e  cont rac ted  t o  be . - 1 . .  

f a b r i c a t e d  f o r  METC t e s t i n g  and eva lua t iop  purposeg,- Each c o q t r a c t o r  has  a  

d i f f e r e n t  design approach, bu t  ' each c o n t r a c t o r t  s design approach is  - s i m i l a r  
c . .  . . . . . 

f o r  a l l  va lve  types they  a r e  t o  des ign  ,and f a b r i c a t e . .  

The ~ r o t o t j ; p e , .  ~ o c k h d p p e r  Valve Tes t ing  and Development b o n t r a c t s  , were 

o r i g i n a l l y  segregated . , .  i n t o  t h r e e  Phases'. 'phase I c o n s i s t e d  o f  co+cept&l  
d .  

, . " ,  . , .  
\ .  , . .  

design and f u n c t i o n a l  a n a l y s i s .  During t h i s  phase, each c o n t r a c t o r  . . con-,, 

ducted des ign  . a n a l y s i s  and i n d i v i d u a l  cdmponent t e s t i n g  necessa iy  . t o .  v e r i f y  

i t s  design approach.] The Phase I t e s t i n g  was conducted by each i n d i v i d u a l  

c o n t r a c t o r .  These tests v e r i f i e d  des2gn . . assumptions,  p r o v e d ' o p e r a b i l i t y  of  

unique mechanisms, obtained mater ia l s . .wear  and hardness  da.ta, and i n  gen- 

e r a l  obtained al .1 necessary da t a  and inforniation i-equired p r i o r  to .  i n i t i -  

a t i o n  of  f a b r i c a t i o n  of  t h e ' p r o t o t y p e  lockhopper va lves  f o r  Phase 11. 
. . . . 

Phase 11, t h e  c u r r e n t  phase,  c o n s i s t s  o f  d e t a i l e d  des ign ,  f a b r i c a t i o n ,  

and t e s t i n g  a t  METC o f  8-inch va lves .  ' The prev ious ly  mentioned of ,  

scope has  r e s u l t e d  i n  FSD t o  d e l i v e r  o n l y ,  four  v a l u e s , .  two. each of  Types I1 

and 111. CCC w i l l  d e l i v e r  a  t o t a l  o f  e i g h t  va lues ,  two each o f  a l l  four  

types .  The testing of  t h e  Phase I1 pro to type  va lves  i s  being conducted iri 

t h e  'METC va lve  test f a c i l i t i e s .  

The f i n a l  phase o f  each c o n t r a c t ,  Phase 111, w i l l  c o n s i s t  of  des ign  

with p o t e n t i a l  f a b r i c a t i o n ,  i n s t a l l a t i o n ,  and t e s t i n g  o f  lockhopper va lves  

i n  p i l b t  p l a n t  s e r v i c e .  CCC w i l l  des ign  and f a b r i c a t e  4-irich nomimal 

diameter  ~ ~ ~ e s  I and I V  va lves  and 12-inch nanina l  diameter  Types I1 and 

111 va lves  f o r  p o t e n t i a l  i n s t a l l a t i o n  and t e s t i n g  i n  s e l e c t e d  p i l o t  p l a n t s  

t h a t  a r e  sponsored by t h e  DOE. Again, due t o  t h e  change i n  c o n t r a c t  scope, 

FSD will only  conduct des ign  a c t i v i t i e s  f o r  t h e  lockhopper va lves .  The 

results frcm t h e  proof o f  v a l i d i t y  of 'eaah se l ec t ed  des ign  concept i n  Phase 

11 w i l l  be t h e  b a s i s  f o r  t h e  des ign  o f  t h e s e  va lues .  The pro to type  des igns  

w i l l  be rev ised  a s  necessary,  t o  impro\r= t h e  l i f e  o f ,  high-wear components 



and t o  f a c i l i t a t e  s imple-  yeplacement of  p a r t s  by maintenance crews without  
. . 

s p e c i a l  t r a i n i n g  o r  s p e c i a l  t o o l s .  Design s p e c i f i c a t i o n s ,  i nc lud ing  

manufacturing technology, w i l l  be developed f o r  . the va lves ,  , 

METC, a s  p r e v i o u s l y * l n d i c a t e d ,  i s  r e spons ib l e  f o r  t h e  State-of-the-Art 

Lockhopper (SOA) Valve Tes t ing  and Development p r o j e c t  i n  a d d i t i o n  t o  t h e  

p ro to type  p r o j e c t  presented i n  t h i s  plan.  The SOA t e s t i n g  p r o j e c t  i s  

desc r ibed  , i n  t h e  State-of-the-Art Lockhopper Valve Tes t ing  and Development 

P r o j  ect Test  Plan,  DOE/METC/SP-139. 

Supporting r e sea rch ,  m a t e r i a l s  eva lua t ion ,  and f a i l u r e  a n a l y s i s  a r e  

being provided by t h e  Albany Research Center (ARC) o f  the..,U.S. Bureau o f  

Mines, Argonne Nat ional  Laboratory (ANL), and Oak Ridge Nat ional  Laboratory 

(ORML) f o r  both lockhopper va lve  t e s t i n g  and development p r o j e c t s .  ARC is  
conduct ing e ros ion  and ab ra s ion  t e s t s  on p o t e n t i a l  s e a t  m a t e r i a l s  and 

. . 

eva lua t ing  t h e  ab ra s ivenes s  o f  va r ious  ga ' s i f i e r  products .  ANL is  providing 

m a t e r i a l s  r e sea rch  and f a i l u r e  a n a l y s i s  suppor t .  ' ORNL i s  a l s o  providing 

m a t e r i a l s  consu l t a t i on  and f a i l u r e  a n a l y s i s  suppor t .  

The remainder of t h i s  plan d e s c r i b e s  t h e  METC Pro to type  Tes t ing  and 

Development p r o j e c t .  S e c t i o n  3.0 p re sen t s  an overview of  t h e  p r o j e c t  and 

i n t r o d u c e s  t h e  o v e r a l l  test sequence and i t s  component tests. Sec t ion  4.0 

d e s c r i b e s  t h e  four  tes t  u n i t s  and p re sen t s  test cond i t i ons  and t e s t  d a t a  

f o r  each t e s t  sequence. Sec t ion  5.0 summarizes t h e  documentation r e l a t e d  

t o  t h e  p r o j e c t ,  whi le  Sec t ion  6.0 d e s c r i b e s  p r o j e c t  reviews. Sec t ion  7.0 

p r e s e n t s  t h e  b ib l iography  t h a t  supported t h e  development o f  t h i s  test plan.  



3.0 PROTOTYPE PROJECT OVERVIEW 
* .  

The Prototype Lockhopper Valve Testing and Development project  i s  a 

U.S. Department of Energy, Morgantown Energy Technology Center-sponsored 

s e t  of contracats t o  develop lockhopper valves capable of operating under 

t he  severe service  condit ions of coal conversion and u t i l i z a t i o n  plants .  

The following discussion presents the  p r o j e c t t s  technical  object ives  

and a summary descr ip t ion of the  individual  t e s t  types , included i n  the  

project  t e s t  gequence. 

I 3.1 PROJECT TECHNICAL OBJECTIVE 

The technical  object ive  of the  Prototype Lockhopper Valve Testing and 

Development project  is t o  ve r i fy ,  through Phase I I ' a n d  I11 t e s t  sequences, 

pro'totype lockhopper valves with the  capab i l i ty  of f u l f i l l i n g  the  following 

service  cr i ter ia ' :  

Pressures of 1,600 psig per . .stage of lockhopper 

Media temperatures t 0 ~ 3 5 0 ~ ~ .  for  Type I ,  850'~ for Type 11, 2 , 0 0 0 ~ ~  
fo r  Type 111, and 600 F fo r  Type I V  

I , Operating l i f e  of 30,000 cycles  without in te rna l  refurbishment 

1 n i t i H 1  in te rna l  leakage of l e s s  than 1:O scfm per inch of nominal 
bore s i z e  

In ternal  leakage a t  end of operating l i f e  l e s s  than 3.0 scfm per 
inch o f .  naninal .bore s i z e  

External leakage a t  end of operating l i f e  l e s s  than 0.1 scfm 

Valve actuation time l e s s  than 30 seconds w i t h  no shock 

Valve operating force/torque - repeatable and within the  rated 
limits of the  supplied actuator .  

3.2 PROJECT TEST SEQUENCE 

The Prototype Lockhopper Valve Testing and Development project  is  

conducted according t o  t he  sequence shown i n  Figure 3-1. The formal accep- 

tance t e s t s  and re la ted  inspect ions  a r e  conducted a t  the  valve manufacturer 

for  . a l l  valves. Upon receipt  a t  METC, t h e  valves a r e  v i sua l ly  inspected 

fo r  shipping damage without disassembly. A l l  documentation i s  a l so  

reviewed and accepted a t  t h i s  time. Baseline leakage r a t e ,  ac tuat ion time, 



Figure 3-1. Prototype Lockhopper Valve Testing and Development 
Project Test Sequence 
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I 
and o p e r a t i n g  f o r c e  measurements  a r e  v e r i f i e d  d u r i n g  t h e  s t a t i c  test  

\ .  . . -. ,, 

series, which is  conduc ted  on a l l  v a l v e  t y p e s .  Upon s u c c e s s f u l  c o m p l e t i o n  

o f  t h e  s t a t i c  test  series, e a c h  v a l v e  unde rgoes  a  v i s u a l  i n s p e c t i o n  t o  

e n s u r e  no damage h a s  o c c u r r e d  t o  components  and s u r f a c e s  a c c e s s i b l e  w i t h o u t  

d i s a s s e m b l y .  T e s t  v a l v e s  d e s i g n a t e d  f o r  d r y  f e e d  a n d / o r  d r y  a s h  removal  

s e r v i c e  (Types I, 11, and 111) p a r t i c i p a t e  i n  t h e  dynamic test serles. 

T h i s  t e s t  series s u b j e c t s  t h e  v a l v e s  t o  s o l i d s  under  s i m u l a t e d  c o a l  f e e d  
. \ 

s e r v i c ' e  c o n d i t i o n s .  o f  s o l i d s  and p r e s s u r e s  a t  ambien t  t e m p e r a t u r e s  .. V a l v e s  

t h a t  s u c c e s s f u l l y  c o m p l e t e  t h e s e  tests h a v e  t h e  h o t  s o l i d  tes t  seiies con- 

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

s o l i d s  t e m p e r a t u r e .  Va lves  : i n t ended  f o r .  w a t e r  s l u r r i e d  s l a g  o r  a s h  removal  

(Type I V )  l ockhopper  v a l v e  s e r v i c e  e x p e r i e n c e  t h e  s l u r r y  test series a f t e r  

s u c c e s s f u l  . s t a t i c  t e s t  series. 'Upon c o m p l e t i o n  o f  t h e  . s p e c i f i c  t e s t  

. ~ e q u ~ n c e  f o r  t h e .  p a r t i c u l a r  s e r v - i c e ,  e a c h  v a l v e  unde rgoes  a  p o s t - t e s t  

m e t r o l o g y  i n s p e c t i o n  and e v a l u a t i o n  t o  d e t e r m i n e  t h e  effects of t e s t i n g  on 

t h e  c r i t i c a l '  i n t e r n a l  components .  If a v a l v e  e x p e r i e n c e s  f a i l u r e  d u r i n g  

a n y  o f  t h e s e  tests, a d e t a i l e d  i n s p e c t i o n  and a n a l y s i s  is t y p i c a l l y  con- 

d u c t e d  t o  d e t e r m i n e  t h e  c a u s e s  and r eco rnended  s o l u t i o n s .  Depending on t h e  

s i t u a t i o n ,  t h i s  may b e  accompl i shed  e i t h e r  a t  t h e  v a l v e   manufacturer.'^ 

f a c i l i t y  o r  METC. 

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

o b j e c t i v e s ,  test r e q u i r e m e n t s ,  and s u c c e s s  c r i t e r i a  o f  e a c h  o f  t h e  p o r t i o n s  

of  t h e  test p r o j e c t .  T h i s  and  s u b s e q u e n t  s e c t i o n s  o f  t h i s  test p l a n  pro- 

v i d e  o n l y  g e n e r a l  summary d e s c r i p t i o n s  o f  t h e  tests and t e s t  u n i t s .  

D e t a i l e d  test p r o c e d u r e s  h a v e  been p r e p a r e d  and shou ld  b e  r e f e r r e d  t o  f o r  

s p e c i f i c  i n f o r m a t i o n  on each;  tes t  u n i t  o f  t h i s  p r o j e c t .  

3.2.1 A c c e p t a n c e  T e s t  and  I n s p e c t i o n  

The o b j e c t i v e .  is  to  v e r i f y  t h a t  t h e  v a l v e  meets t h e  s p e c i f i e d  per- 

fo rmance  and d i m e n s i o n a l  r e q u i r e m e n t s  p r i o r  t o  sh ipmen t  t o  METC. The v a l v e  

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

and  w i l l  p r e p a r e  a l l  r e q u i r e d  documen ta t ion .  T h i s  d o c u m e n t a t i o n  w i l l  

c e r t i f y  t e s t  r e s u l t s ,  v a l v e  c r i t i c a l  d . imens ions ,  v a i v e  c o n f i g u r a . t i o n ,  and  
. >  

' \  

a l l  items r e q u i r e d  by t h e  c o n t r a c t .  



3.2.2 Receiving In spec t ion  and Acceptance 

The o b j e c t i v e  of t h e  METC v i s u a l  i n spec t ion  and acceptance i s  t o  

v e r i f y  t h a t  t h e  va lve  is  ready f o r  t e s t i n g .  The v i s u a l  i n s p e c t i o n  con- 

duc ted  without disassembly is  t o  a s su re  t h a t  no damage t o  a c c e s s i b l e  su r -  

f a c e s  and components has occurred during shipment. Accompanying documenta- 

t i o n  is a l s o  inspec ted  f o r  completeness and accuracy. The success  of t h i s  

s t e p  is compliance w i th  performance c r i t e r i a ,  any a d d i t i o n a l  t e s t  c r i t e r i a ,  

proper and accu ra t e  documentation, and con f igu ra t i on .  

3.2.3 S t a t i c  Tes t  

The object-ive of t h i s  t e s t  s e r i e s  i s  t o  determine b a s e l i n e  leakage ,  

i n t e r n a l  and e x t e r n a l ,  response t ime,  and ope ra t i ng  force da ta  with a d ry  

gas  medium from atmospheric  t o  r a t e d  p r e s s u r e ,  1,600 p s i g ,  a t  ambient t o  

e l eva t ed  va lve  body temperature.  This s e r i e s  w i l l  determine the  e f f e c t  of 

p r e s s u r e  and temperature  on e x t e r n a l  leakage,  i n t e r n a l  l eakage ,  ope ra t i ng  

f o r c e ,  and a c t u a t i o n  time. 

The requirements  of t he  s t a t i c  t e s t .  s e r i e s  c a l l  f o r  approxPmately 500 

test va lve  cyc les .  These a r e  achieved through automatic  sequences i n t e r -  

spe r sed  with l e a k  t e s t  s e r i e s .  The automatic  sequences c o n s i s t  of 75 t o  

150 t e s t  va lve  c y c l e s  (25 t o  50 automatic  cyc l e s  of t h e  VSTU i t s e l f ) .  Each 

va lve  cyc le  i s  c losed  t o  open t o  c losed.  The t e s t  va lve  i s  operated on ly  

wi th  a balanced p re s su re  ac ros s  t he  c l o s u r e  member ( e i t h e r  a tmospheric  o r  

h ighe r ) .  Each time t h e  t e s t  va lve  is  i n  the  c losed  p o s i t i o n  during an 

au tomat ic  test sequence, a d i f f e r e n t i a l  p r e s su re  ( i . e . ,  t e s t  p r e s su re )  i s  

a p p l i e d  ac ros s  t he  c l o s u r e  member. The ope ra t i ons  performed during a 

sequence s imula te  the  va r ious  cond i t i ons  of p ressure  and a c t u a t i o n  t h a t  can 

occur  i n  a va lve  i n  lockhopper s e r v i c e  whi le  a l s o  working ( i .e . ,  ageing)  

t he  valve.  Sequences a r e  performed wi th  the  va lve  body a t  ambient temper- 

a t u r e ,  one o r  more i n t e rmed ia t e  tempera tures ,  va lve  r a t e d  temperature  up t o  

t h e  f a c i l i t y  c a p a b i l i t y ,  and aga in  a t  ambient temperature.  Type I va lves  

a r e  t e s t e d  t o  350 '~ ;  Types I1 and I11 t e s t e d  t o  850°F, t h e  f a c i l i t i e s  

ca 'pab i l i ty ;  and Type I V  t e s t e d  t o  600'~. A t  each temperature  l e v e l ,  a l e a k  

test  s e r i e s  c o n s i s t i n g  of a c t u a t i o n  t i m e ,  ope ra t i ng  f o r c e ,  e x t e r n a l  leak-  

age,  and i n t e r n a l  leakage measurements i s  obtained a t  t he  beginning and 



conclusion of each sequence. The l e a k  test s e r i e s  i s  descr ibed  f u r t h e r  i n  

Sec t ion  3.2.7. The medium f o r  t he se  t e s t s  is  cleaii  d ry  a i r  o r  n i t r o g e n ,  

determined by the  p re s su re  requirements  of t he  i n d i v i d ~ l  Valve. 

The test is  succes s fu l  i f  the  c r i t e . r i a  s p e c i f i e d  i n  Sec t ion  3 .1  and 

t h e  a p p l i c a b l e  c o n t r a c t  a r e  met. Since .the va lve  has been cycled only  i n  

c l ean ,  non-corrosive , ga se s ,  no degrada t ion  . i n  performanc.e is  expected,  s o  

t h e  c r i t e r i a  f o r  i n i t i a l  leakage s t i l l  a p p l i e s .  The exac t .  ope ra t i ng  fo rce  

c r i t e r i a  i s  provided i n  t he  va lve  s p e c i f i c a t i o n .  If these  performance 

c r i t e r i a  a r e  exceeded, t h e  va lve  w i i l  > b e  disassembled,  i n spec t ed ,  and 

measured a s  requi red  t o  determine the  cause of t he  f a i l u r e .  

I 3.2.4 Dynamic Tes t  

The o b j e c t i v e  of t h i s  t e s t  s e r i e s  i s  t o  determine performance 

c a p a b i l i t y ,  leakage,  a c t u a t i o n  time, and ope ra t i ng  fo rce ,  while ope ra t i ng  

with s o l i d  meqia and the  va lve  body a t  ambient temperature.  This  t e s t  

s e r i e s  w i l l  determine the  e f f e c t  of ope ra t i ng  pressure ,  s o l i d s  hardness ,  

and p a r t i c l e  s i z e  d i s t r i b u t i o n  independent of temperatur,e on performance 

parameters of t h e  Types I, 11, and I11 valves .  

The dynamic test s e r i e s  e x e r c i s e s  t he  va lve  f o r  approximately 8,000 

t o t a l  ope ra t i ng  cyc les .  A cyc l e  is def ined  a s  opening t h e  va lve  under a 

head of m a t e r i a l ,  t h e  m a t e r i a l  f lowing through the  va lve ,  c l o s i n g  t h e  va lve  

with pos s ib l e  i n t e r m i t t e n t  flow of s o l i d s ,  e s t a b l i s h i n g  a d i f f e r e n t i a l  

p r e s su re  ac ros s  t h e  va lve ,  ven t ing  the  p r e s s u r e ,  and accumulating a new 

head of ma te r i a l .  The t e s t  m a t e r i a l  i s  dolomite ,  l imes tone ,  s i l i c o n  car -  

b ide ,  o r  aluminum oxide of s e l e c t e d  p a r t i c l e  s i z e  d i s t r i b u t i o n s .  Subser ies  

of 250 t o  500 cyc l e s  a r e  conducted a t  r a t e d  and in te rmedia ted  p re s su re  

l e v e l s ,  ambient and o p t i o n a l  e l eva t ed  va lve  body tempera tures ,  d i f f e r e n t  

p a r t i c l e  s i z e  d i s t r i b u t i o n s ,  and, pos s ib ly ,  va r ious  m a t e r i a l s .  Base l ine  

performance da t a  i s  obtained by performing a l e a k  t e s t  s e r i e s  before  t he  

t e s t ,  a f t e r  each s u b s e r i e s  a t  ambient t empera ture ,  and a t  t he  conc lus ion  of 

t h e  test.  These base l ine  performance d a t a  a r e  i n t e r n a l  and e x t e r n a l  l eak-  

age ,  va lve  a c t u a t i o n  t i m e ,  and va lve  ope ra t i ng  force.  Control of p a r t i c l e  

s i z e  d i s t r i b u t i o n  i s  maintained by p e r i o d i c  sampling and replenishment t o  

achicvc accepLdL1e d l s ~ r i b u e i o n s .  



The t e s t  i s  considered succes s fu l  i f  t he  c r i t e r i a  s p e c i f i e d  i n  Sec t ion  

3.1 and the  a p p l i c a b l e  c o n t r a c t  a r e  m e t .  If  t he se  va lve  performance 

c r i t e r i a  a r e  exceeded, t h e  va lve  w i i i  be disassembled,  i n spec t ed ,  and 

measured a s  requi red  t o .  determine the  'cause of t h e  f a i l u r e .  

Hot S o l i d s  Tes t  

The objec t iGe  of t h i s  t e s t  ser. iek i s  t o  determine the  performance 

capabl i ty ' ,  leakage-, a c tua t ion '  t ime, and ope ra t i ng  fo rce ,  while o p e r a t i n g  

w i t h  heated s o l i d  ma te r i a l .  This s e r i e s  w i l l  determine the  e f f e c t  of 

p r e s su re ,  media hardness ,  and p a r t i c l e  s i z e  d i s t r i b u t i o n  wi th  hea ted  media 

on vaxve performance parameters.  . . 

The requirements  of t he  ho t  so l ids .  t e s t  s .er ies  a r e  very  s i m i l a r  t o  

those of t he  dynamic t e s t  s e r i e s .  Approximately 8,000 cyc l e s  a r e  conducted 

wi th  t h e  same d e f t n i t i o n  of , a  cyc l e  a s  with t he  dynamic t e s t .  The t e s t  

m a t e r i a l  i s  dolomite ,  l imes tone ,  aluminum oxide,  : o r  s i l i c 6 n  ca rb ide  of 

s e l e c t e d  s i z e  d i s t r i b u t i o n s  and i s  heated i n  a f l u i d  bed heat.er.  - The 

s i g n i f i c a n t  d i f f e r e n c e  i n  t he se  t e s t s  i s  the  hea ted  media. Therefore ,  t h e  

a d d i t i o n a l  parameter v a r i e d ' w i t h  t h e  '500-cycle s u b s e r i e s . . i s  media temper- 

a t u r e .  An i n t e rmed ia t e  and r a t e d  temperature  s u b s e r i e s  is  'run- a t  i n t e r -  
.. . 

mediate  and r a t e d  1,600 p s i g  pressures .  The v a l v e  may r e q u i r e  c o n t r o l l e d  

prehea t ing  and coolfng f o r  t he se  tests. As with  - t he  dynamic t e s t s ,  l e a k  

test s e r i e s  a r e  .performed p e r i o d i c a l l y  during t h e  t e s t i n g .  The media s i z e  

d i s t r i b u t i o n  i s  c o n t r o l l e d  a s ,  . in  t he  dynamic' t e s t i n g .  

The t e s t  is' succes s fu l  i f  the  c r i t e r i a  s p e c i f i e d  i n  Sec t ion  3 . 1  and 
. .. . . 

t h e  a p p l i c a b l e  cont rac t .  a r e  i e t .  . If  t h e s e  per£ormance c r i t e r i a  a r e  

exceeded, t he  va lve  w i l l  be disassembled, i n spec t ed ,  , a n d  measured a s  

r equ i r ed  to, determine the  ca'use of t he  £aSi lure .  

S l u r r y  Tes t  

The o b j e c t i v e  of t h i s  t e s t  series is  t o  determine the  performance 

c a p a b i l i t y ,  l eakage ,  a c t u a t i o n  time., .and ope ra t i ng  fo rce ,  while ope ra t i ng  

w i t h  a water s o l i d s  s l u r r y .  This t e s t  s e r i e s .  w i l l  determine;the e f f e c t  of 

ope ra t i ng  p re s su re  and percent  by weight s o l i d s  i n  s l u r r y  mixture  on va lve  

performance parameters.  It i s  a s imu la t i on  of lockhopper va lve  a s h i s l a g  

water s l u r r y  removal s e r v i c e  such a s  encountered on s lagging  g a s - i f i e r s  and 

conducted only  on ~~~e I V  valves .  



The requirement of t he  s l u r r y  t e s t  s e r i e s  i s  t o  conduct approximately 

8,000 t o t a l  ope ra t i ng  cyc l e s .  A c y c l e  f o r  a p r e s su r i zed  s e r i e s  c o n s i s t s  of 

f i l l i n g  t he  s l u r r y  charge tank;  p r e s s u r i z i n g  t e s t  s e c t i o n s  on both s i d e s  of 

t he  test va lve ,  inc lud ing  the  f u l l  s l u r r y  charge t ank ;  opening the  t e s t  . - 

va lve ;  a l lowing time f o r  s l u r r y  t o  flow through test va lve ;  c l o s i n g  t h e  

va lve ;  dep re s su r i z ing ;  opening the  system va lves  t o  remove s l u r r y ;  and 

pumping a new charge of s l u r r y  t o  t he  charge tank. The s l u r r y  i s  a mixture  

of water and l imestone a t  var ious  percentages by weight of l imestone.  

Subser ies  of approximately 250 cyc l e s  a r e  conducted a t  s e v e r a l  p r e s su re  

l e v e l s  from atmospheric t o  r a t e d  p re s su re ,  ambient and s l i g h t l y  e l eva t ed  

s l u r r y  tempera tures ,  and s e v e r a l  - s l u r r y  mixtures .  Basel ine performance 

da ta '  a r e  obtained a t  t he  beginning and end of t he  t e s t  and between each 

I subse r i e s .  These da t a  'are  i n t e r n a l  and e x t e r n a l  l eakage ,  va lve  response 

t i m e ,  and va lve  ope ra t i ng  force.  

The t e s t  i s  succes s fu l  i f  t he  c r i t e r i a  s p e c i f i e d  i n  Sec t ion  3.1 and 

the a p p l i c a b l e  c o n t r a c t  a r e  met: If t he se  performance c r i t e r i a  a r e  

exceeded, t h e  va lve  w i l l  be disassembled,  ' i n s p e c t e d ,  and measured a s  

requi red  t o  determine the  cause .of t h e  f a i l u r e .  

3.2.7 ~ e a k  Tes t  s e r i e s  
. , 

The o b j e c t i v e  .of  the  l e a k  t e s t  s e r i e s  . i s  t o  determine the  performance 

parameters of t he  t e s t .  va lve  over ' t h e  range of s p e c i f i e d  p re s su re s .  and a t  

t h e  s p e c i f i e d  t e s t  condi t ions .  These s e r i e s  a r e  conducted i n  conjunction- 

with t h e  s t a t i c ,  ,dynamic, hot s o l i d s ,  -and s l u r r y  test s e r i e s .  

I The requirement i s  t o  conduct l e ak  t e s t s  before , '  dur ing ,  and a f t e r  t h e  

s t a t i c ,  dynamic, hot s o l i d s ,  and s l u r r y  , t e s t s  p rev ious ly  descr ibed.  The 

l e a k  tests a r e  conducted every  75 t o  500 cyc l e s  a s  s p e c i f i e d  i n  t he  i n d i -  

v idua l  va lve  t e s t  plan. S t a t i c  t e s t  s e r i e s  have l eak  t e s t  s e r i e s  every 75 

t o  150 va lve  . c y c l e s ,  while  t he  dynamic, ho t  s o l i d s ,  and s l u r r y  ' u n i t s  per- 

form l eak  t e s t s  every 250 t o  500 va lve  cyc les . .  Leakage measurements a r e  

obtained from pressure  decay and flowmeter techniques.  I n t e r n a l  l eakage  

( i . e . ,  va lve  s e a t )  i s  obta ined  over a range of p ressures  t o  the  va lve  r a t e d  
I 

pressure .  The i n i t i a l  p r e s su re  during s t a t i c  t e s t s  i s  50 p s i g ,  followed by 
I 

100 p s i g ,  and add i t i u i l a l  100 psig increments t o  r a t e d  pressure.  Dynamic, 

ho t  s o l i d s ,  and s l u r r y  t e s t i n g  s t a r t  a t  100 p s i g  followed by 100 p s i g  

increments t o  r a t ed  valve pressure.  Externa l  va lve  stem leakage i s  



measured with the  valve open a t  ra ted  pressure only. The data  i s  converted 

t o  s tandard condit ions by temperature and pressure f a c t o r s .  The pressur i -  

z a t i o n  gas is a i r  o r  99 p lus  percent n i t r o g e n ,  depending upon . . pressure 

requirements, n i t rogen t o  1,200 ps ig  (600 psig i n  the  s l u r r y  t e s t s ) ,  and 

a i r  t o  2,500 p.sig. In conjunction with the  leakage, t e s t ,  measurements a r e  

made of the  ac tua t ion  time and operat ing force of .the t e s t  valve,  both a t  

atmospheric pressure and with a balanced e leva ted .p ressure .  ... 

The t e s t  is  successful  i f  i n t e r n a l  and ex te rna l  leakage, ac tua t ion  . . 
t ime,  and operat ing forces  meet the.. c r i t e r i a  of Section 3.1. . 

3.2.8 Post-Test Inspect ions  

. . 
The objec t ive  of the post t e s t  metrology inspect ions  and measurements 

is t o  provide data  on the wear, degradation,  and damage incurred during the  

METC tes t ing .  The data  w i l l  be used f o r  f a i l u r e  ana lys i s  a c t i v i t y  and 

design improvement recommendations where f a i l u r e s  have occurred and f o r  

p ro jec t ions  of valve l i f e  where t e s t s  a r e  success fu l ly  completed. 

The requirement is  t o  conduct de ta i l ed  inspect ions  of t e s t  valves 

before and a f t e r  tes t ing ' ,  t o  determine wear, degradation,  o r  damage 

incurred during t e s t ing .  Dimensional, photographic, and surface  f i n i s h  

measurements a r e  taken t o  provide a basel ine f o r  determination of degrada- 

t i o n  o r  wear and fo r  f a i l u r e  ana lys i s ,  i f  required. Measurements w i l l  be 

made of any c r i t i c a l  parameter t h a t  may a f f e c t  sea l ing  performance o r  

opera t ing  force and w i l l  include f l a t n e s s ,  roundness, s p h e r i c i t y ,  hardness, 

concen t r i c i ty ,  and alignment. Other methods of nondestruct ive examination 

a r e  conducted', including dye penetrant and magnetic p a r t i c l e  inspections.  

Extensive photo documentation provides a v i sua l  evaluat ion  and h i s t o r y  of 

t e s t  valve components. The post- test  inspect ion  and measurements w i l l  . be 

compared t o  the  data prepared by the  valve manufacturer p r i o r  t o  shipment 

t o  METC. 

A determination t y p i c a l l y  is made on wear, e ros ion ,  corros ion,  surface  

d e t e r i o r a t i o n ,  spa l l ing ,  cracking, and s e a l  a rea  contamination, fo r  exam- 

p le .  These inspect ions ,  compared with those conducted a t  the  valve manu- 

f a c t u r e r ' s  f a c i l i t y ,  enable the  ext rapola t ion  of valve l i f e  and a s s i s t  i n  

f a i l u r e  analys is .  



4.0 METC LOCKHOPPER VALVE TEST UNITS AND OPERATIONS 

The previous sec t ion  presented t h e  t y p i c a l  test sequence and t h e  

ob jec t ives  and genera l  test requirements o f  each category o f  test o f  t h e  

Prototype Lockhopper Valve Tes t ing  and Deve lopen t  p ro jec t .  This  sec t ion  

desc r ibes  t h e  METC lockhopper t e s t  u n i t s  and provides information on typi -  

c a l  i nd iv idua l  test opera t ions ,  condi t ions ,  m a t e r i a l s ,  measurements. and 

o ther  c h a r a c t e r i s t i c s  of each test category. 

The ind iv idua l  tests conducted on a s p e c i f i c  va lve  may vary  from those  

described.  These t e s t s  w i l l  be a funct ion  of t h e  requirements o f  each 

va lve  and w i l l  be presented i n  t h e  ind iv idua l  test plan developed fo r  each 

s p e c i f i c  valve.  Modification is a l s o  poss ib le  a s  a va lve  progresses 

through t h e  t e s t  sequence based on information and r e s u l t s  obtained during 

t e s t i n g .  

The f a c i l i t y  f o r  s t a t i c  tests i s  t h e  Valve S t a t i c  Tes t  Unit (VSTU); 

f o r  dynamic tests, it i s  t h e  Valve Dynamic Test  Unit (VDTU); f o r  hot s o l i d s  

tests, t h e  Valve Hot S o l i d s  Test Unit (VHSTU); and f o r  s l u r r y  tests, t h e  

Valve S lu r ry  Tes t  Unit (VSLTU). The Valve Testing-Data Acquis i t ion  and 

Control Center (VT-DAC) provides f o r  da ta  a c q u i s i t i o n  f o r  a l l  t h e  t e s t  

u n i t s  and a u t a n a t i c  canputer con t ro l  fo r  a l l  uni t s .  The con t ro l  console 

for t h e  VSTU is located  adjacent  t o  t h e  u n i t ;  however, t h e  VSTU u t i l i z e s  

t h e  canputer i n  t h e  Control Center. F igure  4-1 presents  two views o f  t h e  

VT-DAC. The metrology inspec t ion  a c t i v i t i e s  a r e  conducted i n  t h e  Metrology 

Laboratory. F igure  4-2 is a view o f  t h e  labora tory .  

4.1 VALVE STATIC TEST UNIT 

The Valve S t a t i c  Tes t  Unit is designed t o  determine t h e  i n i t i a l  

base l ine  leakage and t h e  e f f e c t s  o f  dry cycl ing  on t h e  leakage (i.e.. non- 

s o l i d  and non-slurry). A schematic of t h e  test i n s t a l l a t i o n  is shown i n  

F igure  4-3. F igure  4-4 is a photograph of a SOA test valve  i n  t h e  VSTU. 

The p ressu r i za t ion  gas. a i r  o r  n i t rogen,  is supplied a t  ambient 

tenpera ture .  The va lves  are heated by induct ion  o r  r e s i s t a n c e  h e a t e r s  t o  

t h e  temperatures requi red  by t h e  ind iv idua l  test plan. A l l  test opera t ions  

are conducted  under t echn ic i an -moni to red  computer c ~ n t r o l  w i t h  t h c  

cxeep t iu~ l  o f  opepatinn f o r c e  measurements. 



Figure 4-1. ~hotdgraphs of Valve Testing-Data Acquisition 
and Control Center 

4-2 



Figure 4-2. Photograph of Metrology Laboratory 

Le, ".J&.*%+b<,.-,* L~. 3 ,  -.'%*:::?-.. 



Figure 4-3.  Schematic of Valve Static T e s t  U n i t  h ta l lat ipn 
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A t y p i c a l  VSTU test sequence is shown i n  Table 4-1. This  sequence 

p resen t s  t h e  t y p i c a l  events  with estimated canple t ion  t imes and any per- 

t i n e n t  remarks. For sequences a t  elevated va lve  temperature, a preheat 

period may be requi red ,  which i s  a funct ion  o f  required temperature and t h e  

test valve  requirements,  p r i o r  to t h e  automated t e s t i n g .  The manual opera- 

t i n g  f o r c e  measurements a r e  scheduled with each leak  test s e r i e s .  A major 

time var i ab le  is t h e  number of automatic va lve  cyc les  during each sub- 

series. For t h i s  test sequence. 75 va lve  cyc les  were assuned f o r  each 

automatic  cyc le  sequence. 

The range of test condi t ions  f o r  a s t a t i c  test series is: 

Pressure  

- 50 p s i g  t o  2.000 ps ig  (maximm pressure  depends on va lve  r a t i n g )  

Valve temperature 

- Ambient t o  ra ted  va lve  temperature.(maximm of  8 5 0 ' ~  based on 
c u r r e n t  experience and power l i m i t a t i o n s  of hea te r s )  

- In termedia te  value (opt ional ) .  

The measured and canputed da ta  obtained from VSTU tests are :  

I n t e r n a l  leakage a t  range of pressures  

External leakage a t  r a t ed  pressure  

Gas temperature 

Gas pressure  

Valve body temperature 

Valve a c t u a t i o n  time 

Valve opera t ing  force / torque  

Valve s t r a i n  gage measurements ( i f  i n s t a l l e d ) .  

4.2 VALVE DYNAMIC TEST UNIT 
- .  

The Valve Dynamic Test  Unit is designed t o  determine t h e  e f f e c t s  o f  

v a l v e  opera t ion  with ambient temperature s o l i d  m a t e r i a l  and pressure  on 

va lve  performance and l i fe .  A schematic o f  t h e  t e s t  i n s t a l l a t i o n  with a 



TABLE 4-1. TYPICAL VSTU TEST SEQUENCE 

EVENT 

1. Actuation Time (Atmospheric) 

2. Operating Force (Atmospheric) 

3. Pressunze PI 8 P2 

4. Operating Force (Rated Pressure) 

5. ActuaUon Time (Rated Pressure) 

6. External Leak Test 

7. Depressurize 

8. Internal Leak Test 

B. Close Test Valve 

10. Automatic Valve Cycling Sequence 

-Pressurize P i  8 FZ 
-Open Test Valve 
- Close Test Valve 
- Depresounze PI 8 P2 
-Accumulative Computer Pauses 
-Total 75 Valve Cycles (25 Auto Cycles) 

11. Internal Leak Test 

12. AU~O Cycle25n5 Valve Cycles 

13. Internal Leak Test 

14. Depressunze 

15. Repeat Events 1 Through 6 

16 ~epressurize 

Total 

NOTES (1) Assumes 25 Auto CyCk Automatic s~~u~II&. 

(2) For Elevated Temperature Tests. Preheat May Be Required at Approximately 10(P F Per Hour 
and Cooling at I W F  Per Hour. 

(3) USON ~eak  ~ e s t  IS Available as Option. 

(4) CCC Type Ill valve shall not be deprarsurized at a rate greater than 1500 pailminute. 

EST. TIME-SEC 

10-60 

NIA 

W-MO 

NIA 

10-W 

300 

120 - 140 

45-225 

5-90 

( W-200) 
( 15-90 ) 
( 15-90 ) 
(120 - 400) 

(90) 
1920-8980 

45-225 

1920-6sw 

45-225 

120-400 

380-820 

120-400 

5100 to 17065 

REMARKS 

45 Sec Per Test 
Flow-~eter Leg 

Assume 75 Valve 
Cycle 

1 Ea:rCyTwY 



three-valve t e s t  t r a i n  is shown i n  Figure 4-5. The MTU h a s  t h e  f l e x i -  

b i l i t y  of opera t ing  with a two-  o r  three-valve test t r a i n .  Types I, 11, 

and I11 proto type  lockhopper va lves  a r e  t e s t e d  i n  t h e  MTU. 

The t o p  i n l e t  va lve  i n  both test conf igura t ions  s imula tes  a feed 

lockhopper inlet  va lve  while  t h e  bottom l a s t  v a l v e  i n  e i t h e r  t r a i n  s imu-  
lates t h e  o u t l e t  va lve  o f  a removal lockhopper. The second va lve  i n  a 
three-valve train s imula tes .  f o r  t h e  feed s e r v i c e ,  an  i n l e t  va lve  t o  a 
process r e a c t o r  o r  combustor, o r ,  for t h e  removal se rv ice ,  t h e  e x i t  v a l v e  1 
f r o m  a reac to r  or  combustor. F igure  4-6 is a photograph o f  t h e  bui ld ing  

housing t h e  VDTU. 

Dolomite, l imestone. s i l i c o n  carbide ,  o r  a l u n i n m  oxide a t  ambient 

t enpe ra tu re  is fed f r a n  a s o l i d s  s to rage  hopper i n t o  t h e  va lve  test t r a i n .  

The test sec t ion ( s )  between t h e  valves is f i l l e d  with s o l i d s  and pressur i -  

zed with a i r  o r  n i t rogen with corresponding va lve  operat ion.  A s l i d e  v a l v e  

is used t o  meter t h e  required quan t i ty  of s o l i d s  i n t o  t h e  test t r a i n  so t h e  

test va lves  do not c l o s e  while f u l l  o f  so l ids .  The s o l i d  m a t e r i a l s  a r e  

recycled  t o  t h e  hopper f o r  reuse.  These t e s t s  a r e  normally conducted with 

t h e  test valves  and s o l i d s  a t  ambient temperature. However. t h e  test u n i t  

can use  induct ion  h e a t e r s  t o  e l e v a t e  t h e  va lve  body temperature. If t h i s  

op t ion  is se lec ted ,  con t ro l l ed  preheat ing and cool ing  may be required a s  
determined by individl lal  va lve  c o n s t r a i n t s .  

The VDTU tests a r e  composed o f  subse r i e s  o f  500 t o  1.000 cycles .  Each 

s u b s e r i e s  is a set o f  test sequences. A t y p i c a l  set o f  sequences is: 

Basel ine performance da ta  ( leakage  measurements at  100 p s i g  t o  
r a t ed  pressure ,  a c t u a t i o n  time measurement, and opera t ing  f o r c e  
measurement) 

Automatic va lve  cycl ing I 
Gross  pe r fo rmance  d a t a  ( l e a k a g e  measurements  a t  a s p e c i f i e d  
p r e s s u r e ,  a c t u a t i o n  time measurement ,  and o p e r a t i n g  f o r c e  
measurement) 

Automatic va lve  cyc l ing  

Gross o r  base l ine  performance da ta .  I 
The base l ine  per fomance  da ta  a r e  obtained without s o l i d s  flow and 

. r e q u i r e  .. t h e  i n s t a l l a t i o n  o f  b l ind  f l anges  i f  only  two test va lves  a r e  
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Figure 4-5. Schematic of VDTU Installation 





i n s t a l l e d .  Each automatic va lve  cycl ing sequence c o n s i s t s  o f  250 t o  500 

c y c l e s  a s  speci f ied  i n  t h e  ind iv idua l  t e s t  plan. A t y p i c a l  a u t a n a t i c  c y c l e  

sequence i s  shown i n  Table 4-2 f o r  two-valve conf igura t ions  and i n  Table 

4-3 fo r  three-valve configurat ions.  Gross leakage is measured dur ing  each 

cycle.  External  leakage  is checked p e r i o d i c a l l y  d w i n g  t h e  test with a 

leak de tec t ing  so lu t ion .  

The t e s t  condi t ions  f o r  a dynamic test s e r i e s  a re :  

So l ids  temperature - ambient 

Pressure - 100 p s i g  t o  2,000 p s i g  (or   maxim^ ra t ed  pressure)  

Valve emperature - ambient (opt ional  t o  va lve  r a t ed  temperature up 8 t o  850 F f l ange  temperature) 

Sol id  ma te r i a l  - p a r t i c l e  s i z e  d i s t r i b u t i o n  a s  spec i f i ed  i n  va lve  
t e s t  plan 

P ressu r i za t ion  gas - a i r  o r  ni t rogen (99 percent  p lus) .  

The measured and canputed da ta  obtained from VDTU tests a r e :  

Leakage r a t e  

Valve ac tua t ion  time 

Valve operat ing force/ torque 

Gas t a i p e r a t u r e  and pressure  

Valve body temperature 

Valve s t r a i n  gage measurements ( i f  i n s t a l l e d ) .  

4.3 VALVE HOT SOLIDS TEST UNIT 

The Valve Hot S o l i d s  Test  U n i t  is designed t o  s imulate t h e  c y c l i c a l  

flow of hot  s o l i d s  through lockhoppers. The tes t  s e r i e s  evalua tes  t h e  

a b i l i t y  of valves t o  provide up t o  one year o f  s e r v i c e  under simulated 

opera t ing  condit ions.  A schematic of t h e  VHSTU i n s t a l l a t i o n  is shown i n  
F i g w e  4-7. ~ ~ ~ e s  I. 11, and I11 prototype lockhopper valves a r e  t e s t e d  i n  

t h e  VHSTU. The un i t  has two t r a i n s  f o r  va lve  t e s t i n g :  Train A is capable 

of t e s t i n g  two prototype va lves  with ma te r i a l  temperature t o  2 . 0 0 0 ~ ~ ;  while  

Train B is capable of t e s t i n g  a t w g -  o r  t.hre+valve saL-up Wlth m a t e r i a l  

temperature t o  600'~. Photographs of t h e  s o l i d s  r e t u r n  system and t h e  

f l u i d  bed heater  a r e  shown i n  Figure  4-8. 



ESTIMATED TIME 
WENT SECONDS 

1 Open Test Unit Feed Valve 15 

2. Solids Flow to Test Valve 1 15 

3. Clom Test Unit Feed Valve 15 

4. Open Test Valves 1 8 3 5-30 

5. Solids Flow into Test Section 1 8 30 
from Test Section 2 

6. close Test Valves I 8 3 5-30 

7. Pressurize Test Section 2 BO-2W 

8. Gross LeakTest (every5cycles) 15 (-5) 

9. Pressurize Test Section 1 60-200 

10. Gross LeakTest (every5cycles) 15 (7-5) 

11. OpenTestValve2 5-30 

12. Solids Transfer Test Section 1 8 2 30 

13. Cloee Test Valve 2 5-30 

14. Depressurire Test Sections 1 8 2 60-2W 

Total T~me Per Cycle 335 to 855 

EVENT 

1. Open Test Unit Feed Valve 

2 Solids flow to Test Valve 1 

3. Close Test Unit Feed Valve 

4. Open ~ e s t  valve 1 

5. Solids Flow Into Test Section 

6. Close Test Valve 1 

7. Prsssurize Test Sect~on 

8. G r w  Leak Test (every 5 cycles) 

9. Gepressurize Test Section 

lo. Open Test Valve 2 

11. Solids Flow lrom Test SecUon 

12. Close Test Valve 2 

Total Time Per Cycle 

Notea. 

Notes: (1) CCC Type 111 valve shall not be depressurized at a rate greater than 1500 pst per minute 
(2) USON leak test Is available as option. 

ESTIMATED TIME 
SECONDS 

15 

15 

15 

5-30 

30 

5-30 

60-200 

15 (75+5) 

60-200 

5-30 

30 

5-30 

280toMO 

(1) CCC Type Ill valve shall not be depressurized at a rate grsater than 1500 psl per'mlnute 
(2) USON leak test Is available as option. 

TABLE 4-3.  TYPICAL AUTOMATIC CYCLE SEQUENCE - THREE VALVE TRAIN 



Figure 4-7. Schematic of VBSTU Installation 
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4.4 VALVE SLURRY TEST UNIT 

The Valve S l u r r y  Tes t  Unit is designed t o  s imulate t h e  c y c l i c a l  flow 

o f  water/s lag/ash s l u r r y  through lockhoppers. The t e s t  series evalua tes  

t h e  test va lve ' s  c a p a b i l i t y  o f  lockhoppering s l u r r y  a t  temperatures o f  

ambient t o  200'~. For t h e  e levated  temperature t e s t s ,  con t ro l l ed  preheated 

and cooling may be necessary a s  a funct ion  of an ind iv idua l  va lve ' s  

requirements and c o n s t r a i n t s .  A schematic of t h e  VSLTU is presented i n  

Figure  4-9. Only Type I V  prototype lockhopper valves a r e  t e s t e d  i n  t h e  

VSLTU. Figure  4-10 is a photograph of t h e  un i t .  

S i n g l e  valves a r e  t e s t e d  i n  t h e  VSLTU as  i n  VSTU t e s t i n g .  A s  with t h e  

o the r  test u n i t s ,  t h e  VSLTU is normally operated i n  a technician-monitored.  

canputer-controlled automatic mode. 

The t y p i c a l  VSLTU test sequence c o n s i s t s  of pumping a s l u r r y  o f  water 

and l imestone ( o r  s imi la r  m a t e r i a l )  fran t h e  s l u r r y  mix-receiving tank t o  

t h e  s l u r r y  charge tank. For a pressurized cyc le ,  t h e  tank and both test 

s e c t i o n s ,  va lve  i n l e t  and o u t l e t ,  a r e  pressurized.  The s l u r r y  is then 

allowed t o  flow by g r a v i t y  t o  t h e  va lve  i n l e t  test sec t ion .  The va lve  is 

then opened with s l u r r y  flow through t h e  valve;  a s  always, a balanced pres- 

s u r e  s i t u a t i o n  e x i s t s  f o r  va lve  operat ion.  The test s e c t i o n s  a r e  then 

depressurized and t h e  s l u r r y  is returned t o  t h e  s l u r r y  mix-receiving tank. 

Tes t  subse r i e s  a r e  conducted a t  both atmospheric and ind iv idua l  va lve  test 

plan spec i f i ed  pressures.  

The t e s t  philosophy is s i m i l a r  t o  that used on VDTU and VHSTU t e s t i n g .  

The VSLTU tests a r e  canposed of subse r i e s  o f  500 t o  1.000 cycles .  A 

t y p i c a l  s e t  of sequences i n  a subse r i e s  is: 

Basel ine performance da ta  

Automatic va lve  cyc le  (nominally 250 cycles)  

Baseline performance da ta  

Automatic va lve  cycl ing 

Basel ine performance da ta .  

The base l ine  performance da ta  c o n s i s t s  of leakage measurements from 

100 psig t o  ra ted  pressure.  va lve  ac tua t ion  time. and, pe r iod ica l ly .  va lve  

operat ing f o r c e  measurements, which a r e  technician-conducted. The i n t e r n a l  







l eakage  measurements t o  s imula te  s e a l i n g  d i r -ec t ion  can be conducted i n  t h e  

s l u r r y  flow d i r e c t i o n ,  o r  both d i r e c t i o n s .  This  enables  t h e  s imu la t i on .  o f  
. ~ . . .  

' S  - 

a va lve  l o c a t l o n  . a t  t h e  i n l e t  o r  o u t l e t  :of thec.:s1yrry removal lockhopper.  
. , , . .  . *  . 

A t y p i c a l  automati; c y c l e  sequence i n  : t h e  pres.$urized mode is, ?how! ' i n  
, , . " 

Table 4-4. The. a tmospheric  cyc l ing  .mode9.sequencee~,titne is  approxhnate ly '  t h e  
. . . . 

same a s  i n  t h e  pressur ized  mode,. with t h e  only s ign i f ican t ,  d i f f e r e n c e  being 
b ,  

p r e s s u r i z a t i o n  and depressurizat ion. . ,  The atmospheric  mode t e s t  sequence 

s imula tes  a va lve  a t  t h e  o u t l e t  t o  t h e  : s l u r r y  lockhopper ( i  .e., o p e r a t i o n  

a t  balanced atmospheric  pres.sure) . The pressur ized  mode t e s t .  sequence 

simuia'tks a va lve  l oca t ed  between t h e  quench tank 'and t h e  s l u r r y  lockhobper 

( i  .e., operat ion.  ' a t  balanced r a t e d  system pressure)  . 
, . 
l he test cdnd i t i ons  f o r  .a s l u r r y  t e s t  s e r i e s  a r e :  

S l u r r y  temperature  - ambient t o  2 0 0 ' ~  
" .  

. S l u r r y  mix tu re  - 2 5 3 0  50 percent  s o l i d  m a t e r i a l  by weight 

' S l u r r y  and l eak  r a t e  gas  p re s su re  - 100 p s i g  t o  2,000 p s i g  ( o r  
*,. va lve  r a t ed  p re s su re )  

Valve body temperature  - ambient 

P re s su r i z ing  gas-  - a i r  o r  n i t rogen .  

The measured and computed da ta  obtained from VSLTU tests a r e :  . 

0:. I n t e r n a l  va lve  leakage r a t e - ( g a s )  

' Externa l  va lve  leakage  r a t e  (gas )  

e, Gross leakage r a t e  ( s l u r r y )  

va lve  ope ra t i ng  f i r c e / t i r q u e  

Valve a c t u a t i o n  t ime 

Gas temperature  and p re s su re  

S l u r r y  temperature  and p re s su re  

S t r a i n  gage measurements ( i f  i n s t a l l e d ) .  



. . 
- .'.'-'.'.TABLE 4-4. VSLTU:.AGTQMATIC CYCLE SEQUENCE PRESSURXZED. MODE , , , . . 

. . 
. .  . . . . . . . .  

1. Close Slurry ~ransfer Valve 

2. Fill Slurry Charge8 Tank 

3. Pressurized Test Section 1 8 2 ., 
and Charge Tank= . . 

.4. Open Slurry Transfer Valves 

5. Slurry Flow to Test Section 1 

6. Open Test Valve 

7. Slurry  low to Test Section 2 

8. Close Test Valve 

9: Depressurize System 

10. Open Slurry Outlet Valve 

11. Slurry Transfer to Receiving Tank 

Total Cycle Time 

ESTIMAYED'T~~~E : 
SECONDS 

Note.: USON leak test is available as option 



5.0 DOCUMENTATION 

Documentation is  a n e c e s s a r y  component i n  t h e  s u c c e s s  o f  any tes t  

p r o j e c t .  The key f u n c t i o n s  provided by t h e  s u p p o r t i n g  documentat ion a r e  

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

conduct  o f  tests on a n  i n d i v i d u a l  v a l v e .  Another i m p o r t a n t  f u n c t i o n  o f  

documentat ion is  t o  s p e c i f y  test c o n d i t i o n s ,  t e s t  sequences ,  test  requ i re -  

ments ,  and s u c c e s s / f a i l u r e  c r i t e r i a .  The r e c o r d i n g  o f  test  r e s u l t s ,  

including-.problems and f a i l u r e s ,  and t h e  r e p o r t i n g  o f  t h e s e  r e s u l t s  w i t h  

recommendations and c o n c l u s i o n s  a r e  mandatory i n  o r d e r  t o  d i s s e m i n a t e  t h e  

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

A s i g n i f i c a n t  a s p e c t  o f  a l l  documentat ion i s  t h e  communication o f  

p rocedures ,  c a u t i o n s ,  warn ings ,  and i n s t r u c t i o n s  t o  e n s u r e  t h a t  p e r s o n n e l  

and equipment s a f e t y  i s  accomplished d u r i n g  a l l  t e s t i n g  a c t i v i t i e s .  The 

s a f e t y  p rocedures  and c r i t e r i a  a r e  p r a c t i c e d  from r e c e i p t  o f  v a l v e s  t h r o u g h  

i n s t a l l a t i o n ,  t e s t i n g ,  and p o s t - t e s t  a c t i v i t i e s .  These  p rocedures  are pre- 

pared not  on ly  f o r  v a l v e  a c t i v i t i e s  b u t  f o r  a l l  test u n i t  and l a b o r a t o r y  

a c t i v i t i e s  i n  s u p p o r t  o f  t h e  P r o t o t y p e  Lockhopper Valve  T e s t i n g  and 

Development p r o j e c t  . 
The remainder  of t h i s  s e c t i o n  w i l l  d i s c u s s  t h e  key documentat ion t h a t  

s u p p o r t s  t h e  P r o t o t y p e  Lockhopper Valve T e s t i n g  and Development p r o j e c t  ' a t  

METC. These  a r e  t h e  i n d i v i d u a l  test. u n i t  o p e r a t i n g  manuals ,  v a l v e  test 

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

s u p p o r t i n g  documentat ion.  

I 5.1 TEST UNIT OPERATING MANUALS 

An o p e r a t i n g  manual is  prepared  f o r  each of t h e  f o u r  lockhopper  

p r o j e c t  test u n i t s :  VSTU, VDTU, VHSTU, and VSLTU. ' These manuals  p r o v i d e  

p r o c e d u r e s ,  i n s t r u c t i o n s ,  and r e q u i r e m e n t s  . . on equipment o p e r a t i o n s  and 

main tenance ,  and test se tup /checkou t  conduct  and r e p o r t i n g .  A paramount 

item i n c l u d e d  is  s a f e t y  p r o c e d u r e s  and c r i t e r i a .  The manual is a l s o ' u s e d  

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

f o r  conduc t  o f  a l l  a s p e c t s  o f  the u n i t ' s  o p e r a t i o n  i n c l u d i n g  s u p p o r t i n g  

equipment such a s  t h e  automated c o n t r o l  system. These  manuals are prepared  

by METG. 



5.2 VALVE TEST PROCEDURES 

' . A s e p a r a t e  t e s t  procedure i s -  prepared . for  e a ~ h  ca t ego ry  o f  t e s t i n g  t o  

be conducted on each i n d i v i d u a l  va lve  o r  v a l v e  s e t  , f o r  .VDTU and . VHSTU . - .  

t e s t i n g .  The procedures  w i l l  i d e n t i f y  t h e  con f igu ra t i on  of t h e  t e s t  

valve(s1. ;  t h e  t e s t  sequence; t h e  t e s t  equipment and f a c i l i t i e s  r equ i r ed ;  

t h e  number. of  test personnel  r equ i r ed ,  t h e i r  l o c a t i o n  and t h e i r  d u t i e s ;  

instrumentation and d a t a .  record ing  . requirements ,  i nc lud ing  p rov i s ions  f o r  

r eco rd ing  v i s u a l  r eadou t s  (e .g . ,  gages)  ; s a f e t y  p recau t ions ;  and o the r  
' .' , . 

p e r t i n e n t  i n s t r u c t i o n s  necessary f o r  s a f e l y  performing t h e  i nd iv idua l  test .  

Coordinat ion and approval  of  t h e  procedure by management w i l l  be obtained 
. ,  

p r i o r  t o  use. ~ e v i s i o n i  t o  t h e  a l s o  w i l l  r e q u i r e  coo rd ina t ion  

and approval .  

During test runs ,  it may be necessary  t o  , dev i a t e  from t h e  sequence o r  

t e c h n i c a l  requirements  of  procedures  due t o  f a i l u r e  of  p e r i p h e r a l  o r  secon- 

d a r y  test equipment o r  some o the r  unforeseen circumstance.  A l l  such devia- 

t i o n s  must be recorded and a de te rmina t ion  made a s  t o  whether t h e  test run  

i s  accep tab l e  under t h e  c i rcumstances ;  Furthermore,  a l l  ad jus tments  t o  

equipment o r  t h e  t e s t  a r t i c l e ,  d i s c r e p a n c i e s ,  omissions,  a d d i t i o n s ,  f a i l -  

u r e s ,  and any o t h e r  occur rences  not requi red  by t h e  procedure t h a t  could 

pos s ib ly  a f f e c t  t h e  t e s t  r e s u l t s  and t h e  subsequent ana lyses  should a l s o  be  

recorded.  

5.3 LOGS AND DATA 

The primary da t a  a c q u i s i t i o n  and c o n t r o l  system f o r  lockhopper va lve  

t e s t i n g  is  provided au tomat ica l ly ,  by t h e  Valve Test-Data Acquis i t ion  and 

Cont ro l  Center .  On-line da ta  r e d u c t i o n , '  g r aph ica l  o u t p u t ,  and da t a  

record ing  is provided by t h e  Center.  Manual l o g s  and da ta  s h e e t s  provide a 

backup means of  da t a  c o l l e c t i o n  and record ing .  The t e s t  u n i t  l o g s  a l s o  

provide supplemental in format ion  ' r e l a t i n g  t o  maintenance and record ing  o f  

e v e n t s  f o r  each test u n i t .  

5.4 TEST REPORTS 

There a r e  t h r e e  c a t e g o r i e s  o f  test r e p o r t s  prepared a s  p a r t  of  t h e  

i lockhopper va lve  test p r o j e c t :  i n t e r im  r e p o r t s  prepared a t  t h e  conc lus ion  

of each major po r t i on  of a t e s t ;  i n s p e c t i o n  r e p o r t s  prepared t o  document 



metrolo'gy l a b o r a t o r y  in spec t ions ,  inc luding  f a i l u r e  a n a l y s i s ;  and summary 

r e p o r t s ,  which a r e  prepared a t  the  conclusion of t he  . t e s t  sequence on a n  

i n d i v i d u a l  valve. A s  t he  t e s t  u n i t s  and the  metrology l a b o r a t o r y  a r e  

h ighly  automated, a l a r g e  percentage of the  da t a  included. i n  each ca tegory  

of the r epo r t  is computer-generated. The i n t e r i m  r e p o r t s  a r e  d i s t r i b u t e d  

only t o  METC and t o  t he  manufacturer of t he  va lve  being t e s t ed . '  The 

summary r e p o r t s ,  on the  o the r  hand, a r e  a v a i l a b l e  t o  any . i n t e r e s t ed ,  p a r t y  

through t h e  DOE Technical Information Center,  Oak Ridge, Tennessee. 

An i n t e r i m  t e s t  r e p o r t  is prepared a t  the end of each major run and 

provides a quick-look-type p re sen ta t ion  of the  run ' s  d a t a  and s i g n i f i c a n t  

r e s u l t s .  The summary r epor t  is a compilat ion of the  i n t e r i m  r e p o r t s .  

However, the summary r epor t  a d d i t i o n a l l y  provides an a n a l y s i s  of t he  t e s t  

supported by r e s u l t s  and conclusions.  The inspec t i o n  r epor t  provides t he  

pos t - tes t  metrology in spec t ion  r e s u l t s  and inc ludes  the  r e s u l t s  of any 

f a i l u r e  a n a l y s i s  conducted on the'  va lve  a t  METC. 

5.5 SUPPORTING DOCUMENTATION 

Companion documentation is provided with the  va lve  t o  support the  

conduct of t e s t s ,  i n spec t ions ,  and analyses .  These d a t a  inc lude  spec i f  i- 

c a t i o n s ,  drawings, l i m i t a t i o n s ,  b i l l s  of m a t e r i a l ,  e t c .  The exac t  makeup 

and content  is defined i n  c o n t r a c t u a l  documentation between the. va lve  

manufacturer and METC . 



6.0 REVIEWS 

Reviews a re  s c h e d u l e d  b e f o r e ,  d u r i n g ,  and  a f t e r  t h e  t e s t i n g  o f  a 

va lve . '  They a s s i s t  i n  development  o f  t h e  t e s t i n g  p l a n  f o r  a s p e c i f i c  v a l v e  

t o  p r o v i d e  b o t h  t h e  m a n u f a c t u r e r  and METC w i t h  t h e  most  comprehens ive  and  

u s e f u l  set o f  c o n d i t i o n s  and r e s u l t s .  

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

i n f o r m a t i o n  on r e s u l t s  t o  d a t e  and assist i n  t h e  i d e n t i f i c a t i o n  o f  c h a n g e s  

t o  t h e  p l a n .  A r e v i e w  a t  t h e  c o n c l u s i o n  p r o v i d e s  a n  i n t e r c h a n g e  o f '  recom- 

mendat ion ' s  r e l a t i n g  t o  test r e s u l t s  and assists i n  t h e  p o t e n t i a l  improve- 

ment  of t h e  o v e r a l l  p r o j e c t  t h r o u g h  r e d e f i n i t i o n  o r  r e v i s i o n  d u e  t o  t h e  

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

ACRONYMS/DEFINITIONS 

Albany Research Center ,  U.S. Bureau of  Mines 

American National Standards I n s t i t u t e  

Argonne Nat ional  Laboratory 

Consolidated Cont ro ls  Corporat ion 

U.S. Department of  Energy 

F a i r c h i l d  I n d u s t r i e s ,  Incorpora ted ,  S t r a t o s  
Div is ion  

Morgantown Energy TechnoLogy Center 

Oak Ridge Nat ional  Laboratory 

Pounds per square inch  - gage 

Standard cubic  f e e t  per minute 

State-of-the-Art 

Valve Dynamic Test  Unit 

Valve Hot So l id s  Test. Unit 

Valve S l u r r y  Test  Unit 

Valve S t a t i c . T e s t  Unit 

Valve Tes t  - Data Acquis i t ion  and Control  Center 

Degrees Fahrenhei t  
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