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INTRODUCTION 

FY 1981 HTGR PROGRAM 
SUMMARY -LEVf L PROGRAM OUTLINE, 

(REVISION 10/10/80) 

Presented he re in  . i s  a summary-level o u t l i n e  o f  the  proposed HTGR Program 
Plan f o r  FY 1981. The e f f o r t  descr ibed i n  the .  p l a n  i s  t h a t  t o  be supported by 
t h e  Department o f  Energy (DOE). The purpose o f  t h i s  o u t l i n e  i s  t o  p rov ide  an 
i n i t i a l  bas i s  f o r  FY 1981 p lann ing  by a l l  HTGR Program p a r t i c i p a n t s .  A f t e r  
f u r t h e r  development, t h i s .  out1 i ne w i l l  a1 so prov ide  t h e  bas i s  f o r  evo l v ing  t h e  
d e t a i l e d  FY 1981 HTGR Program Plan. 

BACKGROUND 

I n  e a r l y  FY 1980, GCRA, w i t h  the  support o f  Program p a r t i c i p a n t s ,  ass i s ted  
DOE i n  t h e  development o f  a summary-level p l a n  f o r  the  conduct o f  the HTGR 
Program. ~ f i s  p lan,  t he  HTGR Lead P r o j e c t  I d e n t i f i c a t i o n  Plan, was adopted as a 
b a s i s  f o r  t h e  HTGR Program i n  February 1980. 

As de f ined i n  t he  HTGR Lead P r o j e c t  I d e n t i f i c a t i o n  Plan, the  p r i n c i p a l  
t h r u s t  o f  t he  FY 1980 e f f o r t  was t o  i n v e s t i g a t e  f o u r  technology op t ions  i d e n t i -  
f i e d  by program p a r t i c i p a n t s  as p o t e n t i a l  l y  v i  ab le  candidates f o r  near-term 
demonstrat ion. I n c l  uded were t h e  Gas Turb i  ne system (HTGR-GT) , ref1 e c t i n g  i t s  
perce ived compat ib i l  i t y  w i t h  t h e  dry-cool i ng market, two systems addressing t h e  
process heat  market, the Reformi ng (HTGR-R) and Steam Cycle (HTGR-SC) systems, 
and a more developmental r e a c t o r  system, t h e  Nuclear Heat Source Demonstration 
Reactor (NHSDR), which was t o  serve as a bas i s  f o r  bo th  t h e  HTGR-GT and HTGR-R 
systems as we1 1 as t h e  f u r t h e r  p o t e n t i  a1 f o r  devel opi  ng advanced appl i ca t ions  
such ' as  steam-coal g a s i f i c a t i o n  and water  s p l i t t i n g .  

To prov ide  a bas i s  f o r  eva lua t ion ,  t he  FY 1980 p l a n  prov ided f o r  a d e t a i l e d  
techn ica l  and economic assessment o f  the f o u r  l e a d  p r o j e c t  op t ions  and an 
ex tens ive  i n t e r f a c e  w i t h  p o t e n t i a l  users o f  t he  technology t o  i d e n t i f y  i n t e r -  
es t .  Fur ther ,  s tud ies  were i n i t i a t e d  t o  i d e n t i f y  market dimensions f o r  t h e  d ry  
c o o l i n g  and process heat  app l i ca t i ons ,  t h e  l a t t e r  e f f o r t  i n c l u d i n g  an assessment 
o f  t h e  emergi ng syn fue ls  techno1 ogy. 

The e f f o r t s  over  t h e  eight-month p e r i o d  o f  February through September have 
r e s u l t e d  i n  considerable progress w i t h  regard t o  improving t h e  focus o f  t h e  
HTGR Program.. Obvious i n  t h i s  con tex t  i s  t h e  e l i m i n a t i o n  o f  the .  HTGR-GT as an 
o p t i o n  f o r  e a r l y  deployment. While water  u t i l i z a t i o n  s tud ies  conducted through . 
HEDL have i n d i c a t e d  a l a r g e  p o t e n t i a l  market f o r  near-dry and wet/dry coo l ing ,  
t h e  economic advantage o f  the  gas t u r b i n e  a t  850°C i s  n o t  p resen t l y  compel l ing. 
Fu r the r ,  t echn ica l  i ssues  a r i s i n g  f rom pos tu la ted  t u r b i n e  f a i l u r e  acc idents  
imp ly  1 onger term devel opment . 

Progress w i t h  regard  t o  process heat  appl i c a t i o n s  has been equal l y  s i g n i f i  - 
c a n t  b u t  l e s s  conc lus ive  than i n  t h e  case o f  t h e  HTGR-GT. To cha rac te r i ze  t h e  
process heat  market, two market s tud ies  were undertaken du r ing  t h e  seven-month 
p e r i o d  o f  t h e  i n v e s t i g a t i o n .  A s tudy by Genera1 Energy Associates, under 
c o n t r a c t  t o  GCRA, addressed t h e  o v e r a l l  c h a r a c t e r i s t i c s  o f  t h e  process heat  
market and prov ided a f u r t t i e r  breakdown by u t i l i t y  se rv i ce  area. A companion 
study by ORNL addressed t h e  p o t e n t i a l  process heat market s p e c i f i c a l  l y  a v a i l a b l e  

_ t o  t he  HTGR-SC. . The r e s u l t s  o f  these s tud ies  can be summarized as fo l l ows :  
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0 The p r o c e s s  h e a t  ma.rket i s  s u b s t a n t i a l ,  amount ing  t o  some 17.9 quads 
( p r o j e c t e d  f o r  1980) exc lus i ve  o f  e l e c t r i c i t y .  

e About 73% o f  i n p u t  energy i s  i n  t h e  form o f  o i l  and gas, approximately 6.2 
m i l  1  i o n  b a r r e l s  pe r  day o f  o i l  equ iva len t .  

0 D i r e c t  heat  and process steam requirements are  approximately equal w i t h  
requi rements f o r  temperatures l e s s  than 500°F (43%) and temperatures f rom 
500-1000°F (34x1, compr is ing 77% o f  t h e  t o t a l  process heat  market. 

a The market i s  dispersed, w i t h  on l y  779 o f  t h e  335,346 p l a n t s  i nc luded  i n  
t h e  data base r e q u i r i n g  100 M W t  o r  g rea te r  heat  i n p u t '  and o n l y  1841 re-  
q u i r i  ng 50 M W t  or  g rea ter  heat i npu t .  

o .  Whi le r e l a t i v e l y  smal l  i n  number, 1  arge f a c i l i t i e s  ( g r e a t e r  t han  50 M W t )  
use over  h a l f  o f  t h e  t o t a l  energy consumed i n  t h e  process heat  energy 
sector .  - 

e Energy a v a i l  ab i  1  i ty  requ i  rements a re  h igh,  t y p i c a l  l y  'above 90%. 

I n  a d d i t i o n  t o  t h e  process hea t  market s tud ies ,  PACE completed 'an assess- 
nen t  o f  t h e  s y n f u e l s  market under c o n t r a c t  t o  GAC. A s u b s t a n t i a l  p o t e n t i a l  HTGR 
market was p ro jec ted ,  w i t h  44 syn fue l s  p l a n t s .  p r o j e c t e d  f o r  deployment by 2000 
and 201 by 2020. These f a c i l i t i e s  a re  o f  p a r t i c u l a r  i n t e r e s t  t o  the  HTGR 
program i n  view o f  t h e i r  compatible s i z e  and temperature requirements, deploy- 
ment t im ing ,  probable s i  t i n g  c h a r a c t e r i  s t i  cs, and the  p r o j  ected capabi 1  i ty 
o f  the HTGR t o  g r e a t l y  improve coal  u t i l i z a t i o n .  The synfue ls  p r o j e c t i o n s  

.developed by PACE were conf i rmed th rough an independent study which was con- 
ducted by TRW under c o n t r a c t  t o  GCRA. The TRW study a l s o  p r o j e c t e d  a  range f o r  

- t h e  number o f  HTGR p l a n t s  which would be deployed t o  serve t h e  syn fue ls  market 
based upon env i  ronmental cons t ra i  n t s  and energy impact r e q u i  rements f o r  t h e  
syn fue l s  i n d u s t r y .  

The FY 1980 a p p l i c a t i o n  s t u d i e s  addressed two HTGR c o n f i g u r a t i o n s  which 
were i d e n t i f i e d  as p o t e n t i a l  matches t o  .the process heat  market, t h e  HTGR-SC 
and t h e  HTGR-R. The r e s u l t s  o f  t h e  t e c h n i c a l  s t u d i e s  i n c l u d e  t h e  fo l l ow ing :  

0 The HTGR-SC a p p l i e d  t o  process steam/cogeneration i s  t e c h n i c a l l y  acceptable 
and o f f e r s  favo rab le  economics over  l a r g e  c e n t r a l ,  f o s s i l - f i r e d  cogenera- 
t i o n  p lan ts ;  however, t h e  p r o j e c t e d  market i s  l i m i t e d  by the  l a r g e  s i z e  o f  
t he  hea t  source and the 1  i m i  t e d  capab i l  i t y  t o  s to re  and d i s t r i b u t e  energy. 

0 The 1  i m i t a t i o n s  o f  t h e  HTGR-SC f o r  pr'ocess heat  a p p l i c a t i o n s  may be over- 
come by coup1 i n g  t h e  750°C nuc lea r  heat  source wi,th sens ib le  energy d i s t r i -  
b u t i  on and storage us ing  a  medium such, as mol ten s a l t .  

0 The HTGR-SC a p p l i e d  t o  baseload e l e c t r i c  a p p l i c a t i o n s  i s  both t e c h n i c a l l y  
and economical ly acceptabl e  and engenders , c o n t i  nued u t i  1  i ty i nte res t .  
I n  v i e w  o f  t h a t  i n t e r e s t  and t h e  s t r o n g  commona l i t y  i n  t e c h n i c a l  and 
i n s t i t u t i o n a l  issues, t he  HTGR-SC may o f f e r  a  minimum c o s t  pa th  t o  process 
hea t  app l i ca t i ons .  



e Ava i l  abl e  t ime  and resources proved i n s u f f i c i e n t  t o  adequately address t h e  
HTGR-R. ,Major open issues remain regard ing  t h e  bas ic  desi gn conf igura t ion ,  

. ope ra t i ng  parameters, and associated economics. 

e Both the  750°C and 850°C nuc lear  heat  sources appear t o  have subs tan t i a l  
p o t e n t i a l  f o r  coup1 i n g  w i t h  syn fue l s  f a c i l i t i e s .  ' 

I n  addi ti on t o  t h e  con f i gu ra t i ons  descr ibed above, t h e  NHSDR was examined 
as '  a  more developmental" pa th  t o  HTGR demonstration. I n  concept, t h e  NHSDR 
combines demonstrat ion o f -  both the  HTGR-GT and HTGR-R technologies w i t h  addi-  
t i o n a l  p o t e n t i a l  f o r  even h igher  temperature appl i c a t i o n s .  ,As a  r e s u l t  o f  t h e  
study,  t h e  NSHDR was found t o  be unsu i tab le  as a  l e a d  p r o j e c t  i n  i t s  proposed 
c o n f i g u r a t i o n  f o r  t h e  f o l l o w i n g  reasons: 

e .  HTGR-G'6 s tud ies  have n o t  y e t  p rov ided s u f f i c i e n t  j u s t i f i c a t i o n  f o r  develop- 
ment. 

e While t h e  s i z e  and c o s t  o f  t he  NHSDR were o f  commercial scale ( f t x e d  i n  
accordance w i t h  HTGR-GT demonstrat ion needs), prospects f o r  investment 
recovery through commercial o p e r a t i  on were minimal due t o  the  noncomnercial 
c o n f i g u r a t i o n  and p r o j e c t e d  m i s s i o n  i n  advanced systems development .  
Accordingly ,  minimal bases e x i s t  f o r  u t i l i  t y l u s e r  i n t e r e s t  and f i n a n c i a l  
support. 

FY 1981 SUMMARY-LEVEL PROGRAM DESCRIPTION 

The s t a t e d  o b j e c t i v e  o f  t he  DOE HTGR 'program i s  the  development o f  tech- 
nology f o r .  t h e  most impor tan t  HTGR app l i ca t i ons .  A h igh  p r i o r i t y  du r ing  FY 
1981, t he re fo re ,  w i l l  be t o  con f i rm  the  substance o f  t h a t  Program so as t o  
assure t h a t  i t  i s  bo th  necessary and s u f f i c i e n t  t o  provf  de t h e  requ i red  support. 

In t h e  es tab l  i shment o f  a  suppor t i ve  techno1 ogy program,. key elements which 
must be addressed are  as fo l l ows :  

e Stud ies  must be conducted t o  i d e n t i f y  impor tan t  HTGR a p p l i c a t i o n s  and t o  
eval ua te  t h e i  r pol;erl.li a1 i n  t h e  con tex t  o f  market oppor tun i t i es ,  u t i l  i ty/ 
user  i n t e r e s t ,  and n a t i o n a l  ob jec t i ves .  

e Based upon the  con f i gu ra t i ons  and o p e r a t i  ng c h a r a c t e r i s t i c s  p r o j e c t e d  f o r  
se lec ted  appl i c a t i o n s ,  Technology P rogram requirements must be i d e n t i f i e d  
t o  support  development, v e r i f i c a t i o n ,  and u l t i m a t e l y .  1  i cens ing  o f  compo- 
nents and systems comp.rising t h e  f a c i l i t i e s  o f  i n t e r e s t .  

e I n  t h e  con tex t  o f  l i m i t e d  re iources ,  s u f f i c i e n t  ana lys i s  and eva lua t i on  
must be accomplished so as t o  p r i o r i t i z e  technology elements i n  accordance 
w i t h  programmatic and techn ica l  c r i  t e r i  a. 

To accomplish t h e  above, t h e  HTGR Program i n  FY 1981 w i l l  be organized i n  a  
l o g i c  s t r u c t u r e  as dep ic ted  i n  F igu re  1. The p r i n c i p a l  elements o f  t h e  Program 
a r e  descr ibed as fo l l ows :  
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Market D'ef in i  t i o n  and ~ssessment  
' 

~ a r k e t  eva lua t ions  t o  da te  have t y p i c a l l y  emphasized dimensions ( s i z e s )  o f  
t h e  p r o j e c t e d  market b u t  have prov ided inadequate i n s i g h t  w i t h  regard  t o  market 
c h a r a c t e r i s t i c s  ( s i z e  and d i  s t r i b u t i o n  o f  users, temperature requirements, 
e tc .  ) . I n d i c a t i o n s  from FY 1980 r e s u l t s  are,  t h a t  t he  l a t t e r  a re  o f  perhaps 
g rea te r  importance w i t h  regard  t o  process heat market a c c e s s i b i l i t y .  . According- 
l y ,  t h e  FY 1981 program. w i l l .  con t inue t h e  work i n i t i a t e d  dur ing  FY 1980 t o  
p o r t r a y  t h e  var ious  HTGR .markets bo th  i n  terms o f  dimension and c h a r a c t e r i  s- 
t i c s .  Coup1 ed w i t h  the  a p p l i c a t i o n  s tud ies  descr ibed be1 ow, the  market s tud ies  
w i l l  p rov ide  a  b a s i s  f o r  matching p o t e n t i a l  HTGR markets w i t h  the  most appro- 
p r i  a t e  HTGR c o n f i g u r a t i o n .  

 ADD^ i c a t i o n  Studies 

Through the  HTGR Appl i c a t i o n  Studies, i nformat ion  regard i  ng speci f i c  HTGR 
c o n f i g u r a t i o n s  i s  developed i n  s u f f i c i e n t  scope and depth t o  p rov ide  a  b a s i s  f o r  
e v a l u a t i o n  aga ins t  o t h e r  HTGR c o n f i g u r a t i o n s  and aga ins t  competing technolo-  

. . g i  es.. These s tud ies ,  a1 ong w i t h  s tud i  es c h a r a c t e r i z i  ng market oppor tun i t i es ,  
w i l l  p rov ide  a. bas i s  f o r  decis ions regard ing  development and, u l t i m a t e l y ,  
deployment p r i o r i t i e s .  The A p p l i c a t i o n  Studies f u r t h e r  p rov ide  a  bas i s  f o r  
i d e n t i  fy i  ng design da ta  needs and ' f o r  f ocus i  ng Technol ogy Program a c t i v i  t i e s .  

Inc luded i n  the  scope o f  t h e  a p p l i c a t i o n  s tud ies  are t h e  fo l l ow ing :  
. . 

a S u f f i c i e n t  design and, ana lys i s  t o  de f i ne  p r i n c i p a l  p i a n t  fea tures  and t6 
prov ide  a  bas i s  f o r  r e l i a b l e  c o s t  est imates. 

a Est imates o f  p l a n t  c a p i t a l  and product  cos ts  i n  s u f f i c i e n t  depth t o  f a c i l i -  
t a t e  comparison w i t h  a l t e r n a t i v e s .  

a I d e n t i f i c a t i o n  o f  design data needs and t i m i n g  as i n p u t  t o  the  es tab l i sh -  
ment o f  Development P l  ans f o r  appl i c a t i o n s  o f  i n t e r e s t .  

I n  t h c  case o f  HTGR a p p l i c a t i o n s  which are  t o  be supported by the  Tech- 
nology Program, t h e  establ ishment  o f  a  re fe rence design which w i ' l ' l  be 
sub jec t  t o  c o n f i  gu ra t i on  c o n t r o l  when procedures a re  a v a i l  able. Addi t i o n a l  
development o f  t he  re ference design w i l l  be undertaken as requ i red  t o  focus 
the Technol ogy Program. 

8 I d e n t i f i c a t i o n  o f  demonstrat ion requirements. 

F igures  2, 3, and 4 d e p i c t  *po ten t i a l  matches between t h e  var ious  HTGR 
con f i gu ra t iBons  and t h e i r  p o t e n t i a l  markets. ' R e f l e c t i n g  the r e s u l t s  o f  t h e  FY 
1980 e f f o r t ,  t he  major  p a r t  o f  FY 1981 Program w i l l  a'ddress the  process heat,  
synfuels ,  and unconventional e l e c t r i c a l  genera t ion  (cogenerat ion and load-  
f o l l o w i n g )  markets. R e f l e c t i n g  t h e  above market emphasis, t echn ica l  emphasis 
w i l l  cen ter  upon the  750°C NHS f o r  process steam and sens ib le  energy storage and 
the  high-temperature (850-950°C) NHS i n c o r p o r a t i n g  reformer technology. 
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Technol ogy Program 

The.  HTGR Techno logy  Program i s  g u i d e d  by  t h e  f i n d i n g s  o f  A p p l i c a t i o n  
s t u d i e s  and f u r t h e r  focused by sa fe ty  and l i c e n s i n g  a c t i v i t i e s .  The Technology 
Program provides the  rese rvo i  r o f  i nformat ion  from which techn ica l  and economic 
aspects o f  var ious  a p p l i c a t i o n s  may be gauged and, i n  add i t i on ,  i s  c e n t r a l  t o  
i d e n t i  fy i ,ng the  cos ts  and schedules associated,  w i  t h  development e f f o r t s  r e q u i r e d  
t o  deploy candidate systems. The Technology Program f u r t h e r  i nc ludes  t h e  HTGR 
Program a c t i v i t i e s  a t  t h e  F o r t  S t .  V ra in  demonstrat ion p l a n t  and t h e  t r a n s f e r  
and u t i l i z a t i o n  o f  i n fo rma t ion  from re1 a ted  ex terna l  programs. The Technol ogy 
Program i s  o r i e n t e d  toward the  e a r l y  r e s o l u t i o n  o f  t echn ica l  i ssues  t h a t  may 
r e s t r a i n  the  p o t e n t i a l  f o r  HTGR c o n t r i b u t i o n s  t o  impor tan t  sectors o f  t h e  
p o t e n t i a l  market. 

The f g l l o w i n g  o u t g r o w t h s  o f  A p p l i c a t i o n  S t u d i e s  c o n d u c t e d  i n  FY 1980 
prov ide  t h e  bas i s  f o r  programmatic guidance t o  the  HTGR Technology Program: 

o Major  process heat and f u t u r e  s y n t h e t i c  f u e l  markets may e x i s t  f o r  t h e  HTGR 
i n  temperature regimes compat ib le w i t h  7'50°C HTGR p l a n t  technology. 

o An even broader market p o t e n t i a l  may e x i  s t  f o r  HTGR p l a n t s  ope ra t i ng  i n  an 
850°C temperature regime, and such p l a n t s  appear t o  have t h e  p o t e n t i a l  t o  
evolve t o  even h ighe r  temperature appl i c a t i o n s  (950°C). 

Accordingly ,  t h e  approach taken t o  s t r u c t u r e  the  FY 1981 Technology Program 
has as i t s  bas i s  t h e  con t i nua t i on  o f  a c t i v i t i e s  t o  cha rac te r i ze  design and 
development requirements f o r  HTGR p l a n t s  i n  750°C and, 850°C regimes w i t h  addi-  
t i o n a l  work t o  support meani ng fu l  assessments o f  t h e  p o t e n t i a l  f o r  ach iev i  ng 
950°C opera t ing  l e v e l s .  F o r  t he  purposes o f  FY 1981 p lann ing  a c t i v i t i e s ,  and 
u n t i l  r e d i r e c t i o n  occurs as t h e  r e s u l t  o f  f i n d i n g s  w i t h i n  A p p l i c a t i o n  Studies, 
re fe rence p l a n t  con f i gu ra t i ons  a r e  as descr ibed i n  the "HTGR Steam Cycle/Co- 
genera t ion  A p p l i c a t i o n  Study: I n t e r i m  Report" f o r  t h e  750°C ..temperature regime 
and i n  the  "HTGR Reformer A p p l i c a t i o n  Study: I n t e r i m  Report" f o r  t h e  h igh-  
ternperature regime. F o r  the  reformer p lan t ,  emphasis i s  on 850°C core  o u t l e t  
temperature and the  use o f  an i n te rmed ia te  heat  exchanger. P r i o r i t y  i s  g iven t o  
t h e  r e s o l u t i o n  o f  t h e  c r i t i c a l  i ssues  i d e n t i f i e d  f o r  these p l -ants i n  t h e  i n t e r i m  
r e p o r t s  noted above. Review and coord i  n a t i o n  meetings f o r  .ma jor  areas o f  work 
w i l l  'be conduc ted  i n  t h e  f i r s t  q u a r t e r  o f  FY 1981 t o  a s s i s t  i n  u n i f o r m l y  
focus ing  c o n t r a c t o r  work on program o b j e c t i v e s  w i t h i n  t h i s  framework. 

A key a c t i v i t y  w i t h i n '  t h e  Technol ogy Program du r ing  FY 1981 i s  d i r e c t e d  a t  
d e f i n i n g  t h e  c u r r e n t  s t a t u s  o f  HTGR technology and t h e  e f f o r t  remaining be fo re  
t h a t  technology can be assumed by i n d u s t r y  f o r  t h e  most impor tan t  HTGR appl i c a -  
t i ons . .  The r e s u l t s  o f  these e f f o r t s  a re  termed Technology Program Basel ine, 
which w i  I 1  ' be devel oped i r~ a three-step process: 

\ '  

1. Based on t h e  r e f e r e n c e  p l a n t  c o n f i g u r a t i o n s  d e s c r i b e d  i n  t h e  i n t e r i m  
repo r t ,  Design Data Needs w i l l  be i d e n t i f i e d .  

2 .  From t h e  Des ign  Da ta  Needs ( w h i c h  a l s o  s e r v e  as gu idance  f o r  FY 1981 
programs), Devel opment ' ~ l  ans w i  11 be produced which descr ibe  system and 
component 'development s t r a t e g i  es and i d e n t i f y  major  t es t . i ng  f a c i  1  i t i e s  i n 
addi ti on t o  associ a ted  t o s  t s  and schedul es. 



3. From t h i s  body o f  i nformation, recommendations regard i  ng a1 l o c a t i o n s  and 
p r i o r i t i e s  w i l l  be prov ided and app rop r ia te  work areas t o  be supported by 

, DOE . w i  11 ' be es tab l  i shed. The r e s u l t  w i  11 be a c a r e f u l  l y  de f i ned  body o f  
work which w i l l  be committed i n accordance w i  t h  an appropr ia te  schedule and 
a1 l o c a t e d  resources. Th is  c a r e f u l l y  de f i ned  e f f o r t  w i l l  comprise the  
Techno1 ogy Program Base1 i ne. 

I n  a p a r a l l e l  process, an ex tens ive  eva ' lua t ion  o f  management techniques 
app rop r ia te  t o  the  needs. o f  t h e  HTGR Technology Program w i l l  be conducted. It 
i s : in tended t o  i n t e g r a t e  . t he  experience der ived i n the  f i r s t  q u a r t e r  FY 1981 
e f f o r t  t o  focus program a c t i v i  t i e s  w i  t h  t h e  p l  anni  ng framework e s t a b l i  shed 
through the Development Plans t o  determine the  requirements f o r  a manage- 
ment system and a p l a n  f o r  i t s  implementation.. 

I n  sum?ary, t h e  foca l  p lann ing  a c t i v i t y  f o r  t h e  HTGR Technology Program i s  
centered on es tab l  i shi  ng Development Plans f o r  t h e  re ference p l  an t  conf igura-  
t i o n s  i d e n t i f i e d  i n  FY 1980 A p p l i c a t i o n  Studies. These Devel opment Plans w i l l  
p r o v i  de: 

0 Reference p lans and p o i n t s  o f  depar tu re  f o r  eva lua t i ng  candidate systems 
i d e n t i f i e d  i n  FY 1981 Appl i c a t i o n  Studi  es as they .evolve. 

c The bas i s  f o r  a l l o c a t i n g  resources t o  Technology program a c t i v i t i e s  such 
t h a t  agreed-upon p r i o r i t y  i ssues a re  emphasized. 

o The bas i s  from which the  HTGR Technology Program Base l ine  can be evolved. 

FY 1980 KORKSCOPE OUTLINE 

Based upon the  r e v i o u s l y  descr ibed program l o g i c  and s t r u c t u r e ,  a Work 
Breakdown S t ruc tu re  f WBS) (F igu re  5 )  and summary-level task d e s c r i p t i o n s  have 
been developed and are presented w i t h i n  t h i s  sect ion.  I t .  i s  in tended t h a t  
these be u t i l i z e d  by a1 1 Program p a r t i c i p a n t s  f o r  t he  p lann ing  and development 
o f  d e t a i l e d  work p lans  which w i l l  be used f o r  the  r e p o r t i n g  and c o n t r o l  o f  these 
a c t i v i t i e s .  

SCHEDULE BASIS 

Table 1 prov ides  a schedule o u t l i n e  which should be used f o r  Technology 
Program p l  a n n i  ng. As a f i  r s t - o r d e r  assumpt ion ,  t h e  d e p i c t e d  s c h e d u l e  i s  
in tended t o  be broad ly  rep resen ta t i ve  o f  t h a t  which m igh t  p e r t a i n  t o  750°C and 
high-temperature l e a d  p l  a n t  appl i cat ions .  

, . 
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TABLE 1 

Schedul e Out1 i ne 

I V .  

. . 

Program Defi  n i  t i o n  -. 8 1  

- identify a p p l i c a t i o n  p r i o r i t i e s  - I d e n t i f y  p r i o r i t i e s  f o r  devel opment/depl oyment 
- E s t a b l i s h  Techno1 ogy .Program Base1 i ne 

~ r o j e E t ( s )  D e f i n i t i o n  - 82 

- Prepare dec i s ion  package 
- Complete long- term d e f i n i t i o n  and p l a n  
- De f ine  i nte rna t i ona l  arrangements 

P l a n t ( s )  Design - 83-87 

- Complete design and l i c e n s i n g  i n  d e t a i l  s u f f i c i e n t  t o  support deci -  
s i o n  f o r  p l a n t ( s )  c o n s t r u c t i o n  
i P S A R / E I R  
o Design o f  1,ong l e a d  components 
e Deta i l ed  c o s t  and schedule based upon ' ac tua l  equipment c o s t  and 

del i very  dates 
- Const ruc t ion  p e r m i t  ( o r  equ iva len t  i n  1987) 

Const ruc t ion  and S t a r t u p  - 88-93/95 

- Compl e t e  design and c o n s t r u c t i o n  
- Obtain ope ra t i ng  l i c e n s e  
- S t a r t  up t e s t s  and beg i  r~ opera t ions  

- Demonstrate l e a d  p l a n t  
- E f f e c t  t r a n s i ' t i o n  t o  commercial s t a t u s  

' - Continue f o l  low-on appl i c a t i o n s  



WBS 01: PROGRAM MANAGEMENT 

Work Summary: 

Program Management compr i  ses t h e  p l  a n n i  ng and management o f  HTGR Program 
, techn ica l -  a c t i v i t i e s  a t  and below the  p a r t i c i p a n t  l e v e l .  

' Wo'rk Statement: 

The e f f o r t s  o f  HTGR Program p a r t i c i p a n t s  i n  t h e  p lann ing  and management o f  
t echn ica l  programs and r e l a t e d  func t i ons  are  i nc luded  w i t h i n  t h e  scope o f  t h i s  
task.  I t excludes Program Coordinat ion and I n t e g r a t i o n  a c t i v i t i e s  a t  t he  program 
summary 1  eve1 which a re  de f i ned  w i t h i n  WBS E l  ement 02. Typ ica l  l y  i nc luded  w i t h i n  t h e  
scope o f  t h i s  task are t h e  fo l l ow ing :  

e 'Development o f  d e t a i l e d  program p lans  and work p lans a t  t h e  p a r t i c i p a n t  l e v e l  
and .below. i n  support  o f  t h e  o b j e c t i v e s  and approach i d e n t i f i e d  i n  t h e  Summary- 

. . ' , . Level Program Plan. 

a . P rov i s ion  o f  schedule and resource est imates f o r  planned a c t i v i t i e s . )  

e Management o f  t echn ica l  programs i n  accordance w i  t h  e s t a b l i  shed plans. 

e P r o v i s i o n  o f  requ i red  r e p o r t s  and documentat'ion. . 

WBS 1 cons i s t s  o f  support ing subtasks as fo l l ows :  

G C O l  - Program Management (GCRA) 

Comprises management o f  GCRA t echn ica l  a c t i v i t i e s .  

G A O l  - '  Program Management [General Atomic Company (GAC) 1 . . . . .  

Compri ses techn ica l  management o f  t he  GAC Appl i c a t i  ons, HTGR P l a n t  Technol ogy , 
and HTGR Fuel Technol ogy Programs. 

G E O l  - Program Management [General E l e c t r i c  Company (GE) 1 

Compri ses techn ica l  management o f  t h e  GE Gas-Cool ed Thermal ,Reactor Program and 
t t ie  GE. Advanccd Gas-Cool erf Nuclear Reactor Mater i  a1 s  Eva1 u a t i o n  and Development 
Program. 

OR01 - Program Management [Oak Ridge Nat iona l  Laboratory (ORNL ) I  

Comprises techn ica l  management o f  the  ORNL High-Temperature Gas-Cooled Reactor 
Program. 



Cost  Sumrnar.~: 

DOE 
P r i v a t e  
Tota l  

Schedul e/Mi 1 e s t o n e  Summary: 

1. S t a t u s  Reports  
2. I n i t i a l  program p lan  submi t ta l  
3. . Program plan  update  i n  accordance wi th  

Summary-Level Program Plan 

O R N L  

Monthly 
10/80 
12/80 

. . 

KEY:  . P = Primary S = Support ing R = Review 

. . 
MILESTONE RESPONSIBILITY 

. . 
GCO 1 

G A O l  . ' 

G E O l  

OR01 

. . 

1 2 3  

P P P  

P P P  

P P P  

P P P  



KSS 02: PROGRAM COORDINATION AND INTEGRATION ' 

Program Coordi nation and Integration compri ses assistance to  DOE in  the defini-  
. . t ion of the HTGR Program a t  the summary level and, in  the coordination and integration 

a c t i v i t i e s  ,required f o r  i t s  execution. I t  fur ther  includes the i n p u t  of user per- 
spective t o  program technical a c t i v i t i e s  and assistance t o  D O E  i n  the evaluation of 
program technical resu l t s .  . 

Kork Statement: 

WBS 02 c ~ r r e n t l y  i ncludes the fol lowi ng supporting subtask: 

GC02 - Program Coordination and Integration ( G C R A )  

GCRA a c t i v i t i e s  i n support of Program Coordi nation and .Integration are organized 
. . .into four supporting elements of work which are  described as follows. 

Pro.grarn Definition 
. . Program Definition includes those a c t i v i t i e s  directed t o  the establishment of 

overall HTGR Program objectives and strategy and the development of summary-level 
program plans. It further. 'i l~cludes coordinating act.ivi t i e s  related to  develop- 
ment of supporting program plans. Specific a c t i v i t i e s  include the following: 

e Objectives and Strategy Development - Conduct studies and investigations to  
support the ident i f icat ion of HTGR Program objectives. Develop and evaluate 
HTGR Program strategy options. 

0 Program Planning - Coordinate the development of summary-level HTGR Program 
plans t o  achieve program objectives within the context of available resources. 

. . Coordi nate the devel opment of supporti ng program pl ans by other program' partic- 
i pants. 

Program Review and Control 

Program Revi ew and Control i ncludes development, impl.ementation, and maintenance 
of systems and procedures to meet DOE Performance Measurement System/Cost and Sched- 
ule Control System objectives and requirements. I t  fur ther  'includes the development 
of program integration and configuration control procedures. Specific a c t i v i t i e s  - 

, include the following: 

0 Performance Measurement - . Conduct management system reviews and analyses t o  
. . determi ne technical progress. Eva1 uate system effectiveness and monitor cost  

relationships.  Make timely recommendations to  DOE t o  maintain cost  and schedule 
control. 

0 Program Integration - Develop procedures for  program i ntegration and i nterface 
relationships.  Coordinate the development of an integrated reporting system 
and work breakdown structure.  



4 Conf igu ra t i on  Cont ro l  - . Develop a  procedure f o r  c o n f i g u r a t i o n  c o n t r o l  and 
document through app rop r ia te  standards and s p e c i f i c a t i o n s .  

~ e c h n i c a l  ~ o o r d i  n a t i o n  and Eva1 u a t i o n  

.Technical Coord ina t ion  and Eva lua t ion  inc ludes  assis tance t o  DOE i n  t h e  coor-  
d i n a t i o n  o f  t h e  HTGR Program a t  the  summary level, .  I t  f u r t h e r  i nc ludes  u t i l i t y l u s e r  
perspect ives ,  as i n p u t  t o  t echn ica l  a c t i v i t i e s  and assis tance t o  DOE i n  t h e  e v a l u a t i o n  
of program techn ica l  r e s u l t s .  S p e c i f i c  a c t i v i t i e s  i nc lude  the  fo l l ow ing :  

4 Technical Coord ina t ion  - A s s i s t  DOE i n  t h e  techn ica l  coo rd ina t i on  o f  t h e  HTGR 
Program as d e f i  ned i n  . t h e  summary-1 eve1 HTGR Program P lan and i ,n  ' suppor t ing  
p a r t i c i p a n t  plans. I n  p a r t i c u l a r ,  a s s i s t  . in f u r t h e r  d e f i n i n g  and c o o r d i n a t i n g  
techn ica l  i nte r faces  among program p a r t i c i p a n t s .  

r ' u f  i 1  i ty/ll;er Requi rements - Prov i  de the  u t i l  i t y l u s e r  perspect ive  regard i  ng 
techn ica l  issues and requirements. Document these perspect ives i n  t h e  form o f  
f unc t i ona l ,  s p e c i f i c a t i o n s ,  t o p i c a l  repor ts ,  e tc .  

. . 4 Technical Eva lua t ions  - A s s i s t  DOE i n  eva lua t i ng  t h e  techn ica l  r e s u l t s  o f  t h e  
HTGR Program from the  u t i l i t y l u s e r  perspect ives.  

L i cens ing  Coordi n a t i o n  

L icens ing  Coordi n a t i o n  i nc ludes  c o o r d i n a t i n g  a c t i v i t i e s  r e l a t e d  t o  the  develop- 
ment o f  sa fe ty ,  l i c e n s i n g ,  and environmental p lans.  It f u r t h e r  i nc ludes  u t i l i t y l u s e r  
r e v i  ew and eva lua t i on  o f  sa fe ty ,  1  i censing, and envi ronmental in fo rmat ion .  Speci f i -  
c a l  l y  i nc luded  are t h e  f o l l o w i  ng a c t i v i t i e s :  

e Safety and Envi ronmental Assessment - I d e n t i f y  and i n v e s t i g a t e  major  s a f e t y  
issues i n  t he  var ious  HTGR a p p l i c a t i o n s  o f  i n t e r e s t  and appraise DV&S r e q u i r e -  
ments f o r  r e s o l u t i o n  o f  these issues and f o r  t he  l i c e n s i n g  of  t h e  HTGR. 

4 L i c e n s i n g  I n t e r f a c e  - Deve lop  and m a i n t a i n  an a p p r o p r i a t e  i n t e r f a c e  w i t h  
p a r t i c i p a n t s .  P lan  and conduct p e r i o d i c  meetings t o  present  l i c e n s i n g  pos i -  
t i o n s  and t o  eva lua te  sa fe ty  and l i c e n s a b i l  i t y  o f  a p p l i c a t i o n s  under cons ider -  
a t i on .  Ma in ta in  a- c u r r e n t  perspect ive  o f  NRC p lans f o r  r e g u l a t i o n  o f  t h e  
nuclear  i n d u s t r y  r e s u l t i n g  from TMI and rev iew any f u t u r e  research a c t i v i  t i e s  
the  agency p lans i n  support o f  HTGR safe ty .  

e U t i l i t y  I n t e r f a c e  - Ma in ta in  a  techn ica l  i n t e r f a c e  w i t h  p a r t i c i p a t i n g  u t i l i -  . 

t i e s  on s i t i n g  and l i c e n s i n g  o f  HTGR systems. 

Cost Summary: . . . 

GCRA 

DOE 
P r i  va te  
Tot  a1 



WBS 03: b:ARKET DEFINITION AND DEVELOPMENT 

Work summary: 

Rarket Definition and Development includes the program ef for t  required t o  
, identify and characterize potential HTGR markets., In FY 1980, primary emphasis was 
placed u p o n  ,determining market s ize.  In FY 1981, additional emphasis will  be placed 
u p o n  evaluation of market character is t ics  which impact accessibi l i ty .  A1 so included 
within t h i s  task are G C R A  a c t i v i t i e s  i n  the development and maintenance of an act ive 
i  nteriace w i t h  u t i l  i t ies lusers .  

Work Statement: 

!nves t iga~ions  will be conducted to  identify potential HTGR markets and to  
characterize those markets in terms of s ize and accessibi l i ty .  Particular emphasis 
will be. placed u p o n  those markets which are important to  national energy goals, i  .e. ,  
displacement of oi l  and gas. 

During FY 1980, emphasis was placed upon market - ident i f icat ion and growth 
proj.ections through 2020. A principal conclusion of tha t  e f fo r t  was tha t  while the 

' industri  a1 and synfuels markets o f fe r '  s ignif icant  potential ,  market charac ter i s t ics  
which bear upon  accessibi l i ty  are a  key element to be considered. Unit plant s ize ,  
geographic d i  s t r i  buti.on, capacity factors ,  ava i lab i l i ty  requirements, and operating 

' 

p d r - d ~ l ~ e l e r ' ~  bras examples o f  such character is t ics .  

Du'ring FY 1981, character is t ics  such as the above wi'll be further explored and 
matched against proposed HTGR applications. Specifical ly i  ncluded i  n these invest i -  
gations will be the industrial  process heat market, the synthetfc fue ls  market, and 
the 1 oad-foll owi ng e lec t r ica l  generation market. 

I n  the course of these investigations,  applications wil.1 be ident i f ied f o r  
detailed application and/or s i t e  specif ic  studies to be conducted under WBS Elements 
4 and 5. 

The following subtasks are  included within the context of t h i s  WBS element: 

. GC03 - Market Definition and Development ( G C R A )  

Under t h i s  subtask, GCRA will conduct a c t i v i t i e s  which are summarized as '  fo l -  
lows: 

o Develop and maintain an active interface with u t i l i  t i es lusers  w i t h  a  potential 
i n t e r e s t  , in H T G R  applications. Plan and conduct periodic technical meetings 
with u t i l  i ty/user technical advisory committees. Develop appropriate support 
from other u t i l  i  ty/user organizations into the HTGR Program. 

o . Eva1 uate current experience with central s ta t ion cogeneration and d i s t r i c t  
heating projects in  the U.S. and Canada. 

o Subcontract fo r  speci a1 ized studi es regardi ng i  ndustri a1 process heat and/or 
synfuels market character is t ics .  



GA03 - Process A p p l i c a t i o n s  Eval  u a t i o n s  [General Atomic Company (GAC)] - 
Under t h i s  subtask, GAC w i l l :  . 

a Conduct f u r t h e r  s t u d i e s  t o  i d e n t i f y  and eva lua te  t h e  process hea t  energy market.  

a I d e n t i f y  p r e f e r r e d  HTGR system c h a r a c t e r i s t i c s  f o r  i d e n t i f i e d  markets and 
es tab1  i s h  scenar ios  f o r  depl oyment . 

e Eval u a t e  c o s t  and b e n e f i t s  f o r  deployment. 

GE03 - Marke t  D e f i n i t i o n  and Assessment [General E l  e c t r i  c  Company (GE) 1 

Under t h i s  subtask, GE w i l l  : 

a .' ~ s t a b l  i she appl i c a t i o n - s p e c i  f i c  f a c t o r s  t h a t  . impac t  HTGR c o n f i g u r a t i o n s  and 
e s t i m a t e  t h e  t o t a l  p r o j e c t e d  marke t  f o r  each a p p l i c a t i o n  o f  i n t e r e s t  through 

I 2020. 

a Es t ima te  marke t  p e n e t r a t i o n  as a  f u n c t i o n  o f  p roduc t  c o s t  f o r  a p p l i c a t i o n s  o f  
i n t e r e s t .  

0 ~ 0 3  - A p p l i c a t i o n  a n d  P r o j e c t  Assessment  [Oak R idge  ~ a t i o n a l  Labora to ry  (ORNL)] 

Under t h i s  subtask, ORNL w i l l  : 

a Eva lua te  t h e  r e l a t i v e  m e r i t s  o f  energy d i s t r i b u t i o n  , v i ' a  steam t r a n s p o r t ,  hea t  
t r a n s f e r  s a l t ,  thennochemical p i p e l i n e ,  and coa l  g a s i f i c a t i o n  techniques.  

e ~ o ' n d u c t  f u r t h e r  e v a l u a t i o n s  o f  HTGRs f o r  s y n t h e t i c  f u e l s  a p p l i c a t i o n s .  



WBS 11: FUEL TECHNOLOGY 

Work Summary: 

Th i s  task i nc ludes  a c t i v i t i e s  performed by Program Contractors t o  develop 
.and qual i f y  t he  f u e l  f o r  a p p l i c a t i o n  i n  HTGR p lan ts .  Inc luded i s  t he  development o f  
f u e l  processes, f u e l  ma te r i a l s ,  f u e l  cyc les,  and f i s s i o n  product /coo lan t  chemistry.  

Current  work i s  focused 'on  the  i d e n t i f i c a t i o n  and r e s o l u t i o n  o f  c r i t i c a l  i ssues  
associated w i t h  the  s e l e c t i o n  and demonstrat ion o f  t h e  reference LEUITh f u e l  cyc le .  
P r i o r i t y  i s  assigned t o  those technology areas necessary t o  demonstrate t h e  f u e l  
c y c l e  f o r  850°C a p p l i c a t i o n s .  This  task  f u r t h e r  i ncludes scoping work essen t i a l  . t o  
. d e f i n i n g  a  program f o r  demonstrat ing t h e  reference f u e l  performance i n  t h e  950°C 
temperature regime. The program i s  s t r u c t u r e d  t o  p rov ide  an o r d e r l y  s e l e c t i o n  o f  t h e  
re ference f u e l  c y c l e  through ca re fu l  l y  se lec ted  and thoroughly r e v i  ewed c r i  t e r i  a. 

Work Statement: 

The work i nc luded  i n  t h i s  task inc ludes  the  development o f  f u e l  f a b r i c a t i o n  
processes; f u e l  design, t e s t i n g ,  and ana lys i s ;  and f u e l  f i s s i o n  product /coo lan t  
chemist ry .  Cu r ren t l y ,  t h i s  task i nc ludes  t h e  f o l l o w i n g :  

G A l l  - Fuel ~ e c h n o l  ow' [Aeneral Atomic Compar~ (GAC) I,, 

Under t h i s  support ing subtask, GAC w i l l  per form t h e  f o l l o w i n g  work: 

0 Fuel Process Development 

This  work i s  d i  r e c t e d  toward e s t a b l i s h i n g ,  cha rac te r i z i ng ,  and qual i f y i  ng LEU 
f u e l  f a b r i c a t i o n  processes and equipment f o r  advanced HTGR f u e l .  Th is  work i s  
i n  support  o f  t h e  reference LEUITh f u e l  c y c l e  s e l e c t i o n  and places emphasls upon 
e s t a b l i s h i n g  p r o c e s s  f e a s i b i l i t y  f o r  t h e  LEU f i s s i l e  k e r n e l  and improved  
coat ings  f o r  t h e  IFIl/Th f u e l  f o r  t h e .  advanced, high-temperature a p p l i c a t i o n  
(850°C). Q u a l i t y  c o n t r o l  techniques are  be ing  developed on a  p r i 6 r l t y  b a s i s  tu 
improve t h e  d e t e c t i o n  o f  d e f e c t i v e  p a r t i c l e s ,  s ince  d e f e c t i v e  p a r t i c l e s  a r e  a  
major c o n t r i b u t o r  o f  i n-core f i s s i o n  product  re1 ease. 

. 0 Fuel M a t e r i a l s  Development 

Th i s  work i s  d i r c c t e d  toward t h e  design, t e s t i n g ,  and ana lys i s  o f  candidate 
f u e l s  i n  support o f  t h e  s e l e c t i o n  and con f i rma t ion  o f  t h e  re ference f u e l .  

. P r i o r i t y .  t asks  i n c l u d e  i n - p i l e  'and out.-of-pi le fuel t e s t i n g  t o  cha rac te r i ze  
performance. under normal and off-normaJ . cond i t i ons ;  and f u e l  performance model 
development work f o r  p r e d i c t i n g  f i s s i o n  product  re lease under these cond i t ions .  
Th i s  work area a l s o  i nc ludes  the  development o f  f u e l  design and engineer ing da ta  
and f u e l  p roduct  s p e c i f i c a t i o n s  which a re  e s s e n t i a l  f o r  suppor t ing  i n t e r f a c i  ng 
a c t i v i t i e s  w i t h  f u e l  manufactur ing, l i c e n s i n g ,  and core design. 



0 Fuel Cycle 

Th i s  task &nphasizes the  establ ishment  o f  c r i t e r i a  f o r  t he  re ference LEU/Th 
f u e l  c y c l e  through eva lua t i on  o f  c r i t i c a l  f u e l  c y c l e  parameters such as mass 
f lows, costs, enrichments, etc .  The task  prov ides a  necessary i n t e r f a c e  between 
r e a c t o r  core  designs, f u e l  development, and f u e l  manufactur i  ng by eval u a t i  ng t h e  
a c c e p t a b i l i t y  o f  a  g iven fuel cyc le.  This.  i nc ludes  f u e l  cyc le  c o s t  s tudies,  
1 ong-range s t ra tegy  devel opment, and f u e l  c y c l  e  t r a n s i t i o n a l  'analys i  s  from 
LEU/Th t o  HEU f u e l  cyc les.  

0 F i s s i o n  Product/Cool a n t  Chemistry 

Work under t h i s  task i s  d i r e c t e d  toward'  p r o v i d i n g  the  necessary a n a l y t i c a l  
and experimental  data base i n  t h e  areas o f  f i s s i o n  product  re lease and t r a n s p o r t  
and cool  mt i m p u r i t i e s  i n t e r a c t i o n s  w i t h  pr imary c i  r c u i  t components. Primary 
emphasis i s  p laced upon LEU f u e l  performance eva lua t ions  and p r e d i c t i o n s  i n  
support  o f  core  design e f f o r t s  and t h e  reference f u e l  s e l e c t i o n  process. The 
impact t h a t  water  i n g r e s s  and subsequent. f u e l  h y d r o l y s i s  has on f i s s i o n  gas 

. . re lease i s  assigned a  h igh  p r i o r i t y .  

OR11 - Fuel Techno1 ogy [Oak Ridge Nat iona l  Laboratory (ORNL) 1 

Under t h i s  suppor t ing  subtask, ORNL w i  11 per form t h e  f o l l  owing: 

r HTGR. Fr~el Chemi s t r y  

Primary work areas i n c l u d e  bas i c  s tud ies  o f  f i s s i o n  product  t r a n s p o r t  through 
r e a c t o r  core/pr imary c i  r c u i  t mate r ia l  s  and p lace emphasis on improvi  ng t h e  data 
base f o r  LEU f u e l s  which i s  d e f i c i e n t  i n  many o f  these areas. The work ' i nc ludes  
f i  ss ion  product  so rp t i on /deso rp t i on  on steam generator  a1 l o y s  and core  graph i te ,  
t r i t i u m  t ranspor t ,  and a c t i n i d e  metal d i f f u s i o n .  These broad-based f i s s i o n  
product  chemi s t r y  s t u d i  es p rov i  de a  necessary expe r imen ta l  data base f o r  ana- 
l y t i c a l  s tud ies  i n  support  o f  core  design, l i c e n s i n g ,  and sa fe ty  a c t i v i t i e s .  

e HTGR F u ~ l  s 

Under t h i  s  , c a t e g o r y  a t  ORNL, b o t h  f u e l  m a t e r i  a1 s  deve lopment  and p r o c e s s  
support work i s  be ing  performed. I n  t h e  area o f  f u e l  mater ia ls ,  t he  major  
e f f o r t s  emphasize p o s t - i  r r a d i  a t i o n  examinat ion o f  , . fue l  i r r a d i  a t i o n  exper i  - 
rnents. The unique h o t - c e l l  examinat ion f a c i l i t i e s  a1 low a  more q u a n t i f i a b l e  
eva lua t i on  o f  f u e l  p a r t i c l e  performance than o t h e r  a v a i l a b l e  f a c i l i t i e s  i n  
t h e  U.S. Several j o i n t  U.S./FRG tasks  under t h e  Umbrella Agreement a re  a l so  . 

being conducted, again p r i m a r i l y  because o f  t he  unique p o s t - i  r r a d i  a t i o n  exami na- 
t i o n '  f a c j l i t i e s .  Fuel process development work i s  focused on a  few key areas 
and i s  aimed a t  a t t a i n i n g  a  b e t t e r  understanding o f  t h e  under ly ing  phys i ca l  
p r i n c i p l e s  c o n t r o l  l i n g  e i t h e r  t he  process o r  p roduct  performance. Emphasis i s  
p laced on t h e  L E U - f i s s i l e  f u e l  p a r t i c l e ,  and t h i s  work w i l l  a i d  i n  t h e  re ference 
f u e l  s e l e c t i o n  process. 

Cont rac tor  workscnpes w i l l  be reviewed and coordinated i n  meetings t o  be he1 d  
du r ing  t h e  f i r s t  q u a r t e r  o f  FY 1981. 



Cost Summary - WBS 11: 

Fuel Fuel 
Process Materi a1 s Fuel Fission Product/ 

( $ 1 0 0 0 ~ )  ~ e v .  Dev . Cycle Coolant Chemistry Totals  

GAC 1346 18 50 377 920 . . 4493 
(Cap. Equip.) ( 645) ( 90) ( 0 )  ( 80) ( 815) 

ORNL 400 630 - - 4 10 1440 
(Cap. Equip.) . ( 0 )  ( 1 7 2 )  ( - - I  ( 66) ( 238) 

Tot a1 s 1746 2480 . 377 1330 
(Cap. Equip.) 

5933 
( 645) ( 262) ( 0 )  . ( 146) (1053) 

Mil estones: 

Issue Reference Fuel Selection C r i t e r i a  
, (FY 1980 Milestone t o  be reviewed during 
FY 1981) 

, Establ i sh fuel cycle parameters fo r  preliminary 
fuel cycle se lec t ion  
Issue fuel design data needs repor t  
Define the fuel technology base1,ine and t 'est 
faci l i t y  feqirlrements 
Complete LTR on fuel performance under 
'hypothetical accident conditions 
Document LEU-fi s s i l  e kernel process status 
Sel e c t  reference.  fuel , . .  

K E Y :  . P = Primary S = Supporting R =' Review 

MILESTONE RESPONSIBILITY 

*GCRA a c t i v i t i e s  performed under WBS, 02 workscope. 
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WBS 12: MATERIALS TECHNOLOGY 

Work Summary: 

Th is  task i nc ludes  a c t i v i  t i e s  performed by Program Contractors t o  cha rac te r i ze  
and q u a l i f y  m a t e r i a l s  f o r  a p p l i c a t i o n  i n  HTGR p lan ts .  Inc luded i s  t he  development o f  
g raph i te ,  'ceramic, and m e t a l l i c  ma te r i a l s .  Th i s  work i s  focused on t h e  e a r l y  reso lu -  
t i o n  o f  f e a s i b i l i t y  i ssues  w i t h  p r i o r i t y  assigned t o  the  reference i n d i r e c t  c y c l e  
p l a n t  w i t h  850°C core out1 e t  temperature. I t  f u r t h e r  i nc ludes  scoping work e s s e n t i a l  
t o  d e f i n i n g  a  program f o r  t he  development o f  m a t e r i a l s  s u i t a b l e  f o r  a p p l i c a t i o n  i n  
950°C. temperature regimes. It i s  s t r u c t u r e d  t o  p rov ide  f o r  a  thorough progress ion  o f  
mater i  a1 s  data base acqui s i  t i o n  through the  temperature and envi ronmental regimes 
encountered i n  the  most impor tan t  HTGR appl i c a t i o n s .  Th is  work i s  coord inated 
through t h e  a c t i v i t i e s  o f  t he  Ma te r ia l  s  Coord ina t ing  Committee and speci a1 i s t  coor-  
d ina to rs  t o  support  t he  design da ta  needs i d e n t i f i e d  f o r  reference app l i ca t i ons .  

Work Statement:, 

" ~ a t e r i  a1 s  techno1 ogy i s  d i v i  ded i n t o  Graphi te Mater i  a1 s  Devel opment and Metal 1  i c  
and Ceramic Mater i  a1 s  Devel opment: 

Graph i te  M a t e r i a l  s  Development 

Th is  work i s  d i r e c t e d  toward c h a r a c t e r i z a t i o n  and qua1 i f i c a t i o n  o f  candidate 
g raph i te  m a t e r i a l  s  f o r  t h e  HTGR core  and r e a c t o r  i nte rna l  s. Th i s  i nc ludes  determi na- 
t i o n  o.f mechanical and creep p r o p e r t i e s  r e l e v a n t  t o  t h e  environment and l o a d i n g  
h i s t o r i e s ;  c h a r a c t e r i z a t i o n  o f  environmental e f f e c t s  such as i r r a d i a t i o n  and c o o l a n t  
chemist ry  ( o x i d a t i o n )  ; d e f i  n i  t i o n  o f  ma te r i a l  s  behavior  t o  system 1  oads such as 
v a r i a t i o n s  i n  gas pressure  and seismic events; and t h e  d e f i n i t i o n  o f  m a t e r i a l s  
a v a i l a b i l i t y  and f a b r i c a b i l i t y .  

GA12 - :Materi a1 s  ~ e c h n o l  ogy Graphi te [General Atomic Company (GAC) 1 

Under t h i s  t a s k ,  GAC w i  11 : 

e I n v e s t i g a t e  f u e l  b lock graph i te .  

- P I E  on specimens f rom 06-5 f o r  e f f e c t s  o f  i r r a d i a t i o n  on d i m e n s i o n a l  
s t a b i  1  i ty. 

- bevel op non-1 P near,  mu1 t l a x f  a1 mater i  a1 behavl'ur model . 
e I n v e s t i g a t e  core support  f l o o r  b lock  graph i l e .  

- Evaluate a1 t e r n a t e  m a t e r i a l s  t o  PGX, i n c l u d i n g  t h e  German ma te r ia l  ASR-lRG, 
as one, means o f  r e s o l  v i  ng o x i d a t i o n  problems. 

- Continue c h a r a c t e r i z a t i o n  o f  PGX t o  o x i d i z i  ng env i  ronment. 



e I n v e s t i g a t e  g r a p h i t e s  f o r  c o r e  suppo r t  pos ts  and seats.  

- Develop t r i a x i . a l  f a i l u r e  s t r e s s  model s  and mu1 t i a x i  a1 f a t i g u e  model s. 

- P e r f o r m  m e c h a n i c a l  p r o p e r t . i e s  t es t . s  o n  2020 t o  d e v e l o p  s t a t i s t i c a l l y  
s i g n i f i c a n t  da ta  s e t s  i n  suppor t  o f  g r a p h i t e  des ign c r i t e r i a .  

- Devel op acceptance t e s t  c r i  t e r i  a. 

- Eva lua te  t h e  German g r a p h i t e  V-483-T as an a l t e r n a t i v e  t o .  2020. 

e I n v e s t i g a t e  g r a p h i t e s  f o r  permanent s i d e  r e f 1  ec to r s .  

- Eva lua te  rep1 acement t o  t h e  re fe rence  HLM which i s  no l o n g e r  commercial l y  
. . a v a i l a b l e .  

OR12 - M a t e r i a l s  Techno1 ogy - G r a p h i t e  Deve l  opment [Oak Ridge Na t i ona l  Labo ra to r y  
(ORNL 1 I 

- , Under t h i s  task ,  ORNL w i l l  : 

e .Conduct g r a p h i t e  creep i r r a d i  a t i o n s  a t  Oak Ridge Research Reactor ( p r i  n c i  pa l  l y  
on f u e l  element g r a p h i t e ) .  

Compl e t o  caps111 e f rmrli at.inns a t  600°C and 900°C. 

- Design capsu le  f o r  1250°C. 

e conduct  g r a p h i t e  i r r a d i  a t i o n  s t a b i  1  i ty  exper iments  a t  High F l u x  I so tope  Reac to r  
( p r i n c i p a l l y  f u e l  element and r e f l e c t o r  m a t e r i a l s ) .  

- I r r a d i a t e  capsule a t  900°C ( s i x  c y c l e s ) .  

- I r r a d i a t e  capsu le  a t  500°C ( f i v e  c y c l e s ) .  

0 F r a c t u r e  mechanics s t u d i e s  ( p r i - n c i p a l  l y  f u e l  element and c o r e  suppor t  p o s t  
m a t e r i a l s ) .  . . . 

- Cha rac te r i ze  s t r e s s / s t r a i n  and m i c r o s t r u c t u r e  p repa ra to r y  t o  t he  use o f  
a c o u s t i c  measurement 'methods. 

- Incorporate t h e  use o f  We iba l l  s t . a t i s t i c a 1  methods f o r  da ta  c o r r e l a t i o n .  

e Graph i t e  o x i d a t i o n  s t u d i e s  ( p r i n c i p a l l y  f u e l  element and c o r e  suppor t  p o s t  
m a t e r i  a1 s  

- Eva1 u a t e  ASR-1RG German g raph i t e .  

- Eva lua te  s t reng, th  l o s s  due t o  o x i d a t i o n .  

- T h e o r e t i c a l  t r ea tmen t  o f  o x i d a t i o n  k i  n e t i c s .  



Metal  1  i c  and Ceramic M a t e r i a l  s  .Deve lo~men t  

Th i s  work  emphasize.^ t h e  c h a r a c t e r i z a t i o n  o f  ,mater i  a1 s  f o r  appl  i c a t i o n s  i n the ,  
h i g h e s t  temperature regimes'  o f  t h e  HTGR. I nc l uded  a r e  work t asks  t o  q u a n t i f y  t h e  
e f f e c t s  o f  creep f a t i g u e , '  thermal  ag ing,  react0. r  c o o l a n t  i m p u r i t i e s ,  and su r f ace  and 
wear phenomena. I n  a d d i t i o n ,  work i s  conducted t o  e s t a b l i s h  f a b r i c a t i o n  and j o i n i n g  
processes r e l e v a n t  t o  t h e  p a r t s  and components un ique t o  t h e  HTGR. 

Gk12 - M a t e r i  a1 s  Techno1 o w  - M e t a l  1  i c and  Ceramic M a t e r i a l  s  Development [General 
Atomic Company ( G A C )  J 

Under t h i s  task,  GAC w i l l  : 

0 Prov ide  m a t e r i a l s  p r o p e r t y  da ta  on cand ida te  me ta l s  and ceramics f o r  use i n  HTGR 
environment up t o  850°C. 

o Eva lua te  m a t e r i a l  cand ida tes  f o r  use up  t o  950°C. 

o Coordi  na te  a c t i v i  t i e s  wi t h  o t h e r  c o n t r a c t o r s  th rough t he  M a t e r i  a1 s  Coordi  n a t i n g  
Committee. 

To t h i s  end, t h e  m a t e r i a l s  program a t  GAC i n c l u d e s  t e s t s  t o  p r o v i d e  da ta  on: 

0 Hig.h-temperature s t r e n g t h l f r a d t u r e  toughness behav io r  o f  a l l o y s  and welds. 

0 Fa t i gue  and creep-Fat igue behav io r  o f  a1 l o y s  a t  s e r v i c e  cond i t i ons .  

o Thermal ag ing  behav io r .  

r Cer..anlics s t r e n g t h  and toughness. 

e F r i c t i o n / w e a r  behav io r  o f  metal  s / c o a t i  ngs. 

e Pr imary  coo lan t '  gas c o r r o s i o n  ( c a r b u r i z a t i o n )  behav io r  o f  a l l o y s .  

Des7y1'1 da ta  cot-re1 a t i o n s  f o r  II4X m a t e r i  s l  s. 

e P r d p e r t i e s  o f  exper imenta l  c a s t  thermal b a r r i e r  cove r  p l a t e s .  

e C r i t e r i a  f o r  tube  b u c k l i n g  under  e x t e r n a l  pressure.  

GE12 - M a t e r i a l  s  T e c h n o l o g y  - M e t a l  1  i c  and  Ceramic M a t e r i a l s  Development [General 
t 1 e c t r i  c  Cotnuany (GE 1 1 

4 

Under t h i s  task,  GE w l l l :  

e Conduct sc reen ing  creep, p r e c i s i o n  creep, and mechanical p r o p e r t i e s  t e s t s  on 
a1 l o y s / c o a t i n g  systems i n  t h e  temperature range o f  750°C t o  1050°C. 

0 Eva lua te  thermal  s t a b i l i t y  and c o o l a n t  c o r r o s i o n  o f  a l l o y / c o a t i n g  systems i n  t h e  
temperature range o f  750QC t o  1050°C. 



O R 1 2  - Materi a1 s Techno1 oav - Metal1 i c  and Ceramic Materials Development [Oak Ridqe 
National Laboratory ( O R N L  1 J 

Under t h i s  task, O R N L  wil l :  

o Conduct mechanical property t e s t s  of leadi ng commercial a1 loys fo r  high-tempera- 
ture  .applications: Inconel 617, Haste1 loy X, and Haste1 loy N .  

8 conduct studies on corrosion mechanisms and the e f fec ts  of f iss ion products 
such as tellurium and cesium. 

m conduct impact tes t ing of P C R V  1 i ner s tee ls .  

Since a given material may be used in  several different  components and since 
ef f ic ienc t  use of laboratory resources requires tha t  workscopes be defined by type o f  
material and type of t e s t ,  i t  i s  seldom meaningful t o  assign a d i s t inc t  relatioriship 
t o  a given task and the resolution of a par t icular  materials issue. The Materials 
Coordinating Committee (o r  spec ia l i s t  group i n  the case of graphite) provides the  
forum for. interpreting - program objectives and p r i o r i t i e s  and coordi nating workscopes 
. for .  e f f i c i en t  u t i l iza t ion ,  of equipment and the timely resolution of i ssues. Contrac- 
to r  work'scope defini t ion will be refined in the f i r s t  quarter of FY 1981. 

Cost Suminary - WBS 12:  

GAC 
(Cap. Equip.) 

GE 
( Cap. E.qui p. ) 

O R N L  - , 

(Cap. Equip.) 

Total s 
(Cap .  Equip.') 

Graphite 
Devel opment 

Metallic & Ceramic 
Materi a1 s Devel opment Total s 



Schedule/Mi lestone Sumary  - WBS 12: 

1. Desi gn da ta ,  needs p r e s e n t a t i o n s  
2. Repor t  on s t r eng then ing  m a t e r i a l s  used i n  f u e l  elements 
3. Def i ne m a t e r i  a1 s  techno1 ogy base1 i ne 
4.  Repor t  on ex te rna l  p ressure  tube  b u c k l i n g  c r i t e r i a  
5.. Repor t  on c a s t  thermal b a r r i e r  cove rp la tes '  
6. Repor t  on f e a s i b i l i t y  and program t o  achieve 950°C 
7'. Repor t  f e a s i  b i l  i t y  o f  c o a t i  ng /c ladd i  ng systems on 

I H X  tubes  

KEY : P = Pr imary  S '=  Suppor t i  ng R = Review 
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WBS 13: PLANT TECHNOLOGY 

Work Summary: 

T h i s  work t a s k  embodies those  a c t i v i t i e s  o r i e n t e d  a t  a n a l y t i c a l  methods develop- 
.merit, s a f e t y  and r e 1  i a b i l i t y ,  e n g i  n e e r i  ng  t e c h n o l o g y  and t e c h n o l o g y  t r a n s f e r .  
T h i s  work i s  g e n e r a l l y  a p p l i c a b l e  t o  mu1 t i p l e  p l a n t  a p p l i c a t i o n s  as we1 1  as mu1 t i p l e  
comporients and sytems w i t h i n  a  p l a n t .  The focus  o f  t hese  a c t i v i t i e s  i s  t o  suppo r t  
t h e  i d e n t i f i c a t i o n  and r e s o l u t i o n  o f  key t e c h n i c a l  c o n s t r a i n t s  and u n c e r t a i n t i e s  
fundamental t o  t h e  HTGR. These a c t i v i t i e s  address t h e  development o f  b a s i c  eng i -  
nee r i ng  ' c r i t e r i a  un ique  t o  t h e  HTGR. Such c r i t e r i a  a r e  e s s e n t i a l  t o  t h e  determi  na- 
t i o n  o f  t h e  f e a s i b i l i t y  o f  t h e  v a r i o u s  cand ida te  HTGR a p p l i c a t i o n s .  and c o n t r i b u t e  t o  
t h e  i d e n t i f i c a t i o n  o f  Design Data Needs. 

Work Statement:. 

Th is .  work may be d i v i d e d  i n t o  f o u r  ma jo r  ca tego r i es :  

a Engi n e e r i  ng Techno1 ogy Development 

e Safe ty  and R e l i  a b i l  i ty 

e -Techno1 ogy T r a n s f e r  

Methods Devel opment 
. -. - .- 

T h i s  work e n t a i l  s  t h e  development and maintenance o f  computer codes, a n a l y t -  
i c a l  models, and s o l u t i o n  schemes necessary f o r  t h e  development and v e r i f i c a t i o n  o f  
methods and t echno log ies  r e q u i r e d  f o r  t h e  HTGR. 

GA13 - P l  a n t  ~ e c h n o l  ogy - Methods Development [General Atomic Company (GAC)] 

Under t h i s  task,  GAC w i l l  : 

. e Develop 'computer programs and methods used i n  t h e  des ign o f  t h e  HTGR and v e r i f y  
these t o  meet r e g u l a t o r y  1 i cens ing  r e q u i  rements. 

e Emphasize development o f  methods t o  a i d  t h e  s o l u t i o n  o f  i m p o r t a n t  des ign  i s sues  
on t h e  HTGR a p p l i c a t i o n s :  

# 

- Core se ismic a n a l y s i s .  

- Fuel element dynamic s t r e s s  ana l ys i s .  

- Pr imary l o o p  a c o u s t i c  v i b r a t i o n s .  

- Design methods f o r  s t r a i g h t  tube  hea t  exchangers. 

- Water i ngress t o  r e a c t o r  p r imary  systems. 



G E 1 3  - P l  an t  Technol ogy - Methods Development [General E l e c t r i c  Company (GE) 1 

Under t h i s  task, GE w i  11 : 

0 Develop methods r e q u i r e d  t o  assess the  HTGR i n  process heat  app l i ca t i ons  and 
i d e n t i  f y  requ i  rements f o r  system and component design and devel opment. 

- .Systems dynamics codes w i t h  models f o r  d i r e c t  and i n d i r e c t  c y c l e  systems. 

- Systems o p t i m i z a t i o n  codes d i r e c t e d  a t  reforming.  

OR13 - P l  a n t  Technol ogy - Methods Devel opment [Oak Ridge Nat iona l  Laboratory (ORNL)] 

Under t h i s  task, ORNL w i l l  : 

o .  Make improvements t o  t h e  ADINA  f i n i t e  element code f o r  use on PCRV. 

Enai nee r i  na Technol oav Devel o ~ m e n t  

Th is '  work .i nvolves engi neer i  ng technology development i n t h e  f o l l o w i n g  areas: 

Q St ruc tu res  

e Heat Exchangers 

e .Mechanical Design 

The nature o f  t h i s  work i s  t o  extend o r  develop engineer ing design t o o l s  and 
c r i t e r i a  through a n a l y t i c a l  and empi r ica l  methods where e x i  s t i n g  c a p a b i l i t y  i s 
inadequate . 
G A 1 3  - .Pl a n t  Tec hno.1 ogy - Engi nee r i  ng Technol ogy Devel opment [General Atomic Company 

(GAC) J 

Under t h i s  task, GAC w i l l :  

0 Complete long-term behavior  ana lys i s  f o r  o f f s e t  core  PCRV and develop an ap- 
proach f o r  pressur ized.  crack ana lys is .  

0 E s t a b l i s h  new f u e l  b lock  g raph i te  design c r i t e r i a .  

0 Eva1 uate  a p p l i c a t i o n s  and i d e n t i f y  c o n t r o l  l i n g  1 oads and p r o p e r t i e s  f o r  thermal 
b a r r i e r  ma te r i a l s .  

# 

. . 

e I n i t i a t e  upper and lower  plenum a i r  f l ow  t e s t s  f o l l o w i n g  successful  complet ion 
o f  water  f l o w  tes ts .  

e Perform heat  exchanger f l ow  t e s t s ,  i n c l u d i n g  f i n n e d  . t u b e  heat  t r a n s f e r  and 
pressure drop t e s t .  



e Perform heat  exchanger s t r u c t u r a l  t e s t s ,  i n c l u d i n g  f r e t t i n g  and wear and h e l i c a l  
bundle sei  smi c  t e s t s .  

a S p e c i f i c a t i o n s  f o r  .heat exchanger m a t e r i a l s  t e s t s ,  i n c l u d i n g  c r e e p l f a t i g u e ,  
extended l i f e  creep rup ture ,  and p r o p e r t i e s  o f  weld mater ia ls .  

o P a r t i c i p a t e  i n  development o f  ASME IS1 code and eva lua t i on  c r i t e r i a .  

Safety and Re1 i a b i l  i t y  

The focus o f  t h i s  work i s  t o  c o l l e c t  t h e  data and develop the  methodology t o  
describe' t he  HTGR response t o  hypo the t i ca l  events r e q u i r e d  f o r  t he  l i c e n s i n g  process. 
The method01 ogy and data base a1 so pe rm i t  p robab i l  i s t i c  assessments o f  p l  a n t  re1 i ab i  1  - 
i t i e s .  

GA13 - P l a n t  Techno logy  - S a f e t y  and Re1 i a b i l  i ty  [Genera l  Atomic Company (GAC)] 

Under t h i s  task, GAC w i l l  : 

. . e .  Ensure t h a t  HTGR gener ic  design fea tu res  meet app l i cab le  sa fe ty  and l i c e n s i n g  
c r i t e r i a .  

Q Develop sa fe ty ,  re1  i abi  1  i t y  , . and a v a i l  abi.1 i ty data  f o r  HTGR components and 
sy s'tems . 

e S t a r t  boron m i g r a t i o n  ana lys i s  and t e s t  program t o  stu.dy r e c r i t i c a l i  ty under a  
. co re  heat-up event. 

e Develop methodology and evaluate design changes r e q u i r e d  f o r  enhanced sa fe ty  and 
investment prot .ect ion.  

o Eva1 uate  NRC proposed s i t i n g  c r i t e r i a  (NUREG-0625). 

. e Issue LTR on maximum hypo the t i ca l  f i s s i o n  product  re lease model. 

~ e c h n o i o a v  Trans fer  

Techno1 ogy t r a n s f e r  p e r t a i n s  t o  those a c t i v i t i e s  d i r e c t e d  a t  assur ing t h e  
u t i l i z a t i o n  o f  i n f o r m a t i o n  emanating from ou ts ide  t h e  DOE-sponsored HTGR Program. It 
inc ludes  the  e f f o r t  t o  analyze data c o l l e c t e d  i n  t h e  French CEA program p r i o r  t o  i t s  
t e rm ina t i on  and p r o j e c t  support  ' o f  work under t h e  Umbrel l a  Agreement w i t h  the  FRG. 
Also i n  t h i s  category i s  t he  e f f o r t  t o  a s s i m i l a t e  experience w i t h  the  F o r t  St. V r a i n  
i n s t a l l a t i o n  i n t o  the data base f o r  t h e  l a r g e  HTGR. Assessments o f  means t o  extend 
component design 1  i v e s  based on observed ope ra t i ng  h s t o t i e s  and the  s u r v e i l  lance o f  
F o r t  S t .  V ra in  f u e l  performance are  a l so  i n  t h i s  area o f  work. Add i t i ona l  a c t i v i t i e s  
t o  be pursued i n  FY 1981 a re  reviews o f  o t h e r  government-sponsored programs, p a r t i c u -  
1  a r l y  those w i  t h i  n  t he  Department o f  Defense, t o  determi ne i f developmental mater i  a1 s  
used i n  those a p p l i c a t i o n s  may complement t h e  HTGR Program. 



GA13 - P l a n t  Technology - Technology Trans fer  [General Atomic Company (GAC)] 

Under t h i s  task,  GAC w i l l  : 

e Continue ana lys i s  on ' t e s t s  performed a t  CEA, p r i m a r i l y  thermal b a r r i e r  t e s t s  and 
core  f l o w  d i  s t r i b u t i o n  t e s t s .  

0 C o n t i w e  t h e  F o r t  S t .  V ra in  s u r v e i l l a n c e  program on p l a n t  performance and 
p. reparat ions f o r  t h e  second f u e l  segment examination. 

e A s s i s t  i n  t he  set-up o f  an a d d i t i o n a l  sub-program area ( m a t e r i a l s )  under t h e  
Umbrel l a '  Agreement. 

o Complete the F o r t  S t .  V ra in  r e l i a b i l i t y  improvement programs now under way: 

- Component c y c l e  l i f e .  

- S ing le  loop operat ion.  

- ' Moi s t i r e  removal from the  .thermal b a r r i e r .  

GE13 - ~l ant  Technol ogy - Technol ogy Trans fer  [General E l e c t r i c  Company (GE)] 

Under t h i s  task,  GE w i l l  i n t e g r a t e  and coord i  nate t h e  GE program w i t h  o the r  U.S. 
HTGR programs: 

e F o r t  S t .  V ra in  opera t ing  and performance data  f o r '  c o n t r o l  rods, steam genera- 
' t o r s ,  turbocompressors, and ins t rumenta t ion .  

. . 

, e blai n t a i  n cognizance o f  HTGR programs i n  Germany, S w i  t z e r l  and, and Japan. 

Cost Summary -'WBS 13: . . 

. . 
Methods Eng. Tech. .Safety & Techno1 ogy 

( SlOOOs.) . . Devel crprnent Development Re1 i abi  1 i t y  Transfer  Tota l  s 

GAC 899 670 3 26 79 7 2692 

ORNL 

Tota l  s 1159 670 3 26 d 937 3092 



S.chedu1 e/Mi 1 estone Summary - WBS 13: 

1. Design da ta  needs p r e s e n t a t i o n  
2 .  Complete HX .tube g r i d  performance t e s t s  
3. I n p u t  t o  development p l ans  
4 .  D e f i n e  mathematical  model f o r  graph? t e  o x i d a t i o n  
5 .  Complete FSV f u e l  s u r v e i l  l ance  r o b o t  development 
6.' Revi sed f u e l  b l ock  des ign c r i t e r i a  
7 .  I s sue  e v a l u a t i o n  o f  thermal b a r r i e r  des ign  f o r  

cand ida te  a p p l i c a t i o n s  
8. Develop re fo rmer  systems dynamics and o p t i m i z a t i o n  

codes 

KEY.: . P = Pr imary  S = Suppor t ing  R = Review 
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WBS 21: GENERIC COMPONENT DESIGN VERIFICATION AND SUPPORT 

Kork Summary : 

T h i s  task  comprises t h e  exper imenta l  and developmental work necessary t o  suppo r t  
t h e  e v o l u t i o n  and v e r i f y  t h e  des ign adequacy o f  components descr ibed  i n  WBS 3. 
I t  f u r t h e . r  i n c l u d e s  t h e  p lann ing ,  a n a l y s i s  and des ign o f  t e s t  f i x t u r e s  and r i g s ,  
and t he  v a l i d a t i o n  and i n t e r p r e t a t i o n  o f  t e s t  r e s u l t s .  T h i s  work i s  focused on t h e  
e a r l y  r e s o l u t i o n  o f  p r i o r i t y  i s sues  common t o  HTGR appl  i c a t i o n s  under cons ide ra t i on .  

Qork Statement: 

The scope o f  t h i s  element i n c l u d e s  t e s t i n g  and v e r i f i c a t i o n  a c t i v i t i e s  conducted 
by HTGR Program con t rac . to rs  on t h e  f o l l o w i n g  components and systems: 

0 .Reactor vessel  (PCRV) components. 

e ~ e u t ' r o n  and r e g i o n  f l o w  c o n t r o l .  

e .Fue l  h a n d l i n g  system. 

e Reactor  s e r v i c e  equipment and s to rage  w e l l s .  

a Reactor  i n t e r n a l  s cnmponen~s. 

o Reactor  co re  engi  n e e r i  ng. 
. . 

B He1 i i ~ m  s e r v i c e  syst.ems. 

e Core a u x i l i a r y  c o o l i n g  system. 

0 Gas waste system. 

Gk21 - . G e n e r i c  Component D e s i g n  V e r i f i c a t i o n  and  S u p p o r t  [General Atomic Company 
( G A C )  I 

Under t h i s  t ask ,  GAC w i l l  : 

0 Conduct t e s t s  on r e a c t o r  vessel  components. 

- Mechanical and thermal  t e s t s  o f  ceramic c o r e  suppor t  p o s t  pads. 

- R e s i l i e n c y  and f l u i d  i n g r e s s  t e s t s  on f i b r o u s  i n s u l a t i o n .  

- V i b r a t i o n  t e s t  on thermal b a r r i e r  assembl ies.  

0 Conduct t e s t s  on neu t ron  and r e g i o n  f l o w  c o n t r o l  p a r t s .  
, . 

- Prepare t e s t  p l a n  ' f o r  c o n t r o l  and o r i f i c e  assembly t e s t s .  

- V e r i f y  thermal s t a b i l i t y  o f  i n - c o r e  f l u x  measurement i ns t rumen ta t i on .  



e I ssue  t e s t  p l a n  f o r  f u e l  h a n d l i n g  equipment. 

e Complete bayonet tube scoping t e s t s  f o r  t h e  c o r e  a u x i l i a r y  hea t  exchanger. 

e Conduct component sc reen ing  and' eva lua t i on ,  t e s t s  o f  advanced c o r e  suppor t  f l o o r  
designs. 

e V e r i f y  f u e l  element a n a l y s i s  methods. 

- I ssue  r e p o r t  on RWG 1 and 2 exper iments.  

-. P l a n  F o r t  St. V r a i n  f u e l  element impact  t e s t i n g .  

- Complete 2-D a n a l y s i s  specimens f rom RWG 2  and 3. 

e Review da ta  needs f o r  c o r e  nuc lea r  DV&S and develop necessary program. 

e Prepare a  p l a n  t o  o b t a i n  i n f o r m a t i o n  r e q u i r e d  f o r  core. thermal  and f l o w  design. 

e p r e p a r e  a  61an f o r  f u e l  element c o r r o s i o n  and DV&S p l a n  f o r  c o n t r o l  rods, plenum 
el.ements, and reserve  shutdown m a t e r i  a1 . 

e Cont inue program f o r  r e s o l u t i o n  o f  c o r e  f l u c t u a t i o n  i ssue .  

- I ssue  r e p o r t  on p o t e n t i a l  s o l u t i o n s .  

, - Complete 2-D f l u c t u a t i o n  computer code. 

OR21 - G e n e r i c  Component Design v e r i f i c a t i o n  and Suppor t  [Oak Ridge Na t i ona l  Labora- 
t o r y  (ORNLI I 

Under t h i s  task,  ORNL w i l l  : 

a Conduct work p repa ra to r y  t o  PCRV model t e s t .  

. -  Dcvc l  op capsbi  1  i ty t o  sppl  y c i  r c u m f e r e n t i a l  p r e s t r e s s i n g .  

- Develop a  , l i n e r ' s y s t e m  s u i t a b l e  f o r  a PCRV model t e s t .  

e Conduct an HTGR phys ics  program t o  address: 

- Ax i  a1 f u e l  zoning and temperature d i s t r i b u t i o n s .  

- . ~ u e l  management i n f l u e n c e s  on peak temperatures, f o r  950°C. 

- Core temperature f l  u c t u a t i o n s  . 
- C o n t r o l  r o d  wor th  and c o n t r o l  requi rements f o r  a  PBR. 

e Conduct s h i e l d i n g  program tasks  o r i e n t e d  a t :  

- R a d i a t i o n  s t reaming through t h e  l a r g e  c o o l a n t  ho les  ' - i n  ' t he  l owe r  c o r e  
r e g i  on. 



- Determi n a t i o n  o f '  boron s h i  el di  ng r e q u i r e m e n t s .  

- Determining t h e  e f f e c t s  o f  c o r e  s u p p o r t  p o s t s  on the  r a d i a t i o n .  l e v e l s  a t  
h o t  plenum the rmal  b a r r i e r .  

e Conduct work t o  a d a p t  the GCFR Core Flow ~ e s t  Loop (CFTL) t o  t h e  HTGR Program. 

- .Develop ou t1  i ne o f  CFTL a p p l i c a t i o n s .  

- Design and  f a b r i c a t e  f i x t u r e s  and specimens  f o r  s t e a m - g r a p h i t e  o x i d a t i o n  
tes ts .  

C o s t  Summarv - WBS 21: 

G e n e r i c  Component 
DV&S 

GAC . . 1866 
' (Cap.  E.qui p. ) ( -- 1 

G E 
(Cap.  Eq.uip.) 

ORN L 
(Cap. ~ ~ u i p ' .  ) 

T o t a l  
(Cap.  Equip.  ) 



Schedul e /M i l  estone Summary - WBS 21  : 

Develop out1 i ne CFTL a p p l i c a t i o n  
Design da ta  needs p r e s e n t a t i o n  
I n p u t  t o  development p l ans  
Repor t  on thermal b a r r i e r  component t e s t s  
Repor t  on p o t e n t i a l  s o l u t i o n s  f o r  c o r e  f l u c t u a t i o n s  
V e r i f y  f u e l  e l  ement s t r e s s  a n a l y s i s  methods 
Design and f a b r i c a t e  hardware f o r  s team-graphi te  
o x i d a t i o n  t e s t s  a t  CFTL 
A n a l y t i c a l  methods f o r  co re  f l u c t u a t i o n s  
Screeni  ng t e s t s  and eva l  ua t ion  :of advanced c o r e  
suppor t  designs 
Devel op PCRV model c i r c u m f e r e n t i a l  p r e s t r e s s i n g  
capabi 1  i ty 
Repor t  on r a d i a t i o n  l e v e l s  t o  h o t  plenum thermal b a r r i e r  
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WBS 22: SPECIFIC COMPONENT DESIGN VERIFICATION AND SUPPORT 

Work Summary: 

Th is  task comprises the  t e s t i n g  work necessary t o  support t he  design e v o l u t i o n  
of key components and systems o f  p l a n t s  be ing  s tud ied  under Work Elements 4 ,  5, 
and 6. .It a lso  inc ludes  the  p lanning,  ana lys is ,  and design o f  t e s t  specimens, 
f i x t u r e s ,  and r i g s ,  and t h e  v a l i d a t i o n  and i n t e r p r e t a t i o n  o f  t e s t  r e s u l t s .  Work 
i n .  t he  category i s  focused on t h e  e a r l y  r e s o l u t i o n  o f  p r i o r i t y  t echn ica l  issues.  

Work' Statement: 

Components c u r r e n t l y  i d e n t i f i e d  i n  t h i s  category are  steam generators, c i r c u l a -  
t o r s ,  i n te rmed ia te  heat  exchangers, and reformers. Where subs tan t i a l  work i s  sub- 
contracted,  the  scope o f  t h e  design v e r i f i c a t i o n  and support a c t i v i t i e s  i s  i d e n t i -  
f i e d  . i n  t he  c o n t r a c t  and repo r ted  under t h i s  work element. Th i s  category i nc ludes  
the  p lann ing  and execut ion o f  work such as: 

e . ' ~ i . r c u l  a t o r  bear ing and .seal  t e s t s .  

e Steam generator  a i r  f l o w  tes ts .  

0 The. demonstrat ion o f  f a b r i c a t i o n  technologies such as the  f e a s i b i l i t y  o f  tube- 
sheet f a b r i c a t i o n  ' f o r  a1 1  heat  exchangers and tube c ladd ing  processes f n r  the  
1HX.  

GA22 - Spec i  f i  c  Component Des i  gn V e r i  f i c a t i  on and Support [General Atomic Company 
( G A )  J 

- 
Under t h i s  task,  GA w i l l  conduct DV&S o f  s p e c i f i c  components. 

GEZ2 - S p e c i  f i  c  Component Design V e r i f i c a t i o n  and Support [ ~ e n e r a l  E l e c t r i c  Company 
( G E )  I 

Under t h i s  task,  GE w i l l  conduct DV&S o f  s p e c i f i c  components. 

ORNL22 - S p e c i f i c  Coniponent Des ign  V e r i f i c a t i o n  and s u p p o r t  [Oak R idge  Nat iona l  
Laboratory (ORNL) I 

Under t h i s  task, ORNL w i l l  conduct DV&S o f  s p e c i f i c  components. 

Cost Summa-ry .- WBS 22: 

G  A  

GE 

ORNL 

To ta l  s TBD 



Schedul e/Mi 1 es tone  Summary - WBS 22: 

KEY : P = Pr imary  S = S u p p o r t i n g  R = Review 



WBS 3: G E N E R I C  COMPONENTS 

Work Summary: 

Th is  task comprises the  d e f i n i t i o n  and eva lua t i on  o f  HTGR components and systems 
which are broad ly  app l i cab le  t o  mu1 t i p l e  app l i ca t i ons .  I n fo rma t ion  t o  be developed 

' 
w i l l  be t h a t  requ i red  as i n p u t  t o  WBS Elements 4, 5, and 6 and t h a t  r e q u i r e d  t o  serve 
as a  b a s i s  f o r  a  comprehensive assessment o f  Techno1 ogy Program r e q u i r e m e n t s .  
Reference designs w i l l  be e s t a b l i  shed and mainta ined f o r  gener ic  components and 
systems t o  prov ide  a  bas i s  f o r  t he  establ ishment  o f  Data Needs Packages and Develop- 
ment Plans. It i s  s p e c i f i c a l l y  noted t h a t  a d d i t i o n a l  design d e f i n i t i o n  f o r  some 
components i s  an i n t e g r a l  p a r t  o f  t h e  r e s o l u t i o n  o f  p r i o r i t y  issues. 

Work Statement: 

Work ~l ement 3  i nc ludes  the  d e f i n i t i o n  and evalua.t ion o f  HTGR components and 
systems which 3re  broadly app l i cab le  t o  m u l t i p l e  HTGR app l i ca t i ons .  Cur ren t l y  
i nc luded  i n  t h i s  category are  the  f o l l o w i n g :  

8 Reactor vessel (PCRV) components 

8 Neutron and reg ion  f l o w  c o n t r o l  

. o Fuel hand l ing  system 

8 Reactor se rv i ce  equipment and storage we1 1s 

e Reactor i nternaf  s  components 

e Reactor core engineer ing 

e He1 i un se rv i ce  systems 

Core auxi 1 i ary c o o l i n g  system 

0 Gas waste system 

Generic'components and systems w i l l  be de f ined i n  s u f f i c i e n t  d e t a i l  t o  e s t a b l i s h  
p r e f e r r e d  c o n f i g u r a t i o n s  and t o  f a c i l i t a t e  techn ica l  and economic evaluat ions.  These 
a c t i v i t i e s  comprise an i n p u t  t o  a p p l i c a t i o n  s tud ies  descr ibed i n  WBS Elements 4,. 5, 
and 6. Add i t i ona l ,  more d e t a i l e d  design and ana lys i s  w i l l  be undertaken as r e q u i r e d  
t.o e s t a b l i s h  design data needs f o r  se lec ted  systems and components. 

As a  means o f  focus ing  the  Technology Program, re ference designs w i l l  be estab- 
l i s h e d  f o r  generic components and systems. The range o f  a p p l i c a b i l i t y  w i l l  be 
i d e n t i f i e d  as an element o f  the  re ference design d e f i n i t i o n s .  Upon establ ishment  of 
c o n f i g u r a t i o n  c o n t r o l  procedures, t h e  reference gener ic  component and system designs 
w i l l  be sub jec t  t o  those procedures. As an i n t e r i m  assumption, gener ic  system and 
component .designs enveloping the  Steam Cycle/Cogeneration and HTGR-R a p p l i c a t i o n s  
w i l l  be u t i l i z e d  as a  reference.  



Based u p o n  the reference designs, Data Needs Packages will be prepared as input 
to  the establishment of Development Plans and the subsequent identification . . of a 
Techno1 ogy Program Base1 i,ne (see WBS Elements 1 and 2 ) .  

WBS Element 3 consists of supporting task.s by HTGR Program participants which 
are  summarized as follows: 

GA3 - Generic Component Desi gn (General Atomic Company) 

Under t h i s  supporting task,  General Atomic Company wil l :  

e Provide generic component and systems designs as input to the application 
studies t o  be undertaken within WRS Elements 4 ,  5, and 6.  

0 ~ s t a b l i  s h  and maintain reference designs for  generic components and systems. 

e Develop a . Data Needs Package for  generic components and systems to include: 

- . Identjfication of design data needs ordered by systems and components. 

.- A c r i t i ca l  path schedule identifying required dates fo r  data needs. 

- A recommended prior i ty  fo r  each data. need i n  accordance w i t h  a uniform 
. procedure to  be developed by HTGR Program participants.  

0 Assist in the establishment of Dev'elopment Plans based upon the generic compo- 
nents and systems Data Needs Package and i n  the ident i f icat ion of a Technology 
Program Base1 i ne. 

GE3 - Generic Components (General Electr ic  Company) 

Under t h i s  supporting subtask, General Electr ic  Company will investigate major 
issues affecting the use of the prismatic core HTGR fo r  high-temperature and advanced 
process. heat appl i cations. Included wi l l .  be: 

e Review uT r%edctor% vessel components. 

8 Assess the ab i l i t y  of the prismatic core to  opera te .a t  950°C. 

e Assess the impact of prismatic core temperature r i s e  l imitations.  

Cost Summary: 

Schedul e/Mi 1 estone Summary: 

(Later)  



WBS 42: 750°C NUCLEAR HEAT SOURCE 

Work Summary: 

T h i s  task  i n c l u d e s  f u r t h e r  d e f i n i t i o n  and e v a l u a t i o n  o f  an HTGR Nuc lear  Heat  
Source which i s  des igned t o  opera te  i n  t h e  temperature range approx imat ing  750°C. 
The 750°C. Nuc lear  Heat Source has broad appl i c a t i o n  t o  Steam Cycl  e /Cogenerat ion and 
Sens ib l e  Energy Storage c o n f i g u r a t i o n s  o f  t h e  HTGR. The i n f o r m a t i o n  developed wi t h i n  
t h i s  task,  i n  p a r t ,  comprises i n p u t  t o  WBS Elements 44 and 45. 

Work s ta tement :  

The e f f o r t  i n c l u d e d  w i t h i n  t h i s  task  i s  g e n e r a l l y  a p p l i c a b l e  t o  a l l  HTGR con- 
f i g u r a t i o n s  which empl oy t h e  750°C Nuc lear  Heat Source. It comprl ses s p e c i f i c  I n p u t  
t o  WBS Elements 44 and 45. C u r r e n t l y  t h i s  task  i n c l u d e s  t h e  f o l l o w i n g :  

GA42 - 750°C Nuc lear  Heat Source (General Atomic Co.) 

Under t h i s  suppo r t i ng  subtask General Atomic Co. w i l l :  

o . Conduct des ign a c t i v i t i e s  i n  s u f f i c i e n t  d e t a i l  t o  e s t a b l i s h  t h e  p r e f e r r e d  
c o n f i g u r a t i o n  o f  t h e  750°C Nuclear  Heat Source and t o  f a c i l i t a t e  t e c h n i c a l ,  
economi c ,  and i n s t i t u t i o n a l  eva lua t i ons .  

e Prov ide  t h e  ~ u c ' i e a r  Heat Source des ign and assoc ia ted  c o s t  es t imates  as i n p u t  t o  
,WBS Elements 44 and 45. 

e Per fo rm f u r t h e r  i n v e s t i g a t i o n s  r e g a r d i  ng p r i o r i t y  t e c h n i c a l  i s sues  assoc ia ted  
w i t h  t he  750°C NHS i n c l u d i n g  wa te r  ing ress ,  g r a p h i t e  s t resses ,  and thermal  
b a r r i e r  acous t i c  i n t e r a c t i o n s .  

a Conduct s t u d i  es address i  ng Nuc lear  Heat Source o p t i o n s  r e g a r d i  ng enhanced 
s a f e t y ,  r e l i a b i l i t y ,  and m a i n t a i n a b i ' l i  ty. 

e Conduct s t u d i e s  r e q u i r e d  t o  f u r t h e r  t h e  unders tand ing  o f  NHS performance, 
margi  ns, dynamics, and c o n t r o l  c h a r a c t e r i  s t i c s .  

e Suppor t  t h e  devel opment o f  1  i cens i  ng p o s i t i o n s .  

a I d e n t i f y  t e c h n i c a l ,  i n s t i t u t i o n a l ,  and l i c e n s i n g  i s sues  and conduct  a d d i t i o n a l  , 
more d e t a i l e d  des ign o f  se lec ted  systems and components (e.g., c i r c u l a t o r )  t o  
f a c i l i t a t e  development o f  a  des ign Data Needs Package, Development Plans, and a  
Technology Program Base1 i ne. 

s E s t a b l i s h  and m a i n t a i n  a  750°C NHS ~ e f e r e n c e  Design. 

c Develop a  Data ~ e e d s  Package f o r  t h e  750°C NHS Reference ~ e s i ~ n  as i n p u t  t o  WBS 
Elements 44 and ,45.. 

- ' I d e n t i f i c a t i o n  o f  des ign da ta  needs o rdered  by .  systems and components f o r  
t h e  Nuc lear  Heat Source. 



- ' A  recommended pr ior i ty  fo r  each data need in accordance w i t h  a uniform 
procedure to  be devel oped by HTGR Program part ic i  pants. 

e Assist in the establishment of Development Plans based upon the 750°C NHS Data 
Needs Package and in the ident i f icat ion of a Technology Program Baseline. 

e Provide appropri a te  input to  periodic and. planned documentation of program 
results..  

Cost Sumarv: 

(Later)  

~ c h e d u i e / ~ ; i  1 es:one Summary: 

(Later)  



WBS 44: STEAM CYCLE/COGENERATION APPLICATIONS 

Work Sumsry :  

Th i s  task i nc ludes  the  d e f i n i t i o n  and eva lua t i on  o f  750°C HTGR a p p l i c a t i o n s  
i n  which the  r e a c t o r  thermal energy i s  u t i l i z e d  f o r  p roduc t i on  o f  h i g h - q u a l i t y  steam 

(2500 p s i ,  1005°F). I n fo rma t ion  t o  be developed w i l l  be t h a t  requ i red  t o  eva lua te  
s p e c i f i c  z p p l i c a t i o n s  i n  the. con tex t  o f  market o p p o r t u n i t i e s  and t o  serve as a b a s i s  
f o r  a. c o ~ p r e h e n s i v e  assessment o f  Technology Program requirements. A re fe rence 
design w i l l  be es tab l ished and mainta ined t o  serve as a bas is  f o r  t h e  establ ishment  
o f  Data Needs Packages and Development Plans. Excluded from t h i s  task are  s p e c i f i c  
design and eva lua t i on  a c t i v i t i e s  addressing the. 750°C nuc lear  heat  source which a re  
i nc luded  w i t h i n  WBS Element 4 2  and gener ic  components which a re  i nc luded  w i t h i n  WBS 
Element 3. 

d 

Work Statement: 

. . k'ork Element 44 comprises the  d e f i n i t i o n  and eva lua t i on  o f  HTGR a p p l i c a t i o n s  
i n which the 750°C nuclear  heat  source. i s u t i l  i z e d  f o r .  p roduct ion  o f  high-qua1 i t y  
steam (2500 p s i ,  1005°F). Design o f  t h e  750°C nuc lear  heat  source i s  inc luded i n  WBS 

' 

Element 42. Design o f  gener ic  components i s  i nc luded  i n  WBS Element 3. 

I n t e g r a t e d  p l a n t  designs w i l l  be produced f o r  s p e c i f i c  app l i ca t i ons .  Design 
a c t i v i t i e s  w i l l  be conducted i n  s u f f i c i e n t  d e t a i l  t o  e s t a b l i s h  p r e f e r r e d  p l a n t  , 
c o n f i g u r a t i o n s  and t o  f a c i l i t a t e  techn ica l  , economic, and,  i n s t i  t u t i o n a l  eva lua t ions .  
Addi t i o n a l  , more d e t a i l e d  design w i l l  be undertaken as requ i red  t o  e s t a b l i s h  design 
data needs f o r  se lec ted  systems and components. I n  complet ing these a c t i v i t i e s ,  
maximum use w i l l  be made o f  e x i  s t i n g  da ta  developed through p r i o r  s tudies.  

As a means o f  focus ing  the  Technology Program, a refere,nce design w i l l  be 
e s t a b l i  shed and maintaiped. Upon e s t a b l i  shment o f  c o n f i g u r a t i o n  c o n t r o l  procedures, 
t h e  re ference design w i l l  be sub jec t  t o  those procedures. As an i n t e r i m  assumption, 
t he  reference design w i l l  be t h a t  documented i n  t h e  Steam Cycle/Cogeneration Appl ica-  
t i o n  Study: I n t e r i m  Report. 

Eased upon the  re ference design, Data Needs Packages w i l l  be prepared as i n p u t  
t o  the  establ ishment  o f  Development Plans and the  subsequent i d e n t i f i c a t i o n  o f  a 
Techno1 ogy Program Basel i ne ( s e e  WBS Elements 1 and 2 ) .  

Resu l ts  o f  these appl i c a t i o n  s tud ies  w i l l  be documented th rough a comprehensive 
upda te  o f  t h e  HTGR Steam Cycl e lcogenera t ion  Appl i c a t i o n  Study: I n t e r i m  Report. - 

' ,  Add i t i ona l .  documentation w i l l  be prov ided" th rough app rop r ia te  support ing t o p i c a l  and. 
p e r i o d i c  repor ts .  . . 

k'BS Element 44 c o n s i s t s  o f  suppor t ing  tasks  by HTGR Program- p a r t i c i p a n t s  which 
a r e  sumrarized as fo l l ows :  



GA44 - HTGR-Process Steam/Cogenerati on (General Atomic Company) 

Under t h i s  suppo r t i ng  task ,  General Atomic Company w i  11 : 

Support  agreed-upon appl i c a t i o n  s t u d i  es f o r  d e t a i l e d  eva lua t i on .  I nc l uded  f o r  
c o n s i d e r a t i o n  a r e  t h e  f o l l o w i n g  t y p i c a l  a p p l i c a t i o n s : '  

- Process steam/cogenerat ion . . as a p p l i e d  t o  1 arge i n d u s t r i  a1 users.  

- Process steam/cogenerat ion as appl  i ed t o  t h e  development o f  new i n d u s t r i  a1 
e n e r g y  p a r k s  i n  w h i c h  t h e  e n e r g y  m i x  e v o l v e s  f r o m  .a h i g h  f r a c t i o n  o f  
e l e c t r i c i t y  gene ra t i on  t o  a h i g h  f r a c t i o n  o f  process steam. 

- Process steam/cogenerat ion as a p p l i e d  t o  se lec ted  'synfue l  s a p p l i c a t i o n s  
. ( o i l  *shale,  t a r  sands, coa l  g a s i f i c a t i o n ,  coa l  1 i q u e f a c t i o n ) .  

Conduct des ign a c t i v i t i e s  i n  s u f f i c i e n t  d e t a i l  t o  e s t a b l i s h  t h e  p r e f e r r e d  p l a n t  
c o n f i g u r a t i o n  and t o  f a c i  1 i t a t e  t e c h n i c a l ,  . economic, and i n s t i t u t i o n a l  eva l  ua- 
t i o n s .  Maximum use w i l l  'be made o f  e x i s t i n g  d a t a  a v a i l a b l e  f rom p r i o r  s t ud ies .  

Using i n p u t  f rom WBS Elements 3 and 42, develop nucle 'ar steam supply  system c o s t  
es t imates  as i n p u t  t o  o v e r a l l  c a p i t a l  and p roduc t  c o s t  es t imates  t o  be produced 
w i t h i n  t a s k  GC44 (be1 ow). 

Suppor t  t h e  development o f  1 i cens ing  p o s i t i o n s .  

I d e n t i f y  t e c h n i c a l  , i n s t i  t u t i o n a l  , and 1 i c e n s i n g  i ssues and conduct  a d d i t i o n a l  , 
more d e t a i l e d  des ign o f  se lec ted  systems and components (e.g., steam gene ra to r )  
t o  f a c i l i t a t e  development o f  a des ign Data Needs Package, Development Plans, and 
a Technology Program Base l ine .  

i s t a b l i  sh and m a i n t a i n  a Steam Cycle/Cogenerat ion Reference ,Design. 

Develop a Data Needs. Package f o r  t h e  Steam Cycle/Cogenerat ion Reference Design 
t o  i n c l u d e :  

- . I d e n t i f i c a t i o n  o f  des ign da ta  needs ordered, by systems and components f o r  
t h e  nuc lea r  steam supply  system inc rementa l  t o  t h a t  p rov ided  w i t h i n .  WBS 
Elements 3 and 42. 

- A c r i t i c a l  p a t h  schedule i d e n t i f y i n g  r e q u i r e d  dates f o r  da ta  needs. 

- A recommended p r i o r i t y  f o r  each da ta  need i n  accordance w i t h  a u n i f o r m  . 
procedure t o  be developed by'HTGR Progr.am p a r t i c i p a n t s .  

- I d e n t i f i c a t i o n  of demonstrat ion requi rements necessary p r i o r  t o  unass i s ted  
commerci a1 deployment. 

A s s i s t  i n  t h e  es tab l i shment  o f  Development P lans based upon t h e  Steam Cycle/  
Cogenerat ion Data Needs Package and i n  t he  i d e n t i f i c a t i o n  o f  a Technology 
Ptoyr'ali l BdWl  i.rie, 



e Prov ide  i n p u t  t o  a  comprehensive update o f  t h e  Steam Cycle/Cogenerat ion App l i ca -  
t i  on Study: I n t e r i m  Repor t  and p r o v i d e  a d d i t i o n a l  p e r i o d i c  and t o p i c a l  r e p o r t s  
as r e q u i  r e d  . f o r  documentat ion o f  ' r e s u l t s .  

GC44 - A r c h i  t e c t / E n g i  nee r i ng  Serv ices  - Steam Cycl  e/Cogenerat ion A p p l i c a t i o n s  (GCRA) 

u n d e r  t h i s  suppo r t i ng  t ask ,  GCRA w i  11 p r o v i  d,e A r c h i  t ec t /Eng i  nee r i  ng se rv i ces  as 
r e q u i r e d  to:, 

e 4 s s i  s t  i n  e v a l u a t i o n  o f  .a1 t e r n a t e  p l a n t  c o n f i g u r a t i o n s  and parameters.  

e Def i ne  t h e  ba lance o f  . p l a n t  (BOP) i n  s u f f i c i e n t  d e t a i l  t o  suppor t  t e c h n i c a l ,  
economic, and i n s t i t u t i o n a l  eva lua t i ons .  

e Produce a* r e l i a b l e  and c o n s i s t e n t  BOP c o s t  es t ima te  and i n t e g r a t e  t h a t  e s t i m a t e  
w i t h  those  p rov ided  by others.  t o  produce o v e r a l l  p l a n t  c a p i t a l  and p roduc t  c o s t  
p r o j e c t i o n s .  

e Def i ne  and eva lua te ,  as . a p p r o p r i a t e ,  energy d i  s t r i b u t i o n  and u t i l i z a t i o n  sys- 
tems. 

o Develop c a p i t a l  and p roduc t  c o s t  es t imates  f o r  compet ing t echno log ies  on a  
c o n s i s t e n t  b a s i s  f o r  comparat ive purposes. 

e Prov ide  a p p r o p r i a t e  i n p u t  t o  t h e  es tab l i shment  o f  t h e  Data Needs Package and 
Development P lans f o r  Steam Cycle/Cogenerat ion appl  i ca t i ons .  

Cost  Summarv: 

1 

Schedul e/Pli 1  estone Summary: 

( L a t e r )  

( L a t e r )  



wes 45: S E N S I B L E  E N E R G Y  STORAGE A P P L I C A T I O N S  

Work Sumiary: 

This task includes the definit ion and evaluation of 750°C HTGR applications 
in which a l l  or par t  of the reactor energy i s  stored and/or transported in the form 
of sensible heat through a  medium such as molten s a l t .  Information t o  be developed 
will be tha t  required to  evaluate specific applications in  the context of market 
opportunities and to  serve as a  basis fo r  a  comprehensive assessment of Technology 
Program requirements A reference design will be established and maintained to  serve 
as a  basis for the establishment of Data Needs Packages and Development Plans. 
Excluded from t h i s  task are specific design and evaluation a c t i v i t i e s  addressing the 
750°C nuclear heat source which are included within WBS Element 42 and generic 
components which are  included within WBS Element 3. 

Work Statement: 
. . 

York Element 45 comprises the defini t ion and evaluation of HTGR applications 
in which a1 1 or par t  of the reactor energy i s  stored and/or transported in the form 
of sensible heat through a  medium such as molten s a l t .  Design of the 750°C nuclear 
heat source i s  included in WBS Element 42. Design of generic components i s  included 
in WBS Element 3. 

Integrated pl ant designs will be produced for  specific applications. Design 
a c t i v i t i e s  will be conducted in suff ic ient  detail  t o  establ ish preferred plant 
conf igurations and to  faci 1 i  t a t e  technical , economic, and inst i tut ional  evaluations. 
Addi tional , more detailed design will be undertaken a s  requi red to  establ i  sh design 
data needs for  selected systems and components. In completing these ac t iv i t i e s ,  
maximum use will be made of existing data developed through prior studies. 

Assuni ng posit ive resu l t s  from the above, a  reference design will be established 
and subsequently subjected to  configuration control procedures when implemented. 
Data Needs Packages will  be prepared as input to  the establishment of Development 
Plans and the subsequent i te ra t ion  of the Technology Program Baseline (see WBS 
Elements. 1 and 2 )  t o  support these appl icat ions.  . . 

Results of these application studies will be documented through the development 
of a  Sensible Energy Storage Application Study Report which will include defini t ion 
of the reference desi gn . Addi tional documentation . w i  1  1  be .provided through appro- 
pri a t e  su?porti ng topical and periodic reports. 

WBS Element 45 consis ts  of suppdrting tasks by HTGR Program participants which 
are  summrized as follows: 

GA45 - Sensible Energy Storage Applications (General Atomic Company) 

Under t h i s  supporting task, General Atomic Company wi 11 : 

0 Support agreed-upon application studies f o r  detailed evaluation. Included f o r  
consideration. are  the following typical applications: 



- Cen t ra l  s t a t i o n  cogenera t ion  i n  which e l e c t r i c i t y  i s  generated a t  t h e  
r e a c t o r  s i t e  and process energy i s  d i s t r i b u t e d  t o  a  remote l o c a t i o n ( s ) .  

- s a t e l l i t e  cogenera t ion  i n  which a l l  r e a c t o r  energy i s  t r anspo r ted  t o  a  
remote l o c a t i o n ( s )  and e l e c t r i c i t y  i s  generated l o c a l l y  t o  maximize use o f  
1 ow-grade hea t  o therw i  se wasted. 

- Coupl ing w i t h  se lec ted  s y n f u e l s  a p p l i c a t i o n s  ( o i l  shale,  t a r  sands, coa l  
g a s i f i c a t i o n ,  coal .  l i q u e f a c t i o n ) .  

- '  Load f o l l o w i n g .  

e Conduct des ign a c t i v i t i e s  i n  s u f f i c i e n t  d e t a i l  t o  e s t a b l i s h  t h e  p r e f e r r e d  p l a n t  
c o n f i g u r a t i o n  and t o  f a c i l i t a t e  t e c h n i c a l ,  economic, and i n s t i t u t i o n a l  eva lua-  
t i o n s .  M$ximum use w i l l  be made o f  e x i s t i n g  da ta  a v a i l a b l e  f rom p r i o r  s t ud ies .  
I n  p a r t i c u l a r ,  t he  ex tens i ve  mol t e n  s a l t  da ta  base developed by ORNL i n  conjunc-  
t i o n  w i t h  t he  Mo l t en  S a l t  Reactor  Experiment w i l l  be u t i l i z e d  t o  t he  maximum 
ex ten t .  

e. U s i n g  i n p u t  f r o m  WBS E lemen ts  3 and 42, d e v e l o p  n u c l e a r  h e a t  s o u r c e  c o s t  
es t imates  as i n p u t  t o  o v e r a l l  c a p i t a l  and p roduc t  c o s t  es t imates  t o  be produced 
w i t h i n  t a s k  GC45 (be low) .  

a Support  t h e  development o f  1  i c e n s i n g  p o s i t i o n s .  

e I d e n t i f y  t e c h n i c a l ,  i n s t i t u t i o n a l ,  and l i c e n s i n g  i s s u e s  and conduct  a d d i t i o n a l ,  
more d e t a i l e d  design o f  s e l e c t e d  systems and components (e.g., H e l s a l t  hea t  
exchanger) t o  f a c i l i t a t e  development o f  a  des ign  Data Needs Package, Development 
P l  ans, an'd i t e r a t i o n  o f  t h e  Techno1 ogy Program Base1 i ne. 

/ 

a F,ssu.m'i ng p o s i t i v e  a p p l i c a t i o n  s tudy r e s u l t s ,  e s t a b l i s h  and m a i n t a i n  a  Sens ib le  
Energy Storage Reference Design. 

e Assuming p o s i t i v e  r e s u l t s  f rom a p p l i c a t i o n  s tud ies ,  develop a  Data Needs Package 
f o r  t h e  Sens ib le  Energy Storage Reference Design t o  i n c l u d e :  

- I d e n t i f i c a t i o n  o f  des ign da ta  needs o rdered  by systems and components f o r  
t h e  nuc lea r  h e a t  source inc rementa l  t o  t h a t  p rov ided  w i t h i n  WBS Elements 3 
and 42. 

. . 

- A c r i t i c a l  p a t h  schedule i d e n t i f y i n g  r e q u i r e d  dates f o r  da ta  needs. 

- A recommended p r i o r i t y  f o r  each da ta  need i n  accordance w i t h  a  'un i fo rm - 
.procedure t o  be developed by-HTGR Program pa r t i c i p ' an t s .  

- 1 d e n t i  f i c a t i o n  o f  demons t ra t ion  requi rements necessary p r i o r  t o  unass i s ted  
commerci a1 depl oyment. 

a A s s i s t  i n  t h e  es tab l i shment  o f  Development P lans based upon t h e  Sens ib le  Energy 
Storage Data Needs Package and i n  the  i t e r a t i o n  o f  t h e  Technology Program 
Zasel i ne t o  suppor t  these appl i c a t i o n s .  



0 Provide input to an App1,ication Study Report addressing Sensible Energy Storage 
applications and provide additional periodic and topical reports as required f o r  
documentation of resul t s .  

GC45 - ArchitectIEngineering Services - Sensible Energy Storage ( G C R A )  

Under t h i s  supporting task, GCRA w i  11 provide Archi tect/Engi neeri ng servi'ces as 
required to : ,  

0 Arsi s t  in evaluation of a1 ternate plant configurations and parameters. 

e Define the balance of plant ( B O P )  i n  suf f ic ien t  detail  t o  support technical,  
econmi c ,  and inst i tut ional  evaluations. 

8 Produce a*rel iable  and consistent BOP cos t  estimate and integrate  tha t  estimate 
w i t h  those provided by others to  produce overall plant capital and product cos t  
projections. 

e Define and evaluate, .  as .appropriate, energy dis t r ibut ion and u t i l iza t ion  sys- 
t ems. 

0 . D~velop capital  and product cos t  estimates for  competing technologies o n  a  
consistent basis f o r  comparative purposes. 

e Prclvide appropriate input to the establishment of the Data Needs Package and 
Development ,Plans fo r  Sensible Energy Storage applications. 

Cost Summary : 

(Later)  

~chedul e/t.li 1  estone Summary: 

. (Later)  



Work ~ummarv: 

Th i s  task i nc ludes  f u r t h e r  d e f i n i t i o n  and e v a l u a t i o n  o f  an HTGR Nuclear Heat 
,Source which i s  designed t o  operate i n  t h e  temperature range approximating 850-950°C; 
The High Temperature Nuclear Heat Source has broad a p p l i c a t i o n  t o  reforming con- 
f i g u r a t i o n s  o f  t h e  HTGR and i s  a bas i s  f o r  e x t r a p o l a t i o n  t o  advanced HTGR app l i ca -  
t ions. .  The in fo rmat ion  developed w i t h i n  t h i s  task, i n  pa r t ,  comprises i n p u t  t o  WBS 
Elements 54, 64, and 65. 

Work Statement: 

The e f f o r t  i nc luded  w i t h i n  t h i s  task i s  genera ' l ly  app l i cab le  t o  a l l  con f igura-  
t i o n s  o f  t h e  HTGR which employ t h e  High Temperature Nuclear Heat Source. It com- 
p r i  ses s p e c i f i c  i n p u t  t o  WBS Elements 54, 64, and 65. C u r r e n t l y  t h i s  task i nc ludes  
the  f o l  1  owi ng: 

GA52 - HIGH TEMPERATURE Nuclear Heat Source (General Atomic Co.) 

Under t h i s  suppor t ing  subtask General Atomic Co. w i l l  : 

0 Conduct design a c t i v i t i e s  i n  s u f f i c i e n t  d e t a i l  t o  e s t a b l i s h  the  p r e f e r r e d  
c o n f i g u r a t i o n  o f  t he  High Temperature Nuclear Heat Source and t o  f a c i l i t a t e  
techn ica l ,  economic, and i n s t i t u t i o n a l ,  eva lua t ions .  

e Provide the  Nuclear Heat Source design and associated c o s t  est imates as i n p u t  t o  
WRS Flements 54, 64, and 65. 

e Conduct s tud ies  requ i red  t o  f u r t h e r  t h e  understanding o f  NHS performance, 
margi ns, dynamics, and c o n t r o l  c h a r a c t e r i  s t i c s .  

e Support t h e  development o f  l i c e n s i n g  pos i t i ons .  

a I d e n t i f y  t e c h n i c a l ,  i n s t i t u t i o n a l ,  and l i c e n s i n g  issues and conduct a d d i t i o n a l  , 
more d e t a i l e d  design o f  se lec ted  systems and components (e.g., c i  r c u l  a t o r s )  t o  
f a c i l i t a t e  development o f  a design Data Needs Package, Development Plans, and a 
Techno1 ogy Program Base1 i ne. 

e E s t a b l i s h  and ma in ta in  a High Temperature NHS Reference Design f o r  Reforming 
a p p l i c a t i o n s .  

e Develop a Data Needs Package f o r  t he  High 'Temperature NHS Reference Design as 
i n p u t  t o  WBS Element 54. 

- I d e n t i f i c a t i o n  o f  design data needs ordered by systems and 'components f o r  
t h e  Nuclear  Heat Source. 

- A recommended p r i o r i t y  f o r  each data need i n  accordance w i t h  a un i fo rm 
procedure t o  be developed by HTGR.Program p a r t i c i p a n t s .  



e A s s i s t  i n  t h e  establ ishment  o f  Development Plans based upon t h e  High Temperature 
NHS Da ta  Needs Package and i n  t h e  i d e n t i f i c a t i o n  o f  a  Techno logy  Program 
Base1 i ne. ' 

e Prov ide  app rop r i a te  i n p u t  t o  p e r i o d i c  and planned documentation o f  program 
r e s u l t s .  

Cost Summary : 

( L a t e r )  

Schedul e/Mi 1  estone Summary: 

( L a t e r )  



K6S 54: REFORMING APPLICATIONS 

Work Summarv: 

Th is  task inc ludes  the  d e f i n i t i o n  and e v a l u a t i o n  o f  high-temperature HTGR 
a p p l i c a t i o n s  i n  wh ich  a  . p o r t i o n  o f  t h e  r e a c t o r  t h e r m a l  ene rgy  i s  u t i l i z e d  f o r  
p roduct ion  o f  syn thes is  gas through t h e  use o f  re fo rming technology. I n fo rma t ion  t o  
be developed w i  11 be t h a t  . r equ i red  t o  i d e n t i f y  p r e f e r r e d  p l a n t  conf igura t ions ,  t o  
eva lua te  s p e c i f i c  a p p l i c a t i o n s  i n  the  con tex t  o f  market oppor tun i t i es ,  and t o  serve 
as a  b a s i s  f o r  a  comprehensive assessment o f  Technology Program requirements. A  
reference design w i l l  be es tab l ished and mainta ined t o  serve- as a  bas i s  f o r  the  
establ ishment  o f  Data Needs Packages and Development Plans. Excluded from t h i s  task 
are s p e c i f i c  design and eval u a t i o n  - a c t i v i t i e s  addressing t h e  High-Temperature Nuclear 
Heat Source which are  i nc luded  w i t h i n  WBS Element 52 and generic components which 'are 
i ncl'uded w i  th i 'n  WBS E l  ement 3. 

Work Statement: 

Work Element 54 comprises the  d e f i n i t i o n  and e v a l u a t i o n  o f  HTGR a p p l i c a t i o n s  i n  
which a  p o r t i o n  o f  t h e  energy produced by the  High-Temperature (850"-950°C) Nuclear 
Heat Source (NHS) i s  u t i l i z e d  t o  conver t  a  steam-methane m i x t u r e  t o  syn thes is  gas 
(Hz and .CO) us ing  the  reforming process. The synthes is  gas can subsequently be 
empl oyed as a  d i  s t r i  b u t i o n  medium f o r  s to red  r e a c t o r  energy (Thermochemical Pipe- 
l i n e )  o r  can be used as feedstock f o r  a  chemical process such as syn fue ls  manufacture 
fru111 coal .  Design o f  t h e  High-lemperature NHS i s  i nc luded  i n  WBS Element 52.  Design 
o f  gener ic  components i s  inc luded i n  WBS Element 3. 

I n t e g r a t e d  p l a n t  designs w i l l  be produced f o r  s p e c i f i c  app l i ca t i ons .  Design 
a c t i v i t i e s  w i l l  be conducted i n  s u f f i c i e n t  d e t a i l  t o  e s t a b l i s h  p r e f e r r e d  p l a n t  
con f i gu ra t i ons  and t o  f a c i l i t a t e  techn ica l ,  economic, and i n s t i t u t i o n a l  eva lua t ions .  
Add i t i ona l ,  more d e t a i l e d  design w i l l  be undertaken as requ i red  t o  e s t a b l i s h  design 
data needs f o r  sel  ected systems and components. I n  compl e t i  ng these a c t i v i  t i e s ,  
mzximum use w i l l  be made o f  e x i s t i n g  da ta  developed through p r i o r  s tudies.  

Key S ssues t o  be addressed w i t h i n  t h e  con tex t  o f  t h e  Reforming A p p l i c a t i o n  Study 
i nc lude .  t he  f o l l  owing: 

e Conf igu ra t i on  o f  t h e  Nuclear Heat Source - P r i n c i p a l  op t i ons  be ing  addressed 
are  d i  r e c t  vs. i n d i r e c t  c y c l e  re fo rm i  ng, secondary pressure vessel c o n f i g u r a t i o n  
( i  nd i  r e c t  c y c l  e -s tee l  vessel s  vs. PCPV) , and pr imary .and secondary heat  ex- 
changer design op t ions .  

e Nuclear Heat Source opera t ing  parameters - Core o u t l e t  temperatures o f  up t o  
950°C a re  p r e s e n t l y  under cons idera t ion .  Other  key parameters t o  be i n v e s t i  - 
gated i n c l u d e  reformer/steam generator  crossover  temperature and core  tempera- 
t u r e  r i s e .  

e Eva lua t i on  o f  t h e  Reforming HTGR f o r  a p p l i c a t i o n  t o  a  wide range o f  p o t e n t i a l  
m a r k e t  o p p o r t u n i t i e s  i n  t h e  a r e a s  o f  ene rgy  d i s t r i b u t i o n  (Thermochemical  

- PSpel i ne and r e l a t e d  a p p l i c a t i o n s )  and i n t e g r a t e d  chemical process (coa l  g a s i f i -  
c a t i o n  and l i q u e f a c t i o n ,  shale o i l  recovery, syn thes is  gas product ion,  e tc .  



I n  addressing the  issues i d e n t i f i e d  above, t he  Reformi ng A p p l i c a t i o n  Study 
w i l l  coinprise t h r e e  p r i n c i p a l  elements t o  be conducted i n  p a r a l l e l  : Nuclear Re- 
f o n i  ng Design and Eval ua t ion ,  Nuclear Reforming App l i ca t i ons  screening, and Nuclear  
Reformi ng U t i 1 i  ty /User  Appl i c a t i o n s .  

The Nuclear Reforming Design and Eval u a t i o n  element w i  11 p r i n c i p a l  l y  address 
c o n f i g u r a t i o n a l  issues and w i l l  p rov ide  an i n p u t  t o  the  s e l e c t i o n  o f  o p e r a t i n g  

'parameters. A d d i t i o n a l l y ,  t he  c a p i t a l  c o s t  data t o  be developed w i l l  p rov ide  a 
bas i s  f o r  e x t r a p o l a t i o n  t o  var ious  a p p l i c a t i o n s  as an i n p u t  t o  computing t o t a l  
product  costs. W i th in  t h i s  element, designs w i l l  be developed f o r  bo th  t h e  d i r e c t  
c y c l e ' a n d  i n d i r e c t  c y c l e  vers ions o f  t h e  HTGR-R on t h e  b a s i s  o f  open cyc le  r e -  
forming. Inc luded i n  t h e  study w i l l  be t h e  Nuclear Heat Source {NHS) and t h e  balance 
o f  p l a n t  (BOP)  through the  reformers and steam generators. The t u r b i n e  p l a n t  and 
p i p i n g  t o  the  nuclear  s i t e  boundary w i l l  a l so  be inc luded.  Representat ive i n p u t  and 
ou tpu t  parameters w i l l  be se lec ted  so as t o  p rov ide  a cons i s ten t  bas i s  f o r  compari- 
son: .From a *basic design p o i n t  i n  t he  case o f  each con f i gu ra t i on ,  parameters o f  
i n t e r e s t ,  no tab ly  i ncl  ud i  ng core out1 e t  temperature, reformer ls team generator  c ross-  
ove r  temperature, and core temperature r i s e ,  w i l l  be ex t rapo la ted  over  a range o f  
i n t e r e s t s .  The e x t r a p o l a t i o n  w i l l  take i n t o  account performance e f f e c t s  as w e l l  as 
major  design impacts on systems and components (e.g. , mater i  a1 s changes, 1 i fet imes,  
e t c  . ) . Through the  use o f  coord i  nated A rch i  tec t /Eng i  neer i  ng support,  the  d i r e c t  and 
i n d i r e c t  c y c l e  designs w i l l  be evolved on a c o n s i s t e n t  bas i s  o f  sa fe ty  and r e l i a b i l -  
i t y  and c o s t  est imates w i l l  be developed us ing  c o n s i s t e n t  economic ground r u l e s .  I n  
a d d i t i o n  t o  p r o v i d i n g  t h e  bas ic  da ta  requ i red  t o  address conf igur .at iona1 issues, t h e  
c a p i t a l  c o s t  est imates r e s u l t i n g  from t h i s  element w i l l  be a bas i s  f o r  e x t r a p o l a t i o n  

. t o  var ious  s p e c i f i c  a p p l i c a t i o n s  t o  be considered i n  o t h e r  elements. Parametr ic data 
t o  be developed w i l l  form a bas i s  along w i t h  a p p l i c a t i o n  requirements f o r  s e l e c t i n g  
opera t i . ng  parameters. 

A second p r i n c i p a l  element t o  be i nc luded  w i t h i n  t h e  Reforming A p p l i c a t i o n  . . 
Study i s . ~ u c l  ear ~ e f o r m i  ng Appl i c a t i o n s  Screeni ng. W i  t h i  n  t h i s  element, a  wide 
v a r i e t v  o f  ~ o t e n t i a l  a ~ ~ l  i c a t i o n s  w i l l  be addressed. Notable exam~ les  are  var ious  
coal  g a s i f i c a t i o n  and l ' imquefac t ion  processes, o i l  recovery from shale and t a r  sands, 
syn thes is  gas p roduc t i on  from 1 i g h t  hydrcarbons, Thermochemical P i p e l i n e  concepts and 
others.  8ased upon e x i s t i n g  data, a coord ina ted  e f f o r t  w i l l  be undertaken t o  i d e n t i -  
f y  h i g h - i  n t e r e s t  candidates and t o  s e t  p r i o r i t i e s .  For  se lec ted  processes, i n -dep th  
i n v e s t i g a t i o n s  w i  11  be conducted t o  eva lua te  process systems and subsystems and t o  
de te rn ine  t h e  p o t e n t i a l  impact o f  s u b s t i t u t i n g  HTGR-derived energy. Key elements t o  
be addressed a re  convent ional  and nuc lear  energy i n t e r f a c e s  w i t h  the  process, process 
m o d i f i c a t i o n s  requ i red ,  p resent  and planned use o f  waste..streams, e tc .  Based upon 
these i n v e s t i g a t i o n s ,  p r o j e c t i o n s  w i l l  be made regard ing  the  f e a s i b i l i t y  o f  i n c o r -  
p o r a t i n g  HTGR-R de r i ved  energy and the  impact on product  cos t ,  resource requ i re -  
ments, environmental impact, e tc .  The e f f o r t  descr ibed w i t h i n  t h i s  element o f  t h e  
Reforn i  ng A p p l i c a t i o n  Study w i l l  be c,oordi nated w i t h  Appl i c a t i o n  Studies addressing 
t h e  Steam Cyc.le/Cogeneration (WBS 44) and Sensib le Energy Storage (WBS 45)  concepts 
so as t o  de r i ve  a common b a s i s  f o r  comparison. Data regard ing  convent ional  processes 
w i l l  a l so  be developed on a c o n s i s t e n t  b a s i s  f o r  comparison. 

The t h i r d  p r i  nc ipa l  e l  ement o f  the  Reformi ng Appl i c a t i o n  Study i s  U t i  1  i ty/User 
Appl i c a t i o n s .  W i t h i n  t h i s  element, s p e c i f i c  u t i l i  t i e s l u s e r s  w i l l  be i d e n t i f i e d  which 
have an i n t e r e s t  i n  a s i t e - s p e c i f i c  study. Primary candidates f o r  such s tud ies  



c u r r e n t l y  i n c l u d e  P u b l i c  Se rv i ce  E l e c t r i c  and Gas Company and a  t h r e e - p a r t y  combi na- 
t i o n  of Idaho Power and L i g h t  Company, Utah Power and L i g h t  Company, and Idaho 
Nuci e z r  Engi nee r i ng  Labora to ry .  Once i d e n t i f i e d ,  t he  scope o f  t h e  s i t e - s p e c i  f i c  
s t u a i  es w i l l  be s i m i l a r  i n  concept  t o  t h e  d e t a i l e d  sc reen ing  s t u d i e s  desc r i bed  above. 
The a d d i t i o n a l  element t o  be i n t r oduced ,  however, w i l l  be t h e  c o n t e x t  o f  an a c t u a l  
s i t e  coupled w i t h  i t s  s p e c i f i c  requ i rements  on t h e  i n t e g r a t e d  system. As be fo re ,  

, t hese  s t u d i e s  w i l l  be coo rd ina ted  w i t h  WBS Elements 44 and 45 and w i l l  a l s o  c o n s i d e r  
coinpeii ng convent iona l  t echno log i  es. 

I n  comp le t i ng  t h e  above. descr ibed  s tud ies ,  i t  i s  recogn ized  t h a t  a  h i g h  degree 
o f  cons i s tency  w i l l  be r e q u i r e d  i n  t h e  va r i ous  comparisons t o  be made. F u r t h e r ,  a  
consensus must  be reached rega rd ing  t h e  p r i o r i t i e s  f o r  appl i c a t i o n s  screeni  ng and a  
b a s i s  must  be p rov ided  t o  avo id  unplanned d u p l . i c a t i o n  o f  e f f o r t .  To e f f e c t  t hese  
r e q u i  r e ~ e n t s ,  a  c o o r d i  n a t i n g  commi t t e e  w i  11  be e s t a b l i s h e d  under  WBS Element 1 t o  
develop un i f o rm  economic ground r u l e s  and t o  p r o v i d e  a  forum f o r  c o o r d i n a t i n g  respec- 
t i v e  p a r t i c i  p a h t  e f f o r t s .  

As a  means o,f f ocus ing  t h e  Technology Program, a  r e f e r e n c e '  HTGR-R des ign w i l l  be 
e s t a b l i s h e d  and mainta ined.  Upon es tab l i shmen t  ' o f  c o n f i g u r a t i o n  c o n t r o l  procedures, 
t he  re fe rence  des ign  w i l l  be s u b j e c t  t o  those  procedures. As an i n t e r i m  assumption, 
t n2  l ~ f e r e n c e  des ign w i l l  be t h e  850°C I n d i r e c t  Cyc le  HTGR-R which i s  documented i n  
t ne  ETGR-Reformi ng Appl i c a t i o n  Study: I n t e r i m  Repor t  compl e t e d  d u r i n g  FY 1980. 

Eased upon t h e  re fe rence  design, Data Needs Packages w i l l  be prepared as i n p u t  
' t o  t h ?  es tab l i shment  o f  Development P lans  and t h e  subsequent i d e n t i f i c a t i o n  o f  a  
Techno1 ogy Program Base l i ne  (see  WBS Elements 1 and 2 ) .  

Resu l t s  o f  these  a p p l i c a t i o n  s t u d i e s  w i l l  be documented th rough a  comprehensive 
updzte o f  t h e  HTGR-Reforming A p p l i c a t i o n  Study: I n t e r i m  Repor t  i n i t i a l  l y  completed 
d u r i  ng FY 1980. Addi t i o n a l  documentat ion w i  11 be p rov ided  th rough a p p r o p r i a t e  
s u p ~ o r t i  ncj t o p i c a l  and p e r i o d i c . r e p o r t s .  

KBS Element 54 c o n s i s t s  o f  suppo r t i ng  t a s k s  by HTGR program p a r t i c i p a n t s  which 
a r e  summarized as f o l l o w s :  

G.L,54 - E5G°C Synfuel  Appl i c a t i o n s  [General Atomic Company (GAC) 1 

Cnder t h i s  suppo r t i ng  subtask, GAC w i l l  , 

0 Advance t h e  i n t e g r a t e d  p l a n t  des ign  o f  t h e  850°C I n d i r e c t  Cyc le  ( IDC) HTGR-R as 
r e q u i  r e d  t o  f a c i l i t a t e  t e c h n i c a l ,  economic, and i n s t i t u t i o n a l  e v a l u a t i o n s  i n  t h e  
c o n t e x t  o f  s p e c i f i c  a p p l i c a t i o n s  and t o  p e r m i t  con t i nued  assessment o f  key 
t e c h n i c a l  i ssues .  

e E x t r a p o l a t e  t h e  850°C IDC HTGR-R des ign .and c o s t  es t imates  t o  950°C, The 
e x t r a p o l a t j o n  w i l l  t a k e  i n t o  account  ma jo r  impac ts  on p l a n t  performance, systems 
and components (ma te r i  a1 changes, component 1  i fe t imes ,  e t c .  ) , p l a n t  o p t i m i z a t i o n  
parameters,  and o t h e r  s i m i l a r  f a c t o r s .  

c P a r t i c i p a t e  i n  a  coope ra t i ve  e f f o r t  t o  des ign and eva lua te  a  9508C D i r e c t  Cyc le  
v e r s i o n  o f  t h e  HTGR-R. The des ign  and e v a l u a t i o n  e f f o r t  w i l l  be conducted i n  
s u f  f i  e i  e n t  d e t a i  1  t o  .i r ~ d i  c a t e  p o t e n t 1  a1 advantages o r  d i  sadvantages re1 a t i v e  t o  
i n d i r e c t  cyc1.e. c o n f i g u r a t i o n s .  The r e s u l t s  o f  t h i s  s tudy w i l l  be used t o  



t ietermi ne t h e  l e v e l s  o f  e f f o r t  which c o u l d  be d i r e c t e d  t o  these  r e s p e c t i v e  
c p t i c n s  i n  FY 1982 beyond. GAC i n p u t  t o  t h i s  e v a l u a t i o n  process w i l l  i n c l u d e  
t h e  co re  des ign,  PCRV 1  ayout,  ma jo r  b a l  ance-of -p l  a n t  requi rements and cons idera -  
t i o n  o f  sa fe t y  issues.  

a P a r t i c i p a t e  i n  a  coo rd ina ted  s tudy  o f  p o t e n t i a l  . re fo rm ing  a p p l i c a t i o n s  t o  
i n d u s t r i  a1 process heat  and syn fue l  s  devel opment. 

Using i n p u t  f rom i4BS .Elements 3 and 52, develop c o s t  es t imates  i n  areas o f  
6 , e s i ~ n  r e s p o n s i b i l i t y  as i n p u t  t o  o v e r a l l  c a p i t a l  and p roduc t  c o s t  es t imates  t o  
be produced w i t h i n  t ask  GC54 (be low) .  

8 Suppor t  t h e  development o f  1  i c e n s i n g  p o s i t i o n s .  

, Z d e n t i f y  Jechnical  and l i c e n s i n g  i s sues  and conduct  a d d i t i o n a l ,  more d e t a i l e d  
@ s i g n  o f  se lec ted  systems and components (e .  g. ., IHX) t o  f a c i  1  i t a t e  development 
of a des ign  Data Needs Package, Development P lans,  and a  Technology Program 
Gasel i ne. 

e i s t a b l i  sh and m a i n t a i n  an HTGR-R Reference Design. 

e . Develop a  Data Needs Package f o r  t h e  HTGR-R Reference Design t o  i nc l ude :  

- I d e n t i f i c a t i o n  o f  des ign  da ta  needs o rdered  by systems and components f o r  
t h e  Nuclear. Heat  source inc rementa l  t o  t h a t  p r o v i d e d  w i t h i n  WBS Elements 3 
and 52. 

- A c r i t i c a l  p a t h  schedule i d e n t i f y i n g  r e q u i r e d  dates f o r  da ta  needs. 

- A recommended p r i o r i t y  f o r  each da ta  i n  accordance w i t h  a  u n i f o r m  procedure 
Lu be develuped by HTGR Program p a r t j c i p a n t s .  

- I d e n t i f i c a t i o n  o f  demonstrat ion requi rements necessary p r i o r  t o  u n a s s i s t e d  
commerci a1 depl oyment. 

e A s s i s t  i n  the  es tab l i shment  o f  Development P lans  based upon t h e  HTGR-R Data 
I:eeJs P a c k d y e  d r ~ d  i n  t h e  i d e n t i f i c a t i o n  of a Technology Vrogram Base l ine .  

e Prov ide  i n p u t  t o  a  comprehensive update o f  t h e  HTGR-Reforming Appl i c a t i  on 
Study: I n t e r i m  Repor t  and p r o v i d e  a d d i t i o n a l  peri.odi.c and t o p i c a l  r e p o r t s  as 
r e q u i r e d  f o r  documentat ion o f  r e s u l t s .  

GE54 - P.p;l i c a t i o n  S tud ies  [General E l e c t r i c  Company (GE)] 
. - .. . - .. -- - r- - -.-=- 

e P a r t i c i p a t e  i n  a  coo rd ina ted  s tudy  o f  p o t e n t i a l  a p p l i c a t i o n s  o f  t h e  HTGR-R t o  
i n d u s t r i  a1 process heat  and s y n f u e l s  development. 

e P a r t i c i p a t e  i n  a  coope ra t i ve  e f f o r t  t o  des ign and e v a l u a t e  a  950°C D i r e c t  Cyc le  
v e r s i o n  o f  t h e  HTGR-R. The des ign  and e v a l u a t i o n  e f f o r t  w i l l  be conducted i n  
s u f f i c i e n t  d e t a i l  t o  i n d i c a t e  p o t e n t i a l  advantages and disadvantages r e l a t i v e  t o  
i n d i r e c t  c y c l e  c o n f i g u r a t i o n s  and w i l l  be used as a  b a s i s  f o r  de te rmin ing  t h e  
l e v e l  o f  resources t o  be a l l o c a t e d  t o  those r e s p e c t i v e  o p t i o n s  i n  FY 1982. GE 
p a r t i c i p a t i o n  wi 11 i nc lude  re fo rmer  des ign and o v e r a l l  systems i n t e g r a t i o n  u s i  ng 
i n p u t  p rov ided  by GAC. 



r Prov ide  a p p r o p r i a t e  e x t r a p o l a t i o n s  o f  t h e  950°C D i r e c t  Cyc le  des ign t o  o t h e r  
des ign p o i n t s  o f  i n t e r e s t .  

r Develop c o s t  es t imates  i n  area& o f  des ign r e s p o n s i b i l i t y  as i n p u t  t o  o v e r a l l  
c a p i t a l  and p roduc t  c o s t  es t ima tes  t o  be produced w i t h i n  t a s k  GC54. 

r Suppor t  t h e  development o f  1  i c e n s i n g  p o s i t i o n s .  

r I d e n t i f y  t e c h n i c a l  and l i c e n s i n g  i s sues  and conduct  a d d i t i o n a l  , 'more d e t a i l e d  
des ign o f  se lec ted  systems and components (e.g. , IHX) t o  f a c i l i t a t e  development 
of a  des ign  Data Needs' Package, Development Plans, and a  Technology Program 
Base1 i ne. 

e C o n t r i b u t e  t o  t he  development o f  a  des ign .Da ta  Needs Package f o r  t h e  HTGR-R 
Reference design. 

o A s s i s t  i n  t h e  es tab l i shment  o f  P r i o r i t i z e d  Development P lans based upon t h e  
HTGR-R Data Needs Package and i n  t h e  i d e n t i f i c a t i o n  o f  a  Technology Program 
Base1 i ne. 

a Prov ide  i n p u t  t o  a  comprehensive update o f  t he ,  HTGR-Reforming A p p l i c a t i o n  
Study: I n t e r i m  Repor t  and p r o v i d e  a d d i t i o n a l  p e r i o d i c  and t o p i c a l  r e p o r t s  as 
requf r e d  f o r  documentat ion b f  r e s u l t s .  

GC54 - A r c h i t e c t I E n g i n e e r i n g  Serv ices  - Reforming A p p l i c a t i o n s  (GCRA) 

Under t h i s  suppo r t i ng  subtask, GCRA w i  11 p r o v i d e  A r c h i  t ec t /Eng i  nee r i  ng s e r v i c e s  
as r e q u i r e d  t o :  

r A s s i s t  i n  e v a l u a t i o n  o f  a1 t e r n a t e  p l a n t  c o n f i g u r a t i o n s  and parameters. 

r Def i ne  t h e  ba lance  o f  p l a n t  (BOP) i n  s u f f i c i e n t  d e t a i l  t o  suppor t  t e c h n i c a l ,  
economic, and i n s t i t u t i o n a l  eva lua t i ons .  

o Produce r e l i a b l e  and c o n s i s t e n t  BOP c o s t  es t imates  and i n t e g r a t e  those  es t imates  
w i t h  those p rov ided  by o t h e r s  t o  produce o v e r a l l  p l a n t  c a p i t a l  and p roduc t  c o s t  
p r o j e c t i o n s .  

e D e ' f i n e  and  e v a l u a t e ,  a s  a p p r o p r i a t e ,  e n e r g y  d i s t r i b u t i o n  and  u t i l i z a t i o n  
systems. 

r Develop c a p i t a l  and p roduc t  c o s t  es t imates  f o r  competing t echno log ies  on a  
c o n s i s t e n t  b a s i s  f o r  comparat- ive purposes. 

r Prov ide  a p p r o p r i a t e  i n p u t  t o  t h h  estab l ishment '  o f  t h e  Data Needs Package and 
Development P lans  f n r  HTGR-Reformi ng appl  i c a t i o n s .  

OR54 - A p p l i c a t i o n  and  P r o j e c t  Assessments [Oak Ridge Na t i ona l  Labora to ry  (ORNL)] 

Under t h i s  suppo r t i ng  subtask, ORNL w i l l  

a P a r t i c i p a t e  i n  t h e  e v a l u a t i o n  o f  t h e  HTGR w i t h  r e s p e c t  t o  s y n f u e l s  and indus-  
tr i  a1 p rocess .  heat  app l . i ca t ions .  

e Prov ide  a  l i a i s o n  w i t h  ongoing a c t i v i t i e s  w i t h i n  ORNL f o s s i l  energy programs. 



Cost Summary: 

( L a t e r )  

Schedul e /M i l  estone Summary: 

'1ssue Techn ica l  D e s c r i p t i o n  ~ o c u m e n t  
Prov ide  c o s t  es t ima te  f o r  HTGR IDC 
Prov ide  c o r e  and PCRV l a y o u t  t o  GE 
Prov ide  BOPR i n p u t  da ta  t o  GE 
Prov ide  p r ima ry  system s a f e t y  and l i c e n s i n g  
c o n s i d e r a t i o n s  
Prov ide  c o s t  e s t i m a t e  f o r  HTGR-R DC 
Complete j n i  t i  a1 sc reen i  ng 
~ o n p l  e t e  i n i t i a l  eva l  u a t i o n s  
I d e n t i f y  u t i l  i t i e s l u s e r s  f o r  s i t e - s p e c i f i c  s t u d i e s  
Complete s i t e - s p e c i f i c  s t u d i e s  
I d e n t i f y  des ign  da ta  needs 
Compl e t e  devel  opment p l a n  
Compl e t e  devel  opment p l  an update 
Issue A p p l i c a t i o n  Study Repor t  (AS.R) 
p r e l  i m i  nary  out1 i ne 
Issue  ASR f i n a l  o u t l i n e  
Prov ide  ASR i n p u t  
I ssue  ASR 
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WBS 64: ADVANCED PROCESS HEAT APPLICATIONS 

Work Sumary :  

W i t h i n  t h i  s  task ,  i n f o r m a t i o n  w i l l  be developed rega rd ing  t h e  d e f i n i t i o n  and 
e v a l u a t i o n  o f  advanced process hea t  a p p l i c a t i o n s  o f  t h e  HTGR such as SteamICarbon 
G a s i f i c a t i o n ,  Water Spl i tti ng and o t h e r  process hea t  appl i c a t i o n s  .which do n o t  
u t i l i z e  a  re fo rmer .  . . 

Work Statement:  

Through t h i s  e f f o r t ,  advanced process hea t  a p p l i c a t i o n s  o f  t h e  HTGR w i l l  be 
i n v e s t i g a t e d  i~ summary l e v e l  d e t a i l  as a  means o f  assess ing t h e i r  f u t u r e  p o t e n t i a l  
and t he  es t imated  t i m i n g  f o r  t h e i r  i n t r o d u c t i o n .  The r e s u l t s  o f  t h i s  e f f o r t  p r o v i d e  
i n p u t  t o  t h e  es tab l i shment  o f  l o n g  term Technology Program goals .  

The f o l l o w i n g  a r e  inc1ude.d w i t h i n  WBS Element 64: 

GA54 - 950°C Synfuel  Study [General Atomic Company (GAC)] 

Under t h i s  suppo r t i ng  subtask, GAC w i l l  : 

e Develop t e c h n i c a l  i n f o r m a t i o n  rega rd ing  t h e  steamlcarbon g a s i f i c a t i o n  and wa te r  
s p l  i tti ng processes. 

e Pr'epare des ign  cuncepts f o r  a  950bC IHX. 

GE64 - System Appl i c a t i o n  S tud ies  [General E l e c t r i c  Company (GE)] 

Under t h i s  suppo r t i ng  subtask, GE w i l l :  

e Eva lua te  t h e  wa te r  s p l i t t i n g  process f o r  H2 p r o d u c t i o n  w i t h  r ega rd  t o  des ign,  
schedule,  and c o s t  d e f i n i t i o n s  and t h e  i d e n t i f i c a t i o n  o f  technology needs. 

GC64 - A r c h i  t e c t / E n g i  n e e r i  n g  S e r v i c e s  - Advanced Process Heat A p p l i c a t i o n s  (GCRA) 

Under t h i s  suppo r t i ng  subtask, A r c h i  t e c t / E n g i  n e e r i  ng se rv i ces  w i l l  be p rov ided  
under  subcon t rac t  t o  GCRA d u r i n g  FY 1981 t o  suppor t  t h e  ' d e f i n i t i o n  and e v a l u a t i o n  
o f  s e l e c t e d  advanced HTGR process hea t  a p p l i c a t i o n s .  The scope o f  t h i s  task w i l l  
i n c l u d e  ba lance o f  p l a n t  (BOP) and p rocess  p l a n t  design, l a y o u t ,  and c o s t  e s t i m a t e  
suppor t  f o r  advanced HTGR a p p l i c a t i o n s  such as steamlcarbon g a s i f i c a t i o n ,  thermo- 
chemical  wa te r  s p l i t t i n g  and o t h e r  process hea t  a p p l i e a t i o r ~ s  whfch do n o t  u t i l i z e  a 
I - r ~ .  The purpose o f  t h i s  task  i s  t o  p r o v i d e  a common b a s i s  f o r  p l a n t '  c o s t  
e v a l u a t i o n s  such  t h a t  t h e  p o t e n t l a 1  o f  advanced sys tems c a n  be i d e n t i f i e d  and  
f a c t o r e d  i n t o  t h e  HTGR program p l a n  and l o g i c .  

Cost Sumary :  

( L a t e r )  

S.chedul e/?:i 1  estone Summary: 

( L a t e r )  



WBS 65: HTGR-Gas Turb ine  

Work Summary.: 

W i t h i n  t h i s  task  c r i t i c a l  t e c h n i c a l  , 1  i cens ing ,  and development i s sues  s p e c i f i c  
t o  t h e  HTGR-GT concept  w i l l  con t i nue  t o p  be addressed and assessed d u r i n g  FY 1981. 
These i s s u e s  and t h e i r  p o s s i b l e  impact  on HTGR-GT p l a n t  design, cos t ,  and performance 
data w i l l  be i d e n t i f i e d .  

Based upon t h e  above, a  p r o j e c t i o n  w i l l  be made o f  t h e  t ime  p e r i o d  when t h e  
HTGR-GT may be expected t o  have s u f f i c i e n t  economic a t t r a c t j v e n e s s  t o  b e g i n  t o  
make s i g n i f i c a n t  p e n e t r a t i o n s  i n t o  t h e  genera l  marketp lace.  

Work- Statement* 

The des ign  o f  t'he HTGR-GT p l a n t  w i l l  be assessed w i t h  r espec t  t o  t he  conse- 
quences o f  p o s t u l a t e d  turbomachine f a i l u r e  modes. I nc l uded  i n  t h i s  task  a re  e f f o r t s  

. . 
t o  b e t t e r  d e f i n e  t h e  a c t u a l  f a i l u r e  sequence and t ime  frame; t h e  r e s u l t i n g  t r a n s i e n t  
cond i t io 'n ,  and i t s  e f f e c t  on p l a n t  des ign  o r  s a f e t y .  Design changes which accommo- 
da te  these t r a n s i e n t s  o r  s u f f i c i e n t l y  reduce t h e i r  p r o b a b i l i t y  w i l l  be cons idered.  

. The o b j e c t i v e s  o f  t h i s  task  a re  t o  i d e n t i f y  i ssues ,  recommend s o l u t i o n s ,  and es tab-  
l i s h  a  l i c e n s i n g  p o s i t i o n .  The impact  o f  any des ign  changes w i l l  be assessed from' a  
p l a n t  c o s t  and performance s tandpo in t  t o  p e r m i t  e v a l u a t i o n  o f  t h e  m o d i f i e d  HTGR-GT 

. p l a n t  commerical p o t e n t i a l  . 
. . 

The above descr ibed  e f f o i - t  w i l l  i n c l u d e  t h e  f o l l o w i n g  suppo r t i ng  elements:  

Gk65 - HTGR-GT [General Atomic Company (GAC)] 

Under t h i s  suppo r t i ng  subtask, GAC w i l l :  

0 I n v e s t i g a t e  m o d i f i c a t i o n s  t o  t he  HTGR turbomachine des ign  which w i l l  p reven t  o r  
m i  t i g a t e  t h e  consequences o f  p o t e n t i a l  t u r b i n e  f a i l u r e  acc iden ts .  

e i n v e s t i g a t . ~ !  o t h e r  system and component m o d i f i c a t i o n s  which w i l l  mi t i g a t e  t h e  
e f f e c t s  o f  p o t e n t i a l  t u r b i n e  f a i l u r e  a c c i d e n t s  i n  t h e  HTGR-GT pr imary  system. 

e Improve a n a l y t i c a l  model s  t o  b e t t e r  c h a r a c t e r i z e  , the r e s u l t s  of p o t e r ~ t i a l  
f a i l u r e s .  

e Assess t h e  r e s u l t s  o f  t h e  above s t u d i e s  i n  terms o f  p l a n t  and p roduc t  c o s t s  and 
r i s k s .  P rov ide  an  assessment r e g a r d i n g  t h e  commercial p o t e n t i a l  and t i m i n g  f o r  
t h e  HTGR-GT. 

GC65 - A r c h i  t e c t / E n a i  n e e r i  na S u ~ ~ o r t  - HTGR-GT (GCRA) 

Under t h i s  suppo r t i ng  subtask, A r c h i  t ec t /Eng i  n e e r i  ng se rv i ces  w i l l  be p r o v i d e d  
under  subcon t rac t  t o  GCRA d u r i n g  FY 1981 t o  f u r n i s h  eng ineer ing ,  design, and c o s t  
e s t i m a t i n g  s e r v i c e s  f o r  t h e  ba lance o f  p l a n t  (BOP) o f  t h e  HTGR-GT. A c t i v i t i e s  w i l l  
b e  l i m i t e d  p r i m a r i l y  t o  rev iew o f  key l i c e n s i n g  concerns f o r  t h e  HTGR-GT and e v a l u a t -  
i ng t h e i r  impac t  on BOP des ign and c a p i t a l  cos t s .  Work w i l l  con t i nue  t o  suppo r t  t h e  
HTGR-GT marke t  e v a l u a t i o n  e f f o r t s ,  i n c l u d i n g  t h e  assessment o f  HTGR-GT performance 
in?rot lements and d ry  and wet /d ry  c o o l i n g  tower  des ign  developments. 



. C o s t  Summary: 

( L a t e r )  

Schedul e/Mil es tone  Summary: 

( L a t e r )  




