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I n t r o d u c t i o n  

i. Stud ies  conducted on HTGR systems i n  FY 1980 were conc luded i n  A p p l i c a t i o n  

Study Repor ts  t o  desc r i be  t h e  preconceptual  system des igns t o  t h a t  p o i n t  and d i scuss  

p o s s i b l e  appl i c a t i o n s  f o r  t h r e e  v a r i a t i o n s  o f  t h e  systems; t h e  steam cyc le /cogenera-  

t i o n  p l a n t ,  t h e  h i g h e r  temperature re fo rmer  p l a n t ,  and t h e  gas t u r b i n e  concept.  

The HTGR-Reformer Appl i c a t i o n  Study was conceived and d i r e c t e d  t o  e v a l u a t e  

t h e  HTGR-R w i t h  a  c o r e  o u t l e t  temperature o f  850°C as a  near-term Lead P r o j e c t  and as 

a  v e h i c l e  t o  long- te rm HTGR Program Ob jec t i ves .  The scope o f  t h i s  e f f o r t  i n c l u d e d  

eva l  u a t i o n s  o f  t h e  HTGR-R techno l  ogy, e v a l u a t i o n  o f  p o t e n t i a l  HTGR-R markets,  assess- 

ment o f  t h e  economics o f  commercial HTGR-R p l a n t s ,  and t h e  e v a l u a t i o n  o f  t h e  program 

scope and expend i tu res  necessary t o  e s t a b l  i sh HTGR-R techno l  ogy th rough t h e  compl e- 

t i o n  o f  t h e  Lead P r o j e c t .  

I n  addi  t i o n  t o  t he  c o n f i g u r a t i o n s  desc r i bed  above, t h e  Nuc lear  Heat Source 

Demonstrat ion Reactor  (NHSDR) was examined as a  more developmental p a t h  t o  HTGR 

demonstrat ion.  I n  concept ,  t h e  NHSDR combines demons t ra t ion  o f  b o t h  t h e  HTGR-GT and 

HTGR-R techno l  og i  es w i t h  a d d i t i o n a l  p o t e n t i a l  f o r  even h i g h e r  temperature appl i c a -  

t i o n s .  As a  r e s u l t  o f  t he  study, t h e  NHSDR was found t o  be  u n s u i t a b l e  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  owing reasons: 

a HTGR-GT s t u d i e s  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  devel  opment. 

e Whi le  t h e  s i z e  and c o s t  o f  t h e  NHSDR were o f  commercial s c a l e  ( f i x e d  i n  accor-  

dance wi t h  HTGR-GT demonstrat i  on needs ) , p rospec t s  f o r  i nvestment recovery  

th rough commerci a1 o p e r a t i  on were m i  n imal due t o  t h e  noncommerci a1 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  on i n advanced systems devel  opment. Accord i  n g l y  , mi n imal  

bases e x i  s t  f o r  u t i l  i t y / u s e r  i n t e r e s t  and f i n a n c i a l  suppor t .  

2.0 SUMMARY OF' FY 1980 APPLICATION STUDY RESULTS - --- 

The t ime  c o n s t r a i n t s  s e t  f o r t h  i n  t h e  HTGR Lead P r o j e c t  I d e n t i f i c a t i o n  P lan  

p e r m i t t e d  c o n s i d e r a t i o n  o f  t h e  spec i  f i e d  Lead P r o j e c t  c o n f i g u r a t i o n ,  i n c l  u d i  ng i t s  

commercial p o t e n t i a l ,  b u t  were inadequate f o r  t h e  development o f  an o p t i m i z e d  HTGR-R 

commercial p l a n t  des ign and c o s t  es t imate .  As a  res l r l  t, t h e  ma jo r  f i n d i n g s  o f  t h e  

s tudy  i n d i c a t e d  t h a t :  
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e, There was a l a r g e  p o t e n t i a l  market  f o r  an energy system w i t h  t h e  energy t r a n s -  

m i s s i o n  and s to rage  c a p a b i l i t i e s  o f  t h e  HTGR-R i f  economic goa l s  c o u l d  be met 

and i f  i n s t i t u t i o n a l  and t e c h n i c a l  b a r r i e r s  c o u l d  be overcome i n  a  t i m e l y  

manner. 

e The s i g n i f i c a n t  env i ronmenta l  b e n e f i t s  which a re  a t t a i n e d  t h rough  o f f s e t  o f  

f o s s i l  f u e l s  a r e  a  key market  f a c t o r  i n  t h e  p r o j e c t e d  deployment o f  HTGR-R 

systems. 

e The 850°C HTGR-R p l a n t  as c o n f i g u r e d  and a p p l i e d  i n  t h e  s t u d y  has l i m i t e d  

economic p o t e n t i  a1 . 

I n  o r d e r  t o  p r o p e r l y  assess t h e  p o t e n t i a l  o f  t h e  HTGR-R and t h e  s u i t a b i l i t y  o f  

t h e  HTGR-R as a cand ida te  l e a d  p r o j e c t ,  a d d i t i o n a l  work beyond t h a t  completed i n  FY 

1980 needed t o  be per formed b e f o r e  a  f i n a l  judgment c o u l d  be rendered.  Des ign 

t r a d e - o f f  and a l t e r n a t i v e  a p p l i c a t i o n s  s t u d i e s  were r e q u i r e d  t o  de te rm ine  i f  a 

commercial p o t e n t i a l  e x i s t e d  f o r  t h e  HTGR-R a t  850°C. I f  commercial i n c e n t i v e s  were 

i d e n t i f i e d  f o r  t h e  HTGR-R o n l y  w i t h  c o r e  o u t l e t  temperatures g r e a t e r  t h a n  850°C, t h e  

des ign  and development program d u r a t i o n  and c o s t  and t h e  demons t ra t ion  p a t h  f o r  t h e  

HTGR-R would have t o  be reassessed. The FY 1981 HTGR Program addressed t h e s e  

i s sues .  I n  a d d i t i o n  t o  re fo rming ,  a  p o t e n t i a l  f o r  t h e  a p p l i c a t i o n  o f  h igh- tempera-  

t u r e  d i r e c t  h e a t  t o  s y n t h e t i c  f u e l s  processes was i d e n t i f i e d  d u r i n g  t h e  course  o f  t h e  

FY 1980 i n v e s t i g a t i o n s .  i h i  s  p o t e n t i a l  deserved f u r t h e r  e x p l o r a t i o n  and wds  a1 so 

i n c l u d e d  w i t h i n  t i l e  scope o f  t h e  FY 1981 HTGR Program e f f o r t .  

3.0 FY 1981 Workscope 

TY 1381 s t u d i e s  comprised t h e  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  HTGR h i g h  

tempera tu re  p rocess  hea t  appl i c a t i  ons. O f  t hese  s t u d i  es, one e lement  was c e n t e r e d  

upon t h e  f u r t h e r  development o f  t h e  HTSR r e f o r m i n g  concep t  i n  which a p o r t i o n  o f  t h e  

energy produced by  t h e  High-Temperature (850°C-950°C) Nuc lear  Heat Source (NHS) i s  

u t i l i z e d  t o  c o n v e r t  a steam-hydrocarbon m i x t u r e  t o  s y n t h e s i s  gas (Hz and CO) u s i n g  

t h e  r e f o r m i n g  process. The s y n t h e s i s  gas can subsequen t l y  be employed as a  d i s t r l b u -  

t i o n  medium f o r  s t o r e d  r e a c t o r  energy (Therinochemical P i p e l i n e )  o r  can be used as 

feeds tock  f o r  a  chemical  process such as s y n f u e l s  manufac tu re  f rom c o a l .  



A n  sddi.tiona1 ~ f f n r t  i n  FY 1981 was directed toward development of direct heat 

applications t o  a  variety of processes as di scussed be1 ow. 

Integrated pl a n t .  designs were produced for specific appl ications.  Design 
a c t i v i t i e s  were conducted' in suf f ic ien t  detail  t o  establish preferred pl ant configur- 

,ations and to  faci l  i  t a t e  technical , economic, and inst i tut ional  evaluations. Addi- 

t i ona l ,  more detailed designs were undertaken as required to  establish design data 

needs for  selected systems and components. I n  completing these activi  t i e s ,  maximum 
use was made of existing data developed through prior studies. 

Key issues addressed within the context of the High Temperature Process Heat 
Study included the fol 1 owi ng: 

EB Config~rat ion of the Nuclear Heat Source - Principal options addressed were 

d i  rect  vs. i  ndi rect  cycle reforming, secondary pressure vessel configuration 

( ind i rec t  cycle-steel vessels vs. PCPV), and primary and secondary heat ex- 
changer design options. 

o t4uclear Heat Source operating parameters - Core out le t  temperatures of u p  t o  

950°C were considered. Other key parameters investigated included reformer/ 
steam generator' crossover temperature a n d  core temperature ri se. 

e Fvaluation of the H T G R  for  application to  a wide range of  potential market 

opportunities i n  the areas of energy di s t r i  bution (Thermochemical P i  pel S ne and 
related appl ica t ions)  and d i rec t  heat ( h o t  helium) input to Integrated chemical 

processes (coal gasification and 1 iquefaction, shale o i l  recovery, synthesis gas 

production, e t c . )  

I n  addressi ng t.he issues ident i f ied above, the H i g h  Temperature Process Heat 

Study was comprised of three principal elements which were conducted in paral le l :  

Nuclear Pl ant Design and Eval uation, H T G R  Appl i  cations Screeni ng, and Uti 1 i  ty/User 

Appl icat ions.  

The Nuc1 ear Pl ant Design and Eval uation el ement addressed configurational 

i  ssues and provided an i  n p u t  to the 'selection of  operating parameters. Addi  tional l y ,  



the capital  cost data developed provided a  basis for  extrapolation t o  various appl i -  

cations as an input t o  computing total  product costs.  Within th i s  element, designs 

were developed for  b o t h  the direct  cycle and indirect  cycle versions of the H T G R - R  

on the basis of open cycle reforming. Included in the study was the Nuclear Heat 

Source (NHS) and the balance of plant ( B O P )  through the reformers and steam genera- 

tors .  The turbine plant and  pi ping t o  the nuclear s i t e  boundary were a1 so included. 

Representative input and  o u t p u t  parameters were selected so as to provide a  consis- 

ten t  basis fo r  comparison. From a  basic design point in the case of each configura- 

t i  on, parameters of i  nterest ,  notably i  ncl udi ng core out1 e t  temperature, reformer/ 

steam generator crossover temperature, and core temperature ri se,  were extrapol ated 

over a range of in te res ts .  The extrapolation took in to  account performance ef fec ts  

as  we1 1 as  major design impacts on systems and components (e.g., materials changes, 

1 i fetimes, e t c . )  . Other designs developed within t h i s  element addressed various 

d i r ec t  heat applications and were derived from the basic indirect  cycle reformer 

design. Through the use of coordinated Archi tect/Engi neeri ng support, the di rect  and 

indirect  cycle designs were evolved on a  consistent basis of safety and  r e l i ab i l i t y  

and cost  estimates were developed using consistent economic ground rules. I n  addi- 

t ion t o  providing the basic data required to  address configurational issues, the 

capital  cost estimates resul ting from t h i s  element were a basis for  extrapol ation to  

various speci f i c  appl ications.  Parametric data t o  be developed formed a  basis a1 ong 

wi t h  ap?l i  c i t ion requi rements for sel ec t i  ng operating parameters. 

A second pri n c i  pal el ernent i  ncl uded within the High Tepperature Process Heat 

.Study  as HTG? Applications --- Screening. \liithin t h i s  element, a  wide variety ot 

potenti 21 a p p l  i ca t i  ons were addressed. Notable examples are  various coal gasi f ica- 

t ion and l iquefaction processes, oi l  recovery from shale and t a r  sands, synthesis gas 

production frog 1 i g h t  hydrocarbons, Therrnochemical Pi pel i  ne concepts and others. 

Based upon existing data, a  coordinated e f fo r t  was undertaken by an Application 

Screeni ng Commi t t e e  (consisting of representatives from study part ic ipants)  t o  

identify hi g h - i  n terest  candidates and. t o  se t  p r io r i t i e s .  For selected processes, 

in-depth investigations were conducted t o  evaluate process systems and subsystems and 

t o  determine the potential impact of substi tuting H T G R  derived energy. Key elements 

addressed were con\!ention;il and nuclear energy interfaces with the process, process 

modifications required, present and planned use of waste streams, e tc .  8ased upon 



t hese  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  have been made r e g a r d i n g  t h e  f e a s i b i  1  i ty o f  i n c o r -  

p o r a t i n g  HTGR d e r i v e d  energy and t h e  impact  on p r o d u c t  cos t ,  r esou rce  requ i rements ,  

env i  ronrnental impact,  e t c .  The e f f o r t  desc r i bed  w i t h i n  t h i s  e lement  o f  t h e  s tudy  was 

c o o r d i n a t e d  wi  t h  appl  i c a t i  on s t u d i e s  add ress i ng  t h e  Steam Cyc le /Cogenera t ion  and 

Sens ib l e  Energy T ransmiss ion  and Storage concepts  t o  d e r i v e  a  common b a s i s  f o r  

comparison. Data r e g a r d i  ng conven t i ona l  processes were a1 so developed on a  cons i s -  

t e n t  b a s i s  f o r  comparison. 

The t h i r d  p r i n c i p a l  e lement o f  t h e  Reformi ng Appl i c a t i o n  Study was U t i l  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 / u s e r s  were i d e n t i f i e d  wh ich  

expressed an i n t e r e s t  i n  a  s i t e - s p e c i  f i  c  s tudy .  Pr imary  p a r t i c i p a n t s .  i n  t hese  

s t u d i e s  i n c l  uded Pub1 i c  S e r v i c e  E l e c t r i c  and Gas Conpany , and a  two -pa r t y  comb ina t i on  

o f  Idaho Power and L i g h t  Company and Idaho Nuc lear  Eng inee r i ng  Labo ra to r y .  The scope 

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

d e s c r i  bed above. 

As a  means o f  f o c u s i n g  t h e  Technology Program, a  r e f e r e n c e  HTGR-Process Hea t  

des ign  was r e q u i r e d .  As an i n t e r i m  assumption, t h e  b a s e l i n e  des ign  was i d e n t i f i e d  t o  

- be t h e  850°C I n d i r e c t  Cyc le  HTGR which i s  documented i n  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  completed d u r i n g  FY 1980. Based upon t h e  r e f e r e n c e  --.. 
des ign,  Data Needs Packages were p repared  as i n p u t  t o  t h e  es tab l i shmen t  o f  Develop- 

ment Plans and t h e  subsequent i d e n t i f i c a t i o n  o f  a  Technology Program Base1 i n e .  

R e s u l t s  o f  t h e  P r o j e c t  Screening Phase o f  t h e  High Temperature Process Hea t  

appl  i c a t i  on s  t u d i  es w i  11 be documented th rough  a  comprehensive Concept Eva1 u a t i o n  . 

Repor t  t o  be p u b l i s h e d  i n  F Y  1983. A d d i t i o n a l  documentat ion w i l l  be p r o v i d e d  th rough  

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

summary ,Resul  t s  o f  FY 1981 S tud ies  

Beyond t h e  near  t e rm  a p p l i c a t i o n s  o f  t h e  HTGR u s i n g  steam c y c l e  techno logy ,  

an inc rementa l  p o t e n t i a l  may be i d e n t i f i e d  f o r  advanced HTGR systems p r o v i d i n g  d i r e c t  

p rocess  h e a t .  An HTGR NHS c o n f i g u r e d  f n r  such a p p l i c a t i o n s  i s  d e p i c t e d  i n  F i g u r e  1.  
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The i n c r e m e n t a l  p o t e n t i a l  o f  such a  system may b e  i l l u s t r a t e d  t h r o u g h  a  t y p i c a l  

example w h i c h  was e x p l o r e d  d u r i n g  FY 1981. I n  t h i s  example, t h e  HTGR f a c i l i t y  was 

c o n f i g u r e d  t o  p r o v i d e  b o t h  p r o c e s s  energy  ( i n  t h e  f o r m  o f  d i r e c t  h e a t  and steam) and 

e l e c t r i c a l  ene rgy  f o r  t h e  Exxon C a t a l y t i c  Coa l  G a s i f i c a t i o n  (ECCG) p r o c e s s .  The 

p r o d u c t  o f  t h e  ECCG p r o c e s s  i s  methane ( c a l l e d  S u b s t i t u t e  N a t u r a l  Gas o r  SNG). 

The ECCG p r o c e s s  uses a l k a l i  m e t a l  s a l t s  a s  c a t a l y s t s  m i x e d  d i , r e c t l y  w i t h  t h e  

f e e d  c o a l  t o  promote  l o w - t e m p e r a t u r e  g a s i f i c a t i o n .  Use o f  t h i s  c a t a l y s t  a l s o  i n -  

c reases  t h e  r a t e  o f  steam g a s i f i c a t i o n ,  reduces  a g g l o m e r a t i o n  o f  c a k i n g  c o a l  s, and 

promotes  t h e  ach ievement  o f  gas c o m p o s i t i o n s  c l o s e l y  a p p r o a c h i n g  gas phase methana- 

t i o n  e q u i l i b r i u m .  The p r o c e s s  u t i l i z e s  a  f l u i d i z e d  bed g a s i f i c a t i o n  system t h a t  

o p e r a t e s  i n  a  we1 l - m i x e d  mode a p p r o a c h i n g  i s o t h e r m a l  i ty, t h e  f l u i d i z i n g  gas b e i n g  

steam and r e c y c l e  hyd rogen  and c a r b o n  monoxide.  

F i g u r e  2  shows t h e  ECCG p r o c e s s  h e a t  r e q u i r e m e n t s  t h a t  have p o t e n t i a l  f o r  HTGR 

c o u p l i n g .  Up t o  937 Cll.!t o f  ene rgy  a t  t e m p e r a t u r e s  r a n g i n g  f r o m  472°F t o  1575°F c o u l d  

be c o u p l e d  t o  a  p l a n t  des igned  t o  g a s i f y  12,000 tons /day  o f  c o a l .  T h i s  p r o c e s s  

a l s o  consumes e l e c t r i c a l  power i n  t h e  amount o f  190 MWe. F o u r  p r o c e s s  s t e p s  show 

p o t e n t i a l  f o r  c o u p l i n g :  1 )  t h e  gas p r e h e a t  f u r n a c e  f o r  t h e  g a s i f i e r ,  2 )  t h e  c o a l /  

c a t a l y t i c  d r i e r  ( 2 n d  d r y i n g  s t a g e ) ,  3 )  t h e  raw c o a l  d r i e r  ( 1 s t  s tage  d r i e r ) ,  and 4 )  

o f f s i t e  b o i l e r s  s u p p l y i n g  p r o c e s s  steam. 

The use o f  HTGR-derived h e a t  t o  r e p l a c e  c o m b u s t i o n  i n  t h e  ECCG p r o c e s s  r e s u l t s  

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

e 2940 t o n s l d a y  o f  c o a l  n o t  burned,  

o 230 tons /day  o f  p r o d u c t  methane n o t  burned,  

a 265 tons /day  o f  ash n o t  genera ted ,  and, 

Q 6908 tons /day  o f  c a r b o n  d i o x i d e  n o t  e m i t t e d .  
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The t e c h n i c a l  and economic i m p l i c a t i o n s  of h i g h  tempera tu re  d i r e c t  hea t  a p p l i -  

c a t i o n s  such as t h e  above c o n t i n u e  t o  be assessed i n  t h e  U.S. HTGR Program. F u t u r e  

emphas i s  w i l l  be  p l a c e d  upon  r e d u c i n g  t h e  r e l a t i v e l y  h i g h  c a p i t a l  c o s t s  w h i c h  

appear t o  be  assoc ia ted  w i t h  such systems. Unless such c o s t  r e d u c t i o n s  can  be 

r e a l i z e d ,  t h e  inc rementa l  c a p a b i l  i t i e s  o f  h i g h  tempera tu re  d i r e c t  hea t  systems may 

n o t  be war ran ted  excep t  i n  spec i  a1 i z e d  c i  rcumstances. 

Steam blethane Reforming and t h e  Thermochemical P i  pe l  i ne 

The HTGR i s  un ique among n u c i e a r  energy systems i n  t h a t  i t  can ope ra te  a t  temp- 

e r a t u r e s  'h igh enough (850°C t o  1000°C) f o r  e f f i c i e n t  steam r e f o r m i n g  o f  methane. The 

h i g h  tempera tu re  he l i um  c o o l a n t  i s  used t o  d r i v e  t h e  r e f o r m e r  t o  produce hydrogen i n  

t h e  f o m  o f  syngas and t he reby  c h e m i c a l l y  s t o r e  t h e  n u c l e a r  h e a t  f rom t h e  HTGR. The 

syngas p roduc t  can be t r a n s p o r t e d  l o n g  d i s t a n c e s  t o  d i spe rsed  process hea t  users .  

Us ing t h e  reve rse  (methana t ion )  r e a c t i o n  a  c l o s e d  l o o p  energy system, o r  thermochem- 

i c a l  p i p e l i n e  (TCP), can be formed t o  d e l i v e r  n u c l e a r  energy t o  smal l  d i spe rsed  

i n d u s t r i a l  process hea t  users  w i t h  methanators  added a t  t h e  user  s i t e s .  Water and 

methane a re  r e t u r n e d  f rom t h e  methanator  p l a n t s  t o  t h e  HTGR-R p l a n t .  T h i s  TCP 

concep t  i s  d e p i c t e d  i n  F i g u r e  3. Fur thermore,  f o r  an open l o o p  r e f o m i n g  system t h e  

hydrogen i n  t h e  syngas can be used as a  feeds tock  o r  as a  f u e l  f o r  a  v a r i e t y  o f  

d i  spersed a p p l i c a t i o n s  such as p r o d u c t i o n  o f  coa l  d e r i v e d  1  f qu ids ,  ammonia, and 

methanoi and the  p rocess ing  o f  s t e e l .  FY 1981 s t u d i e s  i n d i c a t e  t h a t  imp lemen ta t i on  

o f  t h o  ZTGR-R i n  these  t ypes  o f  a p p l i c a t i o n s  c o u l d  b o t h  i n c r e a s e  t h e  supp ly  o f ,  and 

s u b s t i t u t e  f o r ,  f l u i d  f u e l s  and t h u s  have a  ma jo r  impac t  on a l l  g l o b a l  energy sys-  

tems. 

The b e n e f i t s  o f  such a  system have been e v a l u a t e d  and show t h a t  t h e  TCP energy 

system concept  has t h e  p o t e n t i a l  t o  compete w i t h  n u c l e a r  e l e c t r i c i t y  and w i t h  f o s s i l  

energy s.ystems such as s u b s t i t u t e  n a t u r a l  gas (SNG) and l o c a l  f l u i d i z e d  bed coal 
combustors f o r  one and two s h i f t  process hea t  ope ra t i ons .  Energy d e l i v e r y  c o s t  

p r o j e c t i o n s  show t h a t  a t  d i s t a n c e s  app rox ima t i ng  30 m i l e s  o r  g r e a t e r  t h e  TCP may be  

t h e  l o w e s t  c o s t  system f o r  d e l i v e r y  o f  energy i n c l u d i n g  d i r e c t  t r ansm iss i on  o f  

n u c l e a r  generated steam. T h i s  r e l a t i o n s h i p  c o n t i n u e s  f o r  d i s t a n c e s  as g r e a t  a s  200 

m i l e s .  
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The r e f o r m i n g  v e r s i o n  o f  t h e  HTGR i s  a  developmental  advanced system and m a j o r  

t r a d e o f f s  must be made t o  s e l e c t  t h e  op t ima l  HTGR-R p l a n t  des ign.  P r i n c i p a l  changes 

under  c o n s i d e r a t i o n  a re  between h i g h  o r  l ow  r e a c t o r  c o r e  o u t l e t  tempera tu res  and 

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

S ince re fo rm ing  a c t i v i t y  decreases be1 ow 600°C and t h e  r a t e  o f  r e f o r m i n g  i n -  

c reases  w i t h  e l e v a t e d  temperature,  t h e r e  i s  an i n c e n t i v e  t o  use a  h i g h e r  c o r e  o u t l e t  

tempera tu re  t o  ach ieve b e t t e r  p l a n t  performance. However, t h e  h i g h e r  tempera- 

t u r e s  usual  l y  r e q u i  r e  more expens ive m a t e r i  a1 s  and a d d i t i o n a l  techno1 ogy devel  opment. 

The s e l e c t i o n  o f  t h e  d i r e c t  o r  i n d i r e c t  steam r e f o r m i n g  c o n f i g u r a t i o n  depends upon 

e c o n o m i c a l  and s a f e t y / l  i c e n s i n g  c o n s i d e r a t i o n s .  F o r  t h e  i n d i  r e c t  c y c l e  ( IDC)  

c o n f i g u r a t i o n ,  an i n t e r m e d i a t e  h e a t  exchanger ( I H X )  i s  l o c a t e d  w i t h i n  t h e  p r e s t r e s s e d  

conc re te  r e a c t o r  vesse l  (PCRV) and secondary he l i um  i s  p i p e d  t o  t h e  r e fo rmers  and t h e  

steam genera to rs  1  oca ted  o u t s i d e  t h e  con ta inment  b u i l d i n g .  The d i r e c t  c y c l e  (DC) 

c o n f i g u r a t i o n  e l i m i n a t e s  t h e  secondary h e l i u m  l o o p s  w i t h  b o t h  t h e  re fo rmers  and steam 

gene ra to r s  l o c a t e d  w i t h i n  t h e  PCRV. The two p l a n t  des ign  c o n f i g u r a t i o n s  and two 

tempera tu re  o p t i o n s  o f  950°C and 850°C r e s u l t  i n  f o u r  r e a c t o r  p l a n t  c y c l e s  f o r  

compara t i ve  e v a l u a t i o n .  However, o n l y  t h e  950°C DC and 850°C IDC c o n f i g u r a t i o n s  a r e  

be ing  eva lua ted  i n  t h e  c u r r e n t  program. The r e l a t i v e  performance o f  t h e  o t h e r  two 

r e a c t o r  p l a n t  c y c l e s  (950°C I D C  and 850°C DC) w i l l  be i n f e r r e d  f rom t h e  r e s u l t s  o f  

t h e  s tudy .  

The h e a t  cyc l es ,  key process equipment, system c o n f i g u r a t i o n  an'd o v e r a l l  h e a t  

ba lance  have been d e f i n e d  f o r  comparison o f  t h e  m a j o r  p l a n t  c h a r a c t e r i s t i c s  and c y c l e  

e f f i c i e n c i e s  o f  t h e  two r e a c t o r  systems b e i n g  s tud ied .  System economics, r e1  i a -  

b i 1  i ty, performance and o p e r a b i l  i t y / c o n t r o l l a b i l  i ty a r e  des ign  c r i t e r i a  used t o  

o p t i m i z e  system des ign  condi  t i o n s .  Pa rame t r i c  s t u d i e s  have been per formed t o  d e f i n e  

t h e  p r i n c i p a l  p l a n t  parameters. The ba lance  o f  p l a n t  (BOP) des ign  has evo l ved  i n  

severa l  s tages  r e s u l t i n g  i n  t he  s e l e c t i o n  o f  a  thermal l y - d r i v e n  h e a t  c y c l e  and t h e  

i ncorpora ti on of c o n t a c t  condenser /evaporator  h e a t  exchangers. 

A l a y o u t  o f  t h e  HTGR d i r e c t  c y c l e  r e f o r m e r  p l a n t  c o n f i g u r a t i o n  i s  shown i n  F i g u r e  

4. T h i s  pass ive  system was found t o  be l e s s  c o s t l y  and more r e l i a b l e  t h a n  t h e  t u r b o -  

compressor h e a t  c y c l e  cons idered  as an a l t e r n a t i v e  f o r  t h e  BOP system. The c o n t a c t  

condenser /evapora to r  r ep laces  t h e  m ix - feed-evapora to r  as t h e  key p rocess  equipment 
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f o r  t h e  r e f o r m e r  BOP p l a n t  system. The s i m p l i c i t y  o f  t h e  d i r e c t  c o n t a c t  hea t  ex- 

changer  des ign  w i l l  reduce component c o s t s  o f  t h e  key process hea t  exchange equipment 

and i n c r e a s e  system r e l i a b i l i t y .  As t h e  component c o n f i g u r a t i o n  f o r  t h e  950°C DC and 

850°C I D C  p rocess  p l a n t  a r e  a lmos t  i d e n t i c a l ,  key p l a n t  c h a r a c t e r i s t i c s  and opera- 

t i o n a l  c a p a b i l i t i e s  f o r  b o t h  c y c l e s  can b e  e a s i l y  compared. 

To maximize t h e  c y c l e  e f f i c i e n c y  o f  t h e  HTGR-R p l a n t ,  f o u r  p l a n t  f e a t u r e s  have 

been i n c o r p o r a t e d  i n t o  t h e  des ign  and o p e r a t i o n  t o  reduce t h e  o v e r a l l  p l a n t  waste 

h e a t  r e j e c t i o n .  

1. Steam i s  condensed i n  t h e  c o n t a c t  condenser t o  conserve t h e  energy and as a 
source o f  hea t  and wa te r  supp ly  f o r  t h e  r e f o r m i n g  process. The process system 

o p e r a t i n g  a t  h i g h e r .  p ressu re  i s  des igned t o  a l l o w  more waste hea t  t o  be recovered  

i n t o  t h e  s t e a m - e l e c t r i c  system. 

2. The 40 p s i a  p ressu re  i s  a l s o  s e l e c t e d  f o r  t h e  LP t u r b i n e  t o  maximize t h e  

waste h e a t  t h a t  c o u l d  be recovered f rom t h e  process p l a n t .  

3. The l ow  p ressu re  steam r e h e a t  arrangement improves t h e  h e a t  r a t e  o f  t h e  LP 

t u r b i  ne. 

4. The t u r b i n e  feedwater  i s  heated w i t h  t h e  waste hea t  f rom t h e  process system 

t o  maximize t h e  g ross  power o u t p u t  o f  t h e  s t e a m - e l e c t r i c  system. 

A summary o f  t h e  p l a n t  performance f o r  t h e  r e f e r e n c e  950°C DC and 850°C I D C  

HTGR-R p l a n t s  i s  p resen ted  i n  Table  1. The o v e r a l l  p l a n t  e f f i c i e n c y  i s  d e f i n e d  as 

t h e  sum o f  t h e  n e t  power o u t p u t  and p i p e l i n e  thermochemical energy d i v i d e d  by t h e  

c o r e  power. I t  i s  used as a  means t o  compare t h e  r e l a t i v e  o v e r a l l  performance o f  t h e  

HTGR-R f o r  d i  f f e r e n t  p l  a n t  des ign  condi  t i o n s .  The o v e r a l l  p l  a n t  e f f i c i e n c y  i s about  

65% f o r  t h e  r e f e r e n c e  950°C DC p l a n t  des ign  and 47% f o r  t h e  850°C I D C  P lan t .  The 

r e f o r m e r  s p l i t  r e f e r r e d  t o  i n  t h e  t a b l e  i s  t h a t  percentage o f  t h e  t o t a l  energy which 

i s  i n p u t  t o  t he  re fo rmer .  

The iur \ i ;e i~ t .  e s t . i ~ r ~ a t e  o f  t h e  r e l a t i v e  d e l i v e r e d  energy c o s t s  v i a  t h e  TCP show an 

advantage f o r  t h e  950°C d i r e c t  c y c l e  p l a n t  o f  approx imate ly  25% ove r  t h e  850°C 



TABLE 1 

HTGR REFORMER PLANT PERFORMANCE 

Refo rm ing  P r e s s u r e  
Reformer Spl i t  

Core Power, M W t  
C i  r c u l  a t o r  Pow2r*,MWe 
Refor iner  System 

Pumpi ng+*, MWe 
Hea t  Added by  Steam 

Sys tem, M W t  
Hea t  R e j e c t e d  t o  Steam 

System, blNt 
P i p e l i n e  Pumping**,MWe 
P l a n t  Heat  

Reject ion,MWt 
Feed Pump Power,l\?We 
Aux i  1 i a r y  Load ,Ml~le 
Gross Power Output,Ml?'e 

850°D I D C  
25 Bar  

42% 

950°C DC 
49 Bar  

54% 

E l e c t r i c  Power, Ml4e 
24 Hr/day Islet 

Thermal Energy, M W t  
Ava i  1 a b l  e 8 h r / d a y  
Available 24  h r / d a y  

O v e r a l l  E f f i c iency ,? ;  47 6 5 

* C i r c u l  s t o r  E f f i c i e r i c y :  D r i v e  = 92% 
C o n t r o l  = 96% 

"* Pumping E f f i c i e n c y :  D r i v e  = 92% 
Pumpi ng = 84% 



i n d i r e c t  c y c l e  p l a n t .  The comparat ive c o s t s  t o  be documented l a t e r  i n c l u d e  e s t i m a t e d  

c a p i t a l  and f u e l  c o s t s ,  as w e l l  as i n f l u e n c e  o f  thermal  e f f i c i e n c y  d i f f e r e n c e s .  

D e t a i l e d  R e s u l t s  o f  FY 1981 S tud ies  

Documentat ion o f  t h e  d e t a i l e d  r e s u l t s  of s t u d i e s  conducted w i t h  t h e  HTGR-Process 

Heat  system d u r i n g  FY 1981 w i l l  be p u b l i s h e d  i n  a  r e p o r t  t i t l e d  "High Temperature 

Process Heat  - Design and Cost  S t a t u s  Repor t  - FY 1981".  T h i s  r e p o r t  i s  due f o r  

d i s t r i b u t i o n  p r i o r  t o  t h e  end o f  ca l enda r  y e a r  1981 and w i l l  c o n t a i n  t h e  s p e c i f i c  

r e s u l t s  o f  t h e  des ign  t asks  and c o s t  es t ima tes  d iscussed i n  t h i s  r e p o r t .  




