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TECHNICAL BASES FOR 
FFTF OPEN TEST POSITION AND CLOSED-LOOP INSTRUMENTATION 

I. OBJECTIVES 

Some of t h e  i n s t r u m e n t a t i o n  f o r  t h e  open p o s i t i o n  and c losed- loop  

i r r a d i a t i o n  t e s t  channels o f  t h e  FTR w i l l  s a t i s f y  requi rements which 

correspond t o  those t h a t  have been e s t a b l i s h e d  f o r  t h e  d r i v e r  f u e l  

channel s. B r i e f l y ,  these a re  requi rements r e l a t i n g  t o  s a f e t y  and 

s u r v e i l l a n c e .  However, co re  channels which a re  s p e c i f i c a l l y  designa- 

t e d  as t e s t  f a c i l i t i e s  must a l s o  be f i t t e d  t o  communicate exper imenta l  

data.  I t  i s  fu r thermore  cons idered e s s e n t i a l  f o r  t e s t  p o s i t i o n s  t h a t  

t he  p o t e n t i a l  n o t  be prec luded f o r  sens ing and r e l a y i n g  i n f o r m a t i o n  o f  

a  t ype  n o t  y e t  w e l l  de f ined .  Requirements f o r  i n s t r u m e n t a t i o n  o f  t h e  

l a t t e r  s o r t  w i l l  become more comple te ly  determined as d e t a i  1s a r e  pro-  

v i ded  concern ing v a r i o u s l y  proposed exper iments,  and as p lans  f o r  t e s t -  

i n g  under r e1  a ted  LMFBR programs a re  formul  a ted.  

To t h e  degree t h a t  such exper iments can be a n t i c i p a t e d ,  an e f f o r t  

i s  d i r e c t e d  toward d e f i n i n g  p robab le  t e s t  c o n d i t i o n s  and how they g i v e  

r i  se t o  i n s t r u m e n t a t i o n  r e q u i  rements . Somewhat b e t t e r  d e f i  n i  ti on i s  

p o s s i b l e  i n  t h e  case o f  s a f e t y  and s u r v e i l l a n c e  dev ices.  The o b j e c t i v e  

o f  t h i s  work, then, i s  t o  address i n  d e t a i  1  t h e  problem o f  r e s o l v i n g  

core  i n s t r u m e n t a t i o n  requi rements f o r  t h e  t e s t  channels and t o  i d e n t i f y  

and eva lua te  those t echn i  c a l  f a c t o r s  which i n f l  uence such requi rements . 
Open t e s t  p o s i t i o n s  u t i  1  i ze pr imary  r e a c t o r  system sodi  um, where- 

as t he  c losed  loops employ i n d i v i d u a l  c o o l a n t  systems t h a t  a re  i s o l a -  

t e d  f rom t h e  r e a c t o r  coo lan t .  An advantage o f  t h e  l a t t e r  i s  t h e  

g r e a t e r  1  a t i  tude  and c o n t r o l  1  ab i  1 i ty  o f  coo l  a n t  condi  t i  ons avai  1  a b l e  

t o  t he  t e s t  specimen. Bases f o r  i n s t r u m e n t a t i o n  o f  c losed  loops must 

cons ider  t h e  des ign requi rement  t h a t  t h e  FTR have a t  l e a s t  s i n g l e  

channel c a p a b i l i t y  t o  t e s t  f u e l  up t o  and i n c l u d i n g  f a i l u r e  i n  dy- 

nami c  sodi  um. (') Me1 tdown w i t h i n  a  1  oop i s  t h e  wo rs t  consequence o f  

f u e l  f a i l u r e  and t h e  a b i l i t y  t o  r a p i d l y  r ecove r  f rom t h i s  e v e n t u a l i t y  



must be p rov ided  f o r .  Th i s  requi rement  i s  n o t  i n t e r p r e t e d  as p r o v i d -  

i n g  f o r  r o u t i n e  meltdown t e s t i n g .  The bases f o r  i n s t r u m e n t i n g  open 

t e s t  p o s i t i o n s  must a l s o  cons ider  f u e l  f a i l u r e  as an o p e r a t i o n a l  proba- 

b i  li ty. 

Because o f  t h e  f l e x i b i l i t y  a f f o r d e d  by i s o l a t i o n  o f  c losed- loop 

c o o l a n t  systems, v a r i a t i o n s  i n  c o o l a n t  chemis t ry ,  temperature and pres-  

sure and t h e  use o f  coo lan t s  o t h e r  than sodium a re  a n t i c i p a t e d .  Tes t  

channel s  cons idered i n conceptual  des i  gn accommodate specimens 3.5 

inches i n  t e s t  powers range f rom 0.4 t o  6.0 megawatts, 

and b u l k  sodium o u t l e t  temperatures may range t o  1400°F.* Packaged 

c losed  loops may be accommodated i n  r e f l e c t o r  o r  co re  t e s t  p o s i t i o n s  

f o r  1  ower power t e s t s .  

Open-loop t e s t  channels a r e  l i m i t e d  t o  c o n d i t i o n s  t h a t  a re  com- 

p a t i b l e  w i t h  t h e  co re  coo lan t .  The maximum t e s t  d iameter  corresponds 

t o  a  u n i t  c e l l  d imension i n  t h e  r e fe rence  concept o f  4.5 inches .  ( 3  

I n i t i a l  core b u l k  i n l e t  and o u t l e t  temperatures a re  550°F and 900°F, 

r e s p e c t i v e l y . *  Pressure head a v a i l a b l e  w i l l  be near  100 p s i .  

I n s t r u m e n t a t i o n  requi rements  f o r  t h e  r e a c t o r  t e s t  p o s i t i o n s  can 

vary  f rom m i  nimum d r i v e r  f u e l  r e q u i  rements t o  ex t reme ly  s o p h i s t i c a t e d  

c o n t a c t  i n s t r umen ta t i on .  As an o b j e c t i v e ,  f i  r n i  requ i rements  f o r  c l osed  

loops and open t e s t  p o s i t i o n s  w i l l  be d e f i n e d  o n l y  i n  t h e  sense o f  

minimum requi rements ,  cons idered t o  be e s s e n t i a l  f o r  s a f e t y  and ogera- 

t i o n ,  Exper imenta l  i n s t r u m e n t a t i o n  w i l l  be cons idered i n  r espec t  t o  

i d e n t i f i c a t i o n  o f  p robab le  needs t h a t  may a f f e c t  co re  des ign  and f o r  

which development e f f o r t  shou ld  be i n i t i a t e d  f o r  use i n  exper imenta l  

programs commensurate w i t h  f i r s t  co re  o p e r a t i o n  o f  t h e  FFTF. 

Techn ica l  bases f o r  c losed  and open-1 oop i n s t r u m e n t a t i o n  have 

been d i  v i  ded i n t o  t h r e e  ca tego r i es  , These a r e  c l a s s i f i e d  accord ing  

t o  t h e i  r o b j e c t i v e s :  r e a c t o r  s a f e t y ,  su r ve i  1  lance,  and exper imenta t ion .  

* Temperatures ach ievab le  w i t h i n  t e s t  sec t i ons  can be inc reased  above t h e  
bu l  k  va lue  by a p p r o p r i a t e l y  t a i  l o r i  ng thermal - h y d r a u l i c  des ign.  



A. Reactor Sa fe t y  

Condi ti ons o f  impending d e s t r u c t i o n  i n  t e s t  p o s i t i o n s  must be 

determined through ins t ruments  i n  t ime  t o  e f f e c t  measures which assure 

an accep tab le  t e rm i  n a t i o n  o f  d i f f i  c u l  t i e s  . To p reven t  such s e r i o u s  

consequences as gross l o s s  o f  i n t e g r i t y  o f  f u e l  p ieces,  sensors must 

ac tua te  t h e  r e a c t o r  s a f e t y  c i r c u i t  f a i t h f u l l y ,  and r a p i d l y .  As i n  

d r i v e r  f u e l  channels,  occurrences which i n i t i a t e  and promote damage 

a r e  c h a r a c t e r i  zed as f o l  1  ows : 

. Coolant  Flow Choking o r  Blockage 

. Fuel C ladding F a i l u r e  

. Acc iden ta l  R e a c t i v i t y  I n s e r t i o n  (Overpower) 

The FTR ope ra to r  w i  11 s p e c i f y  t h e  i nst rumenta t ion  necessary t o  

assure s a f e t y  and o p e r a b i l i t y  o f  t h e  r e a c t o r  f o r  t e s t s  t o  be c a r r i e d  

o u t  i n  t h e  FTR, To o b t a i n  t h e  necessary rev iew and approva l ,  t h e  

exper imenter  would communicate t e s t  s p e c i f i c a t i o n s  t o  t h e  ope ra to r ,  

i n c l u d i n g  a  f u l l  m a t e r i a l s  d e s c r i p t i o n ,  t e s t  i n s t r u m e n t a t i o n  r e q u i r e -  

ments and t h e  computed expec ta t ions  o f  behav io r  and i n t e r a c t i o n s  over  

t h e  t e s t i n g  pe r i od .  It may be d e s i r a b l e ,  f o r  t h e  sake o f  economy and 

schedul ing,  t h a t  exper imenters  u t i  1  i z e  FTR des ign  i n s t r u m e n t a t i o n  as 

exper imenta l  sensors wherever poss ib l e .  

Some o f  t h e  f u n c t i o n a l  requ i rements  r ega rd i ng  i n s t r u m e n t a t i o n  

f o r  s a f e t y  purposes w i l l  be i d e n t i c a l  t o  those which norn ia l l y  w i l l  

be s p e c i f i e d  f o r  t e s t i n g  o r  su r ve i  1  l ance  a p p l i c a t i o n s .  There i s  an 

obv ious i n c e n t i v e ,  f o r  purposes o f  economy and des ign simp1 i f i  c a t i o n ,  

t o  r e l e g a t e  such d u p l i c a t e  f u n c t i o n s  t o  t h e  same phys i ca l  i ns t rument .  

I n  t h e  i n t e r e s t  o f  s a f e t y ,  however, j u s t i f i c a t i o n  o f  such ove r l app ing  

usage shou ld  i n c l u d e  demonst ra t ing w i t h  assuredness t h a t  no t r o u b l e -  

some comp l i ca t i on  o r  compromised redundancy i s  the reby  in t roduced .  

It i s  expected t h a t  i t  w i l l  p rove d i f f i c u l t  t o  e s t a b l i s h  t h e  adequate 

r e l i a b i l i t y  o f  systems employing a  g r e a t  deal  o f  i n s t r umen t  common- 

a l i t y  between s a f e t y  and exper imenta l  f u n c t i o n s .  Standard gu ides and 

s a f e t y  c r i t e r i a  w i l l  be made a v a i l a b l e  t o  exper iment  sponsors i n  o r d e r  

t h a t  such l i m i t a t i o n s  can be a n t i c i p a t e d  by them. 



Instrument s e n s i t i v i t y  and response speed must be adequate t o  

the  task  of recognizing low c o n t r a s t  s i g n a l s  of danger and, i f  neces- 

s a ry ,  i n i t i a t i n g  shutdown. One of t he  ob jec t ives  of t he  aforementioned 

study of instrumentat ion f o r  d r i v e r  fue l  channels was t o  e s t a b l i s h  

e f f e c t s  on parameters assoc ia ted  wi t h  changes i  n 1 ocal envi ronment r e -  

s u l t i n g  from the  above occurrences. That e f f o r t  i s  continued here ,  

taking i n t o  account c h a r a c t e r i s t i c s  unique t o  open t e s t  pos i t i ons  and 

closed loops. 

B. Survei 11 ance 

I f  t h e  r eac to r  i s  t o  achieve a s a t i s f a c t o r y  record as  a s e rv ice  

device ,  faul  t y  opera t i  on must not be permi t t e d  t o  jeopardize the  suc- 

cessfu l  concl usion of 1 engthy experiments,  o r  t o  sporadi cal l y  i  n t ro-  

duce i l l - d e f i n e d  t e s t  condi t ions .  Instrumentat ion,  then ,  must be pro- 

vided not only f o r  s a f e t y  b u t  a l s o  f o r  assured conduct of c o s t l y  pro- 

grams, and t o  prevent o b l i t e r a t i o n  of i n t e r e s t i n g  da ta  which may be 

ava i l ab le  only i n  a r a t h e r  i r r e v e r s i b l e  mode. Simply t o  achieve a 

high value of power production o r  " r eac to r  a v a i l a b i l i t y "  may not 

s u f f i c e .  For t h a t  purpose, however, a general reactor-condi t i  on sur -  

vei 1 lance record must be conipi led a l s o  t o  permit es t imates  of improve- 

ments which might a f ford  more e f f i c i e n t  opera t ion .  

Whi 1 e the  p l an t  and personnel s a f e t y  instrumentat ion i s  expected 

t o  r e a c t  quickly t o  known s igna tu res  of poss ib l e  d i f f i c u l t y ,  i n s t r u -  

mentation f o r  general su rve i l l ance  might a l s o  be required t o  give 

e a r l y  ind ica t ion  of abnornlal o r  unanticl'pated operat ion of a more 

s u b t l e  o r  complex type" For a potent ia l  acc ident  s i t u a t i o n  t h a t  can 

be well descr ibed ,  deduct ively ordered s a f e t y  opera t ions  a r e  ab le  t o  

be l i s t e d  and t r a n s l a t e d  i n t o  programmed hardware. However, t h i s  i s  

not so  nea t ly  done f o r  complex cases where s a f e t y  judgments can be 

made only through an induct ive  process,  where, l e t  us say ,  acc ident  

condit ions a r e  accruing slowly and something "seems" t o  be wrong. In 

such cases the  opera tor  must have recourse t o  information t h a t  may 

permit him t o  see  beyond a snapshot r e a i t o r  s t a t u s  r epor t  t o  t h e  



p a t t e r n  o f  what cou ld  be a  c o n s i s t e n t l y  growing ma l f unc t i on .  I f  such 

a  p a t t e r n  o f  r e a c t o r  behav io r  o r  response can be i s o l a t e d  f rom a  swel-  

t e r  o f  o p e r a t i n g  data,  i t  may be p o s s i b l e  t o  e m p i r i c a l l y  f o rmu la te  a  

t r e n d  and i d e n t i  f y  i t s  causes. Dependi ng upon o r d i n a r y  p rocedura l  

c r i t e r i a ,  t h i s  su r ve i  1  l ance  i n f o r m a t i o n  may serve  as t h e  bas i s  f o r  a t  

1  e a s t  temporary remedi a1 a c t i o n .  

The a v a i l a b i l i t y  o f  da ta  p rocess ing  equipment makes p o s s i b l e  

t h i s  k i n d  o f  s u r v e i l l a n c e  w i t h  a  human i n t e r p r e t e r .  Key elements 

here a re  q u i c k  da ta  r e t r i e v a l  and c l e a r  d i s p l a y  f rom a  d e t a i l e d  opera- 

t i n g  l o g  which i s  r o u t i n e l y  s t o r e d  i n  an access ib l e  memory. Planned 

p e r i o d i c  i n d i c a t i o n  o f  t h e  co re  environment s t a t u s  i s  a l s o  r e q u i  r ed  

t o  p e r m i t  t h e  r e a c t o r  t o  opera te  c l o s e r  t o  safeguards l i m i t s  and 

e l i m i n a t e  uninformed and unnecessary conservat ism. The q u a n t i t i e s  

t o  be surveyed a t  va r i ous  types o f  p o s i t i o n s  i n c l u d e  temperature,  

c o o l a n t  f l o w  and neu t ron  f l u x .  S u r v e i l l a n c e  o f  o t h e r  measured pa r -  

ameters unique t o  each t e s t  p o s i t i o n  w i l l  f u r t h e r  enhance knowledge 

o f  l o c a l  environment.  A c o n t i n u i n g  o b j e c t i v e  has been t o  es t ima te  

u n c e r t a i n t i e s  and long- te rm changes i n  d i s t r i b u t i o n  o f  these i n d i c a -  

t o r s  i n  o rde r  t o  s e t  requi rements  f o r  s u r v e i l l a n c e  i ns t r umen ta t i on .  

Exper imenta t ion  

Technica l  bases f o r  t e s t  i n s t r u m e n t a t i o n  requi rements  g e n e r a l l y  

w i l l  correspond t o  t h e  d e t a i l s  o f  exper imenta l  p l ann ing  f o r  a c q u i s i -  

t i o n  of data.  Th i s  means t h a t  LMFBR Program p lans ,  as they  develop, 

wi  11 p r o v i d e  t h e  o p p o r t u n i t y  t o  d e l i n e a t e  t h e  va r i ous  t e s t i n g  goals  

and methods o f  ach i  e v i  ng them through accep tab le  t e c h n i c a l  procedures 

and, o f  course, us i ng  ins t ruments  whose sensory c a p a b i l i t i e s  a re  

f i t t i n g .  It i s  d e s i r a b l e  t o  have an e a r l y  es t ima te  o f  these needs 

i n  o rde r  t h a t  some adequate p r o v i s i o n  may be made f o r  them i n  o t h e r  

contemporary FTR sys te~n  d e s c r i p t i o n s .  Most obv ious l y  a1 so, w i t h o u t  

such i n f o rma t i on ,  one i s  unable  t o  p r o v i d e  f i r m  requi rements  f o r  i n -  

s t rument  development and procurement s t ud ies .  



Thus, t h e  o b j e c t i v e  o f  t h e  p r e s e n t  s t u d y  i n  t h i s  r e g a r d  i s  t o  

e s t i m a t e  t h e  type,  q u a l i t y  and d i s p o s i t i o n  o f  sensors  t o  be used by 

exper imen te rs  f o r  measur ing t h e  env i ronment  i n  wh ich t e s t  specimens 

r e s i d e .  

As a c o r o l l a r y  o b j e c t i v e ,  i t  i s  d e s i r a b l e  t o  g i v e  some e a r l y  

a t t e n t i o n  t o  t h e  prob lem o f  i n s t r u m e n t  l e a d s  and connec t ions .  Connec- 

t o r s  w i l l  have t o  accommodate e l e c t r i c a l  s i g n a l  and power l eads ,  pneu- 

m a t i c  1 i n e s  f o r  sens ing  and c o n t r o l ,  sodium sampl ing 1 i n e s  and t r a -  

v e r s i n g  sensor  thl'mbl es . Access i  b i  1 i t y  and connec to r  conipati  b i  1 ty  

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

sensor o r  measurement developments. 

A p p r o p r i a t e  measurements which can i d e n t i f y  t h e  cond i  ti on of 

s i g n i f i c a n t  process v a r i a b l e s  i n  each t e s t  f a c i l i t y  w i l l  promote as- 

surance o f  r e 1  i a b l e  s a f e t y  and o p e r a t i o n  o f  a1 1 f a c i l i t i e s .  These 

measurements t y p i  c a l  l y  concern:  

. Coo lan t  Flow Rate 

Cool a n t  I n 1  e t  Temperature (Reactor  I n 1  e t  Temperature f o r  

Open T e s t  P o s i t i o n s )  

Coo lan t  O u t l e t  Temperature 

Power Genera t i  on (Computed) 

. F a i l e d  Element D e t e c t i o n  

I n l e t  P ressure  (Reactor  I n l e t  P ressure  f o r  Open T e s t  

P o s i t i o n s )  

Coo lan t  Chemis t ry  (Same as Reac to r  f o r  Open T e s t  P o s i t i o n s )  

Such measurements a l s o  p r o v i d e  some i n d i c a t i o n  o f  t e s t  specimen p e r -  

formance and s t a t u s .  !lore d i r e c t  i n f o r n i a t i  on about  each specimen c v i  11 

be a v a i  l a b l e  frorn s p e c i a l i z e d  i nstrurnents t o  d e t e c t :  

. S u r f a c e  Temperature . P o s i t i o n  

. I n t e r n a l  Temperature . S t r a i n  

. I n t e r n a l  P ressure  . V i b r a t i o n  

. Coo lan t  P ressure  Drop . L o c a l  Neut ron F l u x  and 

F l u x  Spectrum 



A d d i t i o n a l l y ,  an o v e r a l l  o b j e c t i v e  i s  an assessment o f  t he  capa- 

b i  1 i t i e s  o f  va r i ous  ins t ruments  t o  meet i n d i c a t e d  requi rements.  I n -  

c l  uded i n  t h i s  assessment a r e  t h e  response t ime,  s e n s i t i v i t y  , r e s o l  u- 

t i o n  and l i f e t i m e  c h a r a c t e r i s t i c s  based on p resen t  technology. Spe- 

c i a l i z e d  t e s t  ins t rument  c a p a b i l i t y  i s  a t  p resen t  i n d i c a t e d  o n l y  i n  

general  terms, s i n c e  t h i s  w i l l  be a f u n c t i o n  o f  p a r t i c u l a r  t e s t s ,  as 

y e t  undef ined. Cur ren t  i ns t rumen t  development goa ls  which s p e c i f i c a l l y  

a n t i c i p a t e  t he  arduous environment o f  t h e  FTR p rov ide  an es t ima te  o f  

improvements which may be expected be fo re  i ns t rumen t  procurement. 



11. SUMMARY 

Ins t rumen ta t i on  f o r  open t e s t  p o s i t i o n s  and c losed  loops i n  t he  FFTF 

has been i n v e s t i g a t e d  f rom the  s tandpo in ts  o f  r e a c t o r  sa fe t y ,  s u r v e i  1  lance  

and exper imentat ion.  S i g n i f i c a n t  d i f f e r e n c e s  between i r , ; t rumentat ion r e -  

qu i  rements f o r  these i n - co re  f a c i  1  i t i e s  and r e q u i  rements f o r  t h e  d r i v e r  

f u e l s  a re  due t o  t h e  f o l l o w i n g .  

. Experiments t o  be conducted i n  open t e s t  p o s i t i o n s  and c losed  loops  

wi 11 i n  genera l  have c h a r a c t e r i s t i c s  which d i f f e r  f rom t h e  ope ra t i ona l  

f a c t o r s  associ  a ted  w i t h  t h e  d r i  v e r  f u e l  channels . 
. Open and c losed  t e s t  p o s i t i o n s  may i n c o r p o r a t e  bypass f l o w  h y d r a u l i c s  

t o  a t temperate o u t l e t  coo lan t  temperatures. 

. Experiments w i l l  r e q u i r e  i ns t rumen ta t i on  o f  a  s p e c i a l i z e d  na tu re ,  

depending upon exper imenta l  goals  unique w i t h  each t e s t e r .  

A. Sa fe ty  

It i s  concluded t h a t  f o r  purposes o f  r e a c t o r  s a f e t y ,  the  fundamental 

requirements f o r  temperature,  f l o w  and f a i l e d  f u e l  d e t e c t i o n  t o  p r o t e c t  

t h e  core  remain t h e  same f o r  open t e s t  p o s i t i o n s  and c losed  loops as pre-  

v i o u s l y  i d e n t i f i e d  f o r  d r i v e r  f u e l .  Tab le  I summarizes these i n s t r u -  

menta t ion  requi rements f o r  t h r e e  types o f  acc iden ts :  power excurs ions,  

l o s s  o f  f l o w  acc iden ts ,  and f u e l  c l add ing  f a i l u r e s .  It i s  noted t h a t  

when f l o w  bypass around t h e  t e s t  s e c t i o n  i s  used, sensors should be l o -  

ca ted  t o  measure t h e  t e s t  s e c t i o n  c o o l a n t  temperatures and f low r a t e s  

i ns tead  o f  t h e  c h a r a c t e r i s t i c s  o f  t h e  combined f low.  

D e t a i l e d  requirements a re  un ique w i t h  each exper iment and cannot 

be d e f i n e d  more p r e c i s e l y  w i t h o u t  knowledge o f  t e s t  c h a r a c t e r i s t i c s .  

As w i t h  p resen t  t e s t i n g  programs i n  f a s t  r eac to r s ,  such as EBR-I1 and 

Dounreay, and i n  thermal t e s t  r eac to r s ,  each t e s t  must be qua1 i f i e d  sep- 

a r a t e l y .  P a r t  o f  t h e  q u a l i f i c a t i o n  process wi 11 be t o  e s t a b l i s h  t he  

l e v e l s  and responses r e q u i r e d  f o r  these bas i c  sensors i n  t he  core  t e s t  

p o s i t i o n s .  C e r t a i n l y  i n  those ins tances  where t h e  t e s t  c h a r a c t e r i s t i c s  

a r e  c l o s e ' t o  those  f o r  d r i v e r  f u e l ,  t he  t e c h n i c a l  bases f o r  f low, temp- 

e r a t u r e  and f a i l e d  f u e l  a r e  app l i cab le .  



A c c i d e n t  

A .  Power E x c u r s i o n  

L i m i  t i  na C o n d i t i o n :  

Open L o o ~ s  - I n c i p i e n t  
Me1 t i n g  

( I n i t i a l  Core) 

C losed Loops - T e s t  
F a i  1 u r e  

TAELE I 
IIISTRUIIEPiTASIOI! RECUIREllENTS FORLOOPS AND CLOSED TEST POSITIOIiS 

REACTOP SAFETY 

Faranieter Sensed Sensor Requ i red  Response 

1. Core i l eu t ron  I o n  Chamber Response t i m e  < I 0 0  msec 
F l u x  f r o m  10-1000MW; ranpe-  

shutdown - 300% d e s i g n  
power. 

2. Neut ron F l u x  I o n  Chamber P e r i o d  d e t e c t i o n  f rom 
F e r i  od/Rate - t o  5 seconds. Re- 

sponse t i m e  n o t  s e t .  

3. Coo lan t  Temp- Thermocouple* Response t i m e  <1 sec 
e r a t u r e  f o r  s l ow  t r a n s i e n t s .  

Range-ambient t o  
1650°F. 

Req u i  r e d  
P r e s e n t  C a p a b i l i t y  D e ~ e l o p r n e n t  

Adequacy u n c e r t a i n  Improve d e t e c t i o n  
f o r  h i g h  gamma back-  o f  l ow  n e u t r o n  
ground f o r  s t a r t u p  l e v e l s  i n  h i g h  
and i n t e r m e d i a t e  gamma background. 
ranges.  
I, ,I I 1  ,, I, 

cD 
Adequate e x c e p t  R e l i a b i l i t y  and 
f o r  f a s t  t r a n s i -  accuracy ;  TIC 

I 

e n t s .  m a t e r i a l s  and i n -  
s u l a t i o n ;  r e p s a t a -  
b i l i t y  i n  f a s t  
f l u x .  

B. Loss  Of F low 

1 .  F low Coastdown 1. Loop Flow Rate PI1 and/or  DP Response t i m e  l e s s  Adequate f o r  ac- P rove  accuracy ,  
F lowmeter  t h a n  one second. c e p t a b l e  L/D and l i n e a r i t y  f o r  

L i m i t i n g  C o n d i t i o n :  T <lOOO°F. h i g h e r  tempera- 

Open Loops - C o o l a n t  
B o i l i n g  

2. Pump Speed Speed Sens ing One-second response t o  Adequate 
C losed  Loops - T e s t  speed d rop .  

F a i  1 u r e  

* Where f l o w  bypass around t e s t  s e c t i o n  i s  used, sensors  must  be mounted a t  t e s t  s e c t i o n  o u t l e t .  

t u r e  d e v i c e s  i n  
f a s t  f l u x .  

None 



Tab1 e  I (Con t i  t iued) 

Requ i red  
A c c i d e n t  Paranieter Sensed - Sensor , Requ i red  Response P r e s e n t  C a p a b i l i t y  Development 

( F ?  ow Coas t d w n  ) 3 .  T e s t  S e c t i o n  Thermocouple* System response l e s s  Sanie as A.3. Same as A.3. 
Cool a n t  t h a n  one second. 
Temperature 

4. T e s t  S e c t i o n  F lowmeter*  Response i n  l e s s  t h a n  Same as B . l  .1 Same as 6.1.1. 
Flow Rate one second. 

5. Pump D ischa rge  P ressu re  One-second response t o  Adequate None 
Pressure  S w i t c h  p r e s s u r e  chanqe. 

2 .  T e s t  S e c t i o n  B lockage 1 .  T e s t  S e c t i o n  F l  ormieter* D e t e c t i o n  o f  t h r e s h o l d  Same as B.1.1. Same B.1.1. 
Flow Rate ( I n  C e l l )  f l o w .  Response 1 sec.  

2. B o i l i n g  No i se  A c o u s t i c  P re  t o  p o s t - b o i  1  i ng Expe r imen ta l  Long- range LMFBR 
Sensor i n d i c a t i o n .  S tage Propram. 

3. Temperature Thermocouple* Need n o t  d e f i n e d .  E x p e r i m e n t a l - f a s t  None underway. I 

F l u c t u a t i o n  response r e q u i r e -  A 

ment l i m i t i n g .  o 
I 

C. C l a d d i n g  F a i l u r e  1. Nob le  Gas Gas Chroma- L o c a t i o n  o f  f a i l e d  Feas i  b i  1  i t y  F i s s i o n  p r o d u c t  

L i m i t i n g  C o n d i t i o n :  F i s s i o n  tog raphy ,  f u e l  subassembly.  Re- e s t a b l i s h e d .  s e p a r a t i o n  and 
P roduc ts  Charged Wire  sponse t i m e  n o t  de- samp l i ng  method 

C lad  F a i l u r e  - ~ 4 . 0 4  D e t e c t o r ,  o r  f i n e d .  improvement 
I n c h  Gross Gamma 

E q u i v a l e n t  D iame te r  2. Delayed N e u t r o n  L o c a t i o n  o f  f a i l e d  f u e l  F e a s i b l e  f o r  Improvement and 
Neut rons Counters  subassembly.  Response s p e c i a l  app l  i c a -  o p t i m i z a t i o n  o f  

t i m e  n o t  d e f i n e d .  t i ons . E x p e r i  - sys  ten1 con~ponen t s  . 
men ta l  s tage .  

* Where f l o w  bypass around t e s t  s e c t i o n  i s  used, sensors  must  be mounted a t  t e s t  s e c t i o n  o u t l e t .  



I n  t h e  case o f  c losed  loops,  t he re  s t i l l  e x i s t s  a  fundamental r e -  

quirement t o  p r o t e c t  t he  core  f rom occurrences w i t h i n  t h e  l oop  t h a t  may 

induce damage i n  t h e  remainder o f  t h e  core.  Here again,  i t  i s  low f low,  

excess ive temperatures, o r  cond i t i ons  1  i k e l y  t o  r e s u l t  i n  e i t h e r  one 

which must be sensed. Hyd rau l i c  i s o l a t i o n  i s  advantageous f rom the  

s tandpo in t  o f  b e t t e r  d e f i n i t i o n  o f  t he  coo lan t  pa th .  Th is  permi ts  a  

f a i l e d  element d e t e c t i o n  system t o  be u t i l i z e d  w i t h o u t  t h e  more d i f f i -  

cu l  t l o c a t i o n  requi rement .  A1 though d e t a i l e d  r e q u i  rements a r e  unique 

t o  t e s t  c h a r a c t e r i s t i c s ,  as has been p o i n t e d  ou t ,  c losed- loop t e s t s  

a re  l i k e l y  t o  be conducted a t  l e s s  conserva t i ve  r a t i n g s  than those i n  

open t e s t  pos i  ti ons . TI i i  s  f e a t u r e  may 1  ead t o  use o f  more conse rva t i ve  

ins t rument  1  i m i  t s  t o  p rov ide  t he  r e q u i r e d  degree o f  p r o t e c t i o n ,  again 

depending on t h e  na tu re  o f  t h e  t e s t .  

Bypass f l o w  t o  p e r m i t  h i gh  temperatures t o  be a t t a i n e d  i n  t e s t  

sec t i ons  has an adverse e f f e c t  on ins t rument  sensor c a p a b i l i t y .  Th is  

i s  due t o  decreased e f f e c t i v e  s e n s i t i v i t y  t o  changes i n  t e s t  s e c t i o n  

environment caused by cool  a n t  d i  1  u t i o n  and t h e  consequent d i  1  u t i  on o f  

s i g n a l s  i n p u t  t o  sensors mounted above t h e  t e s t  s e c t i o n .  For example, 

a  t e s t  s e c t i o n  w i t h  a  coo lan t  i n l e t  temperature o f  1000°F and an o u t l e t  

temperature o f  1400°F w i l l  r e q u i r e  an equal amount o f  f l o w  as bypass 

i n  o rde r  t o  moderate t h e  coo lan t  temperature t o  1200°F. A  f l o w  reduc- 

t i o n  through t h e  t e s t  s e c t i o n  o f  o n l y  36 percen t  would inc rease  t h e  

coo lan t  temperature o f  t he  t e s t  s e c t i o n  o u t l e t  t o  t h e  normal b o i l i n g  

p o i n t  o f  sodi  um (approx imate ly  1620°F). A 50-percent blockage would 

r e s u l t  i n  400°F inc rease  i n  t h e  coo lan t  temperature r i s e  across t he  

t e s t  sec t ion ,  whereas t he  combined f l o w  temperature would r i s e  by o n l y  

67°F. 

Because t h e  combined f l o w  r a t e  i t s e l f  i s  a l s o  much l e s s  responsive 

t o  change i n  t e s t  s e c t i o n  f l ow ,  d e t e c t i o n  o f  blockages i n  t h e  t e s t  sec- 

t i o n  i s  a l s o  more d i f f i c u l t .  Fo r  example, a 50-percent f l o w  blockage 

i n  t he  t e s t  s e c t i o n  r e s u l t s  i n  a  r e d u c t i o n  o f  t o t a l  f l o w  r a t e  o f  n o t  

more than 25 percen t .  



Local  b lockages t h a t  m igh t  e x i s t  i n  o n l y  a  few subchannels o f  a  

t e s t  subassembly a r e  e s s e n t i a l l y  unde tec tab le  by e i t h e r  f l o w  o r  tempera- 

t u r e  sensors i n  t h e  combined f l o w  stream. Re l iance  on a  f a i l e d  f u e l  

d e t e c t i o n  system o r  on some sensor which i n d i c a t e s  t h e  onse t  o f  b o i l i n g  

appears e s s e n t i a l  f o r  p r o t e c t i o n  a g a i n s t  p o s s i b l e  p ropaaa t ion  o f  damage 

f rom t h i s  source. 

B. Surve i  11 ance 

No a d d i t i o n a l  su r ve i  1  l ance  requi rements  have been i d e n t i f i e d  p ro -  

v i ded  t h a t  p e r i o d i c  o r  cont inuous measurement o f  t h e  environment as r e -  

q u i r e d  f o r  co re  s a f e t y  i s  ob ta ined  f rom each t e s t  p o s i t i o n .  Power d i s -  

t r i b u t i o n  f rom a  f l u x  mapping system, e a r l i e r  i d e n t i f i e d  as a  s u r v e i l -  

l ance  requi rement  f o r  d r i v e r  f u e l ,  p rov ides  an independent check f o r  

t e s t  p o s i t i o n  f l o w  - de l t a -T  de te rmina t ions .  S ince t h e  neu t ron  f l u x  

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

ga ined f rom NPTF measurements p l u s  p e r i o d i c  s u r v e i l l a n c e  o f  s e l e c t e d  

p o i n t s  i n  t h e  co re  ( n o t  n e c e s s a r i l y  c o i n c i d e n t  w i t h  t e s t  p o s i t i o n s )  i s  

judged adequate. I t  should  be p o i n t e d  o u t  t h a t  s u r v e i l l a n c e  da ta  f rom 

exper imenta l  sensors may c o n t r i b u t e  t o  more e f f i c i e n t  o p e r a t i o n  as we1 1. 

C.  Exper imenta t ion  

I ns t r umen ta t i on  requi rements  f o r  exper imenta l  purposes can o n l y  

be s p e c i f i c a l l y  d e f i n e d  when re1  a ted  t o  we1 1  - de f i ned  t e s t i n g  o b j e c t i v e s .  

However, because o f  t h e  n e c e s s i t y  t o  i n s t i  t u t e  f u e l s  and m a t e r i a l s  

t e s t i n g  programs as soon as t h e  FFTF becomes a v a i l a b l e ,  i t  i s  deemed 

adv i sab le  t o  i d e n t i f y  i ns t r umen t  types and t o  i n d i c a t e  what m igh t  t y p i -  

c a l l y  be requ i r ed .  I t  cannot be overs t ressed  t h a t  development o f  t h i s  

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

o f  t h e  FFTF and shou ld  n o t  be de layed on t h e  bas i s  t h a t  i t  i s  n o t  an 

o p e r a t i o n a l  o r  s a f e t y  problem. S ince i t  does n o t  appear t h a t  such 

development w i l l  be undertaken as a  p a r t  o f  t h e  FFTF P r o j e c t ,  p r o v i s i o n  

should  be made f o r  i t s  e a r l y  i n c l u s i o n  under LMFBR Program auspices.  



I d e n t i f i c a t i o n  o f  exper imenta l  i n s t r u m e n t a t i o n  was ob ta i ned  as 

a  r e s u l t  o f  a  survey taken f rom p o t e n t i a l  users  o f  t h e  FFTF. Develop- 

ment needs were i d e n t i f i e d  f o r  t h e  f o l l o w i n g  types o f  exper imenta l  

measurements : 

. Flow . Temperature 

Fuel  F a i l u r e  . S t r e s s - S t r a i  n  

. Pressure . In-Core F l u x  

. V i b r a t i o n  . R a d i a t i o n  

Tab1 e I I sunimari zes t h e  i nst rumenta t ion  r e q u i  rements f o r  exper imenta- 

t i o n  and a l s o  p resen ts  some o f  t h e  approxiniate requi rements  f o r  p r e c i s i o n  

o f  t h e  va r i ous  ins t ruments  which were ob ta i ned  i n  t h e  survey of poten- 

t i a l  users .  Th i s  l i s t  i s  n o t  complete and a d d i t i o n a l  requ i rements  w i l l  

be i d e n t i f i e d  as t h e  t e s t  programs evo lve.  

For  t h e  FTR, an a d d i t i o n a l  requ i rement  imposed i n  t h e  case o f  ce r -  

t a i  n  m a t e r i a l s  and f u e l s  t e s t s  i s  t h e  c a p a b i l i t y  t o  p r o v i d e  c o n t a c t  i n -  

s t run len ta t ion  i n  a l l  open t e s t  p o s i t i o n s  and c l osed  loops.  Contact  i n -  

s t r umen ta t i on  i s  d e f i n e d  as i n s t r u m e n t a t i o n  t h a t  no rma l l y  w i l l  be i n t r o -  

duced and removed a long  w i t h  t h e  co re  p i ece  o r  t e s t  specimen w i t h  which 

i t  i s  i n t e g r a l l y  assoc ia ted.  Tests  o f  t h e  t ype  which measure i n t e r n a l  

temperatures o f  t e s t  specimens, s t r e s s ,  s t r a i n ,  f i s s i o n  gas p ressure  

and v i b r a t i o n  have o b j e c t i v e s  t h a t  c l e a r l y  suppor t  t h i s  requi rement .  

Thus, i t  i s  l i k e l y  t h a t  t h e  most severe requi rements  w i t h  r ega rd  t o  de- 

v e l  opment program o b j e c t i v e s  a r i  se f rom t h e  exper imenta l  programs. 

Ins t rument  leads  and connectors f o r  t e s t  p o s i t i o n  sensors c o n s t i -  

t u t e  a  s i g n i f i c a n t  p o r t i o n  o f  t h e  i ns t r umen t  development e f f o r t .  T h e i r  

s p e c i f i c a t i o n  i s ,  o f  course, h i g h l y  dependent upon sensor and readou t  

requi rements  and upon c o n d i t i o n s  i n  t h e  core,  duc t  and vessel  des ign  

which l i m i t  access. Minimum requi rements  i n  t h i s  area must i n c l u d e  

p r o v i s i o n  f o r  s imp le  and coax ia l  s i g n a l  leads,  power leads,  sodium 

sampl ing 1  i nes, f i s s i o n  gas m o n i t o r i n g  1  i nes ,  and f l u x  m o n i t o r i n g  

th imb les .  



TABLE I 1  
INSTRUMENT REQUIREMENTS FOR OPEN LOOPS AND CLOSED TEST POSITIONS 

EXPERIMENTATION 

Approx imate  P r e s e n t  Requ i red  
T e s t  Type Parameter Sensed Sensor Response Capabi 1  i t y  Development 

A. Fue l  1 .  C lad Temperature Con tac t  T/C Ambient  t o  1600°F Adequate 
+ 10°F. - 

None 

2. Fuel  Temperature Con tac t  T/C Ambient  t o  -2800°F Adequate i f  a t t a c h -  T e s t i n g  f o r  mate- 
+ 10% a t  h i g h  T f o r  ment i s  success fu l .  r i a l s  compat i -  - 
~1 f u l l  power month.  b i l i t y .  

3. F i s s i o n  Gas P ressu re  Be1 lows/Diaphram < %I000 p s i  + 2%. Expe r imen ta l  s tage .  Long-range LMFBR 
T ransduce r  Program. 

4. Loca l  1;eutron F l u x  M i n i a t u r e  I o n  10'2 <$ < I016  + 5 2 .  1 / 4 - I n .  OD. Reu te r -  T e s t  w i r e s ,  f o i l s ,  I 

Chamber o r  A c t i -  S tokes d e t e c t o r s  chambers. 
A 

v a t i o n  i n MTR/ETR. F o i  1  P 
a c t i v a t i o n .  

I 

B. M a t e r i a l s  1. S t r e s s / S t r a i n ,  Creep S t r a i n  Gaupe Not  d e f i n e d .  None >lOOO°F; bond- LMEC Program. 
i n q  prob lems;  s o l i d -  
s t a t e  1  i m i  t s .  

2. Specimen Temperature C o n t a c t  T/C Same as A.2. Same as A.2. Same as A.2 

3. Loca l  Neut ron F l u x  Same as A.4. Same as A.4. Same as A.4. Same as A.4. 

4. Exper imenta l  F i s s i o n  Chamber, O b t a i n  m e a n i n g f u l  Pasz i  ve  moni t o r s  B e t t e r  c o n t r o l  
Dos ime t r y  Companion C o n t r o l  damage de te rm inan ts ;  used t o  d e t e c t  and a n a l y s i s  

M a t e r i a l  s  i r r a d i a t i o n  t o  l o2 '+  f l u e n c e  t o  s 3  x 
n v t .  n v t  L 20%. 

5. T e s t  Specimen Pos i -  P o s i t i o n  Gauge, ! lo t  d e f i n e d .  r i o t  d e f  i ned. Not  d e f i n e d  
t i o n ,  V i b r a t i o n  V i b r a t i o n  Trans-  

duce r  



The present s ta tus  of instrument technology, assessed ear l ie r  for  
driver fuel channel appl icat ions,  was reviewed for  instrument cl as- 

s i f icat ions which offer  potential ly desirable sensor functions i  n open 
t e s t  positions and closed loops. The previous assessment concerned in- 

strumentation for coolant temperature, coolant flow, failed fuel detec- 
t ion, coolant pressure, in-core flux, and signal and data handling. 

For FFTF testing applications, we have identified here the s tatus  of 

thermocouples for  measuring fuel cladding and meat temperature, some 

methods of detecting boiling and overheating, fission gas pressure, and 

vibration and s t ra in .  Possibi l i t ies  for  using noise analysis techniques 

are also examined. 

To a  considerable degree, the experience acquired in other i r ra -  
diation t e s t  programs may be usefully brought to bear on the question 

of FFTF needs. A review of such experience with the loop instrumenta- 
tion in the TREAT faci l i  ty and in the water-cooled testing reactors 

(MTR, ETR,  and A T R )  a t  the National Reactor Testing Station underscores 

th is  fact .  Even t h o u g h  these are lower temperature, thermal spectrum 

machines , the conipari son wi t h  potenti a1 FTR requi rements and cri te r i  a  

i s  a t  least  inductively useful. The relation i s  especially sharp and 

valid for  purposes of formulating specifications a t  lower power opera- 

ting stages and for  realizing practical instrument dispositions and 

procedures in order to  ensure a  workable system to acquire and control 
data. Of course, the r e l i ab i l i t y  and performance of the physical in- 
struments themselves involved in these faci 1 i  t i e s  are of direct  inter-  
e s t .  



I I I. ANALYSES 

A. Reactor Sa fe t y  

Opera t iona l  measurements must be made on t h e  t e s t  l oops  t o  i n s u r e  

r e l i a b l e  o p e r a t i o n  and s a f e t y  o f  t h e  e n t i r e  f a c i l i t y .  I t  i s  d e s i r a b l e  

t o  make these measurements a t  t h e  t e s t  s e c t i o n  i t s e l f  so t h a t  t h e  

t ime  de lay  i n  d e t e c t i n g  abnormal c o n d i t i o n s  w i t h i n  t h e  t e s t  s e c t i o n  

i s  minimized. Thus, i t can be a n t i c i p a t e d  t h a t  i n s t r u m e n t a t i o n  access 

t o  t h e  t e s t  s e c t i o n  i s  an impo r tan t  des ign  requi rement .  Analyses 

have been c a r r i e d  o u t  t o  determine t h e  response o f  i n s t r u m e n t a t i o n  t o  

power excurs ions  and l o s s - o f - f l o w  acc iden ts  i n  t h e  d r i v e r  f u e l  . 
The r e s u l t s  would be s i m i l a r  f o r  t h e  t e s t  loops w i t h  t h e  p o s s i b l e  ex- 

c e p t i o n  o f  t h e  e f f e c t  o f  bypass f l o w .  Bypass f l o w  and m i x i n g  i s  r e -  

q u i r e d  t o  moderate t h e  c o o l a n t  temperature a t  t h e  t e s t  s e c t i o n  o u t l e t  

whenever i t exceeds t h e  bu l  k  co re  ou t1  e t  temperature s  i gn i  f i c a n t l y  

i n  t he  case o f  open t e s t  p o s i t i o n s  o r  i f  i t  exceeds des ign  temperature 

f o r  t h e  e x t e r n a l  l o o p  (hea t  exchanger, pump, and coo lan t  c o n t r o l  equ ip-  

ment) i n  t h e  case o f  c losed  loops .  An assessnient o f  t h i s  d i l u t i o n  

e f f e c t  would determine whether placement o f  t h e  c o o l a n t  temperat l i re  

and f l o w  sensors t o  measure t h e  combined t e s t  s e c t i o n  and bypass f l o w  

i s  accep tab le  f rom an o p e r a t i o n a l  s tandpoi  n t .  

I t  i s  p o s s i b l e  t h a t  exper imenta l  requ i rements  may o v e r r i d e  any 

o p e r a t i o n a l  cons ide ra t i ons .  Fo r  example, t h e  a n a l y s i s  o f  da ta  t o  de- 

te rm ine  t h e  power generated i n  t h e  t e s t  s e c t i o n  becomes l e s s  accura te  

i f  t h e  c o o l a n t  f l o w  and temperature r i s e  th rough  t h e  t e s t  s e c t i o n  

must be deduced f rom measurements on t h e  combined f l o w .  I t  may be 

necessary t o  p l ace  t he  c o o l a n t  f l o w  and temperature sensors a t  t h e  

lower  and upper ends o f  t h e  t e s t  s e c t i o n  t o  a t t a i n  t h e  r e q u i r e d  de- 

gree o f  accuracy i n  computed power genera t ion .  



Loca t i on  o f  Bypass Flow 

F igu re  1  i s  a  schematic diagram o f  a  r e e n t r a n t  c l osed  l o o p  

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

The advantages and disadvantages o f  each method w i l l  be d iscussed.  

a. Around t h e  T e s t  Sec t i on  

From mechanical des ign  cons ide ra t i ons ,  the  s i m p l e s t  ar range-  

ment i s  t o  a l l o w  f o r  bypass f l o w  up through an annu la r  r e g i o n  

sur round ing  t h e  t e s t  s e c t i o n  because i t  i s  then unnecessary t o  

make a  connec t ion  through t h e  double-wal led tube sepa ra t i ng  t h e  

i n l e t  and o u t l e t  f l o w  streams. The bypass and t e s t  s e c t i o n  f l ows  

a re  mixed a t  t h e  t o p  end o f  t h e  t e s t  s e c t i o n  and t h e r e f o r e  o n l y  

t h e  t e s t  s e c t i o n  i t s e l f  has t o  be designed f o r  h igh- temperature 

ope ra t i on .  The disadvantages o f  t h i s  method a re :  

. The annu la r  bypass f l o w  r e g i o n  may reduce t h e  a v a i l a b l e  

t e s t  s e c t i o n  space. However, t h e  d i f f e r e n c e  i n  c ross - sec t i ona l  

areas between a  hexagonal t e s t  s e c t i o n  and t h e  c i r c u l a r  i n n e r  

f l o w  tube  may be s u f f i c i e n t  f o r  t h e  r e q u i r e d  amount o f  bypass 

f l ow .  

. Th i s  method g i ves  t h e  maximum i nc rease  i n  temperature o f  t h e  

bypass f l o w .  The bypass f l o w  i s  heated by t h e  o u t l e t  stream 

between t h e  i n l e t  nozz l e  and t h e  t e s t  s e c t i o n  and, a l so ,  as 

i t  f l ows  up t h e  s ides  o f  t h e  t e s t  s e c t i o n .  Th i s  i nc rease  i n  

temperature r e q u i r e s  more b y ~ a s s  f l o w  f o r  t h e  same t e s t  s e c t i o n  

c o o l a n t  o u t l e t  temperature.  

. Th i s  method g i v e s  t h e  maximum pressure  drop s i nce  t h e  t o t a l  

f l o w  must t r a v e r s e  t h e  e n t i r e  l e n g t h  o f  t e s t  l oop .  

The annu la r  bypass f l o w  arrangement does n o t  e lm ina te  t h e  poss i -  

b i l  i t y  o f  i n s t r umen t i ng  f o r  t e s t  s e c t i o n  c o o l a n t  f l o w  r a t e  and 

i n l e t  and ou t1  e t  temperatures,  a1 though t h i s  capabi 1  i ty may com- 

p l i c a t e  t h e  des ign cons iderab ly .  
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F I G U R E  1 .  S c h e m a t i c  Diagram o f  R e e n t r a n t  Closed  Loop 



b. A t  t h e  I n l e t  l i o zz l e  

From thermal  and h y d r a u l i c  cons ide ra t i ons ,  t h e  most e f f i c i e n t  

bypass f l o w  arrangement i s  a t  t h e  i n l e t  nozz le .  Less bypass f l o w  

i s  r e q u i r e d  because o f  t h e  c o o l e r  temperature and t h e  p ressure  

drop w i  11 be cons ide rab l y  1  ower compared t o  t h e  annul a r  arrange- 

ment. The disadvantages o f  t h i s  method a re :  

. Th i s  method may add t o  t h e  a l r eady  d i f f i c u l t  problem o f  des ign-  

i n g  t h e  i n l e t  and o u t l e t  nozz l e  r eg ion .  

. The e n t i r e  l e n g t h  above t h e  t e s t  s e c t i o n  which i s  i n  c o n t a c t  

w i t h  t h e  t e s t  s e c t i o n  o u t l e t  stream must be desianed f o r  

h igh- tempera tu re  one ra t i on .  

c. A t  t h e  Top End o f  t h e  Tes t  Sec t i on  

An i n t e r m e d i a t e  case i s  t o  i n t r o d u c e  t h e  bypass f l o w  immedi- 

a t e l y  above t h e  t e s t  s e c t i o n .  The a v a i l a b l e  t e s t  s e c t i o n  space 

i s  inc reased  and o n l y  t h e  t e s t  s e c t i o n  i t s e l f  has t o  be designed 

f o r  h i g h - t e m ~ e r a t u r e  ope ra t i on ,  It may be l e s s  d i f f i c u l t  t o  

e f f e c t  an opening i n  t h e  doub le -wa l led  i n n e r  f l o w  tube a t  t h i s  

l o c a t i o n  than  a t  t h e  i n l e t  nozz le .  

2. E f f e c t  o f  Bypass Flow on De tec t i on  o f  Acc iden ts  

a. Power Excurs ions 

I t  has been shown t h a t  t h e  i nc rease  i n  c o o l a n t  temperature 

due t o  a l a r g e  power excu rs i on  i s  i n s u f f i c i e n t  f o r  d e t e c t i o n  o f  

t h i s  acc i den t  i n  t ime  t o  avo id  f a i l u r e  o f  t h e  d r i v e r  f u e l .  Nu- 

c l e a r  r a d i a t i o n  i n s t r u m e n t a t i o n  must be r e 1  i e d  upon t o  i n i t i a t e  

scram i n  s u f f i c i e n t  t ime  t o  avo id  damage t o  t h e  r e a c t o r .  

b.  Loop F l  ovr Coastdown 

Several  methods e x t e r n a l  t o  t h e  t e s t  l o o p  can be used t o  

d e t e c t  a  f l o w  coastdown due t o  l o s s  o f  power o r  pump f a i l u r e  (ex-  

tended i n t e r r u p t i o n  o f  BPA* power pump speed, and pump d ischarge  

p ressure )  independent l y  o f  i n s t r u m e n t a t i o n  w i t h i n  t h e  loop .  I n  

t h e  case of coastdown, i t  has been shown t h a t  c o o l a n t  f l o w  and 

* Bonnevi 1  1  e  Power Admi n i  s  t r a t i  on 



teniperature sensors i n  t h e  d r i v e r  f u e l  subassembly can be used 

t o  i n i t i a t e  scram i n  s u f f i c i e n t  t ime  t o  avo id  b o i l i n g  even f o r  

ve r y  conse rva t i ve  i n s t r u m e n t a t i o n  t r i p  s e t t i n g s .  There fo re ,  t h e  

exac t  placement o f  such i n s t r u m e n t a t i o n  i n  t h e  t e s t  l o o p  i s  n o t  

c r u c i a l  r ega rd i ng  t h e  a b i l i t y  t o  handle a  l o o p  f l o w  coastdown. 

c. Flow Reduct ion Due t o  Flow Blockage 

The e f f e c t  o f  b lockages which r e s u l t s  i n  a  r e d u c t i o n  o f  f l o w  

t o  t h e  e n t i r e  t e s t  s e c t i o n  may be more severe f o r  a  t e s t  l o o p  

than f o r  a  d r i v e r  f u e l  assembly because t h e  c o o l a n t  temperatures 

d u r i n g  normal ope ra t i on  may be s u b s t a n t i a l l y  c l o s e r  t o  t h e  b o i l -  

i n g  p o i n t  o f  sodium. 

F i gu re  2  shows t h e  e f f e c t  o f  f l o w  blockage f o r  one p o s s i b l e  

ope ra t i ng  c o n d i t i o n .  For  t h e  t e s t  s e c t i o n  o u t l e t  temperature o f  

1400°F and t h e  bypass f l o w  temperature o f  1000°F, t h e  bypass 

f l o w  must be equal  t o  t h e  t e s t  s e c t i o n  f l o w  i n  o rde r  t o  moderate 

t h e  c o o l a n t  temperature t o  1200°F. A f l o w  r e d u c t i o n  o f  o n l y  36 

percen t  i s  r e q u i r e d  t o  inc rease  t h e  c o o l a n t  temperature a t  t h e  

t e s t  s e c t i o n  o u t l e t  t o  t h e  normal b o i l i n g  p o i n t  o f  sodium (approx i -  

ma te l y  1620°F) compared t o  t h e  63 pe rcen t  f o r  a  d r i v e r  f u e l  as- 

sembly p r e v i o u s l y  r epo r t ed .  ( 1  

The temperature o f  t h e  combined t e s t  s e c t i o n  and bypass f l o w  

i s  n o t  ve ry  s e n s i t i v e  t o  t h e  f l o w  blockages. Fo r  example, a  50 

percen t  blockage r e s u l t s  i n  a  4G0°F i nc rease  i n  t h e  t e s t  s e c t i o n  

ou t1  e t  temperature,  'atliereas t h e  temperature o f  t h e  combi neci f l o w  

r i s e s  by n o t  more than C7"F. The a c t u a l  temperature will be 

somewhat lower  than t h e  curve  f o r  cons tan t  bypass f l o w  because 

p a r t  o f  t h e  f l o w  which would no rma l l y  f l o w  through t h e  t e s t  sec- 

t i o n  w i l l  be d i v e r t e d  th rough  t h e  bypass reg ion .  

The coo lan t  temperature response t o  a  63 pe rcen t  f l o w  b l ock -  

age i s  shown i n  F i gu re  3. The t r a n s p o r t  t ime  o f  a lmost  1.5 sec- 

onds f rom t h e  t e s t  s e c t i o n  t o  t h e  o u t l e t  nozz l e  was c a l c u l a t e d  



FIGURE 2 .  E f f e c t  o f  T e s t  S e c t i o n  Flow B l o c k a g e  
o n  C o o l a n t  T e m p e r a t u r e s  
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assuming the maximum design flow ra te  before the blockage. How- 

ever, the transport time could be higher by almost an order of 
magni tude. 

The most sensit ive method of detecting large blockages in 

order t o  prevent coolant boiling i s  by direct  measurement of the 

flow through the t e s t  section because the combined t e s t  section 

and bypass flow i s  much less sensit ive to  t e s t  section blockages. 

For example, a 50 percent flow blockage in the t e s t  section re- 

su l t s  in a reduction in the total  flow ra te  of n o t  more than 25 

percent. Less severe blockages fo r  which there i s  no time require 

ment for in i t ia t ing  scram to avoid boi 1 ing can be detected by 

coolant temperature measurement. However, the t e s t  section out- 

l e t  temperature provides a much more sensit ive indication than 

the temperature of the combined t e s t  section and bypass flow. 

Instrumentation arising from experimental requirements may be 

able t o  provide the most sensit ive indication of decreased flow 

rates in the t e s t  section. For example, fuel pin surface tempera- 

ture measurements would give a fas te r  response t o  the flow block- 

age than temperature sensors 1 ocated outside the t e s t  section. 

Therefore, coolant flow and temperature measurement on the 
conibined t e s t  section and bypass flow would n o t  be very sensit ive 

in detecting blockages which resu l t  in reduction of flow through 
the t e s t  section. 

d .  Local Blockages within the Test Section 

Analyses of local blockages of one and s ix adjacent coolant 
subchannels b o t h  a t  the i n l e t  and the mid-core of a driver fuel 

subassembly show that  the increase in local coolant temperature 

a t  the end of the pi n bundle i s  re la t i  vely small, especial ly i f  

good turbulent mi x i  ng exis ts  , (4) Of course, for  poor turbulent 

mixing, a coolant temperature sensor heated a t  the end of the pin 

bundle would not be able t o  detect a temperature increase unless 



i t  was l o c a t e d  d i r e c t l y  above t h e  b locked subchannel. The combi- 

n a t i o n  o f  t e s t  s e c t i o n  and bypass f l o w  would make d e t e c t i o n  o f  

such blockages by c o o l a n t  temperature measurement p r a c t i c a l l y  

inipossi b l  e.  

e. C ladd ing  F a i l u r e  

The maximum a c t i v i t y  o f  f i s s i o n  p roduc ts  expected t o  be r e -  

leased i n t o  t h e  c o o l a n t  due t o  f a i l u r e  o f  a  s i n g l e  d r i v e r  f u e l  

p i  n  has been p r e v i o u s l y  d e t e m i  ned. ) The e f f e c t  o f  bypass f l o w  

on t h e  a b i l i t y  t o  d e t e c t  c l add ing  f a i l u r e  i s  t o  d i l u t e  t h e  concen- 

t r a t i o n  o f  t he  f i s s i o n  p roduc ts  and thus reduce t h e  e f f e c t i v e  

sensi  t i  v i  ty o f  t h e  sensor. The r e d u c t i o n  i n  sens i  t i  v i  ty i s r e -  

l a t e d  t o  t h e  bypass f l o w  f r a c t i o n .  Th i s  r e l a t i o n s h i p  has n o t  

been e s t a b l i s h e d  w i t h  c e r t a i n t y  a t  t h i s  t ime .  For  s imp le  d i l u -  

t i o n ,  t h e  s e n s i t i v i t y  l o s s  may be expected t o  be i n  p r o p o r t i o n  

t o  t h e  bypass f r a c t i o n .  

3.  Review O f  Requirements Fo r  Prospec t i ve  Users 

Several  p rospec t i ve  users  o f  t h e  FFTF have submi t ted  d e s c r i p t i o n s  

o f  proposed exper iments and t e s t  f a c i  1  i ty  r e q u i  rements f o r  f u e l  s  , 
ma te r i  a1 s  and i nst run ien ta t ion  development t h a t  w i  11 p r o v i d e  much 

needed i n f o rn~a t l ' on  f o r  t h e  des ign  and o p e r a t i o n  o f  l i q u i d  meta l  coo led 

f a s t  r e a c t o r s .  The exper iments were rev iewed t o  determine t h e  i n s t r u -  

men ta t i on  f a c i l i t i e s  t h a t  should  be p rov i ded  t o  f u l f i l l  t h e  ins t rumen-  

t a t i o n  requiremeri ts as expressed by t h e  exper imenter .  O f  course, n o t  

a1 1 exper imenters  des i  r e  t h e  same degree o f  i ns t r u m e n t a t i  on f o r  s im i  - 
l a r  t e s t s ,  and some exper iments demand t he  use o f  a  c e r t a i n  t ype  o f  

t e s t  environment such as a  c l osed  loop.  The f o l l o w i n g  i s  a  sumniary 

o f  t h e  t e s t  f a c i l i t y  i n s t r umen t  c a p a b i l i t y  needed t o  meet t h e  needs 

o f  t h e  many and v a r i e d  exper in ients as i d e n t i f i e d  i n  t h i s  survey.  

Table  111 i s  a  summary o f  t h e  i n s t r u m e n t a t i o n  r e q u i r e d  by t h e  

f u e l s  and m a t e r i a l s  t e s t e r s .  



REQUIREMENTS FOR PROSPECTIVE USERS 

Percent Of 
Percent Of Materi a1 s 
Fuel Tests Test 

70 Not 
Appl i cabl e 

7 5 100 

5 0 7 5 

40 r40t 
Appl i cabl e 

50-90 50-90 

Not 60 
Appl icable 

Not 50- 100 
Appl i cabl e 

Not All s t ress -  
Applicable s t ra in  t e s t s  

Sma 1 1 Sn~a 1 1 

Instrumentation 

Temperature of clad (+ 10°F). (May in- 
cl ude several p l  aces x1 ong specimen. ) 

Temperature of channel (or position) 
+ 10°F. (Usually out let  temperature; - 
may include i n l e t .  

Fission gas pressure. 

F l u x  a t  position (+ - 10%). 

In-experiment dosimetry. 

Coolant radiation level (fission 
products). 

Cool ant purity control ; general ly re- 
qui red to  know what i t i s  . Some ( 1  0-20 
percent) t e s t s  requi re purity control. 

Pressure means of applying s t r e s s .  

Temperature control of specimens. 

Strai n-measuri ng devices. This measure- 
ment i s  imp1 ied in a1 1 materials tens i le  
and s t ress  rupture t e s t s .  

Flow. Often implied; usually want t o  
know what i t  i s  (+ - 3 fps ) .  

Vibration 



Faci  1  i t y  Ins t rument  Requi rements 

a. Ex te rna l  Readout 

Most, i f  n o t  a l l ,  t e s t s  r e q u i r e  t h a t  one o r  more v a r i a b l e s  

be mon i to red  con t i nuous l y  t o  p r o v i d e  i n d i c a t i o n  o f  i n c i  p i e n t  

f a i l u r e ,  t o  a l l o w  t h e  sepa ra t i on  o f  cause and e f f e c t ,  and t o  

a l l o w  t h e  c o r r e l a t i o n  o f  t e s t  specimen response w i t h  r e a c t o r  

ope ra t i ng  condi  ti ons . The a lmost  un i  versa1 i ns t r umen t  r e q u i r e -  

ment i s  f o r  readou t  o f  f u e l  p i n  temperature and/or m a t e r i a l s  t e s t  

specimen temperature.  The impo r tan t  c o n s i d e r a t i o n  f o r  t h e  f a c i l -  

i t y  ope ra to r  i s  t h a t  access t o  and f rom the  core  t e s t  p o s i t i o n s  

should  be p rov i ded  f o r  i n s t r u m e n t a t i o n  leads  and t u b i n g .  Tubing 

i s  r equ i  r e d  f o r  pneumatic s i g n a l s  and/or sod i  um sampl i ng . 
The c a p a b i l i t y  t o  con t i nue  t h e  moni t o r i n q  o f  a  specimen dur -  

i n g  i t s  removal f rom t h e  co re  and s to rage  b e f o r e  examinat ion 

should  be p rov ided .  Th i s  i n f o r m a t i o n  i s  impo r tan t  because t h e  

exper imenter  needs t o  know t h e  maximum temperature o r  o t h e r  t e s t  

v a r i a b l e  t o  which h i s  t e s t  specimen was sub jec ted .  

The t e s t  f a c i  l i ty shou I d  p rov i de  t h e  i nstrunient readou t  capa- 

b i l i t y  o f  a t  l e a s t  20 separa te  leads a t  each co re  t e s t  p o s i t i o n  

as we1 1  as one pneumatic l i n e ,  one sodium sampl ing l i n e ,  and one 

t r a v e r s i n g  sensor t h imb le .  

b. Process Con t ro l  

A l l  t h e  t e s t  da ta  r e q u i r e d  by t h e  exper imenters  cannot be ob- 

t a i n e d  by i ns t r umen t i ng  t e s t  specimens. The r e a c t o r  o p e r a t i n g  

c o n d i t i o n s  must be known by t he  exper imenter  and, i n  some cases, 

c o n t r o l  o f  a  process system i s  r e q u i r e d  t o  o b t a i n  t h e  d e s i r e d  

t e s t  data.  Some t y p i c a l  process v a r i a b l e s  t h a t  must be known by 

t h e  t e s t e r  a r e  c o o l a n t  f l o w  and temperature,  neu t ron  f l u x ,  c o o l -  

a n t  p u r i t y  and r e a c t o r  o p e r a t i n g  h i s t o r y .  Even though these par -  

ameters may n o t  be v a r i e d  f o r  a  p a r t i c u l a r  exper iment,  t he  e x p e r i -  

menter needs t o  know what t hey  are.  Coolant  p u r i t y  can be co r -  

r e 1  a ted  w i t h  t e s t  specimen co r ros i on .  



The FTR operator wi 11 direct  and perforni a1 1 closed-loop opera- 

t ion, maintaining, of course, a close l iaison with the experimenter 

in order to  expedite his programs. Each closed loop should have 

i t s  own instrumentation and control equipment to  allow greater vari- 

ation and control of the t e s t  specimen environment than can be ob- 

tained in the other reactor t e s t  positions. Higher temperatures 

are more easily obtained and control led in a closed loop. 

Some materials tes t s  require that  the t e s t  specimen be main- 

tained a t  a specif ic  temperature within a variation of 10°F. This 

t e s t  i s  used to  determine the mechanical characteristics (such as 

creep, s t r a i n ,  e t c .  ) of reactor materials in a f a s t  flux environ- 

ment. The temperature of the specimen must be controlled closely 

for  good t e s t  resul ts .  

c .  Data Acauisition 

Large amounts of exnerimental data will be generated for  even 

a small t e s t  because the cost of reactor time will tend to promote 

extensive instrumentation to  obtain the maximum amount of infornia- 

tion from each t e s t .  In addition to the direct  t e s t  data,  the 

experimenter needs to  know the reactor operating conciitions so 

that  he can correlate the specimen t e s t  data and the specimen 

environments. The reactor operating conditions, as we1 1 as reac- 

tor  operatina history,  should be available to a number of differ-  
ent groups of people. A n  extensive automatic data processing 
system will be required to  co l lec t ,  process and record th i s  large 

amount of t e s t  data for  a number of experimenters. 

d. Building Space for  Instrumentation and Control 

The largest  space requirements are for  the placement of the 

instrumentation and controls for  the closed loops. Each closed 

loop should have the capability of having i t s  controls and instru- 

ment readout device separated in i t s  own cubicle. 



The i n s t r u m e n t  r a c k s  s h o u l d  be des igned w i t h  a  v iew t o  t h e  

f u t u r e  development o f  new and improved i n s t r u m e n t s .  S u f f i c i e n t  

space s h o u l d  be p r o v i d e d  t o  f a c i l i t a t e  t h e  a d d i t i o n  o f  improved 

i n s t r u m e n t a t i o n  as i t  becomes ava i  1  a b l e .  

e. I n s t r u m e n t  Clean Rooms 

A  c l e a n  room s h o u l d  be p r o v i d e d  where thermocouples and o t h e r  

i n s t r u m e n t s  can be a t t a c h e d  t o  t e s t  specimens i n  a  con taminan t -  

f r e e  env i ronment .  R e i n s t r u m e n t a t i o n  o f  some specimens whose i n -  

s t rumen ts  have f a i l e d  may have t o  be done. T h i s  t y p e  of  f a c i l i t y  

w i l l  e x p e d i t e  t h e  c o m p l e t i o n  o f  some t e s t s .  

F u n c t i o n a l  T e s t s  

The m a j o r i t y  o f  t h e  exper iments  proposed b y  users  o f  t h e  FFTF 

f a l l  i n t o  one o f  t h r e e  genera l  g roups:  f u e l  t e s t s ,  m a t e r i a l s  t e s t s ,  

o r  i n s t r u m e n t  development.  The f o l l o w i n g  i s  i n t e n d e d  t o  p o i n t  out. 

t h e  need f o r  i n s t r u m e n t a t i o n  on t h e s e  t e s t s .  

a. F u e l s  T e s t s  

A t  p r e s e n t  t h e r e  i s  n o t  enough i n f o r m a t i o n  a v a i l a b l e  t o  s e l e c t  

a " b e s t "  t y p e  f a s t  r e a c t o r  f u e l .  P o s s i b l e  cand ida tes  a r e  o x i d e s ,  

ca rb ides ,  and m e t a l l i c  f u e l s .  A  g r e a t  dea l  o f  exper imen ta l  work 

needs t o  be done t o  de te rm ine  such f u e l  p r o p e r t i e s  as burnup,  

d imens iona l  s t a b i l i t y ,  power, o p e r a t i n g  temperatures ,  l i f e t i m e  

and c o r r o s i o n .  A w e l l - i n s t r u m e n t e d  f u e l  subassembly can s h o r t e n  

t e s t i n g  t i m e  and p r o v i d e  c o n s i d e r a b l y  more d a t a  than  j u s t  a p o s t -  

i r r a d i a t i o n  i n s p e c t i o n .  I n s t r u m e n t a t i o n  t h a t  w i l l  g i v e  a  c o n t i  nu.  

ous r e a d o u t  o f  f u e l  p i n  temperatures  a t  s e v e r a l  p l a c e s  on t h e  p i n  

and f u e l  p i n  p r e s s u r e  a r e  t h e  most  i m p o r t a n t  measurements, Temp- 

e r a t u r e  measurement i s  a lmos t  u n i v e r s a l l y  reques ted  f o r  b o t h  f u e l s  

and m a t e r i a l s  t e s t i n g .  A means o f  d e t e c t i n g  f u e l  e lement  f a i l u r e  

wou ld  be a  d e f i n i t e  b e n e f i t .  I n  a d d i t i o n  t o  specimen ins t rumen-  

t a t i o n ,  p rocess  i n s t r u m e n t a t i o n  p r o v i d e  i m p o r t a n t  t e s t  d a t a .  The 

more i m p o r t a n t  p rocess measurements a r e  c o o l a n t  f l o w  and tempera- 

t u r e ,  f l  ux and c o o l  a n t  p u r i  t y  . 



b .  Materials Tests 

The environment for  structural materials in a f a s t  reactor i s  

very severe because of the temperature and flux. There i s  a need 

to  measure the mechanical progerties of structural materials speci- 

mens in the core of the reactor. To do th is  requires control of 

the t e s t  specimen temperature within 5°F and a t  the same time the 

specimen must be stressed a knom amount and the resulting s t r a i n ,  

creep and other mechanical properties measured. In addi t ion,  

flux level a t  the t e s t  position and total  experiment dosimetry 
should be known by the experimenter. 

Control materials for  f a s t  reactors also need to be tested in 

a f a s t  reactor environment and similar materials instrumentation 

\.~i 11 be requi red. 

c .  Instrument Development 
A great need exists for  the development of instrumentation 

for f a s t  reactors because data from t !~emal  reactors have n o t  
been shovm to be applicable t o  f a s t  flux conditions and the 

measurement o f  process variables such as temperature have n o t  
been attempted t o  date i n  a significantly intense f a s t  flux en- 

vironment. Im~roved and ne$! instruments are needed to achieve 

longer operating cycles, operation nearer maxivum 1 imi t s  , and  

observation and correction of undesirable reactor conditions, 

Tile follovrinc; i s  a l i s t  of possible areas for  instrument de- 
velo~ment: 

. Temperature measurement 

. Flow measurement 

. Fuel fai  1 ure instrumentation 

Pressure measurercent 

. Vibration 

. Stress-strain monitoring 

. In-core flux monitoring 

. Radiation detection. 



Emphasis should be g i ven  those ins t ruments  which p rov ide  g rea t -  

e s t  inc rease  i n  r e a c t o r  power and e f f i c i e n c y .  

The i n- reac to r  space requ i  red  f o r  ins t rument  development 

w i  11 i n c l  ude c losed  1  oops, open t e s t  p o s i t i o n s  , pr imary  sodi  urn 

and sho r t - t e rm  i r r a d i a t i o n  f a c i l i t i e s  because o f  the  wide v a r i e t y  

o f  i r r a d i a t i o n  r e q u i r e d  t o  t e s t  d i f f e r e n t  ins t ruments .  A means 

must be p rov ided  t o  a1 low a  l a r g e  number o f  e l e c t r i c a l  leads t o  

be brought  o u t  f rom t h e  core t o  t h e  ex te rna l  readout  equipment. 

Some t e s t s  w i l l  r e q u i r e  samples o f  p r imary  sodium and so a  samp- 

l i n g  system should be p rov ided  as w e l l  as t u b i n g  f o r  pneumatic 

1  i nes t o  va r i ous  i n-core pos i  t i  ons . 



I V .  SAFETY CRITERIA 

A we1 1-determined s e t  o f  i n s t r umen ta t i on  w i  11 be requ i  r ed  w i  t h  

open and c losed- loop  t e s t s  i n  o rde r  t o  achieve t h e  genera l  s a f e t y  

o b j e c t i v e s  o f  t h e  Fas t  Tes t  Reactor.  It i s  p o s s i b l e  t h a t  f o r  some 

a p p l i c a t i o n s  t h i s  p a r t i c u l a r  i n s t r u m e n t a t i o n  s e t  may a l s o  be used t o  

serve t h e  needs o f  t e s t  sponsors; e.g., w i t h  r espec t  t o  measuring 

i r r a d i a t i o n  c o n d i t i o n s  d u r i n g  a  t e s t  o r  t h e  e f f e c t s  o f  these condi - 
t i o n s  upon a  t e s t  specitnen. More 1  i k e l y ,  however, i n s t r umen ta t i on  

hav ing p r i m a r i l y  a  s a f e t y  f u n c t i o n  w i  11 no t  e n t i r e l y  meet t h e  t e s t i n g  

needs o f  any sponsor. I ns t r umen ta t i on  p rov ided  f o r  open t e s t  p o s i t i o n s  

and f o r  c losed- loop  systems i n  o rde r  t o  meet s a f e t y  o b j e c t i v e s  can be 

organized i n t o  t h e  f o l  l ow ing  f o u r  ca tego r i es :  

Category I : Ins t r umen ta t i on  f o r  s a f e t y  o b j e c t i v e s  common t o  r e a c t o r  

c o n t r o l ,  t h e  d r i v e r  f u e l ,  o r  t h e  c o n t r o l  rods .  Examples 

a re  as f o l  1  ows: 

F l ux  m o n i t o r i n g ,  

I n l e t  and o u t l e t  temperature mon i t o r i ng .  

Flow m o n i t o r i n g  o f  i n d i v i d u a l  f u e l  channels. 

L i m i t i n g  r a t e  o f  mot ion,  p o s i t i o n  mon i to r ing ,  and f a i l - s a f e  

movement o f  a x i  a1 pos i  t i  oners used w i  t h  t e s t  specimens. 

9oni  t o r i  ng and c o n t r o l  1  i ng coo l  a n t  impur i  t i e s  o f  c l  osed-loop 

c i  r c u i  t s  . 
l ns  t rumenta t ion  and c o n t r o l  o f  each c losed- loop  system. 

Re1 I sbi  1 i ty and redundancy o f  sensing i nst rumenta t ion  connected 

i n t o  t he  r e a c t o r  s a f e t y  system. 

F a i l e d  f u e l  element d e t e c t i o n  and l o c a t i o n .  

Category 11: I ns t r umen ta t i on  f o r  s a f e t y  o b j e c t i v e s  common t o  bo th  

open and c losed- loop t e s t s .  Two examples a re  as f o l l o w s :  

Flow and temperature nieasurements i n  bypass streams around t e s t  

specimens. 

Pressure drop, i n l e t  and o u t l e t  temperatures,  and f l o w  through 

t e s t  specimens 



Category I I I : Ins t r un len ta t i on  f o r  s a f e t y  o b j e c t i v e s  un ique t o  open 

t e s t  p o s i t i o n s .  

For example, t h e  temperature c o n t r o l  o f  e l e c t r i c  hea te rs  used 

t o  " t r i m "  i n l e t  c o n d i t i o n s  o r  t o  a d j u s t  " o u t l e t  c o n d i t i o n s "  o f  t e s t  

specimens t o  w i t h i n  50°F o f  ad j acen t  d r i v e r  f u e l  o u t l e t  temperatures.  

Category I V :  I n s t r umen ta t i on  f o r  s a f e t y  o b j e c t i v e s  un ique t o  c losed-  

l oop  t e s t s .  Three examples a r e  as f o l l o w s :  

Leakage m o n i t o r i n g  between c losed- loop  c o o l a n t  and r e a c t o r  

c o o l a n t  f o r  t h e  i n - r e a c t o r  s e c t i o n  o f  t h e  c l osed  loop.  

Temperature sens ing i n s i d e  and around t h e  mo l t en  f u e l  con ta i ne r ,  

e s p e c i a l l y  i f  a  t e s t  specimen has s u f f e r e d  meltdown. 

Boi 1  i n g  d e t e c t i o n .  

The remainder o f  t h i s  chap te r  d iscusses some o f  t h e  c r i t e r i a  

and t h e i r  bases t h a t  have been d r a f t e d  thus  f a r  i n  o rde r  t o  meet t h e  

broad goal  o f  s a f e  r e a c t o r  des ign and t h e  genera l  des ign  s a f e t y  c r i -  

t e r i a . " )  The d r a f t i n g  o f  s a f e t y  c r i t e r i a  w i l l  c on t i nue  because each 

i n - r e a c t o r  exper iment  and perhaps even each t e s t  specimen may p resen t  

i t s  own un ique s a f e t y  problems. Such c r i t e r i a  w i l l  a l s o  i d e n t i f y  t h e  

c a n d i t i o n s  which l i m i t  o r  j u s t i f y  i n  s p e c i f i c  i n s tances  t h e  use o f  a  

s i n g l e  i ns t r umen t  f o r  niul t i p l e  f u n c t i o n s .  What i s  needed i n  t h i s  r e -  

g a r d ,  then, i s  an exper imenta l  des ign manual f o r  t h e  use o f  exper iment  

sponsors such as those pub l i shed  f o r  t h e  MTR-ETR-ATR f a c i  li t i e s ( 5 )  and 

f o r  t h e  P l  um Brook Reactor Fac i  1  i t y .  ( 6 )  

The s a f e t y  c r i t e r i a  t h a t  a re  presented h e r e i n  a r e  d r a f t e d  i n  

f a i r l y  genera l  terms, t h e r e f o r e ,  i n  o r d e r  t o  de l  i neate genera l  problems 

common t o  most t e s t s  t h a t  a re  cons idered f o r  t h e  FFTF, Indeed, t h e  

c r i t e r i a  may n o t  ment ion i n s t r u m e n t a t i o n  a t  a l l  bu t ,  obv ious ly ,  t h e  

c r i t e r i a  cannot be s a t i s f i e d  un less t h e  imp1 i ed i n s t r u m e n t a t i o n  and 

c o n t r o l s  a re  p rov i ded  w i t h  t h e  s e n s i t i v i t y ,  response, and s t a b i  1  i t y  

r e q u i r e d  f o r  each t e s t .  The c r i t e r i a  and bases w i l l  be presented 

i n  t h e  o r g a n i z a t i o n  o f  t h e  above ca tego r i es .  



A.  Category I 

C r i t e r i a  and d iscuss ions  o f  i ns t rumen ta t i on  f o r  t h e  r e a c t o r ,  

d r i v e r  f u e l  , and c o n t r o l  rods t h a t  a re  immediate ly  appl i cab le  t o  open 

and c losed  loops have been g iven  i n  a  number o f  p u b l i c a t i o n s .  (1 ) ( 7 )  

What f o l l o w s  a r e  p a r t i c u l a r  f ea tu res  o f  open t e s t  p o s i t i o n  and 

c losed- loop t e s t  i ns t rumen ta t i on  t h a t  have s a f e t y  i m p l i c a t i o n s ,  b u t  

t h a t  a re  s t i l l  ma in l y  Category I type  o f  i ns t rumen ta t i on .  

1. F l  ux M o n i t o r i n g  

The connector f o r  each open t e s t  p o s i t i o n  and c losed  loop  w i l l  

p rov ide  f o r  one t r a v e r s i n g  sensor th imb le .  Such th imb les  are,  

concep tua l l y ,  t h i n - w a l l  tubes, about t h e  d iameter  o f  f u e l  p ins ,  

b u t  ex tend ing  w i t h o u t  i n t e r r u p t i o n  from t h e  bottom o f  t he  r e a c t o r  

co re  t o  ou t s i de  t h e  r e a c t o r  vesse l .  A f a i l u r e  o f  such a  t h imb le  

by c rack ing  o r  f r a c t u r e  poses t h e  p o s s i b i l i t i e s  o f :  ( a )  i n t r o d u c -  

i n g  ou t s i de  contaminants i n t o  t he  r e a c t o r  coo lan t ,  o r  ( b )  p rov i  d- 

i ng means f o r  l eaki  ng r a d i o a c t i v e  r e a c t o r  coo l  an t .  I ns t rumen ta t i on  

should be p rov ided  t o  d e t e c t  these f a i l u r e s .  

2. Temperature and Flow Mon i t o r i ng  o f  I n d i v i d u a l  Tests  

The c r i t e r i a  f o r  temperature and f l o w  mon i t o r i ng  o f  d r i v e r  

f u e l  assemblies and o f  c o n t r o l  rods  would be a p p l i e d  unchanged t o  

open t e s t  p o s i t i o n  and c losed- loop specimens except  f o r  t h e  pro-  

v i s i o n s  t o  a l l o w  bypass f l o w  around t e s t  specimens. The e f f e c t s  

o f  bypass f l o w  a re  cons idered i n  Category 11. Ma in ly ,  i t  i s  t h e  

temperature and f l o w  sensing i ns t rumen ta t i on  o f  i n d i v i d u a l  t e s t  

specimens which w i l l  be connected i n t o  t h e  r e a c t o r  s a f e t y  system 

f o r  automat ic  power setback o r  r e a c t o r  scram. Thus, t h i s  i n s t r u -  

menta t ion  must be p rov ided  w i t h  t h e  redundancy r e q u i r e d  t o :  ( a )  

p rov ide  two o u t  o f  t h r e e  l o g i c  f o r  t h e  r e a c t o r  s a f e t y  system, 

(b )  p rov ide  l ogg ing  f o r  environmental  condi t i o n s ,  and ( c )  p rov ide  

separate i n p u t  t o  p o s s i b l e  c o n t r o l  c i r c u i t s  f o r  c o n t r o l l i n g  open 

t e s t  pos i ti on o r  c l  osed-1 oop condi ti ons . 



3. Axi a1 Posi  t i o n e r s  

The a x i a l  p o s i t i o n e r s  f o r  t e s t  specimens are,  concep tua l l y ,  

ve ry  s i m i l a r  t o  t h e  c o n t r o l  r o d  pos i  t i o n e r s .  Thus, the  r e s t r i c -  

t i o n s  on wor th ,  r a t e  o f  mot ion,  p o s i t i o n  mon i t o r i ng ,  and movement 

upon f a i l u r e  o f  pos i  t i o n e r  a r e  t he  same as f o r  c o n t r o l  rods.  (8) 

4. Closed Loops 

Each c losed  l oop  poses n e a r l y  a1 1  o f  t h e  s a f e t y  problems o f  

a  nuc lear  power r e a c t o r  because i t  can i n c l u d e  f i s s i o n a b l e  f u e l  

(usual  l y  t h e  t e s t  specimen) ; has means f o r  genera t ing  app rec iab le  

hea t  ( th rough  f i s s i o n  o f  f u e l  specimens, gamma hea t ing ,  pump op- 

e r a t i o n ,  and p o s s i b l y  e l e c t r i c a l  "p re -hea te rs " )  ; has i t s  own hea t  

d i s s i p a t i o n ,  c o o l a n t  supply,  coo lan t  p u r i f i c a t i o n ,  and i nstrumen- 

t a t i o n  systems, and because i t  has i t s  own independent c o n t r o l  

system which may be "s laved"  i n  some degree t o  t h e  r e a c t o r  c o n t r o l  

system. That  i s ,  i n  some respects ,  t h e  c losed  l o o p  i s  a  separate 

system t h a t  operates,  i n  p a r t ,  i n  t he  environment o f  a  nuc lea r  

r e a c t o r .  The s a f e t y  problems o f  a  c losed  l oop  embrace t h e  t o p i c a l  

areas o f  ( a )  i n s t a l l a t i o n ,  ( b )  i n t e g r i t y ,  ( c )  coo l i ng ,  ( d )  c o n t r o l ,  

( e )  environmental  mon i t o r i ng  , ( f )  r a d i  01 og i  c a l  sa fe t y ,  (g  ) pos t -  

ope ra t i ona l  examinat ion, and ( h )  d i sposa l .  Many o f  t h e  des ign 

s a f e t y  c r i t e r i a  f o r  c losed  loops recogn ize  t h a t  these loops can 

opera te  i n  many ways independent ly  o f  t he  r e a c t o r  and have i n s t r u -  

menta t ion  and c o n t r o l s  f o r  such opera t ion .  The f o l l o w i n g  t h r e e  

c r i t e r i a ,  a1 though n o t  f i r m  a t  t h i s  t ime,  i l l u s t r a t e  t h e  f a c t  

t h a t  c losed  loops a r e  separate systems. 

. The closed-loop system w i l l  be designed t o  operate from essen- 

t i a l l y  zero reactor power t o  f u l l  power as dictated by t e s t -  

ing requirements. The design i s  t o  incorporate abi l i t y  t o  

follow power transients  occurring during reactor startup,  

normal shutdown, and scram shutdown. 



. Electr ical  heaters w i l l  be provided on a l l  piping and equip- 

ment for containing sodium i n  order t o  raise  system tempera- 

tures above the  sodfum freezing temperature (204OFI a t  a 

ra t e  which w i l l  not  exceed thermal s t ress  l imi tat ions .  

Heaters w i l l  be zoned t o  permit melting out of frozen systems 

progressively beginning a t  open ends or free surfaces,  

. Sodium leakage detectors w i l l  be provided on piping and com- 

ponents of the  closed-loop c i r cu i t s  and where possible, these 

detectors w i l l  be designed and positioned i n  such manner t o  

give an early indicat ion of the location of the  leak. 

These examples serve t o  i l l u s t r a t e  t h a t  t h e  c losed  loops ,  because 

they  can opera te  i n  many ways independent l y  o f  t h e  r e a c t o r ,  have 

i n s t r u m e n t a t i o n  and c o n t r o l s  f o r  such one ra t i on .  Other  des ign 

s a f e t y  c r i t e r i a ,  n o t  i n c l u d e d  he re i n ,  ex tend these examples t o  

cover  a1 1  r equ i  rements o f  t h e  c l  osed-1 oop sys tem. 

Each c l osed  l oop  i n s t a l l e d  i n  t h e  FTR w i l l  be operated w h i l e  

t he  r e a c t o r  i s  shu t  down, i f  n o t  f o r  t h e  purposes o f  d i s s i p a t i n g  

decay hea t  f rom prev ious  i r r a d i a t i o n s  o f  t h e  f u e l  t e s t  specimen, 

then a t  l e a s t  f o r  t he  purposes o f  "checkout"  o r  "shakedown" i n  

o rde r  t o  d i  scover a1 1  p o s s i b l e  mechanical and i ns t r umen ta l  f a u l  t s  

so t h a t  these may be co r rec ted  and thus  assure t h a t  t he  l oop  and 

i t s  t e s t  specimen a re  ready f o r  power ope ra t i on .  Then when t he  

r e a c t o r .  i s  made c r i t i c a l  , and d u r i n g  t h e  ascension t o  f u l l  reac-  

t o r  power ope ra t i on ,  t h e  l oop  must be capable o f  o p e r a t i n g  t o  meet 

safet,y and exper imenta l  o b j e c t i v e s  w i t h  i n c r e a s i n g  q u a n t i t i e s  o f  

hea t  i n p u t  f rom i t s  f u e l  t e s t  specimen. Throughout s teady r e a c t o r  

power o p e r a t i o n  t h e  c o n t r o l  o f  t he  c l osed  loop  i s  f a i r l y  smooth 

un less  t h e  t e s t i n g  requi rements  d i c t a t e  some s o r t  o f  c y c l i c  opera- 

t i o n  through modu la t ing  c losed- loop  f l ow ,  c o o l a n t  temperature,  

specimen p o s i t i o n ,  o r  o t h e r  means which t h e  c l osed  l o o p  may be de- 

s igned t o  accompl ish.  Dur ing  normal shutdown, t h e  l o o p  must be 

capable o f  o p e r a t i n g  w i t h  decreas ing q u a n t i t i e s  o f  hea t  i n p u t  f rom 



i t s  fuel t e s t  specimen. Final ly ,  thermal s t r e s s  considerations with 

respect  to  the t e s t  specimen or the pa r t i cu la r  closed loop may dic-  

t a t e  careful flow control following a reactor  scram. Thus, closed 

loops a re  separate systems whose control i s  influenced by the mode 

of reactor  operati  on. 

5. Instrumentation Connected Into the Reactor Safety System 

As noted above, the temperatures in to  and out  of specimens 

and the flow ra tes  through specimens a r e  typical ly  measured by the 

sensors connected t o  the reactor  sa fe ty  systems. Typical examples 

of c r i t e r i a  associated L I ~  t h  such instrumentation read as fol  lows: 

. Protective instrumentation w i l l  be separate from a l l  other i n -  

strumentation including control and regulatory instrumentation. 

A l imited number o f  s ignals may be extracted from the protect ive  

instrumentation for purposes of  recording, calculating,  protec- 

t i v e  instrumentation psrfomance audi ts ,  reactor s c r m  h i s tory  

and other noncontrol/reguZation functions. Signals for actua- 

t ing  rod in ter locks  may be extracted from protective c i r c u i t  

i n s  trumentatio~z where required. A 2  l signa 2 leads originating 

i n  protective instrumentation w i l l  be buffered wi thin  the ins t ru-  

ment cabinet t o  ensure t ha t  no mishandling or misapplication of 

the signal leads w i l l  compromise the performance o f  the ins t ru-  

mantation. 

Protective instrumentation and control/regulatory instrumenta- 

t ion wil l  be separate ,  s ince  one of the objectives of the protect ive  
system i s  to  provide protection against  control/regulatory jnstrumen- 

t a t i  on ma1 functi on. Independence permi t s  designi ng the protect i  ve 

system f o r  protection and the control/regulatory systems f o r  control 

and regul a t ion.  The control/regul atory systems can be optinli zed f o r  

ease and economy of operation including the eventual use of d ig i t a l  

control .  

. Protective instrumentation w i l l  be provided wi th  the capabi l i ty  

t o  permit the performance of  t e s t i ng  and maintenance during 

reactor operation. 



A testing system will be provided for  testing the protective 

c i rcu i t s ,  including the sensor, when possible. The testing system 

will be designed for  convenient and effect ive usage a t  whatever 

frequency deemed necessary t o  assure functional operabi 1 i  ty of the 

system. 

. The control and protective system cables should not occupy the 

same conduit or raceway where both control and protection are 

af fected by the same process variable. 

. The conductors t o  sensors comprising a redundant protective 

system should not occupy the  same conduit or raceway wherever 

possible. 

Design safety c r i t e r i a  are being prepared to  extend the above 

examples in order to cover instrumentation systems in general. 

6. Failed Fuel Element Detection and Location 

The functional responsibil i  ty for  detecting a n d ,  perhaps, lo- 

cating a fuel assembly which has fai led to  the extent of leaking 

fission products (assuming that  "vented" fuel i s  n o t  being used 

in the reactor) resides in the Fuel Fai 1 ure ?Joni tori  ng System. 

The conceptual design description for  th is  system i s  being pre- 

pared b u t  the associated technology requires so much development 

that  no def ini t ive c r i t e r i a  have been drafted except for  the s ta te -  

ment that  such a system will be installed and used in the FTR, 

Conceptual ly , the Fuel Fai 1 ure Monitoring System wi 11 i  ncl ude the 

instrumentation provided for  the reactor driver fuel ,  the open 

t e s t  positions , and the closed-1 oop t e s t s .  

The requi ren~ents for  fuel fa i  1 ure detection are somewhat di f -  

ferent fo r  closed loops as compared to  driver fuel and open t e s t  

positions because the very isolation of the closed-loop cooling 

c i rcu i t s  makes relat ively easy the application of available and 

developable techno1 ogy for determining the presence of f iss ion 



products  i n  t h e  l o o p  coo lan t  if, indeed, these f i s s i o n  p roduc ts  

d e r i v e  from p i n  specimens t h a t  have f a i l e d .  The d e t e c t i o n  i n s t r u -  
menta t ion  would, o f  course, be assoc ia ted  w i t h  t h e  o u t - o f - r e a c t o r  

p o r t i o n  of t h e  c losed- loop c i r c u i t s .  However, t h e  technology o f  
"vented" f u e l  ( i f  des i r ed  by some sponsor) w i l l  be developed 

through i r r a d i a t i o n  t e s t s  i n  c losed  loops be fo re  these types o f  

f u e l  a re  operated i n  open t e s t  p o s i t i o n s  o r  as d r i v e r  f u e l .  The 
c r i t e r i a  f o r  d e s i p n a t i  ng f u e l  f a i  1  u r e  beconies s i g n i f i c a n t l y  d i f -  

f e r e n t  f o r  f u e l  p i ns  t h a t  a r e  designed t o  "ven t "  gaseous and vapo- 

rous f i s s i o n  products  as compared t o  s i m i l a r  c r i t e r i a  f o r  p i n s  t h a t  

should n o t  l e a k  such products .  Genera l l y  then, t he  f u e l  f a i l u r e  

d e t e c t i  on i nst rumenta t i  on f o r  each c losed  1  oop wi 11 depend upon 

t h e  t ype  of f u e l  t e s t  specimen and t he  o b j e c t i v e s  o f  t h e  c losed- loop 

exper iment.  Also, t h e  data de r i ved  f rom t h e  d e t e c t i o n  ins t rumenta-  

t i o n  w i l l  be logged f o r  i n f o r m a t i o n  purposes w i t h  t h e  ope ra t i ng  

procedures f o r  each p a r t i c u l a r  exper iment d i c t a t i n g  t h e  cognizance 

and a c t i o n s  t o  be taken upon d iscovery  o f  a  f u e l  f a i l u r e .  

However, the  t i m e l i n e s s  and s i g n i f i c a n c e  o f  a  f a i l u r e  s i g n a l  

and t h e  r e l i a b i l i t y  o f  t h e  assoc ia ted  d e t e c t i o n  i n s t r u m e n t a t i o n  

may be such t h a t  t h e  exper imenta l  o b j e c t i v e s  can be b e t t e r  met by 

p u t t i n g  t h i s  i ns t run len ta t i on  i n t o  t h e  r e a c t o r  c o n t r o l  o r  r e a c t o r  

s a f e t y  systems. Th i s  t o p i c  must be exp lo red  f o r  each c losed- loop  

exper iment . 
The p r imary  problem f o r  f a i l e d  f u e l  d e t e c t i o n  by "bu l k  moni- 

t o r i n g "  of t h e  p r imary  coo lan t  f rom t h e  r e a c t o r  d r i v e r  f u e l ,  r e f l e c -  

t o r  elements, and open t e s t  p o s i t i o n s  i s  t h a t  of s e n s i t i v i t y ;  t h e  

f i s s i o n  products  i n  t h e  c o o l a n t  streams f rom the  one o r  few l eaky  

p i ns  a re  d i l u t e d  by t h e  coo lan t  f rom t h e  thousands o f  u n f a i l e d  

p ins .  Also, " bu l k  mon i t o r i ng "  can o n l y  s i g n a l  t h e  occurrence o f  

one o r  more f ue l  p i n  f a i l u r e s  somewhere i n  t h e  r e a c t o r  core.  
The 

p resen t  o b j e c t i v e s  o f  t h e  f a i l u r e  d e t e c t i o n  system a r e  t o  mon i t o r  

each of the 127 o r  so ou t1  e t  streams from d r i v e r  f u e l  , r e f 1  e c t o r  



elements, and open t e s t  p o s i t i o n s  so as t o  p i n p o i n t  t h e  l o c a t i o n  

o f  t he  f u e l  p i n  f a i l u r e .  S ince an o b j e c t i v e  o f  t h e  FFTF i s  t o  

make in te rchangeab le  t h e  hardware, equipment, and p o s i t i o n s  p ro -  

v i ded  f o r  d r i v e r  f u e l  and open t e s t  p o s i t i o n s ,  i t  f o l l o w s  t h a t  

t h e  des ign  o f  open-loop t e s t  specimens must be compat ib le  w i t h  

t h e  f a i l e d  f u e l  d e t e c t i o n  system u l t i m a t e l y  p rov i ded  f o r  t h e  r e -  

a c t o r .  The types o f  d e t e c t i o n  systems contemplated f o r  t h e  reac-  

t o r  a re  c h a r a c t e r i z e d  by s low response t imes;  many seconds, even 

minutes,  a re  r e q u i r e d  b e f o r e  t h e  onse t  o f  a  f i s s i o n  p roduc t  l e a k  

o c c u r r i n g  i n  t h e  co re  i s  de tec ted  by t h e  i ns t r umen ta t i on .  The 

s i g n i f i c a n c e  o f  t h i s  i n f o r m a t i o n  i s  negated by t h e  slowness o f  

i t s  r e c e i p t  and t h e r e f o r e  no i n p u t  t o  t h e  r e a c t o r  c o n t r o l  o r  r e -  

a c t o r  s a f e t y  system i s  planned; t h e  d e t e c t i o n  i n s t r u m e n t a t i o n  w i  11 

be f o r  i n f o r m a t i o n  o n l y  and ope ra t i ng  procedures w i l l  have t o  

d i c t a t e  t h e  a p p r o p r i a t e  o p e r a t i v e  a c t i o n s  r equ i  red.  

B. Category I1  
b 

The bypass streams and e x t r a  components o f  open t e s t  p o s i t i o n s  

and c losed  loops i n t r o d u c e  s a f e t y  i m p l i c a t i o n s  t h a t  r e q u i r e  f u r t h e r  

cons ide ra t i on .  General l y  , t h e  s a f e t y  o b j e c t i v e s  o f  temperature,  f l o w ,  

and pressure sensors su r round ing  t h e  t e s t  specimens a re  t o  d e t e c t  ab- 

normal c o n d i t i o n s  i n  t ime  t o  t ake  e f f e c t i v e  a c t i o n  t o  save t he  t e s t  

specimen, o r  a t  l e a s t  avo id  t h e  economic damage o f  a  pro longed reac-  

t o r  shutdown t o  sa lvage and cleanup a f t e r  a  specimen f a i l u r e .  

Bypass streams around t e s t  specimens, however u s e f u l  they  may 

be f o r  c o n t r o l l i n g  temperatures o f  components around (e.g., duc t s )  a,nd 

downstream o f  t e s t  specimens, i n t r o d u c e  con fus ion  and l o s s  o f  s e n s i t i v -  

i ty  t o  i n s t r u m e n t a t i o n  p rov i ded  t o  moni t o r  t e s t  specimen condi  ti ons . 
Confus ion a r i s e s  when t h e  m o n i t o r i n g  i n s t r u m e n t a t i o n  can sense o n l y  

t h e  combined streams o f  f l o w  through and bypassing t h e  specimen. For  

ins tance ,  a  f lowmeter  p laced  t o  sense t he  combined f l ows  may i n d i c a t e  

a  change i n  f l o w  r a t e s  due t o  ( a )  c o n d i t i o n s  i n  t h e  specimen, ( b )  con- 

d i t i o n s  c o n t r o l  l i n g  t h e  bypass f l o w ,  ( c )  changes conimon t o  bo th  streams; 



t y p i c a l l y ,  t h e  assumption i s  made t h a t  ( a )  p reva i  1s i n  t h e  absence o f  

( c )  . Loss o f  sens i  t i  v i  ty  a r i s e s  again  when t h e  moni t o r i  ng i nstrumenta- 

t i o n  can sense o n l y  t h e  combined streams o f  f l o w  through and bypass ing 

t h e  specimen. For  ins tance ,  thermocouples p l aced  t o  sense t h e  tempera- 

t u r e  o f  t h e  combined f l ows  may n o t  i n d i c a t e  smal l  changes i n  specimen 

o u t l e t  temperature.  Thus, bypass streams g i v e  r i s e  t o  t h e  f o l l o w i n g  

c r i  t e r i  a. 

. Generally, temperature sensors i n  open t e s t  positions and closed 

loops that  are t o  monitor t e s t  specimen conditions and are t o  

actuate the reactor safe ty  system w i l l  be Zocated so as t o  sense 

only the  conditions of the t e s t  specimen. 

. The f l o m e t e r  provided for each open t e s t  posi t ion and which i s  

connected t o  the  reactor safety system w i l l  be located so as t o  

sense only the  flow through the  t e s t  specimen. 

Note t h a t  t h e  second c r i t e r i o n  i s  s p e c i f i c  t o  t h e  open t e s t  p o s i t i o n  

because t he  hazard i s  g r e a t e r  f o r  these open t e s t  p o s i t i o n s ,  than f o r  

the  c l osed  loops,  f o r  caus ing economic damage t o  t h e  r p a c t n r  i n  case 

o f  f u e l  f a i l u r e .  The corresponding c r i t e r i o n  f o r  c losed  loops  i s  

t y p i  c a l  l y  Category I. 

Instrwnentation w i  Z l  he provided for the  closed loops t o  v e r i f y  

adequate cooling flow for the  closed loop t e s t  specimen a t  a 

reactor power leve l  SeZow tha t  which could cause sodiwn vapori- 

zation i n  a plugged or part ia l ly  plugged specimen. 

Both t h e  open t e s t  p o s i t i o n s  and t h e  c losed- loop,  i n - r e a c t o r  

sec t i ons  may have e x t r a  equipment f o r  t h e  purposes o f  t h e  exper iment .  

T h i s  equipment may be a d d i t i o n a l  i n s t r umen ta t i on ,  pos i  t i o n e r s ,  f l o w  

c o n t r o l  dev ices,  hea te rs ,  e t c .  General l y ,  t h e  c r i t e r i a  g i v e n  above 

f o r  temperature and f l  owmeters shou ld  be s u f f i c i e n t .  However, i f  

p ressure  drop i n s t r u m e n t a t i o n  i s  t o  be connected t o  t h e  r e a c t o r  

s a f e t y  system, then  f u r t h e r  c o n s i d e r a t i o n  i s  r e q u i r e d  because t he  

i n s t r u m e n t a t i o n  may sense t h e  p ressure  drop across t h e  t e s t  specimen 



and a l s o  across t h e  e x t r a  equipment. Such a d d i t i o n a l  c o n s i d e r a t i o n  

as i s  r e q u i r e d  must a w a i t  f o r  b e t t e r  d e f i n i t i o n  o f  t he  e x t r a  equipment 

planned f o r  each t e s t .  

The con ip l i ca t ions  i n t r oduced  by such e x t r a  equipment may n o t  make 

immediate ly  obvious t h e  c o n d i t i o n s  sensed by p ressure  drop, tempera- 

t u re ,  and f l o w  sensors l o c a t e d  ad jacen t  t o  t h e  t e s t  specimen. 

C.  Category I1  I 

Design cons ide ra t i ons  f o r  thermal s t r e s s  and f a t i g u e  which may 

accrue due t o  t h e  p r o x i m i t y  and m ix i ng  o f  sod i  um streams o f  d i f f e r i n g  

temperature i n  t h e  o u t l e t  r e g i o n  o f  t h e  r e a c t o r  have imposed t h e  f o l -  

l ow ing  requ i  rement f o r  open-1 oop t e s t  p o s i t i o n s  : " ~ n i t i a l  open t e s t  

posit ion o u t l e t  temperature shal l  equal core bulk o u t l e t  coolant temp- 

erature wi thin  t 50 O F .  "(') T h i s  requi rement  c o u l d  n e c e s s i t a t e  f l o w  r e -  

s t r i c t i o n  th rough  a  low powered t e s t  specimen o r  cou ld  p o s s i b l y  form 

t h e  bas i s  f o r  such an a r t i f i c e  as us ing  e l e c t r i c a l  hea te rs  i n  t h e  open 

t e s t  p o s i t i o n ,  e i t h e r  below o r  above t h e  t e s t  specimen. The e l e c t r i -  

c a l  hea te rs  pose some a d d i t i o n a l  s a f e t y  cons ide ra t i ons .  

E l e c t r i c a l  hea te rs  pose two hazards t o  t h e  r e a c t o r :  ( a )  f a i l u r e  

o f  t he  hea te r  w i l l  i n t r o d u c e  contaminants,  b o t h  s o l u b l e  and s o l i d ,  

i n t o  t h e  r e a c t o r  coo lan t ,  and (b)  an u n c o n t r o l l e d  h e a t i n g  c o n d i t i o n  

due t o  t o o  h i g h  e l e c t r i c a l  power o r  t o o  low a sodium f l o w  r a t e  through 

t h e  hea te r  may l e a d  t o  sodium b o i l i n g .  Both hazards a r e  t o  be avo ided 

by imposing on e l e c t r i c a l  hea te rs  t h e  same temperature and f l o w  i n s t r u -  

m e n t a t i o ~  requi rements  t h a t  a r e  imposed on d r i v e r  f u e l  by Category I 

cons ide ra t i ons .  However, these temperature and f l o w  sensors, r a t h e r  

than  a c t u a t i n g  t h e  r e a c t o r  s a f e t y  system, can be connected t o  s in ip ly  

d isconnec t  t h e  e l e c t r i c  hea te r  f rom i t s  power supply .  

D. Category I V  

The ve ry  na tu re  o f  t h e  i s o l  a ted  t e s t  condi  ti ons p rov i ded  by t h e  

c losed  1  oops and t h e  imp1 i ed i n t e n t i o n  t o  r u n  t h e  more hazardous ex- 

per iments  i n  t h e  c l osed  loops r e q u i r e s  f u r t h e r  s a f e t y  cons ide ra t i ons .  



However, t h e  p resen t  d i scuss ion  o f  these  cons ide ra t i ons  i s  r e -  

s t r i c t e d  a t  t h i s  t ime  t o  t h e  use o f  sodium as t h e  c losed- loop  c o o l a n t  

because t h e  a d d i t i o n a l  cons ide ra t i ons  f o r  a l t e r n a t i v e  l oop  coo lan t s  (16 ) 

have n o t  been comple te ly  reso lved .  The s a f e t y  c r i t e r i a  f o r  ins t rumen-  

t a t i o n  o b j e c t i v e s  f o r  sodium c o o l a n t  read  as f o l l o w s :  

. The closed Zoop w i l l  include instrunentation t o  continuously 

monitor the leakt ight  i n t egr i t y  of the  in-reactor sect ion of the  

Zoop through pressure, tracer,  or other means. 

There a r e  two comments w i t h  r espec t  t o  t h i s  c r i t e r i o n :  ( 1 )  There 

i s  no o t h e r  requi rement  f o r  i n - s e r v i  ce s u r v e i  11 ance t o  p e r i o d i c a l  l y  

i n s p e c t  o r  t e s t  t h e  s t r u c t u r a l  and l e a k t i g h t  i n t e g r i t y  o f  t h i s  i n -  

r e a c t o r  s e c t i o n  because any doubt i n  t h i s  r ega rd  can be removed by 

p e r i o d i c  replacement o f  t i l e  ques t ioned  component. ( 2 )  The a p p r o p r i -  

a t e  a c t i o n  t o  be taken once t h e  i n s t r u m e n t a t i o n  i n d i c a t e s  a  l e a k  i n  

t he  i n - r e a c t o r  s e c t i o n  o f  t h e  l o o p  i s  n o t  s p e c i f i e d ;  presumably, t h e  

i ns t r umen ta t i on  would be connected t o  t h e  r e a c t o r  s a f e t y  system t o  

i n i t i a t e  a  scram shutdown b u t  o t h e r  cons ide ra t i ons  p e r t i n e n t  t o  t h e  

p a r t i c u l a r  t e s t  i n v o l v e d  may d i c t a t e  a1 t e r n a t e  a c t i o n s .  

The in-reactor sect ion of the  closed Zoop w i l l  include a container 

for c a t c h i q  and holding the materials resul t ing .from a meltdown 

failure of the t e s t  fuel specimen. A r e l i ab l e  means of cooling 

t h i s  failed fuel container w i l l  be provided so that  the t e s t  

f a i l m e  w i l l  not penetrate i n t o  the  reactor coolant. 

The most r e l i a b l e  means o f  c o o l i n g  t h i s  f a i l e d  f u e l  c o n t a i n e r  

appears t o  be by conduc t ion  th rough  t h e  w a l l s  o f  t h e  c losed- loop  tube  

t o  d i s s i p a t e  t h e  hea t  i n t o  t h e  r e a c t o r  coo lan t .  It f o l l o w s  t h a t  i n  

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

p rope r l y ,  t h e r e  must be thermocouples i n  and around t h i s  con ta i ne r ,  

and f u r t h e r ,  t h a t  these thermocouples must be designed t o  con t i nue  

ope ra t i on  d u r i n g  and a f t e r  a  me1 tdown acc i den t .  



. The support structures for instrumentation systems supplying sig- 

nals from the closed loop t o  the  reactor safe ty  system u i l l  main- 

t a i n  t he i r  i n t egr i t y  under accident conditions a t  l eas t  t o  the  

functional l im i t  of the instrwnents. 

Sodium boiling i s  more apt t o  occur in the closed loops than in 

other t e s t  areas of the core or in the driver core i t s e l f  due to  the 

nature of the closed-loop t e s t s .  Sodium boiling poses important 

safety problems with respect t o  ( a )  avoiding, i f  possible, gross me1 t- 

down fa i lure  of the t e s t  specimen, ( b )  limiting the propagation of the 

hydrodynamic shock and gas/vapor pressure effects  t o  within the in- 

reactor section so that  the ab i l i t y  to shut down the reactor i s  not 

impaired, ( c )  assuring that  damage does not progress beyond the in i -  

t i a l  ly affected closed 1 oop through hydraul i c  or reactivity e f f ec t s ,  

and ( d )  assuring that  the closed-loop system provides for removal of 

failed t e s t  fuel specimens which are warped, bulged, or even melted, 

a l l  which may occur due t o  the conditions causing or resulting from 

sodi um boi 1 i ng . 

The opposite to  sodium boiling, namely adequate coolant flow, i s  

covered by Category I c r i t e r i a  through the two important phases of 

sperati ons: (1  ) duri n o  startup and ( 2 )  duri ng steady power production. 

For instance, during startup when coolant conditions may be changing 
conti nuously , instrumentation w i  1 1 be requi red t o  verify adequate 

cooling flow a t  a reactor power level below that  which could cause 
sodium vaporization i n  a olugged specimen. For a closed loop with- 

o u t  bypass flow in the in-reactor section, such flow instrumenation 
i s  particularly easy to provide because i t  can be mounted almost any- 

where in the loop outside the reactor. The complications introduced 

by having bypass flow have already been discussed. 

During steady power production, the most direct  measure of adequate 

cooling flow appears to  be the specimen out le t  coolant temperature. 

This temperature also provides an indirect indication of flow conditions 



w i t h i n  t he  specimen and a  gradual  d e t e r i o r a t i o n  i n  f l o w  may be detec-  

ted .  Genera l l y ,  p l ugg ing  o f  t h e  f l o w  passages i n  t h e  specimen s u f f i c i -  

e n t  t o  cause s i g n i f i c a n t  r e d u c t i o n  i n  l o o p  f l o w  shou ld  be de tec ted  i n  

t ime  f o r  c o r r e c t i v e  a c t i o n  un less  t h e  p l ugg ing  i s  bo th  r a p i d  and exten-  

s i ve .  

There remains t h e  ques t i on  o f  t h e  u t i l i t y  o f  sodium b o i l i n g  detec-  

t i o n  i n  c losed  loops  by means o t h e r  than temperature and f l o w  sensors.  

The b e s t  answer should  be t h e  f o l l o w i n g :  development o f  b o i l i n g  detec-  

t o r s  s u i t a b l e  f o r  use on every  c losed  l o o p  w i l l  be c a r r i e d  o u t ;  t h e  

e x t e n t  t o  which these w i l l  be i nco rpo ra ted  i n  t h e  f i n a l  l oop  des igns 

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

l oop  f l ow ,  p o t e n t i a l  consequences o f  l o s s - o f - f l o w  f o r  any t e s t ,  and de- 

t e c t i o n  and response c a p a b i l i t y  o f  p o s s i b l e  i ns t r umen ta t i on .  



. V .  STATUS OF T E C H N O L O G Y  

A .  Assessment of Present Instrument Technology 

Instrumentation fo r  cool ant  temperature, coolant flow, f a i l ed  
fuel detect ion,  coolant pressure, in-core f l ux ,  and signal and data 
hand1 i ng were previously discussed fo r  d r ive r  instrumentation. ( 1 )  

The following assessment deals with f i ve  additional c l a s s i f i c a t i ons  
of instrumentation (mainly sensors)  appl i cab1 e t o  closed o r  open-loop 
t e s  t i  ng . 
1.  Fuel C l  adding and Heat Temperature 

A survey r epo r t0 ' )  f o r  thermocouples f o r  t h i s  applicat ion 
indicates t ha t  f o r  5090°F fuel meat thermocouples, the problem i s  

one of materi a1 s se lect ion and avai 1 abi 1 i  t y .  The thermoelenients , 
insula t ion,  and sheath niaterials ,  each, are  s ign i f i can t  problems. 
Two thermoelements which appear t o  be most proniisi ng a re  tungsten / 
tungsten with three-percent rheni u m ,  and (W/W-25% Re) combinations . 
Addition of the three-percent rheniurr: i s  required because pure 

tungsten i s  very f r a g i l e  a f t e r  junction welding. However, the 
propert ies of these combinations a re  not f u l l y  defined. These 

thermoelements require fu r the r  study t o  determine t h e i r  long-term 
thermoelectric s t a b i l i t y ,  s t a b i l i t y  in a f a s t  neutron f l ux ,  and 

t h e i r  compatibility with various insula tors  and sheath mater ia ls .  

For e l e c t r i c a l  insula t ion the only su i t ab le  material a t  5000°F 
seems to  be thor ia .  For lower temperature f ue l s ,  other materials  
S U C ~ ~  as hafnia,  be ry l l i a ,  and alumina may be more su i t ab le .  These 
materi a1 s a1 so require furtlieln study as t o  t h e i r  temperature/re- 
s i s t i  vi ty propert ies , compati bi 1 i  ty  with thermoel ements and sheath 
materi a1 s , and tiiei r behavi or  i  n nucl ear  radia t ion.  The reason 
fu r the r  study i s  required i s  t ha t  there i s  not good agreement on 
the r e s i s t i v i t y  property and there i s  a sca rc i ty  of data f o r  the 

other proper t ies .  



The sheath material i s  perhaps the most c r i t i ca l  because i t  must 

be in contact with the fuel and i t s  incompatibility with the fuel 

material or cladding could lead to a  fuel pin rupture. From a  

temperature standpoint, only tungsten, rhenium, tantalum and some 

alloys of these metals could be used a t  5000°F and a t  4500°F 

molybdenum could be used as a  sheath material. However, from a  

compatibility standpoint, there i s  insuff ic ient  information t o  
make a  choice of sheath materials. Compatibility t e s t s  with simu- 

lated conditions will have to be made before the final sheath 

selection i s  made and before the thermocouple i s  t r ied  in the 

reactor. Another problem i s  that ,  of the sheath materials dis- 

cussed, only tantalum i s  a  readily available and workable material. 

In short ,  for  fuel meat temperature thermocou~les , additional 

development and testing i s  required, mainly because of the mate- 

r i a l s  compatibility nroblem a t  the high temperatures involved. 

Other prok,lems exis t  such as t!ie shunting effect  of the insula- 

tion a t  high terperatures,  how to  seal the fuel cladding to the 

sheath material, and h o ~ ~  t o  obtain high quality ttiermocouples 

from the manufacturer, These are  probably of secondary importance 

com~ared t o  the materials cornpati bi 1 i  ty problem. Either the mate- 

r i a l s  criscussed, or net,, nater ials  \~i 1 1  have to  be tested in combi- 

nation under the nroaer conditions to  find answers t o  this  problem. 

In-reactor t e s t s  (I2 ) on a  1:-5% Re/W-26% Re base thermocouple 

in 2.8 x n v t  thermal flux and 3000°F showed a  change in ca l i -  

bration from about five percent low a t  800°F to 0.1 percent high 

a t  3000°F. In the same t e s t ,  two b e r ~ ~ l l i a  and two thoria insu- 

1 ated W-3% Re/Ci-25% Re thermocouples were monitored continuously 

in-pile for  300 hours a t  4200°F and 900 hours a t  4400°F. The 

beryllia insulated couples responded even a f t e r  the melting of 

the beryllia insulation. The thoria-insulated couples were s table  
throughout the t e s t  and the tiloria was in good condition a f t e r  the 



t e s t .  The i n f o r m a t i o n  i n d i c a t e s  t h a t  acceptab le  1 i f e  can be ob- 

t a i n e d  w i t h  such couples.  However, appa ren t l y  no t e s t s  were niade t o  

determine c o m p a t i b i l i t y  o f  t h e  sheath w i t h  d i f f e r e n t  f u e l  m a t e r i a l s .  

I n  ~ n ~ l  and0 3, A W-5% Re/W-26% Re, magnesia- insul  ated, molyb- 

denum sheathed thermocouple o f  0.060 i n  O.D. was used t o  measure 

t h e  cen te r  temperature (about  2800°F) o f  a  mixed-ox ide (Pu,U)02 

f u e l  element i n  t h e  Dounreay f a s t  r e a c t o r .  The thermocouple op- 

erat . ion was success fu l  f o r  about 1400 hours a f t e r  which d i s t i n c t  

r e d u c t i o n  o f  o u t p u t  was apparznt ,  accom~an ied  by severe o s c i  1  l a -  

t i o n s .  Loop r e s i s t a n c e  had inc reased  by a  f a c t o r  o f  two o r  t h r e e  

b u t  no exp lana t i on  f o r  t h e  ope ra t i on  o f  t h e  couples has been g i ven .  
2  The f l u x  a t  t h e  couple  was g i v e n  as 1.5 x ld5 n/cm -sec and 6  x 10 14  

n/cm2-sec a t  t h e  ceramic sea l  f o r  t h e  l e a d - i n  a t  t h e  t o p  o f  t h e  

f u e l  p i n .  Th i s  gave a  dose of 1.27 x  1 0 ~ ~  n v t  and 5.17 x  10'' n v t ,  

r e s p e c t i v e l y ,  f o r  t h e  14-week pe r i od .  

flolybdenum sheath was chosen because p rev ious  i n-p i  1 e  t e s t s  

had shown t i l e  c o n i p a t i b i l i t y  o f  molybdenum w i t h  mixed-ox ide t o  be 

c l e a r l y  s u p e r i o r  t o  t h a t  of t a n t a l  urn. Kagnesia i n s u l a t i o n  was 

chosen because b e r y l  1  i a  r e q u i r e d  g l  ovebox hand1 i ng due t o  i t s  

t o x i c i t y ,  and Lecause t h o r i a  has nuc lea r  s e l f - h e a t i n g .  I f  t h e  

temperature o f  t i l e  f u e l  !tad been h i g h e r  than expected, b e r y l  l i a  

mast l i k e l y  would have been t h e  n e x t  most s u i t a b l e  i n s u l a t i o n  

cho i  ce. 

I n  t l ~ i  s  same t e s t  conven t iona l  chrome1 /a1 umel, magnesia- 

i n s u l a t e d ,  and s t a i n l e s s - s t e e l  sheathed thermocouples were a t -  

tached t o  t h e  c l add ing  a t  severa l  p o i n t s  a long  t h e  f u e l  e lement 

l eng th .  Apparen t l y  no s i g n i f i c a n t  problems were encountered. 

Other sources i n d i c a t e  t h a t  measurement o f  t h e  f u e l  c l add ing  temp- 

e ra tu res  w i  11 n o t  be a  problem f rom t h e  s tandpo in t  o f  t h e  thermo- 

couple  i t s e l f .  However, t h e  cho ice  o f  t h e  a t tachment  method and 

t h e  l o c a t i o n  o f  t h e  couple  ( i n s i d e  t h e  co re  o r  o u t s i d e )  w i l l  



r e q u i r e  s tudy  t o  reduce t h e  p o s s i b i  1  i t y  o f  r u p t u r i n g  t h e  can. 

Th i s  c o n s i d e r a t i o n  w i l l  f o r c e  a  cho ice  o f  a  smal l  (such as 0.020 

i n .  O.D. ) thermocouple t o  avo id  d i s t u r b i n g  c o o l a n t  f l o w  charac- 

t e r i s t i c s  o r  t h e  r e l a t i o n s h i p  o f  t h e  f u e l  and t h e  c l add ing .  

Expected accuracy o f  t h e  f u e l  temperature thermocouples f o r  

S E F O R " ~ )  i s  g i v e n  as p l us  o r  minus f i v e  percen t .  Th i s  i s  f o r  t h e  

s h o r t - c y c l e  ope ra t i ng  c o n d i t i o n s  o f  SEFOR. Accuracy over  t h e  

l onge r  term o p e r a t i o n  i n  t h e  FTR ( f o r  one f u l l  power month, f o r  

example) p robab ly  cannot be expected t o  be b e t t e r  than  p l u s  o r  

minus 10 percen t  over  t h e  whole o p e r a t i n g  pe r i od .  

Response t ime  f o r  t h e  f u e l  thermocouple should  be l e s s  than  

a few seconds, even i f  ungrounded, Response t ime  f o r  t h e  c l a d  

thermocouples shou ld  be i n  t he  r e g i o n  o f  one second. 

Other  methods such as t h e  rhenium b u l b  p ressure  t ransducer  (1 5 )  

have been used t o  measure f u e l  p i n  temperature.  I t  u t i l i z e s  

pressure measurement and t h e  pressure- temperature r e l a t i o n s h i p  

t o  i n f e r  temperature.  

2. B o i l i n g  and Overheat ing De tec t i on  

Re1 a ted  t o  i tem' one above a re  o t h e r  t.emperature measurement 

methods which can be r e l a t e d  t o  b o i l i n g  d e t e c t i o n  o r  o t h e r  purposes. 

a. M i  crowave 

Two methods measure h i g h  temperatures by means o f  microwaves. (16)  

One method, t h e  f requency s h i f t  method, i s  by i n s t a l l i n g  a spec ia l  

meta l  c a v i t y  a t  t h e  p o i n t  o f  temperature measurement and then con- 

n e c t i n g  t h i s  by a  waveguide t o  a  source o f  r a d i o  energy. The s i z e  

o f  t h e  c a v i t y  w i l l  change w i t h  temperature and t h e  resonan t  f r e -  

quency f o r  t h e  c a v i t y  w i l l  change w i t h  temperature and t h e  reso-  

nan t  f requency f o r  t t i e  c a v i t y  can be determined by a  f requency 

sweep and r e l a t e d  t o  temperature.  The c a v i t y  i s  made o f  h i g h  ex- 

pans ion n i c k e l  -chromium s t e e l .  Several  d i f f e r e n t - s l  zed c a v i t i e s  

cou ld  be i n s t a l l e d  i n  one f u e l  element and connected t o  t h e  same 



waveguide f o r  temperature measurement a t  severa l  p o i n t s .  The 

problem w i t h  t h i s  method i s  t h a t  conven t iona l  waveguides a r e  made 

o f  copper whi ch cor rodes and o x i  d i  zes excess i  v e l y  i n temperatures 

above 1800" F. 

A second measurement by microwave i s  t h e  r a d i o m e t r i c  method. 

The microwave f requency n a t u r a l l y  e m i t t e d  f rom a  hea t  source i n  

t h e  r e a c t o r  i s  f e d  through a  waveguide t o  a  ve r y  s e n s i t i v e  m i c ro -  

wave r e c e i v e r ,  o r  rad iomete r .  kleasurenient o f  t he  amount o f  m i c ro -  

wave energy can i n d i c a t e  t h e  temperature o f  t h e  hea t  source. Both 

methods r e q u i r e  t h e  waveguide and f o r  h i g h e r  temperature measure- 

ment, new h igh- temperature and non-cor ros ive  waveguides would be 

requ i  red. T h e o r e t i c a l l y  a t t a i n a b l e  s e n s i t i v i t y  o f  t h e  frequency 

s h i f t  method i s  g i ven  as p l u s  o r  minus 0.050°C. Both methods 

show promise b u t  each r e q u i r e s  a d d i t i o n a l  waveguide developnient 

f o r  temperatures beyond 1800°F. 

b. Sonic Echo 

Frequen t l y ,  a  submarine w i  11 r e c e i v e  sonar r e f 1  e c t i  ons f rom 

reg ions  i n  t i l e  ocean which have d i f f e r e n t  temperatures.  I n  t he  

same way, son i c  waves t r a n s m i t t e d  f rom a  t ransponder  through a  

meta l  r o d  can be r e f l e c t e d  f rom a  h o t  spo t  on f u e l  c ladd ing .  

Such a method f o r  d e t e c t i n g  c l add ing  over temperature ( p o s s i b l y  

b e f o r e  coo l  a n t  b o i  1  i ng s t a r t s )  has been proposed. ( I 7 )  One advan- 

tage o f  t h i s  method i s  t h a t  p o t e n t i a l l y  i t  has t h e  a b i l i t y  t o  

d e t e c t  t h e  c l add ing  h o t  spo t  anywhere a long  t h e  l e n g t h  o f  t h e  f u e l  

p i n  and w i t h o u t  mu1 t i p l  e thermocouples. A p o t e n t i  a1 problem i s  

t h a t  i t  w i  11 be d i  f f i  c u l t  t o  t r a n s m i t  s u f f i  c i e n t  son ic  energy 

across t h e  mechanical  j o i n t s  between t h e  f u e l  p i n s  and t h e  sub- 

assembly hous ing and then  t o  r e c e i v e  t h e  smal l  r e f l e c t i o n s  which 

must be t r a n s n i  t t e d  across t h e  same i n e f f i c i e n t  j o i n t s .  

c. B o i l i n g  

Coolant  b o i l i n g  can be de tec ted  by t h e  aud io  n o i s e  g i v e n  o f f  

by t h e  c o o l a n t  i t s e l f  and f rom t h e  ad jacen t  meta l  which produce 



sounds when hea t  t r a n s f e r  o r  o t h e r  c o e f f i c i e n t s  change, as b o i l i n g  

i s  approached. I n  one t e s t ,  ( I 8 )  done o u t  o f  p i l e  w i t h  sodium-potassium 

cool  i ng and e l e c t r i c a l  heaters ,  a  capaci tance type  m i  crophone and 

accelerometers were used t o  l i s t e n  f o r  b o i l i n g  no ises.  B o i l i n g  

d i d  occur  and t h e  no ises were e a s i l y  recognized over  t h e  background 

f l o w  and pump noises.  The b o i  1  i n g  i n  t h i s  case 1 ed t o  severe me- 

chan ica l  v i b r a t i o n s .  Audio f requencies amplitude-peaked i n  t h e  

frequency ranges o f  320 and 5700 Hz were recorded f o r  t h i s  t e s t .  

S i m i l a r  t e s t  work has been done i n  t h e  Dounreay Reactor.  However, 

i t  should be noted t h a t  t h i s  r e a c t o r  uses e lec t romagnet i c  pumps 

so background no i se  i s  low. 

De tec t i on  o f  b o i l i n g  by t h i s  method r e q u i r e s  cons iderab le  ex- 

per ience  t o  analyze t he  r e s u l t s .  One approach i s  t o  use a " s i g -  

na tu re  a n a l y s i s "  t o  dec ide whether t h e  c o o l a n t  f o r  t h e  assembly 

was i n  t h e  b o i  1  i ng , non-boi 1  i n g  , o r  approach-to-boi  1  i ng condi t i  on 

by l e a r n i n g  t o  recognize abnormal sounds. 

Experiences w i t h  d e t e c t i o n  o f  b o i l i n g  i n  a  sodium l oop  (30)  

showed t h a t  a  magnet ic f lowmeter  was s u p e r i o r  t o  t he  acous t i c  de- 

t e c t i o n  method. B o i l i n g  was de tec ted  by means o f  the  "no ise"  

sp ikes  generated i n  t h e  f lowmeter  ou tpu t  whenever i n c i  p i e n t  b o i  1 - 
i n g  bubbles passed through t h e  f lowmeter.  

3. F i s s i o n  Gas Pressure 

Fuel p i n  p ressure  can be measured a f t e r  removal f rom the  r e -  

a c t o r  and d u r i  ng r e a c t o r  opera t ion .  ('') For t he  i n - r e a c t o r  method, 

two methods o f  measuring t h i s  pressure a r e  g iven .  

. Booth-Cromer nu1 1 - p o i n t  i n d i c a t i o n  method. A known s i g n a l  

gas pressure i s  bucked aga ins t  a  be l lows  o r  diaphram hav ing 

t h e  f i s s i o n  gas on t he  o t h e r  s ide .  When t h e  n u l l  p o i n t  i s  

reached, t h i s  can be de tec ted  w i t h  t he  opening o r  c l o s i n g  o f  

a  con tac t  a t  t h e  diaphragm o r  be l lows .  



. Pressure t ransn i i ss ion  method. Sodium-potassium i s  used as t he  

pressure t r a n s m i t t i n g  medium, t o  a  p o i n t  where t h i s  NaK can 

be measured. 

Because o f  t h e  smal l  f u e l  p i n s  (about  1 /4  i n c h  O.D.) used i n  FTR 

(probable approximate s i z e  o f  exper imente r ' s  f u e l  ) , a  be1 1  ows 

u n i t  p robab ly  cannot be i n s t a l l e d  i n s i d e  t h e  f u e l  p i n .  An accep- 

t a b l e  a l t e r n a t i v e  t o  t h i s  would be t o  o b t a i n  a  l a r g e r  be l lows  

(such as 1/2 i n c h  O.D.) and i n s t a l l  i t  i n  t he  space j u s t  above t he  

f u e l  p ins .  It would then be connected by means o f  c a p i l l a r y  t u b i n g  

t o  t h e  end o f  t h e  f u e l  p i n .  

Accuracy o f  t h e  two methods i s  expected t o  be one o r  two per-  

cen t  and a n t i c i p a t e d  pressures a re  i n  t h e  range o f  1000 p s i .  

4. V i b r a t i o n  and S t r a i n  

High temperature s t r a i n  and v i b r a t i o n  sensors f o r  a  sodium en- 

v i  ronment a r e  a lmost  nonex is ten t .  Two h igh- temperature s t r a i n  

gauges have been i n v e s t i g a t e d  (20)  and t h e  conc lus ions a re  t h a t  

p r e s e n t l y  t h e r e  a re  no s u i t a b l e  gauges f o r  use a t  1200°F. One o f  

t he  gauges was s u i t a b l e  a t  900°F on aus ten i  t i c  s t a i n l e s s  s t e e l  

under bo th  s teady-s ta te  and t r a n s i e n t  cond i t i ons ,  f o r  hea t i ng  

r a t e s  up t o  a t  l e a s t  30°F/second. The o t h e r  gauge was n o t  s u i t a -  

b l e  a t  i t s  r a t e d  1200°F temperature a t  hea t i ng  r a t e s  i n  excess o f  

5"F/second. Other problems, such as t h a t  o f  canning t h e  s t r a i n  

gauge t o  keep sodium away f rom the  gauge m a t e r i a l s ,  must be so lved  

be fo re  s u i t a b l e  s t r a i n  gauge a p p l i c a t i o n s  f o r  open and c losed- loop 

components can be made. 

V i b r a t i o n  sensors o f t e n  use s t r a i n  gauges as p a r t  o f  t he  sen- 

sor ,  so t he  same remarks o f  inadequacy a t  h i g h  temperatures would 

app ly  t o  these sensors. However, t h e  v i b r a t i o n  sensor has add i -  

t i o n a l  problems w i t h  o t h e r  component p a r t s  such as c a n t i l e v e r  

sp r ings  , connect ing w i  res  , and p i e z o e l e c t r i c  m a t e r i  a1 s  (used i n  



p lace  o f  r e s i s t a n c e  s t r a i n  elements) a t  t he  h i ghe r  temperatures. 

Therefore,  i t i s  reasonable t o  conclude t h a t  v i b r a t i o n  sensors 

g e n e r a l l y  a r e  unava i l ab le  o r  u n s a t i s f a c t o r y  f o r  temperatures over  

G O O O F .  I t  shou ld  be understood t h a t  t h e  term " v i b r a t i o n  sensor" 

as used here i nc l udes  displacement sensors and acce le ra to r s .  

Misce l laneous Ins t rument  Technology 

There a re  severa l  techniques a v a i l a b l e  today, which can po- 

t e n t i  a1 l y  e x t r a c t  a d d i t i o n a l  i n f o r m a t i o n  f rom sensors i n s t a l  l ed 

f o r  r e a c t o r  ope ra t i on  o r  f o r  open o r  c losed- loop t e s t i n g .  One 

such technique i s  no i se  ana l ys i s  which has been used t o  some ex- 

t e n t  ( " )  f o r  r e a c t o r s  i n  o rde r  t o  o b t a i n  r e a c t o r  t r a n s f e r  func-  

t i o n s  w i t h o u t  t h e  use o f  spec ia l  r o d  o s c i l l a t o r  t e s t s .  Such ana ly -  

s i  s  i s  concerned w i t h  o b t a i n i n g  a d d i t i o n a l  i n f o r m a t i o n  f rom the  

s i g n a l  v a r i a t i o n s  ( o r  no ise)  which may appear i n  a  "s teady-s ta te "  

s i g n a l  such as a  reco rd ing  o f  neu t ron  f l u x  l e v e l .  Th i s  a n a l y s i s  

may proceed i n  t h e  t ime domain o r  i n  t he  f requency domain. Obta in-  

i n g  t h e  F o u r i e r  spectrum i s  a  c h i e f  aim o f  n o i s e  anana lys is .  Th i s  

f u n c t i o n  o f  f requency i s  a  d i r e c t  measure o f  s t a b i l i t y  and s a f e t y  

i n  high-power reac to r s .  

I f  exper ience has shown use fu l  r e s u l t s  f rom such r e a c t o r  no i se  

ana lys is ,  i t  f o l l o w s  t h a t  s i m i l a r  va lue  can be ob ta ined  f rom ana ly -  

s i s  o f  t he  no ise,  o r  s i g n a l  v a r i a t i o n s ,  ob ta ined  i n  t he  s i g n a l s  

f rom cool  a n t  and c l a d  thermocouples , magnet ic f l  owmeters and s im i  - 
1  a r  sensors. I n  a d d i t i o n ,  s i g n a l  v a r i a t i o n s  f rom d i f f e r e n t  t h e r -  

mocoupl es ( f o r  example) can be c ross -co r re l  a ted  t o  o b t a i n  know1 edge 

o f  c o o l a n t  f l o w  p a t t e r n s  under d i f f e r e n t  power l e v e l s .  I n  t h e  

Hal den Reactor t u r b i n e  f lowmeters a t  bo th  t h e  channel i n l e t  

and o u t l e t  a re  used n o t  o n l y  t o  determine t he  channel f l o w  r a t e ,  

b u t  a l s o  t h e  e x i t  v o i d  f r a c t i o n .  Th i s  i s  an example o f  c o r r e l a -  

t i o n  o f  s i c n a l s ,  b u t  w i t h  dual  sensors. 



Speci a1 equipment , such as f i  1  t e r s  , narrow-band, cons tant-band- 

w id th  wave analyzers ,  and c r o s s - c o r r e l a t o r s ,  i s  a v a i l a b l e  f rom seve- 

r a l  manufacturers  f o r  such no ise  a n a l y s i s .  Such equipment can pro-  

duce (among o t h e r  i tems) a  power d e n s i t y  spectrum which can be 

mathemat ica l l y  r e l a t e d  t o  o t h e r  measurements t o  o b t a i n  i n f o r m a t i o n  

from t h e  s i g n a l s  which d i d  n o t  appear f rom convent iona l  ampl i tude-  

t ime s i g n a l  a n a l y s i s .  

Much o f  t h i s  t ype  o f  no i se  a n a l y s i s  can be performed w i t h  a  

d i g i t a l  computer. Such a  computer i n  t h e  FTR, when programmed f o r  

t he  spec i  a1 scanning and f o r  t h e  spec ia l  c a l  c u l  a t i  ons requ i red ,  

cou ld  p rov ide  such a n a l y s i s  , perhaps w i t h o u t  r equ i  r i  ng t h e  spec i  a1 

no i se  a n a l y s i s  equipment . 
0 .  Development O f  I ns t rumen ta t i on  For Tes t  P o s i t i o n s  

A  number o f  t he  p r e v i o u s l y  mentioned problems have been recog- 

n i zed  f o r  many years  and much da ta  e x i s t s  i n  t h e  l i t e r a t u r e .  However, 

i t  i s  obvious t h a t  i n  many cases no adequately r e l i a b l e  i ns t rumen t  

e x i s t s  f o r  t he  s t r i n g e n t  a p p l i c a t i o n s  env is ioned.  Therefore,  t h e  magni- 

tude o f  t h e  development r e q u i r e d  t o  p rov ide  r e l i a b l e  ins t ruments  f o r  

FFTF t e s t  f a c i l i t i e s  can be enormous, The LMFBR Program O f f i c e  has 

i d e n t i f i e d  many o f  these problem areas and has c a l l e d  f o r  development 

programs. Some o f  these and o t h e r  programs a re  i d e n t i f i e d  below. 

1. E x i s t i n g  Sensor Development Programs 

a. Fuel P i n  Temperature 

Both Argonne Na t i ona l  Labora to ry  and General E l e c t r i c  have 

a c t i v e  programs t o  measure center1 i n e  f u e l  temperature i n  t h e  range 

from 2000 t o  3000°C. ANL's program i s  d i r e c t e d  toward LMFBR's as 

w e l l  as i ns t rumen t i ng  EBR-11. GE's e f f o r t s  a r e  aimed more towards 

t h e  bas ic  research o f  m a t e r i a l s .  The ma jo r  problems a r e  thermo- 

e l e c t r i c  s t a b i l i t y ,  m a t e r i a l s  compati b i  1  i ty  and t h e  low i n s u l a -  

t i o n  r e s i s t a n c e  a t  t h e  h i gh  temperature o f  t h e  m ine ra l  ox ides.  



To date,  t h e r e  i s  no da ta  on l ong  t ime  (10,000 hours )  s t a b i l i t y  

o f  t h e  l i m i t e d  cho ice  o f  t h e r m o e l e c t r i c  elements. I t  w i l l  be c l o s e  

t o  t h e  end o f  f i s c a l  y e a r  1970 be fo re  t h i s  da ta  i s  a v a i l a b l e .  

The e f f e c t s  o f  r a d i a t i o n  ( lo2 '  t o  l o z 3  n v t  f a s t )  on t h e  l i f e  

and accuracy o f  thermocouples w i l l  n o t  be known f o r  many years .  

b. Fuel  P i n  F i s s i o n  Gas Pressure 

There a re  t h r e e  b a s i c  approaches t o  t h e  measurement o f  f i s s i o n  

gas pressure:  ( 1  ) conve r t  t o  an e l e c t r i c a l  s i q n a l  a t  t h e  p o i n t  o f  

measurement o r  ( 2 )  t r a n s m i t  a  p ressure  s i g n a l  t o  a  more f avo rab le  

environment,  and ( 3 )  a  combinat ion o f  bo th .  The problem i s  f u r t h e r  

compl icated by t h e  requi rement  t o  measure p ressure  i n  a  one-quar ter  

i n c h  f u e l  p i n .  

A  number o f  companies have been and a r e  work ing  on development 

programs f o r  p r a c t i c a l  i ns t ruments  . The most p romis ing  dev ices 

a re  t h e  be1 1  ows o r  diaphragm vri t h  an e l e c t r i c a l  con tac t ,  and t h e  

f l u i d - f i l l e d  b e l l o c ~ s  o r  diaphragm i n  which t h e  p ressure  s i g n a l  i s  

t r a n s m i t t e d  by  a  f i  1  l e d  cap i  11 a ry .  Yost  o f  t h e  t e s t i n g  has been 

done a t  temperatures o f  up t o  1500°F and pressures t o  100 p s i g  w i t h  

accurac ies  o f  - + 114 p s i g  up t o  - + 2  percen t .  R e l a t i v e l y  l i t t l e  

work i s  r e p o r t e d  a t  1200°F, 1000 p s i g  and l o 2 '  n v t .  

A!iL expects t o  f i n i s h  t e s t i n g  ( ex - reac to r )  a  one-e ighth i n c h  

b e l l o w s / c a p i l l a r y - t y p e  t ransducer  by  m id  FY 1969; r a d i a t i o n  t e s t -  

i n g  w i l l  c on t i nue  i n t o  FY 1970. 

It appears t h a t  a  s a t i s f a c t o r y  i ns t r umen t  w i  11 be ava i  1  a b l e  

i n  t h r e e  t o  f o u r  yea rs  t o  measure f i s s i o n  gas p ressure  i n  t h e  r e -  

a c t o r  env i  ronmen t. 

c. Noise Ana l ys i s  

I n f o r m a t i o n  determined by no i se  a n a l y s i s  i s  n o t  a v a i l a b l e  f o r  

" e a r l y  warn ing"  a p p l i c a t i o n s  u s i n g  p resen t  techniques,  as i t  takes 

a  f a i r l y  l ong  t i m e  t o  process t h e  da ta .  The s i g n a l s  t o  be sensed 



may be induced o r  i nhe ren t ,  p e r i o d i c  o r  random f l u c t u a t i o n s  i n  such 

phenomena as f l u x ,  temperature,  c o n d u c t i v i t y ,  f l o w r a t e ,  o r  v i b r a -  

t i o n s .  Usua l l y  sensed by an e l e c t r o n i c  t ransducer ,  these v a r i a t i o n s  

are amp1 i f i  ed, f i  1 tered,  recorded and analyzed. Comparati ve func-  

t i o n s  a l s o  r e q u i r e  sonie p r i o r  k n o ~ ~ l e d g e  o f  t h e  frequency spectrum 

o f  normal and abnormal s i a n a l s .  

I n  o rde r  f o r  no i se  a n a l y s i s  t o  become a very  u s e f u l  ope ra t i ng  

t o o l  , two devel opments must occur :  The system speed must be i n -  

creased ( rega rd ing  bo th  sensor response and i n f o r m a t i o n  process ing)  , 
and a sensor must be developed t o  w i t hs tand  t h e  expected env i ron-  

ment. Both o f  these seem t o  be severa l  years  away f rom achieve- 

ment. 

d. Temperature Measurement by Microwaves 

One o f  t h e  ma jo r  problems i s  t he  waveguide. The waveguide 

needs t o  be a good conductor f o r  a low l o s s  t ransmiss ion .  Prac- 

t i c a l l y  a l l  meta ls  inc rease  res i s tance  w i t h  temperature.  Also, 

n o t  many meta ls  have s u f f i c i e n t  s t r e n g t h  o r  a r e  compat ib le  w i t h  

sodium a t  h i gh  temperatures. 

There i s  a program underway a t  t h e  p resen t  t ime a t  PNL which 

uses t h e  cliange o f  f requency o f  a tuned c a v i t y  t o  measure tempera- 

t u r e .  I t  i s  expected t h a t ,  due t o  t h e  magnitude o f  t h e  problems, 

no use fu l  ins t rument  w i l l  be developed w i t h i n  t h r e e  t o  f i v e  years .  

e. S t r a i n  Gauge Development 

The major  problems h i n d e r i n g  t h e  development o f  a h i gh  temp- 

e r a t u r e  (above 1000°F) s t r a i n  gauge a re  t h e  bonding problem, t he  

uns tab le  change o f  r e s i s t a n c e  w i t h  temperature and t ime,  and t he  

l e a d  w i r e  problem. 

The ceramic cement g e n e r a l l y  becomes very  weak as t h e  tempera- 

t u r e  approaches 1000°F. It a1 so becomes very  b r i t t l e .  I n  many 

cases, f i e l d  i n s t a l l a t i o n  o f  a gauge i s  d i f f i c u l t  o r  i m p r a c t i c a l .  



Welding a s t r a i n  aauge on to  a  s t r u c t u r e  a l s o  p resen ts  problems. 

The weld i t s e l f  se t s  up s t r a i n .  The we ld i ng  process may cause co r -  

r o s i  on. 

Flame-coat ing a  cove r i ng  over  t h e  s t r a i n  gauge has been shown 

t o  be a f e a s i b l e  way t o  bond. The process has n o t  y e t  had an ex- 

t e n s i v e  p e r i o d  o f  t e s t i n g .  

The m e t a l l u r g i c a l  changes i n  t h e  gauge-sensing element i s  pe r -  

haps t h e  more se r i ous  problem. The temperature c o e f f i c i e n t  o f  

r e s i s t a n c e  changes w i t h  temperature.  Another aspect  i s  t h e  i n s t a -  

b i l i  t y  o f  t h e  sens ing element a t  e l eva ted  temperatures,  which r e -  

s u l t s  i n  a  seemingly never-ending r e s i s t a n c e  change. The sens ing 

w i res  a l s o  undergo a m e t a l l u r g i c a l  phase change. Th i s  i s  more 

se r i ous  as t h e  a l l o y s  become more compl icated.  

Thermocouple e f f e c t ,  1  ead-wi r e  i n s t a b i  1  i ty  , 1 ead-wi r e  tempera- 

t u r e  c o e f f i c i e n t  and d e s e n s i t i z i n g  o f  t h e  s t r a i n  gauge by t he  l ead  

w i r e  r e s i s t a n c e  a1 1 add t o  t h e  l e a d  w i r e  problem. 

Another problem i s  t h e  i n a b i l i t y  so f a r  t o  p rov i de  adequate 

temperature compensation. 

Never the less,  t h e r e  a re  ex tens i ve  programs underway t o  develop 

commerc ia l ly  a v a i l a b l e  s t r a i n  gauges f o r  use i n  a  h i g h  temperature,  

h i  gli r a d i a t i o n  f i e l d .  The L i q u i d  i l e t a l s  Eng ineer ing  Center (Atomics 

I n t e r n a t i o n a l )  has an a c t i v e  program which seeks t o  be a b l e  t o  dem- 

o n s t r a t e  a  u s e f u l  gauge i n  mid-1970. 

2. Development Programs Suggested 

a. Temperature Measurements 

I t  has been suggested t h a t  t h e  average temperature of t h e  

f u e l  c l add ing  can be measured by u l t r a s o n i c s .  T h i s  i s  based on 

t h e  f a c t  t h a t  some u l t r a s o n i c  energy can be r e f l e c t e d  f rom a temp- 

e r a t u r e  g r a d i e n t  zone i n  a  m a t e r i a l ,  t h e  v e l o c i t y  o f  sound i n  a  

m a t e r i a l  be ing  a f u n c t i o n  o f  temperature.  By us i ng  t h i s  



technique i n  r e a c t o r  a p p l i c a t i o n s ,  t h e  average temperature o f  

f u e l  c l add ing  may be deduced from t h e  t ime  r e q u i r e d  f o r  a  s i g n a l  

t o  t r ave rse  t h e  l e n g t h  o f  t h e  c l add ing  ( th rough i t )  and r e t u r n .  

I t  has a l s o  been c la imed t h a t  t h e  onset  o f  su r f ace  b o i l i n g  cou ld  

be detected.  Any sharp change i n  temperature a long t h e  l e n g t h  

would show up as a r e f l e c t e d  pu lse,  amp l i tude  be ing  p r o p o r t i o n a l  

t o  temperature.  i t  has been demonstrated t h a t  a  r e f l e c t i o n  o f  

3-1/2 percen t  can be achieved f rom an approximate 1200°F h o t  spo t  

(1 /2  i n c h  l ong )  f o r  a  t ransmiss ion  d i s tance  o f  t h r e e  f e e t  a long  a  

tube. 

I n  a  r e a c t o r  l i k e  t h e  FTR, t he re  a r e  problems o f  t r a n s m i t t i n g  

a  sound pu l se  down a  r o d  o r  t u t e  f rom t h e  f u e l  subassembly noz- 

z l e  area t o  t h e  f u e l  p i ns  (suppor ted by t he  r o d )  and seeing a  r e -  

t u r n  s i g n a l .  There a re  many p laces a long  t h e  r o d  where sound 

energy s ~ o u l d  be l o s t  o r  r e f l e c t e d .  Never the less,  t h e  i d e a  should 

be pursued and i n v e s t i g a t e d  f u r t h e r .  

There i s  one known comnierci a1 l y  avai  1  a b l e  i ns t rumen t  u s i  ng 

sound o r  u l t r a s o n i c s  t o  rceasure temperature,  Th i s  i ns t rumen t  

measures t h e  l e n g t h  change due t o  temperature expansion o f  me ta l .  

5. B o i l i n g  De tec t i on  

Some s t a r t s  have been made on e f f o r t s  t o  develop ins t ruments  

f o r  b o i l i n g  and v o i d  i n c e p t i o n  d e t e c t i o n  i n  l i q u i d  sodium. So- 

dium b o i l i n g  i n  LMFER cores may be t h e  e a r l i e s t  i n d i c a t i o n  o f  c o o l -  

a n t  blockage. The need f o r  i t s  e a r l y  d e t e c t i o n  stems f rom t h e  

l i k e l i h o o d  o f  mechanical f a i l u r e  due t o  t h e  lower  hea t  removal 

c a p a c i t y  o f  vapor ized  sodium and f rom t h e  consequences o f  a  pos- 

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

b o i l i n g .  The tendency o f  l i q u i d  sodium t o  superheat be fo re  b o i l -  

i n g  occurs i s  an a d d i t i o n a l  i n c e n t i v e  f o r  s p u r r i n g  a c t i v i t y  on 

t h i s  task.  The consequence o f  superheat i s  v i o l e n t  b o i l i n g  w i t h  

expu l s i on  o f  coo lan t .  Th i s  can occur ve ry  r a p i d l y  and may r e s u l t  

i n  ba r i ng  o r  v o i d i n q  sec t i ons  o f  t h e  r e a c t o r  core.  



An ultrasonic probe for  the detection of incipient boil ing has 

been developed by Aeroprojects, 1nc. (23) for  t e s t  on the Molten 
Sal t  Reactor Experiment (FISRE). The probe operati on i s  based on 

the principle of measuring the ultrasonic energy necessary to pro- 
duce cavi t a t i  on. The method i s  appropriate, b u t  requires placement 

of the probe close to  the point of measurement, a d i f f i c u l t  fea t  
i n-core. 

"Listening" by use of a "microphone" or other modified sonic 

detector has resulted in the successful detection of boiling and 
vibrations. Successful detection of boi 1 i ng has been confined t o  

simple quiet environments and does not assure success in a LMFBR 

application. The necessary high temperature "listening" equipment 

has not been developed. 

Noise analysis, particularly neutron noise analysis,  has been 

used with moderate success. Dependent on the react ivi ty  effects  

of small voids, neutron noise analysis requires the use of detec- 
tors  placed close to  the core in order to  achieve a high efficiency. 

If the voids have a zero or small react ivi ty  coefficient,  detection 
i s  not l ikely.  The needed high efficiency detectors are not pres- 

ently available for  use close to  the reactor core. 

Accelerometers, microphones, and related equipment are well 
developed and commercially available fo r  low temperature range. 

General ly useful in the measurement of vibration, they require 
development for  use in liquid sodium systems. 

c. Eypass Flowmeter for  Closed Loops 

A program i s  needed t o  look a t  how one can measure the flow 

past the samples in a closed loop where bypass flow i s  used t o  

keep the e x i t  temperatures down. A t  th i s  point in time, i t  i s  

doubtful that  a permanent magnet flowmeter can be developed due 

t o  the lack of high-temperature permanent magnet material. Temp- 

erature and radiation effects  both tend to  impair the operation 



o f  an eddy-cur ren t  f lowmeter.  It c o u l d  be used f o r  s h o r t  t ime  

i r r a d i a t i o n s .  Never the less,  some e r r o r  i n  o u t p u t  would r e s u l t  

f rom t h e  combinat ion environment.  

Measuring f l o w  by measur ing t h e  p ressure  be fo re  and a f t e r  t h e  

t e s t  specimen can l e a d  t o  erroneous data.  As t h e  f l o w  increases,  

so does t h e  p ressure  d i f f e r e n c e ;  l i k e w i s e  as t h e  f l o w  i s  blocked, 

t he  pressure r i s e s .  One cannot  t e l l  t h e  d i f f e r e n c e .  Th i s  ob jec -  

t i o n  can be overcome somewhat by us ing  t h r e e  taps b u t  t h i s  i n t r o -  

duces addi  ti ona l  compl e x i  ty . 
d.  F l  ux ~4easurements 

An " i n t r i n s i c "  thermocouple i s  be ing  developed by LASL. I t  

has been used t o  measure t h e  neu t ron  f l u x  o f  a r e a c t o r  as t h e  r e -  

a c t o r  i s  s e l f - d e s t r u c t i n g .  The i n t r i n s i c  thernlocouple has a 

p i ece  o f  f i s s i o n a b l e  m a t e r i a l  i n  t he  j u n c t i o n  so t h a t  hea t  i s  

generated t he re .  An o r d i n a r y  thermocouple measures t h e  hea t  t h a t  

i s  generated o u t s i d e  t h e  j u n c t i o n  and f l o w s  i n t o  i t . I n  theory ,  

t h e  neu t ron  spectrum can be measured by use o f  d i f f e r e n t  m a t e r i a l s  

i n  an i n t r i n s i c  thermocouple. The ambient and gamma h e a t i n g  com- 

pensa t ion  i s  ach ieved by t h e  use o f  a buck ing j u n c t i o n .  

The LASL Program appears t o  be d i r e c t e d  toward t h e  f a s t  response 

(one microsecond) thermocouples. Never the less , t h e r e  has been 

some e f f o r t  d i r e c t e d  toward making these thermocouples 1 a rge r  and 

more rugged f o r  use i n  a r e a c t o r .  T h i s  program should  be suppor ted 

and p a r t  of i t s  e f f o r t  d i r e c t e d  more toward a f l u x  probe which i s  

energy s e n s i t i v e .  

e. F i s s i o n  Product  Release Mechanisms 

Experiments a t  Argonne show t h a t  t h e  su r f ace  t ens ion  o f  sodium 

can seal  smal l  ho les  i n  t h e  c l add ing  up t o  severa l  hundred p s i  i n -  

t e r n a l  pressure.  The r a t e  o f  r e l ease  o f  t h e  f i s s i o n  gas cou ld  

have an i n f l u e n c e  on t h e  des ign o f  a gas disengagement dev ice.  

I t  w i l l  a l s o  have an i n f l u e n c e  on t h e  cho ice  o f  f a i l e d  f u e l  



d e t e c t i o n  and l o c a t i o n  i ns t rumen ta t i on .  I f  t h e  re l ease  i s  ve ry  

slow, such as he l ium leakage through t h e  w a l l  o f  a  ba l l oon ,  a  

r a t h e r  s e n s i t i v e  d e t e c t o r  i s  r equ i red .  I f  t h e  re l ease  occurs i n  

one b i g  bubble, a  l e s s  s e n s i t i v e  d e t e c t o r  cou ld  be used. There 

i s  concern t h a t  sodium-bonded f u e l s  r e l e a s e  f i s s i o n  products  d i f -  

f e r e n t l y  than non-bonded f u e l s .  

I t  i s  i n t e r e s t i n g  t o  no te  t h a t  t he  volume re leased  r e c e n t l y  

i n  EBR-I1 was under 50 m i l l i l i t e r s .  (24) The f i s s i o n  gas was moni- 

t o red  by t he  charged w i r e  d e t e c t o r  b u t  n o t  by t h e  delayed neu t ron  

de tec to r .  

C .  E x i s t i n g  O r  Planned Loop I ns t rumen ta t i on  

Tes t  loops i n  sodium-cooled r e a c t o r s  do n o t  e x i s t ,  so l oop  i n s t r u -  

menta t ion  f o r  such r e a c t o r s  cannot be discussed. However, t h e  i n s t r u -  

menta t ion  known t o  Le used f o r  o t h e r  i n v e s t i g a t i v e  purposes i n  sodium- 

cooled f a s t  r e a c t o r s  w i l l  be inc luded .  I n  a d d i t i o n ,  t h e  l oop  i n s t r u -  

menta t ion  used i n  TREAT and t he  water-cooled t e s t i n g  r e a c t o r s  w i l l  be 

discussed where such i n c l u s i o n  can be use fu l  f o r  comparison w i t h  proba- 

b l e  FFTF needs. 

1. TREAT (25 )  

T rea t  i s  a  smal l  thermal f l u x  r e a c t o r  which makes r a p i d  t r ans -  

i e n t  t e s t s  f o r  f u e l  elements f o r  EBR-I1 and f o r  o t h e r  needs. I t  

i s  cooled by sodium, u s u a l l y  h e l d  t o  a  temperature l e s s  than 500°F, 

b u t  which can, on t r a n s i e n t  occasions, r i s e  t o  1000°F. An opera- 

t i n g  c y c l e  may l a s t  o n l y  f o r  seconds. Therefore,  ope ra t i ng  condi -  

t i o n s  a re  cons iderab ly  d i f f e r e n t  than those planned f o r  FTR. 

T h e i r  t e s t i n g  exper iences, which a re  d iscussed below, should be 

cons idered w i t h  these cond i t i ons  i n  mind. 

a. Experimenters f rom o f f s i t e  sunply  t h e i r  own inst rumented t e s t  

assembly w i t h  sensors i n s t a l l e d .  The TREAT f a c i l i t y  may supply  

amp1 i f i e r s  and recorders  f o r  t he  t e s t .  



b. They have had no sodium bo i  1  i n g  d e t e c t i o n  t e s t s .  

c.  One Atomics I n t e r n a t i o n a l  assembly was equipped w i t h  f u e l  p i n  

pressure i ns t rumen ta t i on  c o n s i s t i n g  o f  t u b i n g  f rom t h e  f u e l  

p i n  t o  a  v a r i a b l e  magnet ic p ickup  which was l o c a t e d  i n  t he  

vessel  b u t  away f rom t h e  core t o  avo id  t h e  h i g h  t r a n s i e n t  

core temperatures. Th i s  i ns t rumen ta t i on  apparen t l y  was success- 

f u l  f o r  t h e  s h o r t  p e r i o d  o f  use. 

d. Fuel c l a d  temperatures have been measured w i t h  thermocouples 

w i t h o u t  ma jo r  problems, b u t  again,  n o t  w i t h  long  ope ra t i ng  

cyc 1  es . 
e. Fuel meat temperatures have been measured w i t h  tungsten-rhenium 

thermocouples b u t  t h e  r e s u l t s  were o f t e n  n o t  s a t i s f a c t o r y .  

f. In -core  f l u x  de tec to r s  a r e  n o t  r e g u l a r l y  used. F lux  maps a r e  

made a t  low power and t h e  r e s u l t s  a re  e x t r a p o l a t e d  t o  h i g h  

power condi ti ons . Mapping i s  done wi t h  a  one-ha1 f i n c h  square 
f i s s i o n  chamber, r a t h e r  than w i r e  a c t i v a t i o n  techniques, i n  

o rde r  t o  o b t a i n  t h e  more meaningful  " f i s s i l e  i so tope  f i s s i o n  

r a t e s " .  

g. T h e i r  i n - co re  thermocouples and o t h e r  sensors a re  connected 

t o  t h e  c o n t r o l  room a m p l i f i e r s  and recorders  by s i g n a l  leads 

about f o r t y  f e e t  long.  There have been few no ise  p ickup  prob- 

lems and one o f  t h e  reasons i s  t h a t  power and s i gna l  leads 

were sepa ra te l y  rou ted .  

h. Tes t  da ta  a re  gathered ma in l y  by recorders ,  some o f  which a r e  

h i gh  speed, due t o  t h e  t r a n s i e n t  na tu re  o f  t h e  t e s t s .  

2. General For  PITR, ETR and ATR (26)  (27)  (28) (29)  

These t h r e e  l i gh t -wa te r - coo led  thermal f l u x  r e a c t o r s  a t  t h e  

; ia t iona l  Reactor Tes t i ng  S t a t i o n  have c e r t a i n  s i m i l a r i t i e s  which 

can be grouped f o r  d iscuss ion .  D i f f e rences  among them are  d i s -  

cussed i n  t he  sec t ions  assigned t o  t h e  i n d i v i d u a l  r e a c t o r s .  



a. Reactor Comparisons 

MTR ET R ATR 

Power (MW) 40 175 250 

2 F lux ,  n/cm -sec 1.6 x  10 14 l 0 l 5  

Assembl i es 
No. 2  4 52 40 
S ize  2 4 x  2.996 3 6 x 3 ~  3" 4 8 " ' l o n g  

x  3.168" 

Coolant  Cond i t ions  
I n l e t  100°F + 100°F + 130°F + 

43 p s i g  2OOpsig 3OOpsig 

112°F + 133°F + 187°F + 
0 p s i g  1 6 7 p s i g  2 0 8 p s i g  

Assembly Cool a n t  32 Ft/Sec 44 Ft/Sec 
V e l o c i t y  

b. The f l u x  values a re  s u b j e c t  t o  d i f f e r e n t  i n t e r p r e t a t i o n s  be- 

cause o f  d i f f e r e n t  methods o f  c l a s s i f y i n g  f l u x  as f a s t  and 

thermal and because the  f l u x  w i l l  change w i t h  d i f f e r e n t  f u e l  

l oad ings .  The FlTR s t a r t e d  ope ra t i on  i n  1952, ETR i n  1958, 

and ATR has y e t  t o  a t t a i n  successfu l  o p e r a t i  on. Avai 1  ab i  I i ty  

f o r  MTR i s  h igh  (up t o  80 percen t )  b u t  t h a t  o f  ETR i s  lower  

(about  45 pe rcen t ) .  The lower  a v a i l a b i l i t y  f o r  ETR i s  due t o :  

( 1 )  more exper iments,  and (2 )  because r e f u e l i n g  and exper iment 

changes requ i  r e  removal o f  t h e  vessel  cover and some s h i e l d i n g ,  

i n s t a l l a t i o n  o f  a  work p l a t f o r m  over  t h e  vessel ,  and reve rsa l  

o f  t h e  process a f t e r  complet ion.  Thus, even though t he  MTR 

f l u x  i s  lower ,  an exper imenter  can o b t a i n  approx imate ly  as 

much i r r a d i a t i o n  exper ience i n  tlTR as i n  ETR. 

c .  A l l  t h r e e  r e a c t o r s  have an au tomat i c  f l u x  r e g u l a t i n g  system 

c o n s i s t i n g  ma in l y  o f  one f l u x  chamber and one r e g u l a t i n g  r o d  

and t h e r e  i s  a  second such system f o r  backup purposes. These 

f l u x  mon i t o r  channels a re  r e f e r r e d  t o  as t h e  "servo channels".  



d. MTR has no v e r t i c a l  c losed  loops b u t  does have t h r e e  h o r i z o n t a l  

ho les  which can be used f o r  l oop  t e s t i n g .  ETR has seven v e r t i -  

c a l  c losed  loops and ATR has s i x ,  w i t h  a  seventh proposed. MTR 

has many " lead"  t e s t s  which a r e  e q u i v a l e n t  t o  t h e  proposed 

open t e s t  p o s i t i o n s  f o r  FTR i n  t h a t  g e n e r a l l y  t he  t e s t  assem- 

b l y  i s  coo led  by t h e  r e a c t o r  coo lan t .  ETR has some o f  these 

l ead  t e s t s  b u t  ATR w i l l  i n i t i a l l y  have none. 

e. The c losed- loop equipment i s  b u i l t  i n t o  t h e  usual  p r imary  c e l l  

behind a  s h i e l d i n g  door. An ad jacen t  secondary o r  sample c e l l  

i s  p rov ided  which can be entered du r i ng  r e a c t o r  ope ra t i on  t o  

t ake  coo lan t  samples o r  t o  c a l i b r a t e  o r  check i ns t rumen t  com- 

ponents such as d i f f e r e n t i a l  Pressure t ransducers l o c a t e d  i n  

t h i s  c e l l .  Loop c o n t r o l  systems a r e  u s u a l l y  supp l i ed  by t h e  

exper imenter  b u t  t h e  f a c i l i t y  w i l l  supply  t h e  system and t he  

hardware i f  requested. I n  ATR t h e  loop  c o n t r o l  equipment f o r  

t h e  s i x  s i m i l a r  c losed  loops i s  supp l i ed  as p a r t  o f  t h e  reac-  

t o r  f a c i l i t y  because t h e  exper imenter  and h i s  needs were 

known beforehand. 

f. Mon i t o r i ng  s i g n a l s  f rom the  exper imente r ' s  t e s t s  a r e  assigned 

t o  one o r  more o f  t h e  f o u r  setback o r  scram c i r c u i t s  o r  t o  

t h e  annunc ia to r  c i r c u i t s  depending on t h e  importance o f  t h e  

s i g n a l .  Th i s  assignment i s  made by a  Safeguards Committee 

made up o f  Idaho Nuclear  personnel.  

g. S igna ls  f rom open o r  c losed- loop t e s t s  i n c l u d e  many thermo- 

couple s i p n a l s  which a r e  f e d  t o  temperature compensation 

panels supp l i ed  by the  f a c i l i t y .  The s i g n a l s  a r e  then  rou ted  

t o  t h e  exper imente r ' s  r eco rde r  o r  da ta  loggers ,  un less t h e  

Safeguards Committee d i r e c t s  t h a t  some o f  t h e  s i g n a l s  a r e  t o  

be rou ted  t o  t he  annunc ia to r  o r  t o  one o r  more o f  t h e  sa fe ty  

c i r c u i t s .  T h e i r  exper ience i s  t h a t  some experimenters do n o t  

r e q u i r e  cont inuous reco rd ing  o f  t h e i r  t e s t  s i g n a l s .  They a r e  

s a t i s f i e d  w i t h  p e r i o d i c  readings lopged by t h e  r e a c t o r  opera- 

t o r .  



h. V i b r a t i o n  has been measured w i t h  s t r a i n  gauges and a high-speed 

recorder ,  and i n  some cases w i t h  an accelerometer  f e d  t o  mag- 

n e t i c  tape. The t e s t s  were u s u a l l y  r e q u i r e d  f o r  r e a c t o r  v i -  

b r a t i o n  a n a l y s i s  r a t h e r  than  f o r  l oop  v i b r a t i o n  problems. 

Unbonded s t r a i n  gauges have been used f o r  h igh- temperature 

a p p l i c a t i o n s .  Also, they  have had some exper ience w i t h  f u e l  

meat thermocouples. These were o f  t h e  tungsten-rhenium t ype  

and gave good performance once t he  techniques o f  mount ing 

were b e t t e r  understood. 

i. In -co re  f l u x  i n  MTR and ETR has been mapped many t imes by 

means o f  w i res .  These were i n s e r t e d  between f u e l  elements 

d u r i n g  shutdown, t h e  r e a c t o r  was then operated a t  low power, 

and then shu t  down f o r  removal and coun t i ng  o f  t h e  a c t i v i t y  

o f  t he  w i res .  One exper iment had a 5/16 i n .  t h i m b l e  tube i n -  

s t a l l e d  so w i res  cou ld  be i n s e r t e d  and wi thdrawn w i t h  a hand- 

cranked i n s e r t e r  du r i ng  r e a c t o r  ope ra t i on .  Some t r o u b l e  was 

encountered w i t h  t he  i n s e r t e r .  Dur ing t h e  pas t  yea r ,  much 

o f  t h e i r  i n - c o r e  f l u x  mapping has been done w i t h  Reuter Stokes 

m i n i a t u r e  (1 /4  i n .  O.D. and sma l l e r )  se l f -powered neu t ron  

de tec to r s  because o f  t h e i r  good exper ience w i t h  them. How- 

ever, w i res  and f o i l s  a re  used t o  some ex ten t ,  w i t h  f o i l s  pre-  

f e r r e d  over  w i res .  I n  a d d i t i o n ,  they  have used a very  r e l i a -  

b l e  boron thermop i le  w i t h  i n t e r n a l  gamma compensation. I t s  

s i z e  i s  112 i n .  O.D. x 6 i n .  long .  Speed o f  response i s  o n l y  

one second, so i t  i s  n o t  used f o r  c o n t r o l  purposes. I t  r e -  

q u i r e s  a t  l e a s t  l o 1 *  nv o f  f l u x  f o r  p roper  ope ra t i on .  The 

s e l f - g e n e r a t i n g  chamber may n o t  be usable i n  FTR because o f  

t h e  h i g h e r  temperatures which lowers t he  shunt r es i s tance .  

The thermop i le  may n o t  be usable a t  FTR temperatures due t o  

t he  d i f f i c u l t y  o f  making s u f f i c i e n t  temperature compensation. 



j. Sensors used i n  l oop  i ns t rumen ta t i on  a re  convent iona l .  Ther- 

mocouples o r  r es i s tance  temperature de tec to r s  a r e  used f o r  

temperature sensing. An o r i f i c e  i n  t h e  c losed- loop l i n e  i s  

used f o r  f l o w  measurement. Pressure measurement i s  done w i t h  

a  t a p  1  i ne connected t o  a  t ransmi  t t e r  , e i  t h e r  pneumatic o r  

e l e c t r i c .  Gamna chambers a r e  used f o r  loop  a c t i v i t y  b u i l d u p  

de tec t i on .  

k. I ns t rumen ta t i on  used f o r  c o n t r o l  o f  t h e  t h r e e  r e a c t o r s  i s  s i m i -  

1  a r  and convent iona l  . Primary b u l  k f l o w  i s  measured w i t h  

G e n t i l e  ( v e n t u r i )  f l o w  tubes. Power i s  c a l c u l a t e d  f rom f l o w  

and de l  ta-T ob ta ined  f rom RTD bu lbs  . Neutron chambers i n  MTR 
3 and ETR opera te  i n  10 gamma f i e l d s .  Because t h e  ATR gamma 

background i s  10 t o  100 t imes g rea te r ,  gamma compensation 

w i l l  be used. 

3. MTR - 
a. Most o f  t h e  t e s t s  performed i n  t h i s  r e a c t o r  a re  o f  t h e  open 

o r  " l ead "  type, apparen t l y  so -ca l l ed  because t he  assemblies 

have s i g n a l  w i r e s  l ead ing  o u t  t h e  s i d e  p o r t s  on t h e  vesse l .  

The l e a d  t e s t  assemblies c o n s i s t  o f  a  s t a i n l e s s  s t e e l  tube 

o f  about 1  i n .  I . D .  a t tached  t o  t he  t e s t  assembly. The tube 

p r o t e c t s  t h e  s i g n a l  w i r e s  f rom t h e  assembly sensors, which 

a re  ma in l y  thermocouples. 

b .  The assembly i s  shipped t o  t h e  f a c i l i t y  w i t h  t he  w i res  s t i c k -  

i n g  ou t  t h e  upper end o f  t h e  tube. The t echn i c i ans  then bend 

t h i s  tube t o  f i t  a  p resc r i bed  p o s i t i o n  i n  t h e  core.  The i n - c o r e  

s e c t i o n  i s  v e r t i c a l  and t he  l eadou t  p a r t  o f  t h e  tube emerges 

f rom t h e  vessel  s i d e  p o r t  a t  an angle.  A f t e r  i n s t a l l a t i o n  o f  

t h e  f l ange  p l a t e  and g land  nu t ,  a  l ead  connector box i s  a t -  

tached, and t h e  assembly i s  f e d  through t h e  vessel  p o r t .  The 

f l a n g e  p l a t e  i s  then b o l t e d  t o  t h e  vessel  p o r t  f l a n g e  and 

g land  nu t ,  a  l ead  connector  box i s  a t tached,  and t h e  assembly 



i s  f e d  through t he  vessel  p o r t .  The f l ange  p l a t e  i s  then 

b o l t e d  t o  t h e  vessel  p o r t  f l ange  and w i r i n g  i s  connected f rom 

the  leadout  box t o  t he  i n s t r u m e n t e r ' s  recorders  which f o r  

MTR a re  ad jacen t  t o  the  vessel  top .  

c. Data a r e  u s u a l l y  c o l l e c t e d  on c h a r t  recorders  o f  t h e  s i n g l e ,  

dual  o r  m u l t i p o i n t  types.  These a r e  n o t  i n  t h e  c o n t r o l  room. 

C e r t a i n  s i g n a l s  w i l l  cause annunc ia t ion  i n  t he  c o n t r o l  room 

so t h a t  t h e  lower  f l o o r  opera to r  can be a l e r t e d  t o  i n v e s t i g a t e  

t h e  cause o f  t he  unusual c o n d i t i o n .  

d .  MTR has a  unique method f o r  d e t e c t i o n  o f  b o i l i n g .  B o i l i n g  

shows up on t he  c h a r t  r eco rd ing  o f  t he  1  i n e a r  o r  servo f l u x  

channels as smal l  " p i ps "  w i t h  a  p e r i o d  o f  one-ha l f  t o  two 

seconds. When t h e  spec ia l  Brush reco rde r  i s  connected, t h e  

peaks show up as an apparent neu t ron  i nc rease  o f  about one 

percent ,  whenever t h e  b o i l i n g  appears. When the  r e a c t o r  power 

i s  decreased, t h e  i nd i  ca t i ons  disappear.  Th i s  apparent i n -  

crease i n  f l u x  i s  apparen t l y  due t o  t h e  v o i d  c r e a t i o n  which 

e i t h e r  c rea tes  a  l o c a l  r e a c t i v i t y  inc rease  o r  e l s e  reduces 

t he  s h i e l d i n g  between t h i s  f u e l  element and t h e  ou t -o f -vesse l  

f l u x  chambers. 

e. Detec t i on  o f  FTR sodium coo lan t  b o i l i n g  by t h i s  method prob- 

a b l y  i s  n o t  f eas ib l e  because o f  t h e  s m a l l e r  r e a c t i v i t y  changes 

from sodium voids.  However, w i t h  proper  techniques and de- 

pending on f l u x  chamber p o s i t i o n  re1  a t i v e  t o  t he  core, i t  may 

be p o s s i b l e  t o  d e t e c t  t he  onset  o f  b o i l i n g .  But,  o f  course, 

t h e  p o t e n t i  a1 d i  f f i  c u l  t i e s  assoc ia ted  w i t h  sodi  um coo l  a n t  

b o i l i n g  a r e  much more ser ious  than w i t h  water  coo lan t  b o i l i n g .  

f. One o t h e r  d i s t i n c t i o n  between MTR and t he  o t h e r  two t e s t  reac-  

t o r s  i s  t h a t  i t  has f l o w  and temperature mon i t o r i ng  f o r  each sub- 

assembly. The dev ice  cons i s t s  o f  a p i t o t  tube on which i s  

mounted chromel/alumel thermcouples. I t  i s  i n s e r t e d  i n t o  t h e  

bottom o f  t h e  vessel  and extends i n t o  t h e  bottom o f  each fue l  



assembly. Flow o f  r e a c t o r  coo lan t  i s  downwards. Also, t he  

dev ice  can produce a  c o o l a n t  sample f rom each assembly f o r  

r u p t u r e  l o c a t i o n  purposes. These samples a r e  passed th rough 

100-second holdup c o i  1  s  t o  decay t he  N~~ a c t i v i t y ,  and then 

t o  an i o n  chamber f o r  measurement o f  t h e  r e s i d u a l  a c t i v i t y .  

A  f u e l  element which has rup tu red  can be e a s i l y  i d e n t i f i e d  

i n  t h i s  way. Fuel element temperature i s  measured r e l a t i v e  

t o  t h e  b u l k  o u t l e t  temperature so a  p o s i t i v e  d i f f e r e n c e  o f  

15°F o r  more i s  taken as an i n d i c a t i o n  o f  a  b locked assembly. 

4. ETR - 
a. Several  o f  t h e  ETR c losed  loops were i n s t a l l e d  severa l  years  

a f t e r  r e a c t o r  s t a r t u p .  A l l  loops a r e  equipped w i t h  c o o l a n t  

f l o w  nioni t o r i n g  i ns t rumen ta t i on  equipped w i t h  t r i p s  f o r  e i t h e r  

h i gh  o r  low f l o w .  A l l  loops a r e  equipped w i t h  supply  p ressure  

and e x i t  temperature mon i t o r i ng .  E x i t  temperature i s  u s u a l l y  

t he  c o n t r o l  l e d  c o n d i t i o n .  Some open-loop t e s t i n g  i s  a l s o  

done i n  t h i s  r e a c t o r .  

b. A  l a r g e  number o f  l a r g e  ins t rument  panels have been i n s t a l l e d  

f o r  c o n t r o l l i n g  t h e  experiments and e s p e c i a l l y  f o r  r eco rd ing  

a l l  o f  the  t e s t  data.  P a r t  o f  t h e  reason f o r  t h e  l a r g e  panels 

i s  t h a t  t h e r e  a r e  many l a r g e  c h a r t  recorders  which t oge the r  

take up a  cons iderab le  amount o f  space. Usua l l y ,  these panels 

a re  suppl i e d  by t h e  exper imenter.  

c. ETR i s  equipped w i t h  a  300-point  Honeywell da ta  l ogge r  which 

logs  a t  t h e  r a t e  o f  s i x  p o i n t s  per  second and p r i n t s  o u t  a t  

t h e  r a t e  o f  two pe r  second. However, i t s  accuracy i s  i n  

ques t i on  and exper imenters genera l  l y  m i s t r u s t  i t .  Apparen t l y  

t h e  problem occurs i n  t l i e  s tepp ing  swi tches l o c a t e d  a t  t he  

i n p u t  o f  t h e  l ogge r .  Al though t h e  sw i t ch  con tac t s  a r e  immersed 

i n  o i l ,  t h e  con tac ts  c rea te  e r r a t i c  o r  t r a n s i e n t  no i se  t o  

d i s t u r b  t h e  i n p u t  s i g n a l s .  The o t h e r  i n t e r n a l  sw i t ch ing  i s  



with mercury-wetted relays which operate sa t i s fac tor i ly .  The 

logger accepts mi 11 i vol t signals direct ly  wi thout preamp1 i f i  ca- 

t i  on. 

5. ATR - 
a. Operating experience has not, of course, been accumulated a t  

this  reactor. However, i t s  plans and instrumentation arrange- 

ment have some potential application for  FTR. 

b .  No open-loop experiments are planned for  this  reactor. There 

are s ix  closed loops, with the i r  ce l l s  and control panels ar-  

ranged in a radial pattern around the reactor. Each loop's con- 

t rol  panel i s  physically isolated from those fo r  the other loops. 

The panels are smaller, partly because many miniature recorders 

are used in place of the larger recorders used in MTR and E T R .  

The control panels are mainly e l ec t r i ca l ,  receiving the elec- 

t r ica l  signals from (for  example) del ta-P to  electr ical  trans- 

ducers located in the secondary c e l l .  

c .  I n  addition to the chart recorders for  the main data collec- 

t ion, ATR has a Control Data 636 computer and data logger 

which can scan 600 analog points per second and s tore  the 

data in memory. I t  can scan 900 digi ta l  points in about one 

second. About 300 analog and 900 digi ta l  data connections 
are made to  the computer's multiplexer. The computer will also 

make power and reactivity calculations as an aid t o  better op- 
eration. The computer i s  considered t o  be vital  t o  reactor 

operation. One other noteworthy point i s  that  a l l  signal 
inputs are required to  connect to  the computer through small, 

quick-acting fuses to ensure that  the computer will n o t  be 

damaged from accidental overvoltage on the signal leads. 

d .  Although the closed-loop experiments could apparently operate 

without the computer, the computer has the ab i l i t y  of making 

a rapid scan and printout of a l l  of the experimenter's data 

in a condensed form. 



e. The ATR Reactor, unlike the other two, i s  equipped w i t h  a reac- 

to r  top count-rate meter fo r  use durina reactor shutdown when 
fuel or loop assemblies are being changed. I t  i s  an indicator 
mounted on the reactor top with both a vis ible  and an audible 
alarm. The indicator can be switched to  monitor e i ther  of the 

count-rate channels, which are also used for  reactor s tar tup.  
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