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The FFTF Acceptance Test  Program and E a r l y  R e s u l t s  

R. J. B l i s s  C .  L. Peckinpaugh J. B. Waldo E. B. James 

The F a s t  F l u x  Tes t  F a c i l i t y  (FFTF) i s  an i r r a d i a t i o n  t e s t  r e a c t o r  b e i n g  
c o n s t r u c t e d  and opera ted  by Westinghouse Hanford Company f o r  t h e  U. S. Depar t -  
ment o f  Energy (DOE) on t h e  Hanford Rese rva t i on  a t  R ich land ,  Washington. When 
o p e r a t i o n a l ,  t he  FFTF w i l l  p r o v i d e  t h e  f u e l  and component t e s t i n g  c a p a b i l  i t y  
e s s e n t i a l  t o  t h e  d i v e r s e  needs of t h e  b reeder  r e a c t o r  program. C o n s t r u c t i o n  
o f  t h e  f a c i l i t y  i s  n e a r i n g  comple t ion  and system acceptance t e s t i n g  i s  i n  
p rogress .  

DESCRIPTION OF TEST PROGRAM 

The o v e r a l l  FFTF acceptance program, as seen i n  F i g u r e  1, has been d i v i d e d  
i n t o  f i v e  phases f o r  t e s t  p l a n n i n g  and schedu l i ng  purposes. A  b r i e f  desc r i p -  
t i o n  o f  each t e s t  phase i s  i n c l u d e d  be1 ow. 

Phase 1 - Preope ra t i ona l  Tests  

P reope ra t i ona l  t e s t s  a re  t hose  t e s t s  performed on components o r  p o r t i o n s  
of systems t o  ready  those  v a r i o u s  system components t o  suppor t  subsequent 
system o p e r a t i o n a l  t e s t s .  Separate C a l i b r a t i o n ,  Grooming and Al ignment  (CG&A) 
t e s t  packages were prepared and a re  be ing  performed i n  suppor t  o f  t h e  Phase 1 
t e s t  f o r  each system. These packages i n c l u d e  such t h i n g s  as c a l i b r a t i o n  da ta  
sheets f o r  a l l  system i ns t rumen ts  and i n s t r u m e n t a t i o n  loops, va l ve  grooming 
procedures, system f l u s h  procedures, smal l  motor and pump o p e r a t i o n a l  checks, 



r e l i e f  va l ve  checks, e l e c t r i c a l  panel grooming and c lean ing  checks, base l i ne  
p i p i n g  d imensional  surveys, etc .  

Phase 2 - System S ta r tup  Tests 

System s t a r t u p  t e s t s  a re  those t e s t s  performed on i n d i v i d u a l  systems o r  
p o r t i o n s  o f  systems subsequent t o  t h e  p reopera t i ona l  t e s t s  and p r i o r  t o  sodium 
f i l l  and ho t  f u n c t i o n a l  t e s t i n g .  These t e s t s ,  and a l l  t e s t s  i n  subsequent 
phases, are performed i n  accordance w i t h  fo rma l  t e s t  procedures which have 
been prepared t o  f u l f i l l  t h e  requirements o f  Test  S p e c i f i c a t i o n s  which were 
prepared by FFTF Eng ineer ing  and approved by DOE. 

Phase 3 - Hot Func t i ona l  Tests 

Hot f u n c t i o n a l  t e s t s  a re  those t e s t s  performed on the  o v e r a l l  p l a n t ,  o r  on 
i n d i v i d u a l  systems, t h a t  r e q u i r e  the  presence of sodium i n  the  p l a n t .  These 
t e s t s  w i l l  demonstrate t h a t  the  o v e r a l l  non-nuclear p l a n t  performance i s  
acceptable and t h a t  FFTF i s  ready f o r  i n i t i a l  f u e l  load.  

Phase 4 - Nuclear S ta r tup  Tests 

Nuclear  s t a r t u p  t e s t s  a re  those t e s t s  performed t o  v e r i f y  s a t i s f a c t o r y  
system performance and o v e r a l l  nuc lear  p l a n t  ope ra t i on  a t  r e a c t o r  power l e v e l s  
up t o  10%. Phase 4 comnences w i t h  f u e l  l o a d i n g  and i n i t i a l  criticality. 

Phase 5 - Power Ascension Tests 

Power ascension t e s t s  are those t e s t s  r e q u i r e d  t o  demonstrate s a t i s f a c t o r y  
system performance and o v e r a l l  nuc lear  p l a n t  ope ra t i on  a t  r e a c t o r  power l e v e l s  
up t o  and i n c l u d i n g  100% power. 

KEY EVENTS I N  STARTUP SEQUENCE 

F i g u r e  2 p rov ides  a ' l i s t i n g  and s t a t u s  o f  ke.y events f o r  t h e  e a r l y  phases 
of t h e  FFTF acceptance t e s t  program. F igu re  3 p rov ides  .a time-sequenced 
d i s p l a y  o f  major  t e s t  events s t a r t i n g  w i t h  sodium f i l l  o f  t h e  secondary and 
p r i m a r y  s.ys.tems. 

PRESENT STATUS OF TEST PROGRAM 

A t  t h e  present  t ime, approximate ly  65% o f  t h e  Phase 1 and 2 t e s t s  have 
been completed. F igu re  4 summarizes the  major systems which have been t e s t e d  
and are now o p e r a t i o n a l  t o  suppor t  sodium f i l l .  On J u l y  2, 1978 t h e  f i r s t  
secondary l oop  was f i l l e d  w i t h  sodium and pony motor f l o w  i n i t i a t e d  on J u l y  
3. Sodium sampling and c o l d  t r a p p i n g  procedures were s t a r t ~ d  i m e d i  a t e l y  
t h e r e a f t e r  and are  proceeding w e l l .  

The preopera t - iona l  I n t e g r a t e d  Leak Rate Test o f  the 'containment bt l i  1 d i n g  
was s a t i s f a c t o r i l y  completed on June 2, 1978. 



Present ly ,  major  emphasis i s  be ing  p l a c e d  on c o m p l e t i n g  those t e s t  a c t i v i -  
t i e s  which are p r e r e q u i s i t e s  f o r  sodium f i l l  o f  t h e  remain ing  two secondary 
loops and the  p r imary  system. I n  p a r t i c u l a r , .  emphasis i s  be ing  p laced on d r y  
r e f u e l i n g  system t e s t s .  and i n e r t e d  p r imary  c e l l  leak  r a t e  t e s t i n g  s ince  these 
two e f f o r t s  present  the  major workloads remain ing i n  t he  p r e r e q u i s i t e s  t o  
sodium f i l l  o f  t h e  p r imary  system. 

NETWORK SCHEDULING 

A  d e t a i l e d  computer ized network schedu l ing  system i s  p r e s e n t l y  be ing  used 
t o  generate t e s t  program schedules and t o  compare a c t u a l  t e s t  program progress 
w i t h  a n t i c i p a t e d  or  scheduled progress.  As bas i c  i n p u t  t o  t h i s  system, each 
t e s t  a c t i v i t y  was broken down i n t o  a  network o f  events showing i n d i v i d u a l  t e s t  
a c t i v i t i e s ,  t ime  spans, manpower requi rements and p r e r e q u i s i t e s .  A sample 
network i s  shown i n  F igu re  5. These i n d i v i d u a l  p ieces were then combined i n t o  
a  master t e s t  schedule which has s ince  been used and updated t o  measure t e s t  
progress.  Since manpower requi rements were entered f o r  each i n d i v i d u a l  t e s t  
a c t i v i t y ,  t h e  system has been a b l e  t o  p r o v i d e  a  summary p r e s e n t a t i o n  o f  c r a f t ,  
opera tor  and t e s t  engineer manpower needs versus t ime.  A sample p r i n t o u t  i s  
shown i n  F igu re  6. Ac tua l  manpower needs a r e  then compared w i t h  es t imated  needs 
t o  assess p r o d u c t i v i t y  and t o  eva lua te  t h e  need f o r  r e v i s i o n s  t o  t he  manpower 
est imates or p o s s i b l e  r e v i s i o n s  t o  ac tua l  manning l e v e l s .  

MASTER WORK LIST 

Another ex t remely  u s e f u l  system has been t h e  computer ized system f o r  
reco rd ing ,  comp i l i ng  and t r a c k i n g  a l l  open c o n s t r u c t i o n  i tems, open t e s t  
except ions  and open p l a n t  work i tems. Each open i t em i s  i d e n t i f i e d  on a  s tan-  
dard form and then i n p u t  i n t o  t h e  computer f o r  t r a c k i n g  u n t i l  t he  i t em has 
been resolved.  Once t h e  i tem has been worked o f f ,  i t  i s  removed f rom t h e  
a c t i v e  f i l e  b u t  i s  r e t a i n e d  i n  t h e  memory f i l e  f o r  h i s t o r i c a l  r e fe rence  pur-  
poses. A t  one t ime, as many as 2,000 open i tems were be ing  t racked  by t h i s  
system. 

By means o f  p r o p e r l y  i d e n t i f y i n g  need dates f o r  t he  complet ion o f  the  open 
i tems, i t i s  p o s s i b l e  t o  c l e a r l y  p r e d i c t  and t r a c k  t h e  p u n c h l i s t  o f  i tems and 
ensuing workload which must be completed p r i o r  t o  commencing an upcoming key 
m i l es tone  i n  t h e  t e s t  program. For example, t h i s  technique was used exten-  
s i v e l y  t o  i d e n t i f y  and t r a c k  a l l  i tems which had t o  be completed p r i o r  t o  
sodium f i l l  o f  t h e  f i r s t  secondary loop.  Loop f i l l  was no t  i n i t i a t e d  u n t i l  
a l l  o f  the p e r t i n e n t  i tems had been a p p r o p r i a t e l y  reso lved.  

By proper  programming, t h e  ou tpu t  o f  t h e  system can be so r ted  by need 
date, system, o r g a n i z a t i o n a l  respons i  b i  1  i ty, t ype  o f  open i t e m  or  any number 
o f  o the r  c l a s s i f i c a t i o n s . a s  requested by t h e  user  o rgan i za t i on .  

F igu re  7 shows a  sample format  f o r  one open i t em i n  t h e  Master Work L i s t  
system. Each i n d i v i d u a l  open i t em i s  l i s t e d  on one o f  these p r i n t e d  



fo rmats .  D a i l y  updates are  used t o  ensure t h a t  t he  da ta  i n  - the Master Work 
L i s t  a re  mai n t a i  ned c u r r e n t .  

TEST PROGRAM RESULTS 

The f o l l o w i n g  s e c t i o n  p rov ides  a  d i scuss ion  o f  t h e  t e s t  r e s u l t s  f o r  some 
of  the  recen t  FFTF t e s t  program key events. 

PREOPERATIONAL INTEGRATED LEAK RATE TEST (ILRT) 

The FFTF Reactor Containment B u i l d i n g  (RCB), shown i n  an a e r i a l  view i n  
F i g u r e  8, i s  CI c y l i n d r l c a l ,  carbon s t e e l  vessel w i t h  h e m i - e l l i p s o i d a l  t o p  and 
bot tom heads. The s t e e l  i n  t he  c y l i n d r i c a l  p o r t i o n  o f  the  vessel i s  3.5 cm 
t h i c k  w h i l e  s t e e l  i n  t h e  t o p  and bottom heads ranges f rom 1.4 cm t o  2.5 cm 
t h i c k .  The b u i l d i n g  i s  56.7 m h igh  and 41.1 m i n  diameter and, where exposed 
t o  t h e  ou ts ide  environment, i s  covered w i t h  3.8 t o  5.1 cm o f  i n s u l a t i o n .  The 
thermal  r e s i s t i v i t y  of t h i s  i n s ~ ~ l a t i o r l  i s  a p p r o x i m a t ~ l y  c q ~ i i v a l e n t  t o  tlset or  
3.5 - 6 . 2  m o t  h i g h  r l ~ n s i t . y ,  s t e e l  r e i n f o r c c d  concrete which i s  orLe11 used i n  
t h e  c o n s t r u c t i o n  o f  l i g h t  water r e a c t o r  p l a n t  containment b u i l d i n g s .  

The containment b u i l d i n g  i s  designed t o  l i m i t  leakage t o  l e s s  than .l% 
volume per day a t  a  gage pressure o f  .703 Kg/cm2. The t o t a l  volume o f  t he  
RCB i s  approx imate ly  51,000 m3 o f  which approx imate ly  8,500 m3 i s  no rma l l y  
i n e r t e d  w i t h  n i t r o g e n  and i s o l a t e d  f rom t h e  r e s t  of t h e  containment volume. 
For t he  p r e o p e r a t i o n a l  ILRT, those c e l l s  which w i l l  normal ly  be i n e r t e d  du r ing  
p l a n t  o p e r a t i o n  were vented and opened t o  t h e  r e s t  of t h e  containment volume 
t o  p r o v i d e  an accura te  measurement o f  leakage f rom the  e n t i r e  b u i l d i n g .  

The p r e s s u r i z a t i o n  medium f o r  t h e  t e s t  was a i r  s u p p l i e d  f rom t h e  p l a n t  
i ns t rumen t  a i r  system a t  approx imate ly  28 m3/min. The p r e s s u r i z a t i o n  and 
d e p r e s s u r i z a t i o n  r a t e s  were l i m i t e d  t o  less than .0352 ~ ~ / c m ?  per  hour t o  
p revent  damage t o  c r i  t i  ca l  components. The i nst rumenta t ion  used t o  measure 
changes i n  the t o t a l  mass w i t h i n  the  containment b u i l d i n g  i s  dep ic tcd  i n  
F i g u r e  3 and l i s t e d  below. 

I t em - Q u a n t j t y  Repeat ab i  1  i t y  

RTD ' s  66 .020C 

Hum1 d f t y  Sensors 10 1.25X'Ful l  Scale 

Quar t z  manometer 
p ressure  de tec to rs  

The data Pru~n the h u m l d l t y  sensors, RTD/s, and pressure sensors were 
c o l l e c t e d  a u t o m a t i c a l l y  a t  15 minute i n t e r v a l s  and recorded on magnetic tape 
and p r i n t e d  out  on paper tape. The magnetic tape was then manual ly  t r a n s -  
f e r r e d  t o  another tape reco rde r  f o r  updat ing  and m a i n t a i n i n g  a  master da ta  
f i l e  and f o r  read inq  i n t o  a  c a l c u l a t o r .  The c a l c u l a t ~ r  was programmed t o  



p r o v i d e  a  c a l c u l a t e d  change i n  t o t a l  a i r  mass w i t h i n  conta inment  f o r  each 15 
minu te  p e r i o d  and t o  c a l c u l a t e  t h e  o v e r a l l  l e a k  r a t e  i n  pe rcen t  volume pe r  
day. The c a l c u l a t o r  was t i e d  d i r e c t l y  t o  a  c o p i e r  t o  p r o v i d e  immediate hard  
cop ies  of t h e  data.  T y p i c a l  da ta  p l o t s  a re  shown i n  F igu res  10 and 11. 
F i g u r e  10 i s  a  leas t -squares  p l o t  o f  t he  da ta  f o r  t h e  e n t i r e  24 hour  t e s t ,  
whereas F i g u r e  11 i s  a  p l o t  o f  t h e  p ressu re  p r o f i l e  f o r  t h e  same p e r i o d .  
Simi 1  ar p l o t s  were p rov ided  f o r  temper a t  u re  and r e  1  a t  i ve humi d i  ty. The 
p ressure  p l o t  ( F i g u r e  11) c l e a r l y  shows t h e  s l i g h t  v a r i a t i o n  i n  p ressu re  
caused by t h e  e f f e c t  o f  t h e  sun on the  temperature i n  t he  b u i l d i n g  d u r i n g  t h e  
t e s t  pe r i od .  

F o l l o w i n g  t h e  24 hour  t e s t  f o r  measur ing leakage, a  known l e a k  was 
i n i t i a t e d  as a  q u a l i t y  check on t h e  system's  a b i l i t y  t o  d e t e c t  l eaks .  The 
r e s u l t s  o f  t h e  .703 kg/cm2 g  t e s t s  a re  l i s t e d  below: 

.703 kg/cm2 g  ILRT 

Acceptance C r i t e r i a  A c t u a l  

.703 kg/cm2 g  Ver i f  i c a t i o n  Test  .087 - .137% volume/day .088% 

F o l l o w i n g  t he  .703 kg/cm2 g  t e s t s ,  t h e  system was depressur ized  t o  .35 
kg/cm2 g  and another  ILRT and v e r i f i c a t i o n  t e s t  was performed w i t h  t h e  
f o l l o w i n g  r e s u l  t s :  

Acceptance C r i t e r i a  A c t u a l  

.351 kg/cm2 g  ILRT .044% volurne/day - .0015% 

.351 kg/cmZg V e r i f i c a t i o n  ~ e s t  ' ' .070 - .106% volume/day .084% 

The n e g a t i v e  l e a k  r a t e  f o r  t he  .351 kg/cm2 g  ILRT was eva lua ted  t o  be due t o  
da ta  s c a t t e r  and some minor  amount o f  o f f - g a s s i n g  s i nce  t h e  l eak  r a t e  was 
e s s e n t i a l l y  zero. The f a c t  t h a t  t he  system was a b l e  t o  d e t e c t  t h e  known l e a k  
a t  .351 kg/cm2 g  proved t h a t  t h e  equipment was o p e r a t i n g  p r o p e r l y  and was 
s e n s i t i v e  enough t o  d e t e c t  l eaks  a t  t h e  lower  pressures.  

n ~ l r i n g  t h e  p r e o p e r a t i o n a l  ILRT, t h e  RCB was coo led  by f i v e  r e c i r c u l a t i n g  
c o o l e r s  i n  t h e  upper p a r t  of t h e  conta inment  dome. The c h i l l e d  water  t o  t h e s e  
c o o l e r s  was "b locked"  a t  a  cons tan t  f l o w  r a t e  t o  m in im ize  temperature f l u c t u a -  
t i o n s  i n  t h e  b u i l d i n g .  The i n e r t e d  c e l l s  i n  conta inment  a re  coo led  by 34 
fans ,  14 o f  which a re  redundant  and n o t  normal1 operated.  These systems were 3 n o t  i n i t i a l l y  designed t o  opera te  a t  .703 kg/cm g, hence e x t r a  p recau t i ons  
were taken  and a  s p e c i a l  t e s t  o f  these  b lowers was conducted d u r i n g  t h e  
p r e s s u r i z a t i o n  t o  .703 kg/cm2 g  f o r  t he  p r e o p e r a t i o n a l  ILRT. The r e s u l t s  o f  
t h i s  t e s t  a re  d iscussed  i n  t h e  nex t  sec t i on .  



HEATING AND VENTILATION SYSTEM TESTS 

The bas i c  hea t i ng  and v e n t i l a t i o n  c o o l i n g  system f o r  FFTF i s  shown i n  
F i g u r e  12. A t  t h e  present  t ime  t h e  c o o l i n g  water system and both  the  ex- 
containment and i n-containment c h i  11 ed water systems are  ope ra t i ona l .  P r i o r  
t o  f i  11 o f  any c o o l i n g  system, open-end and c losed- loop f l u s h e s  were conducted 
wherever poss ib le .  These f l u s h i n g  a c t i v i t i e s  proved t o  be very  success fu l  i n  
e l i m i n a t i n g  system o p e r a t i n g  problems which would have been caused by minor 
amounts o f  c o n s t r u c t i o n  deb r i s  l e f t  i n  t h e  p i p i n g  system a t  t h e  t ime construc-  
t i o n  was completed. 

O r i g i n a l  p lans  were t o  use mobi l therm as the  c o o l i n g  medium f o r  i n -  
conta inment  spaces but ,  because o f  h ighe r  expected heat  loads, t h e  medium was 
changed t o  a  40/60% wa te r -g l yco l  m i x t u r e  because o f  b e t t e r  heat t r a n s f e r  
p r o p e r t i e s  o f  t h e  wa te r -g l yco l  s o l u t i o n .  Leak detec tors  have been i n s t a l l e d  
i n  t h e  in-conta inment  gas b lower  systems so t h a t  t he  system can be shut  down 
b e f o r e  s u b s t a n t i a l  amounts o f  water leak  out  o f  a coo le r  if a tube l eak  
occurred. 

Since a  s i g n i f i c a n t  heat load i s  no t  y e t  present  i n  t h e  p lan t ,  hea t i ng  
dr~d v e r ~ l  i l a t i o n  system t e s t s  t o  date have mere ly  v e r i f l e d  s a t i s f a c t o r y  f a n  
o p e r a t i o n  and conf i rmed t h a t  ac tua l  f an  f l o w r a t e s  equal or  exceed the  design 
f l o w  r a t e s .  A Phase 3 t e s t  i s  planned t o  determine o v e r a l l  heat removal 
c a p a b i l i t y  once a l l  systems are f u l l  o f  sodium. The data  a c q u i s i t i o n  system 
which was used f o r  t h e  p reopera t i ona l  I n t e g r a t e d  Leak Rate Test w i l l  a l s o  be 
used f o r  t h i s  p lan t -w ide  t e s t  t o  r a p i d l y  c o l l e c t  l a r g e  amounts o f  da ta  f o r  use 
i n  f l ow-ba lanc ing  t h e  c o o l i n g  systems. To f u r t h e r  a s s i s t  w i t h  the  ba lanc ing  
e f f o r t ,  computerized models o f  each c h i 1  1  ed water system and a  model o f  t he  
c o o l i n g  water system are be ing  prepared. Once completed, these models w i l l  
a1 1  ow ; r a p i d  de terminat ion  o f  what e f f e c t  a  system 1  i neup change w i  11 have on 
t h e  f l o w  balance o f  t h e  rwt n f  t h e  system. These modcls, combined w i t h  tlis 
a b i l i t y  t o  r a p i d l y  c o l l e c t  system data, w i l l  g r e a t l y  enhance t h e  e f f o r t s  t o  
e f f e c t i v e l y  balance t h e  o v e r a l l  hea t i ng  and v e n t i l a t i o n  system. 

As s t d t e d  e a r l l e r  1.n the  d iscuss ion  o f  t h e  p reopera t i ona l  ILRT, t h e  
v e n t i l a t i o n  fans f o r  t h e  no rma l l y  i n e r t e d  spaces were no t  o r i g i n a l l y  designed 
t o  opera te  a t  t h e  ILRT pressure  o f  .703 ~ ~ / c m ~  g. Hence, a spec ia l  t e s t  was 
performed on these fans as t h e  containment pressure was increased f o r  t h e  
ILRT. I n  p repa ra t i on  f o r  t h i s  t e s t ,  c u r r e n t  t ransducers and RTD's were 
a t tached t o  a r e p r e s e n t a t j v e  sample o f  t h e  u n i t s  t~ measure runn ing  current 
arid s t a t o r  temperatures as a  func t i on  o f  containment .pressure; a l l  da ta  were 
taken u s i n g  t h e  ILRT data a c q u i s i t i o n  system. Several u n i t s  were a l s o  
t h r o t t l e d  t o  lower the  runn ing  c u r r e n t  a t  atmospheric pressure t o  a l l ow  f o r  
t h e  expected c u r r e n t  i ncrease as c n n t a i  nment pressure was i ncrcased The 
r e s u l t s  of t h i s  s p e c i a l  t e s t  are shown below and ind ica te  t h a t  opera t ion  o f  



t h e  u n i t s  w i l l  'be p o s s i b l e  f o r  f u t u r e  ILRT's when t h e y  are r e q u i r e d  f o r  heat 
removal from t h e  i n e r t e d  c e l l s . .  

Maxi mum Measured 
A l l owab le  Running 
Running Cur ren t  a t  

U n i t  Type Capac i ty  Cur ren t  .703 kg/cm2 g 

Reactor C a v i t y  Fan Vane-Axi a1 450 m3/mi n  94 Amps 87.7 Amps 
(E-202) 

HTS C e l l  Fan Vane-Axi a1 400 m3/mi n  70 Amps 52.7 Amps 
( E- 208) 

I n t e r i m  Decay Vane-Axi a1 340 m3/mi n  90 Amps 85.7 Amps 
Storage Fan 
(E-222) 

Head Compartment Vane-Axi a1 425 m3/mi n  90 Amps 61.6 Amps 
F an 
(E-226 ) 

Pipeway Booster C e n t r i f u g a l  15 m3/min 5 Amps 4.4 Amps 
F  an T u r b i  ne 
(R-97) Compre ssor 

U n i t  E-222 was a l so  stopped and r e s t a r t e d  a t  ,703 kg/cm2 g  t o  v e r i f y  t he  
a b i l i t y  t o  r e s t a r t  a u n i t  which t r i p s  o f f  f o r  some reason w h i l e  containment i s  
p ressur ized .  

INERTED CELL LEAK RATE TESTING 

Approximate ly  40 c e l l s  w i t h i n  t h e  r e a c t o r  containment b u i l d i n g  are r e -  
q u i r e d  t o  be i n e r t e d  w i t h  n i t r o g e n  d u r i n g  normal p l a n t  ope ra t i on  t o  min imize  
t h e  e f f e c t s  o f  a  sodium s p i l l  should one occur .  Each o f  these c e l l s  i s  pro-  
v i ded  w i t h  a carbon s t e e l  l i n e r  t o  c o n t a i n  t h e  i n e r t  gas atmosphere and t o  
p r o t e c t  t h e  s t r u c t u r a l  concre te  f rom sodium-concrete r e a c t i o n s .  A h i g h  tem- 
p e r a t w e  carbon s t e e l  l i n e r  i s  p rov ided t o  a  h e i g h t  which i s  above t h e  depth 
o f  t h e  design bas i s  s p i l l  f o r  t h a t  c e l l  and a  low temperature l i n e r  con t inues  
t o  t he  t o p  of t he  c e l l  where the  c e i l i n g  l i n e r  i s  sealed t o  t h e  access p lug  
pene t ra t i ons  where t h e y  e x i s t .  These c e l l s  w i l l  opera te  a t  a  s l i g h t  nega t i ve  
pressure (approx imate ly  -.00703 kg/cm2 g ) t o  prevent  i n e r t  gas leakage i n t o  
spaces whi ch are normal l y  occupi ed by o p e r a t i n g  personnel . The nega t i  ve 
pressure i n  t he  c e l l s  i s  ma in ta ined by redundant compressors i n  t h e  C e l l  
Atmosphere Processing System. The c a p a c i t i e s  o f  these compressors r e q u i r e  
t h a t  a l l  i n e r t e d  c e l l s  and t h e i r  assoc ia ted  c o o l i n g  systems meet a  leakage 
c r i t e r i a  o f  less  than 1% volume per day a t  -.0175 kg/cm2 g. 



At  the  present  t ime, an i n t e n s i v e  t e s t  program i s  underway t o  t e s t  each 
i n e r t e d  c e l l  f o r  leakage p r i o r  t o  f i l l i n g  p i p i n g  i n  t h e  c e l l  w i t h  sodium. The 
c e l l s  a re  being t e s t e d  a t  +.0175 ~ ~ / c m 2  g  i n s t e a d  o f  -.0175 ~ ~ / c m 2  g  s ince  
access t o  t h e  c e l l s  i s  v e r y  l i m i t e d  once a l l  c l osu re  p lugs are i n  place; t h e  
p o s i t i v e  pressure a l lows the  use o f  bubble s o l u t i o n  ou ts ide  t h e  c e l l  t o  l o c a t e  
l eak  pa ths .  

The f i r s t  c e l l  t e s t e d  was the  Pr imary Sodium Storage Vessel C e l l  which 
has a  s h i e l d e d  access p l u g  i n  one w a l l .  I n i t i a l  leak r a t e s  were h igh,  bu t  
once a  loose e l e c t r i c a l  p e n e t r a t i o n  box was r e p a i r e d  the  c e l l  leakage was 
measured a t  51 cc/min versus an a l l  owable o f  1042 cc/min. 

The nex t  major  c e l l  t o  be t e s t e d  was one of t he  t h r e e  main heat t r a n s -  
p o r t  system c e l l s  w i t h  access p lugs i n  t h e  t o p  of t he  c e l l  i n s t e a d  o f  i n  t h e  
c e l l  w a l l s .  I n i t i a l  l eak  t e s t s  showed excessive1.y h igh  l eak  r a t e s  aro~rnrl  many 
o f  these c e l l  access p lugs .  A major  rework program was i n i t i a t e d  t o  c lean 
p l u g  s e a l i n g  sur faces ,  t o  rep lace  p l u g  gasket m a t e r i a l  and t o  sea l  weld p l a t e s  
over  t h e  top  o f  s e v e r a l  p lugs  which w i l l  r e q u i r e  very i n f r c q u e n t  access. Tlris 
a c t i v i t y  s u b s t a n t i a l l y  lowered the  c e l l  leak r a t e  bu t  s t i l l  d i d  no t  b r i n g  i t  
w i t h i n  t h c  a l l owab le  r a t e  and see111ed Lo change t.hC major  leak l o c a t i o n  f rom 
around the  p lugs  t o  between the  c e l l  l i n e r  and t h e  concrete a t  t h e  t o p  o f  the  
c e l l .  Th i s  f a c t  l e d  t o  t h e  conc lus ion  t h a t  one o f  t h e  seal  welded p lugs was 
now a l l o w i n g  t h e  leakgage o c c u r r i n g  past  i t s  sea l  t o  get  behind the  l i n e r  a t  
some l o c a t i o n .  Wi th t h i s  thought  i n  mind, t h e  l a r g e  In te rmed ia te  Heat 
Exchange (IHX) access p lug  was p u l l e d  and severa l  seal welds were noted as 
be ing  incomplete.  The r e p a i r  o f  these welds i s  i n  progress and a  r e t e s t  i s  
scheduled f o r  t h e  near f u t u r e .  

Once the  major l eaks  i n  any g iven ' c e l l  have been l oca ted  and repa i red ,  a  
techn ique us ing  acous t i c  emiss ion equipment i s  then being used t o  l o c a t e  any 
sma l l e r  leaks. This  technique r e q u i r e s  manned access t o  the  c e l l s  w h i l e  the  
c e l l s  are pressur ized.  Temporary c e l l  access p lugs had p r e v i o u s l y  been 
designed and b u i l t  f o r  the  t e s t  program p r i o r  t o  f u e l  load t o  p rov ide  c e l l  
c l o s u r e  y e t  easy access t o  normal ly  i n e r t e d  c e l l s .  These plugs w i l l  now a l so  
be used t o  a l l ow  safe manned access i n t o  the  c e l l s  w h i l e  t he  c e l l s  are pres-  
s u r i z e d  f o r  leak  t e s t i n g .  It i s  a n t i c i p a t e d  t h a t  t h i s  technique w i l l  g r e a t l y  
enhance l eak  l o c a t i o n  and our  a b i l i t y  t o  meet the  a l l owab le  l eak  r a t e  c r i t e r i a .  

INITIAL SODIUM FILL OF A SECONDARY LOOP 

I n i t i a l  sodium fill of the  f i r s t  secondary l oop  was accomplished two 
days ahead of an acce lera ted  schedule, nn J u l y  2 ,  1978. A bas ic  one.- . l ine 
diagram of a  t y p i c a l  secondary loop i s  shown i n  F igu re  13, The f o l l o w i n g  
p rov ides  a  d i scuss ion  of severa l  o f  t h e  p re lude  a c t i v i t i e s  which l e d  t a  t h e  
d c t u a l  sodium f i l l  process. 

For a  number o f  months p r i o r  t o  the ac tua l  sodium f i l l  evo lu t i on ,  an 
i n t e n s i v e  t e s t  program was focused on ensur ing  t h a t  a l l  secondary 1  oop 



components were checked o u t  and f u l l y  ope ra t i ona l .  I n  p a r t i c u l a r ,  Phase 1 and 
2  t e s t s  were performed on t h e  fo  11 owing secondary components: 

DHX Components 

- Fans 
- Dampers and vanes 
- Preheaters 
- Is01  at ion-val ves 
- Cont ro l  system 

Pump Components 

- L i q u i d  r h e o s t a t  
- Pony motor 
- M a i n m o t o r  
- Cont ro l  system 

E l e c t r i c a l  Trace Heat Components 

- Heaters 
- Thermocoupl es 
- M o n i t o r i n g  panels  

O f  h i gh  importance t o  the  i n i t i a l  fill e f f o r t  was the  performance and 
expected r e l i a b i l i t y  of t h e  o i l - f i r e d  p reheaters  f o r  t h e  DHX tube bundles (see 
F igu re  14) .  The r e l i a b i l i t y  of t h e  preheaters i s  impor tan t  because i t  was 
c a l c u l a t e d  t h a t  w i t h o u t  sodium f l o w  t h e  sodium i n  a  DHX tube bundle would 
begin t o  f r e e z e  i n  about t h i r t y  minutes should a  preheater  f a i l .  To assess 
t h e  performance and r e l i a b i l i t y  o f  t h e  preheaters  a  s e r i e s  of t e s t s  and opera- 
t i o n a l  runs were performed. I n i t i a l  t e s t i n g  showed t h e  need f o r  t he  f u e l  o i l  
system t o  m a i n t a i n  a  constant  f u e l  o i l  supp ly  pressure.  Once t h e  system was 
m o d i f i e d  t o  p rov ide  the  constant  pressure, t h e  preheaters were then operated 
t o  preheat  and h o l d  t he  d r y  tube bundles a t  2050C f o r  24 hours. F o l l o w i n g  
these s p e c i f i c  t e s t s ,  Operat ions personnel r a n  the  preheaters  on an extended 
bas is  f o r  t r a i n i n g  purposes and f o r  t h e  purpose o f  assessing u n i t  r e l i -  
a b i l i t y .  I n  a l l ,  each preheater  was opera ted  f o r  a  t o t a l  t ime o f  approx i -  
ma te l y  two weeks p r i o r  t o  sodium f i l l .  With the  except ion  o f  minor  f u e l  o i l  
leaks,  t h e  o i l - f i r e d  p reheater  system performed w e l l  du r i ng  t h e  e n t i r e  process. 

Other major  e v o l u t i o n s  which preceded the  sodium f i l l  a c t i v i t y  were t h e  
i n e r t i n g  and p r e c o n d i t i o n i n g  o f  t h e  p i p i n g  systems and checkout o f  t h e  sodium 
tank  car  un load ing  system. 

The secondary s to rage tank  system and the  f i r s t  secondary l oop  were 
i n e r t e d  s imul taneously .  The system was i n i t i a l l y  leak  checked and i n e r t e d  by 
evacuat ing  the  system t o  approx imate ly  .00703 ~ ~ / c m 2  absolute,  h o l d i n g  f o r  
24 hours t o  de tec t  any in- leakage,  and then back f i l l i n g  w i t h  argon. A f t e r  
t he  i n i t i a l  evacuat ion and b a c k f i l l i n g  opera t ion ,  t h e  oxygen conten t  i n  t he  



2 system was lowered by pressurizing the system with argon to  2.8 kg/cm g and 
then venting t o  .0703 kg/cm2 g. This pressurization and venting cycle was 
repeated four times before the oxygen content was lowered to  below the 50 ppm 
acceptance level .  Gas samples fo r  oxygen and moisture content were taken by 
means of an on-line purge ca r t .  Grab samples were a l so  taken f o r  ver if icat ion 
by laboratory analysis.  

The sodium tank car  unloading system, shown in Figures 15 and 16,was 
a l so  completely checked out  pr ior  t o  f i l l i n g  the secondary sodium storage tank 
(T-44) shown i n  Figure 17. The - i n i t i a l  t e s t  of the o i l  heating system to  me1 t 
out a tank car indicated tha t  an excessive amount of time would be required t o  
heat a t ank  ca r  t o  the desired temperature of 150°C. To speed Ltie heating 
process, the o i l  burner nozzles were increased in s i ze  and the temperature of 
the primary o i l  system was increased from 170°C t o  205°C. Following these 
modifications the tank car  heating system was able to  increase the tank car 
sodium temperature from ambient to  approximately 150°C in 24 hours. 

The next s tep  in the sodiul~i f i l l  process was to  preheat and  f i l l  t h o  
becundary sodlum storage tank, T-44, using about 2.5 tank cars of sodium a t  
150°C. Following f i l l  of T-44, the loop's sodium processing system was 
f i l l e d  from T-44 f o r  the purpose of obtaining a measure of sodium puri ty  using 
a Plugging Temperature Indicator (PTI); r e su l t s  of t h i s  sample showed the 
plugging temperature t o  be less  than 143"C, and indicated tha t  sodium cold 
trapping would not be required pr ior  to  f i l l  of the main secondary loop. 

Preheat o f ' t h e  main secondary loop was performed in paral le l  with f i l l  
of ' i t s  sodium processing system and was paced by the slow, methodical preheat 
of the Intermediate Heat Exchanger (IHX). A cutaway of an IHX i s  shown in 
Figure 18. Because of the large mass of the IHX and the indi rec t  method of 
heat application with heaters on the outside of the IHX guard vessel,  the IHX 
was l imited to  a heatup r a t e  of l e s s  than 2°C per hour. To ensure t h a t  the 
IHX in terna ls  were f u l l y  heated t o  175"C, the guard vessel temperature was 
increased to  239°C f o r  24 h o ~ ~ r s  and then lowered back to  approximately 
175OC f o r s o d i u m f i l l .  

Once the secondary system had been f u l l y  preheated, sodium f i l l  of the 
loop was completed by pressurizing T-44 and f i l l i n g  the loop via the loop 
drain l ines  as shown in  Figure 19. After establ ishing freeze plugs in the 
high point freeze vents, e f fo r t s  were focused on s t a r t ing  loop flow using the 
pony motor on the main loop pump. Pony motor flow a t  approximately 02 kg/s 
was s t a r t ed  within 24 hours of completing the loop f i l l .  Once main loop flow 
had been s t a r t ed ,  flow through the sodium processing system was r e i n i t i a t e d ,  
and a PTI r u n  was made with a resul tant  plugging temperature of approximately 
150°C. Cold trapping was not in i t i a t ed  fo r  several more days unt i l  the 
plugging t .~mp~ra t l .~re  increased to  approximately 157OC; a t  111~11 L i i l l t !  cold 
trapping was i n i t i a t e d  with a minimum cold t rap temperature of 138°C. 
Within a few days of i n i t i a t i n g  cold trapping, the loop plugging temperature 
had been lowered to  l e s s  than 140°C. 



The next sequence of events to  occur included several rapid flushes of 
several hundred kg of sodium from the loop back t o  the storage tank (T-44) via 
a low point drain connection on the suction l ine  of the main loop pump in an 
attempt t o  f lush out any possible debris before operating the pump a t  high 
flow ra tes .  Similar blowdowns were then performed through a l l  loop drain 
valves following pump operation a t  f u l l  flow conditions. 

Preparations are  now being performed to  proceed w.ith sodium f i l l  of the 
remaining two secondary loops. 

FUTURE TEST SCHEDULE * 

Following f i l l  of the secondary loops, the next major t e s t  ac t iv i ty  in 
sequence will  be sodium f i l l  of the primary system. The major prerequisite to  
primary f i l l  i s  completion of the dry tes t ing  of a l l  refueling components. 
The refueling t e s t  program c a l l s  fo r  actual performance of su f f i c i en t  fuel and 
t e s t  a r t i c l e  handling evolutions to  ensure tha t  a l l  possible fuel handling 
configurations have been checked out pr ior  t o  f i l l i n g  the primary system with 
sodium. This a c t i v i t y  i s  presently progressing with a scheduled completion 
date which supports primary sodium f i l l  i n  December 1978. 

The fol low-on key t e s t  a c t i v i t i e s  with predicted schedule dates a re  
shown in Figure 20. The present schedule c a l l s  f o r  completion of the accept- 
ance t e s t  program and i n i t i a t i o n  of beneficial i r rad ia t ion  tes t ing  in 
February, 1980. 



FFTF FIVE PHASE TEST PROGRAM 

COMPONENT & SYSTEM TESTS 

-- 

(PHASES 1% 2) 

HOT FUNCTIONAL TESTS 

(PHASE 3) 

FUEL LOAD & ZERO POWER TESTS 
rn 
(PHASE 4) 

PARTIAL  AND FULL POWER TESTS 
(PHASE 5) 

I N I T I A L  
SOD I UM C R l T l  FULL I R R A D I A T I O N  
F l  LL C A L I T Y  IWWER TESTING 

I E I v I v' v ,v I 
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K E Y '  EVENTS 

EVENT -- STATUS 

, . CELL HEAT REJECTION SYSTEM TESTING APPROX, 90X COMPLETE 

INTEGRATED LEAK RATE TEST COILIPLETE 

INERTED CELL LEAK RATE TESTING APPROX, 10X COMPLETE 

. . . FUEL HANDLING SYSTEM TESTTNG (DRY) APPROX, 20Z COMPLETE 

NA F I L L  OF SECONDARY SYSTEM ONE LOOP FULL 

NA F I L L  OF PRIMARY SYSTEM SCHEUULED FOR DECEMBER 1978 

F i g u r e  2 



FFTF ACCEPTANCE TES'T PROGRAM 
PHASES Ill, IV, AND V BASE PLAN 
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COOLING WATER SYSTEM 
FLLSH, CG&A, & ATP SAMPLE NETWORK 

MANUAL VALVE OPERATI ON PRESSURE CONTROL VALVES 
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FLUSH 13-SID) 11-SID) 11-SID) & - S I D ~ $ - S I D )  

I ZPF 40P  2 0 P  4 0 P  . 
2 0 P  

2PF 2 0 P  1 SHIFT PUMP 

I I 
2 PF 2 0 P  , 2PF-FIRST I TRIPS. 1 0 P  

I llTE 1 P M  
O P M  I 

ITE 2 SHIFTS I 
I 0. BPI 1 TE 1PI-FIRST IPE-FIRST I 

1 PE 

I 
1 TE I I P M  & IPE-FIRST 

HALF SHIFT HALF SHIFT I 2 SHIFTS HEAD 
I I SHIFT DURING I CURVES. 1 0 P  

I CG&A WORK RECIRC COMPLETE CG&A 
I 

1 TE 
(1-510. 5-D/WJ -1- (1-SID, 5-DIWJ 1 6 SHIFTS FLOW 

r--------O - -----------T BALANCES. 2 0 P  
I UTE-PER. SHIFT 1PE-20% TIME LAST 

I 
I 1 TE 

2PI-PER. SHIFT 8 SHIFTS 

I 
I 1 P I  

IOP-PER. SHlFT LAST 

1 8 SHIFTS I 
I I 2PI-PER. SHIFT I 
I 1TE-PER. SHIFT I 
I RELIEF VALVE I 
I (1-SIDJ I I 
L- ---------------------------------- 
TE - TEST ENGINEER SID - SHlFTSlDAY 
OP - OPERATOR DIW - DAYSIWEEK 1 PF 
I'F - PIPEFITTER 
P I  - INSTRUMENT TECH.. 
PE - ELECTRICIAN 
P M  - MILLWRIGHT 



SAMPLE RESOURCE PLOT 



SAMPLE PRINTOUT FROM MASTER WORK LIST 

SYS. - 
W.R. - 
P.D. - 
MAT. * 
IDENT. - 
ENG* - 
COMP* - 
PKG* - 
REQ* - 
REL. - 
COEP.PL - 

SYSTEM 
WORK REQUEST 
PLANT 3EFlClENCY 
MATE RIAL 
IDENTIFICATLON 
ENGINEERING 
COMPLETION 
PACKAGE 
REQUIRED 
RE LEASE 
COMPLETION 

SOM - 
RESP* - 
FITTER - 
ELEC* - 
INST* - 
MILLW - 
T*E - 
T/P - 
0.1. - 
DOC* - 
SPEC- - 

SHIFT OPERATION MANAGER 
RESPONSIBILITY 
PIPEFITTER 
ELECTRICIAN 
INSTRUMENT TECHNICIAN 
MILLWRIGHT 
TEST EXCE PTlON 
TEST PROCEDURE 
CONSTRUCTION OPEN ITEM 
RE FE RE NCE DOCUME NT 
USED TO IDEI\ITIN TEST PROGRAM 
RELEASE POI NTS 





10 
HUMIDITY 
SENSORS 

PRINTER I. 

66 
RTD's 

CONTAINMENT 
BOUNDARY 

AIR LINE 

- 

0 1. 
CALCULATOR 

I 
I I 

FFTF l LRT I I\ISTRUI~J\E~\~TATI O N  

PENETRATION 
CONNECTOR 

ROT0 
METER 

I 

F i g u r e  9 

PRESSURE 
0\ 

SENSOR 
' 

PRESSURE 
DATA LOGGER 

SENSOR J 

I 
I 

a ---- 
TAPE MANUAL TRANSFER m 

RECORDER 
1 TAPE 1 

RECORDER 





(PS IA )  
FFTF I N T E G R f l T E D  LEQK R a T E  TEST 

PRESSURE TREND FOR 2 5 . 0 0  HOURS 
2 4 . 9 I r  . r r r  1 8 1 r 1 1 1 r  1 r I 1 r r 1 r  I 1 v r 



BASIC HEATING & VENTILATION COOLING SYSTEM 

S-ANDBY 

CHILLERS 

( 2 )  
" 

" 
7 

EMERGENCY 

C H I L L  

f 

t 

WATER 
b 

I . 
" 

COOL I NG 
'h ATE R 

4 . 

' 1EX-CONTA INMENT 
I 
I 

' CHILLERS 
I 

--J (4) 
+ - 

. 
CH I LL WATFR 

4 

EX-CONTA I NMENT 

SPACES 

> r 

I N-CONTA I NMENT 

SPACES 

.. 

--1 I N-CONTA INMENT 

COOLING 
WATER 

. 

I 
I 
1 I CHILLERS 
I 

-J (4) 
. 

CH I L L  WATER < 



' HTS SECONDARY LOOP DIAGRAM 

M P A N S  I ON TANK 
SECONDARY P W P -  

SECONDARY 

SECONDARY INLET--- 

SECONDARY COLD LLG (40.6cm) 

I H X  SECOhlDARY 

ELECTROMAGNET l C 

SECONDARY 

SHELL SIDE P R I M A R Y  
TUBE S IDE SECONDARY 

SECONDARY HOT LEG DUMP HEAT EXCHANGER (DHX) 
MODULES FOR EACH LOOP 

MODULE 



DUMP HEAT EXCHANGER PREHEATER 

EXHAUST . 
STACK 

- DHX PRLHEATER A I R  FLOW PATH 

DHX NOPMAL OPERATING A I R  FLOW PATH 

HEATED AO R FLOW 

/ INLET ISOLAT113N CAFE 

'PLY 





<1=3 O I L  RETURN MANIFOLD 

FFTF HOT OIL SYSTEM FOR 
HERTPNG SODIUM-FILLED TANK CARS 

sl 
-I. 

U3 
c PRIMARY OIL  
4 SECONDARY 
ID 

-4 

or 

t 

P R I M A R Y  OIL 
HEATER 

SECON3ARY 
311 PJMF 



SlODlUM FILL SYSTEM 

S O D I U M  TANK CAR 
RECEIVING AND UNLOAD I N 3  
STAT l ON 



INTERMEDIATE HEAT EXCHANGER 

GUARD 



SECONDARY LOOP #3 FILLING THROUGH. 
MULTIPLE DRAIN LINES BY PRESSURIZATION OF T-44 

YSTEM 

IN\FMI MAGNETIC FLQNMETER 
FT FREEZE VENT 
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