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ABSTRACT 

An e x i s t i n g  ho r i zon ta l  furnace and a f i s s i o n  product: c o l l e c t i o n  
system, used for t e s t i n g  l i gh t -wa te r  r eac to r  f u e l  uiider simulated acci- 
dent condi t ions ,  were r e b u l l t  f o r  opera t ion  i n  the  v e r t i c a l  o r i en ta t ion .  
h j o r  changes i n  the  design of the! furnace and i n  t he  loading/unloading 
procedure were requi red ,  Modif icat ions t o  the  f i s s i o n  product c o l l e c t i o n  
ct>mg~nents and the  steel containment box f a r  t he  entire appara tus ,  how- 
eve r ,  were r e l a t i v e l y  minor. Because the  f u e l  specimens, t he  furnace 
cons t ruc t ion ,  and the  genera l  mode o? test opera t ion  f o r  t h i s  new faei l -  
i t y  are all similar to  those of the  previously operated f a c i l i t y ,  no 
s i g n i f i c a n t  changes i n  the  sa fe ty  hazards are apparent.  Adherence to all 
qualfty assurance,  personnel t r a i n i n g ,  and ope ra t iona l  s a fe ty  requi re -  
men t s  is documented. 

P 
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DESIGN AND FINAL SAFETY ANALYSIS REPORT FOR VERTICAL FISSION 
PRODUCT =LEASE APPARATUS I N  HOT CELL B, BUILDING 4501 

M. F. Qsborne, J. L. k l l i n s ,  P. A. b a s ,  R. A. Lorenz, 
J,  R. Travis ,  and C. S. Webster 

1. EXECUTIVE SuM14ARY 

F i s s i o n  product release from l i g h t - w a t e r  r eac to r  (LlilR) f u e l  under 
simulated acc ident  condi t ions  has been inves t iga t ed  a t  Oak Ridge National 
Laboratory (ORNL) f o r  s eve ra l  years .  FOP f u t u r e  testing, i t  w a s  decided 
t h a t  an e x i s t i n g  ho r i zon ta l  furnace and f i s s i o n  product c o l l e c t i o n  
apparatus  should be r e b u i l t  t o  permit the f u e l  specimens t o  be t e s t e d  In 
t h e  v e r t i c a l  o r i e n t a t i o n ,  as i n  an opera t ing  r eac to r .  This conversion 
requi red  W ~ O K  changes i n  the  design and opera t ion  of t he  furnace;  con- 
cu r ren t ly  the  c a p a b i l i t i e s  of t he  f i s s i o n  product col . lect ion apparatus  
were expanded. In  carder t o  minimize the p o t e n t i a l  problems, however, t he  
materials of cons t ruc t ion  and the  general  opera t ing  techniques were 
r e t a ined  to  the ex ten t  possible .  Except €or Increas ing  the  number of 
components and making dimensional changes t o  expand the  c a p a c i t i e s ,  t he  
primary f i s s i o n  product c o l l e c t o r s  ( t h e  thermal g rad ien t  tube and the  
f i l t e r  package) remained unchanged. One new component, an ae roso l  den- 
sity monitor,  is being designed for u t i l i z a t i o n  i n  la ter  tests. 

An ana lys i s  of t he  p o t e n t i a l  s a fe ty  hazards assoc ia ted  wi th  these  
tests showed t h a t  (1) compared t o  the h o r i z o n t a l  apparatus ,  no add i t iona l  
hazards  W i l l  be encountered, and ( 2 )  the  v e r t i c a l  furnace design appears  
t o  be inherent ly  sa fe r .  A s  concluded i n  the  previous sa fe ty  ana lyses ,  
t h e  maximum c red ib le  accident  is  breakage of t he  fused s d l i c a  furnace 
v e s s e l  a t  a t i m e  when i t  contafned rnostly hydrogen; t h i s  might r e s u l t  i n  
a burn o r  explosion of -100 an3 o f  hydrogen but would be i n s u f f i c i e n t  t o  
cause a p o s i t i v e  p re s su re  i n  the  experiment containment box, t he  primary 
containment. 

Careful  adherence t o  a l l  admin i s t r a t ive  con t ro l s ,  inc luding  t r a i n i n g  
and c e r t i f i c a t i o n  of t he  ope ra to r s  and the  documentation of q u a l i t y  
assurance and ope ra t iona l  s a fe ty  requirements,  should ensure that the  
tests and the  p o s t t e s t  ana lyses  w i l l  be coiiducted i n  a manner as s a f e  as 
i s  reasonably practical. 

2 INTRODUCTION 

An experimental  p ro j ec t  - Fis s ion  Product Release from LWR Fuel i n  
Steam - has been sponsored a t  ORNL by the  U.S, Nuclear Regulatory Commis- 
s i o n  (USNRC) s ince  N 1981. The ob jec t ives  of t h i s  work are t o  determine 
t h e  release r a t e s  of t he  most important f i s s i o n  products from highly 
i r r a d i a t e d  commercial LWR f u e l  and t o  i d e n t i f y  the  phys ica l  and chernical 
forms of t he  re leased  species. A s  of May 1485, s i x  tests of commercial 
f u e l ,  four  tests o f  simulated f u e l ,  which contained t r a c e r - l e v e l  quanti-  
t i es  of f i s s i o n  products ,  and s i x  con t ro l  tests, i n  which t r ace r - l eve l  
amounts of s p e c i f i c  f i s s i o n  product and/or s t r u c t u r a l  material were used, 
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have been conducted a t  temperatures up t o  2450'C. No s i g n i f l c a n t  escape 
of r ad ioac t ive  material from t h e  h o r i z o n t a l  tes t  appara tus  i n  Hot C e l l  B 
o r  personnel exposure has occurred during conduct o r  a n a l y s i s  of t hese  
tests, Experiments i n  thPs new, v e r t i c a l  apparatus are. a d i r e c t  continua- 
t i o n  of the  completed work, which has been documented i n  ORNL reports1-7 
and open publications.*-l0 
work, no major changes are a n t i c i p a t e d  i n  materials of cons t ruc t ion ,  i n  
the range of experimental  condi t ions ,  i n  t he  types of specdrnens t e s t e d ,  
o r  i n  t h e  ope ra t ing  procedures f o r  f u t u r e  tests,  which are to be con- 
ducted during the  next 2 t o  3 yea r s*  

I n  corn arison wlth t h e  success fu l ly  completed 

The purposes of t h i s  r epor t  are twofold. The deslgn and construe- 
t i o n  o f  t h e  test appara tus  and the experimental  procedures are doc 
wi th  emphasis on changes compared t o  the  earlier work. Secondly, the 
o v e r a l l  s a f e t y  of these experiments and of p o s t t e s t  sample handlin 
a n a l y s i s  i s  discussed;  p o t e n t i a l  problems and consequences of "worst case" 
a c c i d e n t s  are considered. In  the  i n t e r e s t  of b r e v i t y ,  f requent  refer- 
ences t o  t h e  design r e p o r t  f o r  the  h o r i z o n t a l  test apparatzasll and to  the  
earlier s a f e t y  a n a l y s i s  r epor t12  w i l l  be wed.  

TUS DESIGN AND CONSTRUCTION 

3 .  P DESIGN REQUIREMENTS 

I n  o rde r  to modify/eoiivert the misting h o r i z o n t a l  test a p p a r a t u s l l  
t o  a v e r t h c a l  system, t h e  p r i n c i p a l  requirements were: (a) to  change the 
furmace and thermal g rad ien t  tubes (TGTs) f r o  horizontal. t o  v e r t i c a l  
o r i e n t a t i o n ;  (b) to chapge from one or two to t h r e e  ICTs, and u t l l i z e  a 

FI (rather than i i u i d u a l )  temperature con t ro l  method; ( c) t o  devise  
e t e l y  d i f f e r e n t  thods f o r  loading and unloading the  f u e l  specimen 

t o  and from the furna  ; (d)  t o  improve t h e  uniformity o f  steam oxidation 
of the specimen; (e) t o  develop new and improved ways f o r  determining and 
c o n t r o l l i n g  specimen temperature; ( f )  t o  relocate and modify the  steal 
containment box t o  accommodate the  above changes; and ( g )  t o  
previausky s p e c i f i e d  requtrements fo r  5afety and containment 1 2  

3.2 MAIN COMPONENTS 

3.2.1 Furnace 

A s  t he  key component i n  the  t e a t  appara tus ,  t h e  furnace required a 
large f r a c t i o n  of t he  des ign  e f f o r t .  As shown i n  Fig.  1, t he  furnace 
u t i l i z e s  a t ubu la r  g r a p h i t e  susceptor  t o  heat an inner ceramic (Tho2 or  
ZrQ2) furnace tube ,  wMch contains the Euel specimen and ttie flawing 
sseawheliuwhyanrr-bnydrogen atmosphere, These furnace intermals are surrounded 
by g r a p h i t e  f e l t  and fibrous Zr02 thermal. i n s u l a t i o n  (see Pig, 2). 
regian conta in ing  g r a p h i t e  (both  susnceptor and i n s u l a t i o n )  is  purged wlth 
p u r i f i e d  heldlim at a. s l i g h t l y  Mghes- pressure  t o  &.nimize? owldatPon b 
any steam l cak ing  out of the t e a t  chamber. h e  or  mre f r l ~ e ~ ~ m o ~ o ~ p l e s  

The 
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F i g .  1. Vertical fission pradnct release furnace. 
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ORNL-PHOTO 4708-85 

Fig .  2. Components of vertical furnace, in laboratory. 
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are i n s t a l l e d  i n  the  inlet  (bottom) end of t he  furnace,  and two o p t i c a l  
pyrometers* view the  inner  ceramic tube (through windows and holes  i n  
t h e  i n s u l a t i o n  and susceptor )  a t  e l eva t ions  near the  i n l e t  end and mid- 
l e n g t h  of t he  f u e l  specimen f o r  temperature measurement and cont ro l .  
The furnace vesse l  i s  cons t ruc ted  of a fused s i l i ca  (qua r t z )  tube,  
10.16 an OD x 0.318 em w a l l  x 40.64 m long; t he  s t a i n l e s s  steel (bottom) 
and Tnconel ( top )  end f langes  are f i t t e d  with water-cooled O-ring seals. 
The induct ion  c o i l ,  of 0.635-m-OD copper tubing,  surrounds the  s i l ica  
veese l  and i s  accu ra t e ly  pos i t ioned  by v e r t i c a l  Mycalexi supports  a t  180' 
(Fig.  3). Pu r i f i ed  helium i s  admitted t o  the  window-support tubes t o  
sweep m y  condensible material re leased  from the  furnace  components away 
from the  windows, where it might reduce t r ansmiss iv i ty  and i n t e r f e r e  wi th  
temperature measurement. 
Fig. 1) carries impurity vapors and ae roso l s  t o  a f i l t e r ,  p u r i f i c a t i o n  
t r a p ,  and r e c i r c u l a t i n g  pump, from which it  is re turned  t o  the  furnace.  

The e x i t i n g  helium ( see  "helium o u t l e t  " I  

The test atmosphere, which passes over the  f u e l  specimen i n  the  
inne r  tube,  is  a mixture of helium with con t ro l l ed  f r a c t i o n s  of steam 
and/or hydrogen, depending on the  test objec t ives .  This gas mixture,  
which w i l l  be predominantly steam i n  most tests, i s  admitted t o  the  fur-  
nace near t he  bottom end (Fig. I ,  ""steam i n l e t " ) .  It flows upward and 
e n t e r s  t he  test chamber around the  circumference of t he  bottom ceramic 
support  piece f a r  t he  f u e l  specimen. The combination of four  grooves a t  
90" l o c a t i o n s  and the  narrow c learance  gap (-8.025 cm) between t h i s  
ceramic support  piece and the  surrounding furnace tube should provide 
good v e r t i c a l  mixing of the  incoming gas wi th in  the  t e s t  chamber, thereby 
improving the  uniformity of cladding oxida t ion  as compared t o  the  previous 
h o r i z o n t a l  furnace,  This  r e a c t i v e  gas mixture carries the  f i s s i o n  product 
vapors and ae roso l s  re leased  from t h e  f u e l  specimen upward through the  
top  ceramic end pieces  and then t o  one of the  th ree  c o l l e c t i o n  t r a i n s ,  
as shown in Fig. 4 .  Flow through the  des i red  t r a i n ,  composed of TGT, 
ae roso l  monitor or sampler, and f i l t e r  assembly, i s  con t ro l l ed  by opera- 
t i o n  of t he  valves  f u r t h e r  downstream. The remaining gases ,  which may 
inc lude  helium, steam, hydrogen, carbon monoxide, and the  f i s s i o n  gases 
krypton  and xenon, continue and are co l l ec t ed  in the  condenser and dryer  
(steam) and the  cold charcoal  t r a p s  (krypton and xenon). A copper oxide 
conversion bed a t  450°C is  used t o  convert  H, and CO t.o water and CO2, 
which are co l l ec t ed  by a condenser and an Ascarite t r a p ,  respec t ive ly .  
Hydrogen i s  generated i n  the  furnace the  r eac t ion  of steam wi th  the  
Zirealoy eladding of t he  f u e l  specimen and wi th  the  g raph i t e  susceptor .  
Carbon monoxide is a l s o  formed by t h e  s team/graphi te  susceptor  r eac t ion ,  
Measurement of t he  inf lowing helium, stearn, and hydrogen, of the  outflow- 
iog helium, and of t he  co l l ec t ed  products  (H20 and CO2) is  used t o  i n t e r -  
p r e t  t he  rates and ex ten t  of Zircaloy oxida t ion  during the  test, The 
commercially suppl ied equipment, components, and Instrumentat ion f o r  t h i s  
test apparatus  are l i s t e d  i n  Appendix A. 

*LRCQN, Series R two-co~or pyrometers e 

twcalex is  a composite of ca and glass,  trademark r e g i s t e r e d  by 
Spaulding Fibre  Go. 
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ORNL-PHOTO 471 5-85R 

F i g .  3. Vertical furnace assembly, i n  place in hot cel l .  
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3.2.2 F i s s ion  Product  Co l l ec to r s  
I__ 

Upon e x i t i n g  from the f u e l ,  the re leased  mtet-Za3. 1s swept from t he  
furnace  by the flowing h e l i u m - s t e i y d r o g e n  atmosphere to a serPes of 
c o l l e c t o r s  desdgned t o  s e l e c t i v e l y  i s o l a t e  the various f i s s i o n  product 
species. These c o l l e c t o r s  were l i s t e d  i n  the previous section and are 
i l l u s t r a t e d  i n  Fig. 5 ,  The TGT l i n e r  fs  mde o f  platinum foil (0.0076 em 
thick) and i s  i n s e r t e d  i n s i d e  the 0.953-cm-OD Lnconel tube; the  liner 
(-8.75 cm I D )  s e rves  as a r e l a t i v e l y  i n e r t  depos i t i on  surface wMch can 
be read1l.y removed and sampled f o r  p o s t t e s t  a n a l y s i s ,  as descr ibed  pre- 
v ious ly  s 

The m m d t o r  and sampler for examining the a e r o s o l s  w i l l  be Fns t a l l ed  
i n  s e l ec t ed  c ~ l l e c t l o ~ i  trafns; t hese  components are i l l u s t r a t e d  i n  d e t a i l  
i n  Figs .  6 and 7 and provide,  r e syec t fve ly ,  a measure of aerosol, dens i ty  
(by  the  measurement of l i g h t  a t t e n u a t i o n )  and r e p r e s e n t a t i v e  samples o f  
the material f o r  f u r t h e r  examination/ana%ysis b y  scanning e l ec t ron  
rnPcroscopy (SEM) and energy-dispersive X-ray m a l y s l s  (EDX). 

The f i l t e r  package used i n  t h e  ve r t i ca l .  appara tus  I s  a modi f lca t ion  
of the prcviaus ly  used assembly.ll 
i n  e f f e c t i v e  d l a m t e a  from 4.60 cm to 8.89 cm compared t o  the filter 
packages ( P i g ,  8) used i n  tests NT-3 through HI-6. This 270X herease i n  
f f l t e r  area p lus  the a d d i t i o n  of two addi t fo i ia l  f i l t e r  packages for tifie 

S Q ~  c o l l e c t i o n  without f i l t e r  plugging in the highest-temperature tests.  
(Two of the 4.60-cm f i l t e r s  in stmulant t es t  HS-4,13 which operated 5 min 
a t  2000°C and 15 mLn at 240Q°C, ec~lJ-ected 1.45 .q of material with only a 
moderate increase i n  pressure drop . )  TRe holders  f o r  t he  heateid charcoal 
were enlarged i n  the new design; up to 2.0 cm3 ( an  Pnereasc OE UP t r p  150X 
over the  mounts  used In tests HI-3 through HI-6) m y  be loaded i n t o  the 
new charcoal ho lders  i f  needed. 

The prii-ncipal change fs an i nc rease  

i n  d i f f e r e n t  phases of the test, should provide mple  capi3city for a e r ~ - -  

Although. na s i g n i f i c a n t  amount of 85Kr has been found I n  the semnd 
cold charcoa l  t r a p  i n  prcvlous tests,  we w f l l  cont inue  t o  use two  t raps  
i n  series as a precaut ion  agaFnst overloading or faflure of the f i rs t  
t rap.  

3 . 2 , 3  Gas Analyzers 

In ordes t o  improve our understanding SF ox ida t ion  r e a c t i o n s  i n  the 
furnace ,  c-omponents f o r  quantitative measurement o f  the? hydrogen and CAT- 

bcan monoxide piroduced by hlgh-tenpepature steam r e a c t i o n s  L ~ v e  been added 
t o  the  c o l l e c t i o n  apparatus (P ig .  81, Dosmstream from the cold charcoa l  
traps, a hot copper oxide conversion bed (450°C) 1s: mmted t o  react wtth 
the H2 and co as foll.ows: 
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The products  H2Q and GO2 are then condensed i n  a cold trap and adsorbed 
on AscarFte, r e spec t ive ly  where the  aun t s  can be quarat i ta t ively 
measured. 
t inuous ly  by B c a l i b r a t e d  i n f r a r e d  analyzer .  

The CO2 f l o w  t o  t he  Ascarite t r a p  w i l l  a l s o  be moattored con- 

3 . 2 . 4  Ins t rumenta t ion  

Most of the ins t rumenta t ion  changes l n  thFs apparatus ,  compared to 
the p ~ - e v i ~ u s  hor t zon ta l  assembly r e f l e c t  t he  change in test o r i e n t a t t s n ,  

erature measurement i s  accomplished use of thermoca 
pyrometers; gas f l o w  r a t e s  and press e s  are measured 

meters and by s tandard gauges; and r ad ta t ion  Ps monitored 
tubes  (gross gama a c t i v i t y )  and measured precisely by N ~ I ( T R )  ana &(Id) 
d e t e c t o r s  connected t o  a multichannel ~ ~ ~ ~ ~ ~ ~ r ~ e ~ ~ p ~ i t @ ~  system; a l l  were 
descr ibed  previously e 1 1  

The procedures used in. conducting fission product release t e s t a  in 
thas  ver t ieal  apparatus  wlll be very s l d l a ~  t o  those desc r ibe  
approved previously e 9 The p r l n c t p a l  d i f f e r e n c e s  will be i 

unloading the  fuel spechen ta/from the  furncace, E ~ c m p 3 . e ~  of 
procedure and areas o f  okperatt;r r e s p o n s i b i l i t y  foe a typ ica l  

own in ~ p p e n d i x e s  B ad. C, A f l o o r  plan, t 1 Ius t r a t ing  the 
l o c a t i o n s  of the hot ceL1.s and ~ ~ ~ ~ ~ o ~ n ~ ~ ~ ~  1 ~ r a t o ~ ~ t r ? ~  im B1 
shown 8n Fig. 9. 

4.1 TEST PXEP 

A s  i n  previous t e s t s ,  the highlp r ad ioac t lve  f u e l  s ~ ~ ~ ~ ~ ~ n ~  w i l l  be 
cut 6s l ength ,  capped to prevent fue l  loess, and drilled at midlength (to 
provide a vent  during heatup) during specimen pre  r a t l o n  i n  mother hot 
ce l l .  Pretest g analysis of the speclmen t o  r i l~~y E ~ S S I O ~  produet 

mtQV a d  diStKbbUt&On, W i l l  be S % r P i  ldg.  4501 in H o t  C e l l  
d j s r  io a carrier i n  Room 220" me 6 1 not be transferred 

i n t o  Cell. B until t he  test apparatus  has been coompll.etePy prepared and the  
cell has been closed and sealed, 

Fo810wing assembly of the furna-e a d  the f i s s i o n  pro U C t  CO11E?Ct&QII 

apparatus  the entjtre s y s t e  TJilP lrte le&-tested (Both VECUU.EI m d  pres- 
su re )  t o  enstire proper c los  re and sea l ing .  equate  opera t ion  of all 
1 n s t r m e n t s  w i l l  be verifled by preliminary t i ng  ana gas ~ I O W  ana ttpe 
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NOTE: 
I .  OUTLINED SECTION 

IS CONTAINED A R E A  
2. ARROWS INDICATED DlRECTlQN 

OF AIR F L O W  
OTES EXHAUST HQOBS 

Fig. 9 .  F i r s t  f l o o r  plan  for Building 4501. 
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use of r ad ioac t ive  s tandards.  The cdequacy of the  containment box clos- 
u r e  seals w i l l  be v e r i f i e d  by vacuum and flow rate t e s t i n g ,  and all 
s p e c i a l  t o o l s  for remote ope ra t ions  - handling of t he  f u e l  specimen and 
cas t ing  it i n  epoxy r e s i n ,  c los ing  and opening the  furnace,  and d is -  
assembly and t r a n s f e r  of t he  TGTs ar,d f i l t e r  packages - w i l l  be checked 
p r i o r  t o  c los ing  and s e a l i n g  the  hot cell,  Only then w i l l  t he  f u e l  speci-  
men be t r a n s f e r r e d  i n t o  the  cell and loaded i n t o  the  furnace.  (As a 
sa fe ty  precaut ion ,  t he  o the r  t h ree  cells i n  t h i s  complex are a l s o  locked 
t o  ensure no personnel access whenever a f u e l  specimen is  i n  the  test 
c e l l , )  I n  order  t o  allow hands-on assembly of the  f i s s i o n  product co l lec-  
t o r s  (TGTs, ae roso l  monitor and sampler, and f i l t e r  packages),  it was 
necessary t o  develop a procedure f o r  loading the  f u e l  specimen i n t o  the  
furnace from the  bottom i n  t h i s  v e r t i c a l  apparatus .  An extension p in  
from one end cap of the  specimen f i t s  i n t o  a corresponding hole  i n  the  
ceramic support  piece a t  the  i n l e t  Cbottom) end of the  furnace t o  hold 
t h e  specimen i n  a v e r t i c a l  pos i t i on  (Fig. 1). The i n l e t  end assembly of 
t h e  furnace is mounted on a support  plate t h a t  can be dr iven  v e r t i c a l l y  
by an e l e v a t o r  screw t o  simultaneously i n s e r t  t he  specimen and c lose  the  
furnace.  After  c losure  of t he  furnace and containment box, the  s e a l s  
w i l l  be r e v e r i f i e d  and the test apparatus  evacuated and f lushed with 
helium. 

4.2 TEST OPERATION 

I n  the  i n t e r e s t  of s a fe ty  and r e l i a b i l i t y ,  all opera t ions  i n  con- 
duc t ing  an a c t u a l  test w i l l  be performed from ou t s ide  the  hot c e l l ,  Any 
use of t he  manipulators  while t he  high-frequency power supply is  acti- 
va ted  I s  prevented by losks, 

A l l  parts of the  test apparatus  t h a t  a r e  exposed t o  steam during the 
test must be preheated t o  >lOOaC ( t y p i c a l l y  125°C min) t o  prevent conden- 
s a t i o n .  During t h i s  preheat ing phase,  t he  furnace w i l l  be heated very 
slowly wi th  helium flowing to  250-300°C, and the  des i r ed  temperature gra- 
d i e n t  w i l l  be e s t ab l l shed  along the  X T s .  Steam flow through the  test 
appara tus  w i l l  then be i n i t i a t e d ;  st .able flow a t  the  planned r a t e  f o r  a 
minimum of 5 min 1s required before  beginning the  test t r a n s i e n t ,  a ramp 
of 1. t o  2'/~m (Unlike previous tests, one o r  more tests i n  t h i s  series 
may use s i g n i f i c a n t  flow rates of hydrogen, e i t h e r  i n  place of o r  i n  
a d d i t i o n  t o  steam. In such tests, the  hydrogen flow w i l l  be cont ro l led  
i n  the  same manner as the  steam. The hazards of using hydrogen are 
addressed i n  Sect. 5.) 

During the  heatup and high-temperature phase of the  test ,  a l l  
instruments  w i l l  be monitored c a r e f u l l y ,  and the  test apparatus  w i l l  be 
observed v i s u a l l y ,  t o  t he  l imi t ed  ex ten t  afforded by the  hot  c e l l  and 
containment box windows. Bower to  the  furnace w i l l  be con t ro l l ed  
manually, based on the  temperatures ind ica ted  by the  thermocouples and 
t h e  o p t i c a l  pyrometers and on p a s t  experience.  Upon any i n d i c a t i o n  of 
a s i g n i f i c a n t  problem, the  power w i l l  be reduced o r  shut  off e n t i r e l y .  
Because the  high-frequency power b s  caused inaccura te  temperature indi-  
c a t i o n s  by thermocouples i n  some p a s t  experiments,  t he  power w i l l  be 



i n t e r rup ted  f r e q m n t l y  f o r  3 t o  5 s t o  & l o w  more? r e l i a b l e  csmprarduorn 
with  the  o p t i c a l  pyrometer. Except fo r  the e a r l y ,  low-temperature 
(<100OoC) phase of the tests, the optteal. pyrometers have proven to be 
m0re reliable and w t l l  be our primary method of temperature ~ E V X W X E I ~ ~ ~ .  

Test temperatures and gas flow rates w i l l  be recorded eontlnuously by 
s t r i p  chart recorders .  The d a t a ,  PIUS the gmma spectra from detec- 

wtkb he recorded at 1-min intervals  by a d a t a  acquisit ion b y s t e m  operated 
by a &-wktt-Pa&ard 9825 computer, as i nd jca t ed  i n  Fig, 10. The t h ree  
collection t r a i n s ,  as selected by valves  downstream from the  f i l t e r  
packages, Will permi t  the co lkXt iQzi  Of materid ~ e ~ e a S e d  fPOoS the fur- 
nace i n  three phases,  which are planned before the test is begun. 

24QO°C, the  power w k l l  be shut o f f ,  and t h e  specimen w i l l  be allowed t o  

I I ~ E U K S ~  cooling rate w i l l  be si-malar t o  the  heatup rake, 1 60 2"/s. At 
this po in t ,  f low of she reactive component o f  %Be test atmosphere (steam 
or hydrogen) will he stopped, and ~tae e n t i r e  apparatus wi'9.1 be cooled ea 
room temperature in flowing helium so that i t  i s  i n  a dry, ine;r% can- 
d i t l o n  fore openhg and d i s a s s e d d y  . Thfs tesc  procedure i s  essent ia l ly  
i d e n t i c a l  to  that nsed i n  t he  SIX ti1 ~ e s t a 1 - 6  and the ti-mr IIS teets,l3 

t o r s  observing the TGTs, the  filter pa&ages, m d  the cold charcoal t'e"Bp76, 

FolPowing compZ@tion of these three hfgb-temperature phases at  1700 t o  

cool rtpa -1200°c wPth ncl change. in tl1e test atmosphere or f l a w  sate. The 

4 . 3  POSTTEST OPERATIONS 

A s  i n  previous tests, the disassembly 1s planned to mf-infmkze the 
p o s s i b i l i t y  of cross-eontaminatton of c o l l e c t o r s  or of c e l l  contaninat ion.  
PoPPowtng cooldowin of tbe apparatus to room temperacure the f l l t e r  
packages, which are mounted ou t s ide  the containment box ( F i g ,  4 )  i n  the 
ver t - tca l  assembly, are disconnected f i r s t  and mansferred t o  C e l l  I) for  
disassembly, packaging, sampling, et=. , prlar to anallysfs, The iiidividuw2 
components of the f i l t e r  pfi&.age are shown i n  Fkg. 5. me canta8nmP3t 
box is opened and. the apparatus i s  examined f o r  evtdenee of damage; then 
the aerosal itaonitor and tshe aerosol. sampler are rmeeved, The platinum 
TGT l l n c r s  are withdrawn into presaeighed aluminum t r ans fe r / s$o rage  tubes,  
then mowed to Cell D or  to  a s to rage  carrier. 
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A t  this point,  the  ce l l  w i l l  be opened a i d  surveyed by a h e a l t h  phys- 
i c i s t  t o  determine the extent of ce l l  contamination. Af te r  the necessary 
decontamhat ion ,  the  remaining components of the fiirnace will be removed 
for maly sis and examination .) 

a analyses of low-level samples and components w i l l  be 
126A; these are samples (<1 R/h at 3 in.> that can be 

analyzed sa fe ly  without sh i e ld ing ,  although a sh ie ld ing  may be used 
during transfer and storage. The Mgh-level samples - the  f u e l  specia~en,  
TGTs, f i l ters ,  and some furnace ceramics - must be handled remotely and 
analyzed. e i t h e r  I r a  Cell A ( through a 15-cm-diam w a l l  ho le )  o r  in Room 220 

r e q u i r e  the  m e  of personnel. barr icades  am3 superv is ion  by the  area 
health p h y s i c i s t  e In add i t ion ,  these high-level components are examined 
sampled, leached, et@., i n  C e l l  D, and gam les (both s o l i d  and l i q u i d )  
are withdrawn f o r  gamma a n a l g s l s  w-d/or t r a n s f e r  t o  Pu~alytPcal meaaf.stq 
Divis ion l a b o r a t o r i e s  for other  analyses .  Sample s e l e c t i o n ,  d i l u t i o n ,  

124, All of these  opera t ions  have 'been rcvlewed for sa fe ty  and are con- 
ducted under health physics  supervrsion; no signiftcant l abora tory  con- 
tadnations or personnel exposures have occurred during the previous 
operations of this project (1382-1985). 

(using a iead-shieidea carrier). ~pn%iyscs  of these h i g h - ~ ~ e i  samples 

r e p a d a g i n g ,  etc,, i s  behlnd i.ena sh ie ld ing  i n  31 hood i n  R G O ~  

5 .  ACCIDENT ANALYSIS (FOTENTIAL PROBLEMS) 

5.1  FUEL HANDLING PRIOR TO TESTING 

The procedure for handl..lng the fuel s p e c h e n  p r i o r  t o  t e s t i n g  i s  
discussed i n  d e t a i l  i n  Appendix B. Since dl handling af the specimen 
will be done over a l a r g e , r e s l l i e n t  roughing f i l t e r  that w i l l  be post-  
t ioned  on a table in f r o n t  of the containment box, and since the Zircaloy 
eladding Is not b r i t t l e  at this stage, no breakage of the spesltmen is  
likely t o  occur. Both the table and the por t ab le  roughlng filter w E L l  
have sides t o  help keep the speclmen from f a l l i n g  t o  tbe  f loo r .  However, 
if i t  should f a l l  t o  the floor, these is a possibility COP' some €tiel dus t  
being discharged from the 1.6-m~ hole loeated a t  the cen te r  of the speci-  
men, Although un l ike ly ,  it is a l s o  p s s i b l e  that one of the pressed-on 
Zfscaloy end caps  could be dislodged,  In e i t h e r  case, a s p e c i a l  vacuum 
syeten could be used t o  retrieve the p e l . l e t s ,  p a r t i c l e s ,  and dust. These 
would be placed in a sea led  conta iner  and t r a n s f e r r e d  t o  Cell D for dis -  
posal .  The f l o o r  of C e l l  B would then be f lushed w%th cleawfng s o l u t i o n  
t o  remove the contamination, ht should also be pointed out that p-r.Lnr t o  
the f u e l  spectinen being lowered i n t o  the cell, the ce l l  is;  c a re fu l ly  
sealed and operated. under negative pressure (-1 in .  ~ ~ 0 ) .  MI air enter -  
i ng  and e x i t i n g  the  cel l  is  f i l t e r e d  and controlled. 
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contanina t ion  during subsequent handl ing s t eps .  An eyebol t  p a r t i a l l y  
embedded i n  the epoxy w t l l  be used t o  remove the  specimen from the 
furnace.  
sealed.  This work w i l l  be done over the po r t ab le  vacuum f i l t e r  device 
t h a t  wl l l  be a t tached  t o  the containment box c l o s e  t o  the  f i i r n ~ e .  I f  
t h e  assembly should a c c i d e n t a l l y  f a l l  during t h i s  ope ra t ion ,  t he  epoxy 
should con ta in  a l l  her, d e b r i s ,  etc., so t h a t  the consequences should 
be much less severe  than i n  t h e  acc ident  case discussed i n  Sect. 5.1. 

Upon removal, it w i l l  be placed i n  a t r a n s f e r l s t o r a g e  can and 

5 *3  

~n the r ecen t ly  conduetea HZ and S test series, t en  success fu l  
experiments were conducted i n  t h e  prewjlously discussed h o r i z o n t a l  furnace. 
In the  HI t e s t s , l - 6  h ighly  i r r a d i a t e d  ~m f u e l  specimens were heated i n  
steam in the temperature range 1300 t o  200i)"c. In the HS tests,l3 four 
simulant ( t r a c e d )  f u e l  specimens were also heated in steam but a t  a 
h igher  temperature ,  1600 co 2460°C. In  t h i s  hea t ing  method, n graph i t e  
susceptor  ( tungs t en  i n  two tests) was posi t ioned around t h e  t h o r i a  or 
z i r c o n i a  tube which housed the  file1 specimen. ~ ~ ~ r ~ ~ n d i ~ ~  the  suscep t s r  
were l a y e r s  of g raph i t e  f e l t  and f k b r ~ u s  zfrconia which served a8 insu la-  
t i on .  The furnace tube components i n  the v e r t i c a l  appara tus  are similar 
t o  those i n  the  ho r i zon ta l  apparatus ,  

Two separate methods for measuslng temperature are to  be employed. 
The ternperature or' t he  ceramylkc a t  the i n l e t  end of the Fuel specimen will 
be i nd ica t ed  by a W-5% R e  vs W 2 6 X  R e  thermocouple i n  a ceramdc tkerma- 
w e l l .  Ttre e x t e r n a l  su r f ace  Eemperatures of the  ceramic furnace t u b  a t  
t w o  pos i t i ons  ? ! a i d e  t he  f u e l  specimen will be monitored cont inuously 
with c a l i b r a t e d  t W O - c O l Q r  optteal pyrometers* During a t e s t ,  i t  has been 
and dl.1 continue t o  be the r e s p o n s i b i l i t y  of an opera tor  t o  watch and 
record p e r t i n e n t  d a t a  or information on the  temperature measurement 
c h a r t s ,  As i n  previous tests, the  normal heatup ra te  w P 1 1  be 1 t o  3"C/s. 
I f  a rapid temperature rise were t o  occur,  Induct ion power would be 
reduced t o  ensure temperature control, 

The induct ion  power supply opera tor  i s  admin i s t r a t ive ly  i n  charge 
of the t e s t s .  During t h e  test, one of hfs d u t i e s  is  t o  c lose ly  watch the 
furnace  tube assembly through the  ce l l  w a l l .  and appara tus  b x  windows. 
(All ce l l  l i g h t s  are turned o f f .  1 If an abnormal be1iavf.o-r oeem5, he 
w i l l  tmediate ly  halt  the  eest. 

Another event t h a t  would s i g n a l  an a ormal temperature  excursion 
would be an unusual ly  rap id  ra te  of increase i n  t he  ca l l . ee t ion  o f  radio- 

tests, values will be recorded a t  1-nin i n t e r v a l s .  Sf anomalous behavfor 
were to occur ,  the multichannel. analyzer  opera tor  would inform the other 
memhess (PZ the  test t e a m  so c o r r e c t i v e  actton could BE? taken, 

ctiwe cesium and krypton i n  the  c o l l e c t i o n  system. As i n  px-evioens 

I f  , d e s p i t e  a l l  t h e  safeguards,  t he  furnace w e r e  t o  overheat  and 

the m e l t  would flow by gravity toward t he  W;ater-eOQlr?d has@ of the  furnace 
severe  melt ing of t h e  f u e l  specimen and some of the ceramics occurred,  
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assembly where i t  would be quick ly  cooled and s o l i d i f i e d .  Although such 
an occurrence d g b t  mean l o s s  of d a t a  from t h a t  p a r t i c u l a r  t e s t ,  l i t t l e  
p o s s i b d l i t y  of damage t o  tes t  appara tus  or equipment o the r  than the  fur -  
nace is apparent.  Should a temperature excursion cause breakage of the 
qua r t z  v e s s e l ,  t h e  consequences discussed i n  Sect. 5.4 would apply. 

5.4 BREAKAGE OF QUAKT2 FURNACE POLLOWID BY A KfDROGZN EXPLOSION 
(FWIMUM CREDIBLE ACCIDENT) 

In  tests with i r r a d i a t e d  f u e l  using the v e r t i c a l  furnace ,  hydrogen 
sh’3.Il e i t h e r  be introduced t o  the  system as par t  of t he  c a r r i e r  gas or  
wPil be generated by the  r e a c t i o n  of s t e a  d t h  the z t s c a i o y  cianaing of 
the f u e l  specimen. The g r e a t e s t  p o t e n t i a l  for a hydrogen explosion would 
be i n  t h e  tests where hydrogen i s  pa r t  of t he  incoming carrier gas. In 
these  tests,  t h e  hydrogen will be mixed s 6 t h  p u r i f i e d  helium t o  glve 
hydrogen and helium flows of ( 1  L/min (STP) and 0.6 L/mPm (STP),  respec- 
t i v e l y .  If t he  qua r t z  furnace were t o  break, the  c a r ~ i e r  gas mixture 
would l eak  out  i n t o  the  s t a i n l e s s  s tee l  box, c a ~ r y i r i g  wi th  i t  f i s s i o n  
products as vapors and ae roso l s ,  

I n  order  to prevent [.he buildup of an explos ive  hydrogen-air m i x t u r e  
in t he  box as a ~ h ~ l e ,  the  box i s  designed to provide a continuous Ell- 
cered inleakage of air a t  a rate of 42 ,3  L/min  which, i n  t h e  worst  case, 
would d i l u t e  the  maximum hydrogen inleakage (1 L / m i n  TUP) and result i n  a 
maximum hydrogen concent ra t ion  of -2.4X. A mixture conta in ing  a t  least 
4% PI? i n  a i r  i s  requi red  t o  be flam ble. During a t e s t ,  the negarttve 
p res su re  of the  s t a i n l e s s  s teel  box is  -10 in .  H20 r e l a t i v e  t o  t he  hot 
ce l l ;  the negat ive  pressure  of the  hot cell r e l a t i v e  to the  surroaxnding 
area is  -1 in. M20. I f  an explosion were t o  occur,  the pressure  In t he  
box muPd rematti negative if: t he  amount of H2 involved was <150 e m 3 .  
s u p p l y  of hydrogen will he m i n t a i n e d  a t  ip minimtm. 

The 

I f  a break wexe  t o  occur i n  t h e  qua r t z  appara tus ,  the o u t l e t  flow 
from the  appararus  would r eve r se ,  and the i n l e t  flaw would increase .  
This would automatical8y actuate. & solennotd va lve  i n  the hydrogen supply 
l i n e ,  stopping hydrogen f l o w  to the appara tus  and t r i g g e r i n g  an alarm. 
The opera tor  watching t h e  pressure  readings would tlwn manually c l o s e  t h e  
main valve of t h e  hydrogen supply tank. The induct ion  power supply would 
a l s o  be turned  of f  1mmedfately i n  response t o  the  alarm. Since the fur -  
nace volume is (100 c m 3 ,  a burn o r  e x p i o s ~ o n  OE >150 cm3 s€ ~2 appears  
very unlike1 y. 

The a t a h l e s s  steel end f l anges ,  t he  indue t ion  c o i l ,  and lfuriiace 
ceramic components would serve t o  p ro tec t  and conta in  the f u e l  speri.trew 
dur ing  and a f t e r  t he  hydrogen burn. Bimalng would be e x t e r n a l  t o  the 
€urnrace. No f u e l  or f u e l  p a r t i c l e s  would be expected t o  be re leased  from 
t h e  furnace. (3-1 t he  o the r  hand, a sinall f r a c t i o n  of t he  f i s s i o n  products 
could be re leased  t o  t he  box. 

Table 1 l i s ts  the nimximum q u a n t i t i e s  that could p o t e n t i a l l y  become 
a i rbo rne  in t h i s  type acc ident .  The concent ra t ions  i n  the s t a c k  i3re con- 
sailerably less than the 40-h i n d u s t r i a l  m x i m n m  p e m l s s  ible concent ra t  Pan 



Table 1 . F i s s i o n  product release: maximum credible accident (MCA)a 

Amount Maximum Amount .Amount 40-h 
Total specimen airborne permissible leaving leaving Concentration controlled area 
inventory in MCAb body burden 4501 3038 stack in stack MPCQ 

Isotope (Ci) < (@I9 ( wCi) ( PCi) ( pci/crn3) ( wci/cm3) 

0.37 

0.03 

0.055 

12.0 

0.47 

0.34 

7.2 

3.4 x 10-6 

9.2 

10.7 

0.37 

0.03 

0.055 

12.0 

0.47 

0.34 

72.0 

d 0.102 
d 

2.7 x 105 

3.2 x 1 0 5 ~  

0.04 

0.04 

0.04 

0.9 

0.05 

0.1 

2.0 

10-5 

20 

30 

37 x 10-5 

3.0 x 20-5 

5.5 x 10-5 

1.3 x loe2 

47 x 10-5 

34 x 10-5 

7.2 x 10'2 

3 x 10-5 

83e 

9 6e 

19 x 10-8 9.9 x 10-18 

1.5 x 0.8 x 

2.8 x 10-8 1.5 x 10-18 

6.3 x 10'6 3.3 x 10-16 

24 x 12 x 10'18 

17 x 8.9 x 

3.6 x 1.9 x 10-15 

1.5 x 10-8 7.8 x 10-19 

0.04 2 x 10-12 

0.05 3 x 10-12 

2 x 10-12 

2 x 10-12 

2 x 10-12 

90 x 10-12 

1 x 10-9 

9 x 10-12 

.I x 10-9 

2 x 10-9 

10 x 10-9 

i o  x 10-9 

"Basis for calculation: 
Fraction airborne after MCA = except Sr, I, and Cs as noted. 
Penetration of box of 4501 High-Efficiency Particle Adsorber (BEPA) = 0.001. 
Penetration of stack roughing filter = 0.5. 
Penetration of 3039 HEPA = 0.001, 
stack flow volume ( 5  min) = 1.91 x 1010 c m 3 .  

'1, stainless s t ee l  box. 
' M P C  = maximum permissible concentration. 
'~epresent 3% of f u e l  specimen inventory. 
"Assumed that 70% was released as vapor and was condensed on the cooling coils and cool box surfaces. 

Thd other 30% was associated with particulate. 

N 
P 
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(IfPC) values: It should be pointed out  t h a t  t he  concent ra t ion  va lues  f o r  

w a s  no all.owance given f o r  p l a t eou t  i n  t h e  piping t o  t h e  s t a c k  or  for t h e  
scrubber.  Note that t he  containment box i s  vented t o  t h e  off-gas system. 
Cesium compounds have a tendency t o  a t t ract  water and are s t i c k y  and 
g e n e r a l l y  r e a c t i v e ,  which would enhance t h e i r  a t t e n ~ a t i o ~ ~ .  I n  aa,y event ,  
t h e r e  should be no rel.ease from the box (primary containment) to t h e  hot 
c e l l  (secondary containment) e 

34Cs and 1 3 f C s  i n  t h e  s t ack  are h igher  than a c t u a l l y  expected. There 

5.5 LOSS OF ELECTRIC POWER DURING A TEST 

A power outage during a tes t  would r e s u l t  i n  an automatic,  s a f e  
shutdown of the  equipment. Since the  exhausts of the hot  c e l l  and the  
s t a i n l e s s  steel apparatiis containment box are connected t o  the  3039 stack 
system, no l o s s  of nega t ive  pressure  or  flow would r e s u l t .  Power t o  t he  
induct fon  hea t ing  system wauld be l o s t ,  but cooling water through the  
induct ion  cooling c o i l s  would continue t o  flow, ensuring cooling of the  
furnace  and f u e l  specimen, The lieltum flow t o  the  appara tus  would c0n- 
t i n u e ,  I f  hydrogen carrjer gas w e r e  k i n g  used, i t  would be stopped 
au tomat i ca l ly  by a so lenoid  valve. If  steam f l o w  were used, it would be 
d ive r t ed  through a bypass line, l eav ing  only  helium flowing ac ross  the  
specimen. 

5.6 RELEASE OF GMEOUS OR PARTICULATR W I 0 A C ' ~ I V I ' F P  

In prepara t ion  f o r  a f i s s i o n  product release t e s t ,  the pene t r a t tons  
f o r  p ip ing ,  wi r ing ,  instrument l eads ,  etc, are checked f o r  adequacy of 
gamma ray sh ie ld ing  and sealtng a g a t n s t  a i r f low,  'Tn a d d i t i o n ,  the p e r -  
sonnel access  doors (both $Pas& and lead  doors) are sea led  wl th  heavy 
p l a s t i c  t ape  t o  minimize air  leakage. A s  a resu1.t o f  the  nega t tve  p re s -  
s u r e  maintadned i n  the  c e l l ,  -1,O in .  H20 re lat ive to the  surrounding 
l a b o r a t o r y ,  t he  p r o b a b i l i t y  of r e l e a s e  of r ad ioace lv f ty  from the c e l l  is  
very l o w ,  I n  a d d i t i o n ,  the test  containment box i s  maintained at -10 in .  
H 2 0  r e l a t i v e  t o  the  tes t  cell, thereby minimizing the probahi1.ity of 
s i g n i f i c a n t  release from the  box t o  t h e  hot cell .  Since mall amounts of 
t h e  inert. gas 8 5 ~ r  and the  long-lived p emitter 1291 are t he  only raa io-  
nuclide>s i n  our test  specimens t h a t  are gaseous a t  room temperature,  116s 

s i g n i f i c a n t  gaseous hazard is apparent. 

I n  the  event of f a i l u r e  of s e v e r a l  of these  barriers, so that a 
s i g n i f i c a n t  amount of r a d i o a c t i v e  material i n  p a r t i c u l a t e  foam were t o  31? 
r e l eased  from the  hot ce l l ,  t he  normal h e a l t h  physics monitoring i n s t r u -  
ments (monitrons and cons tan t  a i r  @nonitors) would i n d i c a t e  a hazardous 
condi t ion  immediately. Steam flow would be stopped, and t he  t e s t  would 
be discont inued ,  allowing t h e  f u e l / f u r n a c e / f i s s i o n  product c o l l e c t i o n  
assembly t o  cool t o  rooin temperature i n  an i n e r t  atmosphere. N o  person-- 
ne1 would leave  QE" e n t e r  t he  hot ce l l  area u n t i l  t h e  na tu re  and extent of 
the r e l e a s e  could be determined and h e a l t h  physics approval  granted. 
Addi t iona l  informarion about the locathon and source of the  release would 
be c o l l e c t e d  and u t i l i z e d  t o  the ex ten t  poss ib l e  t o  m i t i g a t e  f u r t h e r  
release and eo i s o l a t e  and conf ine  the r e l eased  material u n t i l  i t s  elirai- 
n a t i o n  by s tandard  decontamination techniques 
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5.7 SAMPLE HANDLING 

The apparatus  components (TGT, f i l ters  and furnace components) t h a t  
con ta in  t h e  depos i ted  hfghly r ad ioac t ive  f i s s i o n  products are handled 
disassembled, and chemical ly  leached i n  Cells €3 and D ( s e e  Sect. 4 . 3 ) .  
Only subcornponents of the appara tus  and a n a l y t i c a l  samples ( s o l i d s  OK 

d i l u t e d  leach  s o l u t i o n s )  are removed from the cel l ,  This is done by a 
three-man team, which inc ludes  a h e a l t h  phys i c i s t .  The samples ,  which 
are contained i n  g l a s s  b o t t l e s ,  are pul led through a hole  i n  the  c e i l i n g  
of e11 D ,  with the  a c t i v i t y  l e v e l  of each being checked f o r  s a fe ty .  
Each sample is  then t r a n s f e r r e d  by means of tongs (over  b l o t t e r  paper) t o  
a s p e c i a l l y  designed lead  carrier (pos i t i oned  near  t he  hole)  where i t  is 
double-bagged wi th  minimal personnel. exposure. If a l i q u i d  sample were 
t o  be dropped and its con ta ine r  broken, the consequences would be mfni- 
m a l ;  only the a f f e c t e d  area would have t o  be decontamlnated. Xbf t he  
sample contalned s o l i d s  ( l i k e  f i l t ec  p a r t i c u l a t e s ) ,  t he re  would be some 
danger of a i rbo rne  material, but thLs too should be dnjirrmal because of 
t h e  a i r f l o w  i n t o  the  cel l .  The tear? member6, wearing p r o t e c t i v e  c lo th ing  
and masks, would be unaffected.  

Over the  pas t  few years ,  many samples have been s a f e l y  handled as 
descr ibed  above wi th  no problems. 

5 . 8  su 

Twenty-seven success fu l  f i s s i o n  product release experiments with 
hfghly  i r r a d i a t e d  f u e l  specimens have been conducted h o r i z o n t a l l y  i n  the  
s t a i n l e s s  s teel  ’box l oca t ed  i n  C e l l  B; t h i s  box w a s  r eo r i en ted  v e r t i c a l l y  
and w j i l l  be used i n  t h e  v e r t i c a l  furnace tests. The box was  desfgned t o  
provide containment under the  worst-case acc ident  condi t ions  (H2 explo- 
s i o n ) .  The p r o b a b i l i t y  of t h i s  type acc ident  occurr ing i s  low, and i f  i t  
should oeeur,  t h e  consequences would p r imar i ly  be a matter of box con- 
taminat ion and appara tus  damage. 

The maximum permiss ib le  concent ra t ions  of rad ionucl ides  i n  air  for 
occupat iona l  exposure15 are as follows : 

239Pu 137cs 

For 40-h week (pCi/cm3) 2 x 10-12 

For 168-h week (pCi/cm3) 6 x 10”14 5 x 10-10 

The ca l cu la t ed  in-s tack concent ra t ions  for our maximum c r e d i b l e  acc iden t s  
are on the  order  of one d l l i o n  t i m e s  lower than the  above p e m i s s i b l e  
concent ra t ions .  

6. QUALITY ASSURANCE 

Qual i ty  assurance (QA) requirements w e r e  a major cons ide ra t ion  i n  a l l  
phases of the design,  f a b r i c a t i o n ,  assembly, and t e s t i n g  of t h i s  experi-  
mental  apparatus .  Only cons t ruc t ion  materials of proven cha rac t e r i s tLcs  
were used, and areh ive  samples of the  most c r i t i ca l  materials, such as 
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Inconel ,  Z T O ~ ~  and Tho*, were r e t a ined  f o r  poss ib le  f u t u r e  examination. 
A l l  welds were inspected and leak- tes ted ,  and a l l  furnace components were 
(and w l l l  be in every case)  inspec ted  €or proper f i t  and mechanical 
q u a l i t y .  The f i s s i o n  product c ~ l l e c t i o n  media (plat inum foil, f f l ter  
matertal, and charcoal)  are of v e r i f i e d  p u r i t y  and have been proven i n  
previous tests. 

A l l  ins t ruments  (both new and previously used) were checked and 
c a l i b r a t e d  by Instrumentat ion and Controls Division personnel prPor t o  
i n s t a l l a t i o n .  A 1 1  c r i t i c a l  instruments  are on a regular c a l i b r a t i o n  
schedule ,  and the  records a re  takininta3ne.d i n  the  QA f i l e  f o r  the  f i s s i o n  
product release projec t .  P r io r  t o  beginning any experiinent , the e n t i r e  
instrument system is  t e s t e d  t o  ensure iiorrnal operat ion.  The detectors 
and the multichifiinel analyzer/computer system are routinely c a l i b r a t e d  
with National  Bureau of Standards r a d i a t i o n  S O U K C ~ S  t o  ensure accura te ,  
r e l i a b l e  resu l t s  f o r  both on-line and p0s t t e s t  gamma analysis 

7. VERIFICATION OF OPEMT'bONlhh, SAFETY 

7.1 ORGANI%ATION 

Carefu l  planning oE test preparatfon and organiza t fon  of tes t  proce- 
dures w P t h  s p e c i f i c  d u t i e s  and r e s p o n s i b i l i t i e s  fo r  each opera tor  are 
considered to be major factors in ensaaslng safe,  sueeeseful. opera t ion  of 
these  tests a Pre tes t  conskderatlon of p o t e n t i a l  problems and a v a i l a b l e  
a l . t e rna t ives  inc reases  the  p r o b a b i l i t y  f o r  taking the  b e s t  course o f  
a c t i o n  during t e s t  operacclon, Examples of test  procedures and opera tor  
r e s p o n s i b i l i t i e s  are included in Appendixes B and C, 

7.2 TMZMING OF OPE 

To ensure that the  tes t  opera tors  are q u a l i f i e d  f o r  both C P D F W ~ P  pro- 
cedures and far a varfety of unexpected events, a formal t r a i n i n g  program 
was developed. In  add i t ion  to  the  personnel working on the f i s s i o n  prod- 
uc t  release pro jec t ,  &o have d e v e l ~ p e d  the test procedures over a perlod 
of years, the area h e a l t h  p h y s i c i s t ,  the  bu i ld ing  manager, and the 
Chemical TeehnoPogy DivPsIon sa fe ty  o f f i c e r  cont r ibu ted  t o  t h i s  psogmram, 
The d e t a f l s ,  along w i t h  a check l i s t  and a mll.tten examination, have been 
documented. l6 Annual r e c e r t l f i c a t f o n  of the  opera tors  will inc lude  (1) a 
c r i tdque  of the past y e a r ' s  opera t ing  experience,  ( 2 )  a review of m y  
changes i n  re levant  bu i ld t ag  f a c i l i t i e s ,  equipinme, arid operation and 
( 3 )  silcceasfal completion of the m i t t e n  examination. The t r a i n i n g  check 
l i s t s  and wr-i t ten  examinations are kept on f i l e  i n  the projec t  manager's 
o f f i c e ,  with copies  i n  the biailding mnager ' s  o f f i c e .  

Test ing of the ind iv idua l  coaarpments, t o  tlae excent poss tb le ,  as: 
w e l l  as i n t e g r a l  t e s t i n g  of the assernbled apparatus, should i d e n t i f y  xoost 
p o t e n t i a l  problems (and al low the  required modi f ica t ions)  before high 

ponents were used i n  the puevisus 1111-6 ancl/or ~ ~ 1 3  test  series, 'Inerein 
ieWeia of radioactivity are. aamit;ted to tile system, &kny the cant-- 
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proving t h e i r  i nd iv idua l  r e l i a b i l i t y .  These proof tests w i l l  be similar 
t o  those conducted on the  h o r i z o n t a l  test apparatus.  

With the  use of an instrumented f u e l  specimen, the  v e r t i c a l  thermal 
g rad ien t  i n  t h e  new furnace w i l l  be determined and compared t o  the  tem-  
pe ra tu re s  ind ica t ed  by the  o p t i c a l  yyrometers through s i d e  windows and 
t h e  thermocouples €n the  i n l e t  end ceramic support  piece. I f  needed, the 
conf igu ra t ion  of t he  induct ion  c o i l  w i l l  be modified t o  ob ta in  the  des i r ed  
uniform temperatures.  Prel iminary tests of t he  new TGT furnace design 
ind ica t ed  good con t ro l ;  tests of the  three-tube assembly, wi th  the  fur-  
nace a t  high temperature ,  w i l l  be conducted during furnace t e s t ing .  The 
a e r o s o l  sampler used i n  tests HI-5, HI-6, and HS-1 through HS-4 w i l l  be 
modified t o  better accommodate the h igher  temperatures  and flow rates 
planned f o r  t hese  tests. I n  add i t ion ,  an ae roso l  d e n s i t y  monitor,  w i l l  
be  b u i l t  and i n s t a l l e d  a t  a later date .  The f i l t e r  package was modified 
t o  improve loading/unloading convenience and to  provide increased  su r face  
area (270% g r e a t e r  than i n  WS tests) f o r  t hese  tests, which are expected 
t o  genera te  more ae roso l  than  i n  previous tests. The increased  capac i ty  
w i l l  be v e r i f i e d  i n  i n t e g r a l  tests wi th  un i r r ad ia t ed  fue l .  

Severa l  new test components, a hot  CuO t r a p ,  condenser,  d rye r ,  and 
Ascarite t r a p ,  are being added downstream from the  cold charcoa l  t r a p s  t o  
a l low measurement of H2 and 60 genera t ion  during the  test ( F i g .  2 and 
Sect.  3.2.3). Proper opera t ion  of r:hese components w i l l  be determined i n  
pre l iminary  tests also, ,  By design,  no r a d i o a c t i v e  material should reach 
t h i s  p a r t  of the  apparatus .  
cold charcoa l ,  no r ad ioac t ive  material passes  through the  f i l t e r  package. 

Except f o r  85Kr ,  which is  c o l l e c t e d  on the  
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I X  A. COMPIERCIALLY SUPPLIED EQUIPMENT AND INSTRUMENTATION 

1 .  Electrical power supply for  furnace 
RF genera tor ,  Model No. T-50-3RS9 50 kW input  300 kJ.Iz 
Lepel  Corp. 

2. Temperature measurement, c o n t r o l ,  and recording 

2e.l 

2.2 

2.3  

2.4 

2.5 

2 * 6  

2.7 

2.8 

2.9 

Two-color ap tdca l  PYIXXW~~IX, Model Na. R-99CD.5, Trcon, Pnc. 

D i g i t a l  i n d i c a t o r ,  Model 2168A, Omega Engineering,  Inc. 

-pen strip c h a r t  recorder ,  d e l  No. 7100B, H e w l e t t  Packard, 
Inc e 

Twelve-polnt s t r i p  cha r t  r eco rde r s  for thermal grad ien t  tube and 
f i l t e r  package, Brown E lec t r an ik ,  (4-12 0 ° C  (Type K themocouples), 
Minneapolis Honeywell, Ine. 

Twelve-point s t r i p  chart recorder, for steam supply system, 
Brown E lec t ron ik ,  0-350°C (Type K thermocouples), Minneapolis 
Nonepel1  , Inc. 
Temperature c o n t r o l l e r s  for thermal grad ien t  tube, four  each, 
Model No. 5272, 0-999'6, Barber Coleman 60. 

Temperature c o n t r o l l e r ,  fo r  steam generator, Series 520 d i g f  tal 
eontroller, Barber Csleman Go. 

Thermocouples, o the r  apparatus  l o c a t i o n s ,  C ~ r ~ ~ e ~ - A l u ~ e l  
(Type K>, sheathed w i t h  stainless steel, Omega Engineering, Xnc. 

3.1 Mats% flowmeters, for helium and hydrogen i n l e t  flow, 0-1 L/mbn, 
Model TIDNfiL-lKP, Teledyne Rastings-Raydist 

3.3 Fous-pen s t r i p  cha r t  r eco rde r ,  for recording s i g n a l s  from mass 
flowmeters, Model PLO4WSD, Texas Instruments ,  Inca 

3,4 In f r a red  analyzer  for continuous masurement. of W2 passing from 
the CuQ casnversjon bed t o  the Asearlte trap, L i r a  Model 303,  
Hfne Safe ty  Appl iances  Co. 
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4. F i l t r a t i o n  materials 

4.1 F i l t e r s ,  b o r o s i l i c a t e  glass Elber, MSF Nos. GA-100 and GA-200, 
Micro F i l t r a t i o n  Systems, Inc. 

4.2 Charcoal,  impregnated d t h  tr iethylenediamPne (TEDA), Type 
NbC-G-618, Mort11 e r i c a n  Carbon, Xnc. 

5. Radiation de tec t ion  and a n a l y s i s  

5.1 NaI(TR) d e t e c t o r s ,  Type 125, PIarshaw Chemical GO. 

5.2 Gegki) d e t e c t o r s ,  Model 8101, EGdG BRTEC, Inc. 

5.3 Mul.tichannel analyzert’connputer, System 6 8 2 ,  Nuclear Data, Tnc. 
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APPENDIX B. GENERAL PROCEDURE FOR FISSION PRODUCT RELEASE TESTS 

A. Days before  test 

1. 

2. 

3. 

4 ,  

5. 

6 .  

7. 

8. 

9 .  

Prepare system - furnace  ceramics TGTs, f i l t e r  packages, t o o l s ,  
t r a p s ,  etc., i n  both C e l l  B and C e l l  D. 

Check ope ra t ion  of h e a t e r s ,  thermocouples, r eco rde r s ,  Elowmeters, 
cte. 

Prepare f u e l  specimen i n  C e l l  D for  t r a n s f e r  I n t o  C e l l  B. 
Do gamma spectrometry i n  Roem 220, 

Veri fy  i n - c e l l  remote handling procedures and furnace loading/ 
unloading. 

Co l l ec t  fue l  specimen d a t a  and spec i fy  test ope ra t ing  condi t ions .  

F i l l  steam genera tor  I 

Assemble, evacuate,  and l eak  check test apparatus,  

Check opera t ion  of all r a d i a t i o n  d e t e c t o r s ;  c a l i b r a t e  w i t h  stan- 
dard  or  a c c u r a t e l y  known sourcesc  

Prepare and check p o s t t e s t  examination equipment i n  Cell D and 
scanner above C e l l  B. 

B. Day of test 

1 .  Recheck a l l  r a d t a t i o n  d e t e c t o r s ,  MCA, data record ing  program, and 
data a c q u i s i t i o n  system. 

2. Close and lock a l l  cells ,  tape doorsi, and set Cell B vacuum 
(-1.0 in .  HZO).  

3. Bring i n  f u e l  s p e c h e n ,  i n s t a l l  i n  furnace ,  and connect lines. 

4 .  Evacuate, purge, and l eak  check test appara tus  wi th  steam l i n e  
heat csn. 

5 .  Close box; set ~~~1~~~ to -10 in. M20 and 40 L / m i n  a i r f low.  

4. Sea: He flow rates: MFM-1 = i3.1 L/min maximtm 
MFM-2 = 0 .3  E/min. 

7. Preheat furnace slQway t o  -300°C. 



c. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16 e 

17. 

18. 

19. 

20 0 

Verify proper TGT temperatures. 

Begin steam flow through furnace; record flow rates and back 
p res su res ,  and a d j u s t  TGT furnaces as needed. 

Set d a t a  a c q u i s i t i o n  system (DAS) t r s  1-min recording cycle.  

When a l l  flows s t a b i l i z e  (minimum 5-min steam flow), begin 
planned heatup cyc le ,  -300' t o  tes t  temperature. 

Considering c o r r e c t i o n  f a c t o r s  f o r  thermocouple and o p t i c a l  
pyrometer, reduce power when test teuzperature i s  reached t o  
main ta in  f o r  des i r ed  t i m e  period, 

Monitor all instruments and cha r t  mcorders and mark a t  regular 
i n t e r v a l s  during tes t ,  each expe r imen ta l i s t  having spec iEic  
r e s p o n s i b i l i t i e s .  

A t  end of planned period, switch c o l l e c t i o n  t r a i n s  and hea t  t o  
new temperature. 

Turn power off at end of test per iod ,  continuing steam f l o w  u n t i l  
temperature drops below 1200°C. 

Turn steam genera tor  power off  and switch steam flow t o  ven t ,  
w i th  PFM-3 helium bypassing steam generator.  

Continue helium flow through furnace -30 min t o  dry system, then 
t u r n  o f€  power t o  l i n e  heaters and TGT and filter furnaces.  

Reduce helium f low to MFM-2 = 0 and EIFN-3 = 0.1 L / w i n ,  and bypass 
condenser dryer  and cold charcoa l  t r aps .  

Turn on vacuum pump and reduce pressures  i n  cold t r a p s  to 
-0 ,5 a t m ;  then c l o s e  i n d i v i d u a l l y  and remove Prom system f o r  
ana lys i s .  

Days following tes t  

1. Disconnect f i l t e r  packages and t r a n s f e r  from C e l l  B t o  Cell D for 
disassembly. 

2. Record another set of gamma s p e c t r a  fo r  background co r rec t ion .  

3. ReiQuce vacuum on containment box, open, and inspec t  furnace  
assembly; begin off-gas f l o w  to p r e f i l t e r  a t  furnace i n l e t .  

4 .  Rem.&pve ae roso l  sampler and TGT t o  f i l t e r  l i n e s .  

5. Remove TGT l i n e r s ,  load i n t o  t r a n s f e r  tubes,  and ~ ~ I ~ R Q W  t o  
scanner above C e l l  B. 
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6 .  

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16 * 

Record another  set of gamma spectra 

Disconnect coolant  tubes and remove 
from furnace.  

f o r  background cor rec t ion .  

top flange/TGT assembly 

Remove ceramic end pieces  from top end of furnace,  

Using anirror , Inspec t  spec:Lmen and furnace t o  ex ten t  possible .  

Pour -20 em3 epoxy r e s i n  into furnace,  allow t i m e  t o  set ,  then 
f i n i s h  f i l l i n g  chamber t o  top with epoxy and i n s e r t  l i f t i n g  eye- 
b o l t .  Leave overnight  f o r  firm s e t t i n g ,  

Carefully remove fue l / fu rnace  tube assembly, place i n  transfer/ 
s to rage  can, and move to Cell D. 

Using remote ion  chamber, monitor furnace and box f o r  high l e v e l s  
of radi .oact ivi ty .  

Using manipulators ,  c lean and remove r ad ioac t ive  ma te r i a l s  and 
components. 

Open cell  door f o r  more s p e c i f i c  survey by h e a l t h  p h y s i c i s t ,  
inc luding  smears f o r  both alpha and beta-gamma ana lys is .  

Depending on l e v e l s  o f  r a d i o a c t i v i t y ,  decontaminate cell ,  and 
remove remaining furnace components f o r  ana lys i s .  

Proceed with disassembly, i n spec t ion ,  photography, sampling, and 
a n a l y s i s  of a l l  t e s t  components. 
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Operat or 

APPENDIX @. PRIMARY AREAS OF RESPONSIBILITY OF OPERATORS 
IN FISSION PRODUCT RELEASE TESTS 

M. F. Osborne - 
I 

J. L. Collins 

R. A. Lorenz 

J. R. Travis 

c 

c 

C. S.  Webster 

Primarv resoonsibilities 

Plan and coordinate activities 
Maintain KF power control, heatup rate, and 
furnace temperature control 

Watch cell for any problems 
Monitor furnace and TGT temperatures 

Monitor and record thermocouple and optical 

Record time of all events on chart 
Monitor and control TGT and filter temperatures 

pyrometer temperatures 

Monitor flow recorder, note events and times 
Monitor TGT and filter temperatures 
Observe and interpret gamma spectra and flow data 

Monitor flow rates and record volume and pres- 

Monitor furnace flange temperatures, advise of 

Watch for any unusual flow/pressure behavior 
Maintain communication by intercom with Osborne 

sure data 

need for coolant 

and Collins 

Operate multichannel analyzer and data acquisi- 

Monitor gamma spectra 
Watch for RF interference with spectra 
Maintain communication by intercom with Osborne 

tion systems 

and Collins 
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